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PREFACE 

This book contains the proceedings of the ARW NATO conference on 

Lipid Mediators in Immunology of Burn and Sepsis held in He1singor, 

Denmark, July 20-25, 1986. 

This meeting brought together some of the most distinguished re­

searchers in the fields of thermal injury, the immune system and lipid 

mediator biochemistry. It is well known that there is a substantial 

impairment of the immune response during sepsis, burn, trauma and 

other kinds of shock. These conditions are characterized by a massive 

inflammatory process which occurs during the early phase following 

injury. Among the various mediators released at this time are 1euko­

trienes, thromboxane, histamine and platelet-activating factor. This 

latter autocoid possesses potent proinf1ammatory properties and toge­

ther with the other mediators may account for some of the post-injury 

pathophysi 01 ogi ca 1 phenomena such as extravasati on, hypotensi on, 

chemotaxis... It is of great interest to note that recently 1euko­

tri enes and plate 1 et-acti vati ng factor have been shown to be potent 

mediators of the immune response. Thus, the purpose of this meeting 

was to bring together clinicians, immunologists and biochemists in 

order to examine and hopefully clarify the putative role of various 

lipid mediators prominent in the early stages after injury. This book 

is divided into the following six sections. 

Section 1 provides a general overview of the physiological con­

sequences of burn, sepsis and shock. The profound clinical and bio-

1 ogi ca 1 a lterati ons induced by these condi ti ons are consi dered. Sec­

ti on 2 exami nes the di fferent medi ators produced in response to the 

above pathologies with particular attention being focussed on the 

pharmacology of lipid mediators. The impairment of the immune response 

in critically ill patients is described in Section 3, while the spe­

cific mechanisms responsible for the depressed immune activity are 

considered in Section 4. This section includes discussions on a1tera-
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tions in activity of T cells, NK cells and various cytokines after 

shock or during other injuries such as acute myocardial infraction. 

Section 5 is devoted to the relationship between lipid mediators and 

the immune response. Accumulating evidence which suggests that plate­
let-activating factor and leukotrienes are important modulators of the 

defence system is reviewed here. Finally, in Section 6 there is a 

brief consideration of several new drugs which may prove to be valua­

ble therapeutic agents in trauma, shock and related conditions. 

In conclusion, the excellent contributions to this volume high­

light the complex nature of this new and rapidly developing field of 

research. Although we are only just beginning to gain insight into the 

immune consequences of shock and trauma, an integrated approach to the 

problem such as that promoted at the NATO ARW documented here, may 

eventua 11 y provi de (i) a better understandi ng of the pathophys i 010-

gical events involved in thermal injury and (i i) a rationale for the 
development of new drugs in the treatment of shock, burn and sepsis. 

The Editors 
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BURNS AND SEPSIS: IMMUNOLOGICAL OVERVIEW 

J. Guilbaud 
Centre de Traitement des Grands BrOles, 
HOpital d'instruction des Armees Percy, 92141 Clamart 

A closed world in all respects, the world of burn injured 
patients is poorly known. Fire has for a long time terrorized man and 
burns, a constant threat in our modern world, continue to make people 
afraid. Assessed as being 2 million per year in the United States of 
AMER I CA and 500 000 in France, the number of burn i nj ured patients 
represents every year 1 % of the population of industrialized 
countries. In other words, it is a subject which concerns us all. 

A man or a woman's fullfil ling professional, emotional and family 
life can quikely turn to chaos. Their hopes will disappear, all their 
projects will be wiped out and they will be confined to a bed, a prey 
to anguish and pain for weeks and sometimes months. They then realise 
that their skin allowed them to exist and to be autonomous, and that 
the destruction of this protective barrier against bacteria and 
temperature variations endangers them, compromises their motor 
functions, and may possibly affect their looks. Without it they have 
lost the limits of their identity and without it, they may even lose 
their life. Indeed, although only few pathological fields have evolved 
as rapidly and fortunately as that of burns, and although very 
severely burnt patients can be saved nowadays, the main cause of 
mortality is still infection. 

The skin functions as an interface between a 11 of the i nterna 1 
organ system of the host including the immune system and the external 
environment. Furthermore the skin which represents the primary target 
for all types of burns, is itself an important immunologic organ. 
Tissular necrosis and the intense inflammatory reaction it entails 
lead to 2 main periods in the clinical evolution of burns: 

- Firstly, a short initial period, which lasts around 48 to 72 
hours and which is mainly marked by a high but transient precocious 
hemodynamic disequilibrium. Plasmatic exsudation and the concomitant 
formation of edemas indeed lead to a constant tendency for arterial 
pressure collapse which can be avoided only by adequate liquid 
ressucitation. 
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- Secondly a long period which ends with spontaneous or surgical 
re-covering of the lesions and characterised by high hypermetabolism 
and by a marked tendency for infection. During this period 
complications are not infrequent, denutrition (1) and infection 
occupying the forefront of the scene. 

A local burn injury can Indeed induce a series of effects which 
act to severely compromise vital host defense mechanisms (2). The 
presence of devi 'ta I i zed ti ssue, and the fact that the burn 1 eads to 
the breakdown of a natural mechanical barrier provide an ideal 
environment for local infections. At the same time, the systemic 
failures of normal homeostatic mechanisms markedly increase the 
susceptibility of burn patients to severe infections (3). 

According to the authors, infection represents 75 to 85 % of 
causes of death in severe burn injured patients. 

Moreover, experimental thermal injury increases susceptibility to 
bacterial infections in animals which become refractory to treatment 
with antibiotics (4,5). Thereby, considerations of normal defense 
mechanisms and a review of abnormal ities occuring in these patients 
appear to be important both in understanding the pathogenesis of 
sepsis and developing effective therapies to reduce mortality. 

Pat i ents wi th 
responses and have 
additional stress, 
infection. 

large burn injuries very rapidly reach maximal 
minimal ,abi 1 ity to make further adjustments to 
particularly events associated with systemic 

As a matter of fact, after a burn injury, profound hormonal, 
metabolic and biochemical disturbances occur, directly related to the 
size of the burns. In addition, complex immunologic alterations occur, 
and numerous reports have descri bed a mul ti tude of defects in both 
specific and non specific immune function following thermal injury. 
These alterations include impaired neutrophil function, 
suppressor-T-cell production, reticulo-endothelial-system (R.E.S.) 
depression, deficiencies in complement components, in immunoglobulins, 
fi bronecti n and other serum protei ns, and the generati on of 
circulating inhibitor factors (6,7,8). 

Thi s burn- induced immunodepressi on resul ts in an enhanced 
susceptibil ity to micl'obial infection, in which active inhibition of 
the immune response plays a critical role (9,10,11). 

Normal host defenses are subdivided into 2 major mechanisms, 
specific immune and non specific systems: (Fig. 1). 

- The Specific Immune System allows a cell-mediated immunity and a 
humoral immunity to be present. Cell-mediated responses are effected 
by the T-Lymphocytes whereas the humoral immune responses depend upon 
the functions of the B-Lymphocytes, capable of synthesizing and 
secreting specific antibodies termed immunoglobulins. Under the effect 
of an antigenic stimulus, the T-Lymphocytes initiate a series of 
cellular transformations followed by mitoses which expend the pool of 
antigen reactive cells, the final effectors being different 
subpopulations of small lymphocytes which fulfil distinct functions 
including helper, suppressor, cytotoxic and memory activities. During 
these stages, T-lymphocytes elaborate lymphokines, soluble mediators 
which regulate the activities of other cells and act to recruit 
macrophages to participate in a cell-mediated immune response while 
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FIGURE 2 
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helper lymphocytes act to instruct B cells to respond to antigens. The 
B-lymphocyte responses parallel those of T-cells, but B-cell responses 
require the instructive function of T-help~r cells and macrophages. 

- Non Specific host defenses encompass the fixed and circulating 
phagocytes and a spectrum of plasma components which serve as 
mediators of inflammatory reactions, including complement components, 
coagulation and fibrinolytic systems, opsonins, pyrogens, 
fibronectin ... 

The fi xed macrophages are termed the RES, and the pri nci pa 1 
circulating phagocytes are neutrophils and monocytes which mature into 
macrophages, one of the key cells of host defense mechanisms. 

The immune response to bacterial invasion consists in the 
production of humoral antibodies which fix the infecting 
micro-organisms, do not kill them; but which favour their phagocytosis 
by neutrophils by allowing binding of the complement components on the 
bacteria. 

- In Specific host defense mechanisms a series of abnormalities 
have been described in patients with extensive thermal injuries ; they 
involve the T-cell system to a greater extent than the B-cell system 
(12,13). The principal T-cell abnormalities (12) are a T-cell 
lymphopenia with a decrease in the number of T-helper cells (OKT4) on 
which the various authors do not all agree (14,15) with a significant 
reduction in the T4/T8 ratio (16). 

The depression in the T-cell function (17) is marked by reduced 
in vitro cytotoxicity, decreased lymphoproliferative responses to non 
specific mitogens specific antigens and histoincompatible cells, 
excessive T-suppressor cell activity (18,12,19,20), defective natural 
killer activity and decreased lymphokine production. Data from Mannick 
and Antonacci show that the ability of burn patients to produce il2 is 
significantly depressed as compared to normal controls, while burn 
patients'mononuclear cells make III perfectly well, and this appear to 
be an important abnormality of T-lymphocyte function in burn patients 
which has been detected. 

The double clinical outcome of these abnormalities of the T-cell 
system is a prolonged survival of skin allografts and an inability to 
elicit delayed hypersensitive skin reactions (anergic state) (21,22). 
Most burn patients survive who have initial and sustained skin 
reactivity. or who convert from negative to positive skin reactivity. 
A very few patients survive who have initial and sustained negative or 
who convert from positive to negative skin reactivity. One of the 
causes of this depressed reactivity seen in patients with severe burn 
injuries could be the presence of serum inhibitory factors (23,24,25). 
Severa 1 factors as di fferent as bacteri a 1 endotoxi ns, denatured 
proteins, immune complexes, histamine, corticosteroids and especially 
prostaglandins, leukotrienes and PAF have been implicated in the 
depressed immune reactivity. (Fig. 2) 

For Mannick, the majority of the suppressive activity resides in 
a low molecular weight polypeptide fraction of approximately 5000 
Daltons. Studying the predictive value of a potentially important 
inhibitory factor, the a 1 immunoregulatory globulin, Constantian has 
shown that serum concentrations can be correlated with the severity of 
the burn injury. For his part, Winkelstein using a T-cell colony assay 
to test for serum inhibitory components (26) has shown that a high 
proportion of patients with burn injuries have serum inhibitory 
factors, and that there is a corre 1 ati on between suppress i ve 
activities and ultimate survival. Using the Mixed lymphocyte Reaction 
(MlR) as the assay system, serum from patients with thermal injuries 
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are reported to contain components, not found in normal serum, which 
are profoundl y suppress i ve. Such experiments have 1 ed to the 
conviction that circulating factors play a major role in the 
lymphocyte changes observed following burn injury. Finally, very 
often, a normal response can be restored in these 1 ymphocytes by 
washing. It is doubtful 1 that serum suppressive factors can explain 
all the abnormalities that have been reported. But these factors are 
probably very important, and preliminary observations from Mannick and 
our Laboratory (Fig. 3) would suggest that suppressive serum from 

.A (from MANNfCIQ 
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FIGURE 3. Interleukin 2 Synthesis by Mononuclear Leukocytes for 2 
Patients with Major Burn and One Patient with a little 
Burn. 

burn patients inhibits normal lymphocytes from making IL2 in response 
to a phytohemaggl utinin stimul us (27) . An additional cause of this 
immunosuppression is the excessive activation of suppressor cells, 
both inhibitory macrophages and activated T-suppressor cells. 

Finally, the potential role of metabolites of arachidonic acid as 
regulators of immune reactivity has been discussed by many authors, 
especially Ninnemann. 

With regard to the B-cell system its abnormalities are less well 
defined. The number of circulating B-cells is not reduced by thermal 
injury, but in vitro B-cells from burn patients synthesize fewer 
antibodies than normal ones, probably due to the excessive activities 
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of T -suppressor cells (28). The reports on the concentrations of 
immunoglobulins in severe burn injured patients do not always tally 
(29,30) : in some studies, the concentrations are decreased in a 
transient manner in the adult except for IgM, the rates of which 
remain depressed for a long time. 

In addition to defects in immune reactivity, a series of 
abnormalities have also been described in the non specific host 
defense me chan isms of patients wi th severe burns, i nvo 1 vi ng 
circulatory phagocytic cells, non circulating or reticulo-endo­
thelial cells and serum mediators of inflammation (31). 

The functions of both phagocyt ieee 11 s, neutrophil sand 
macrophages are impaired (7,32). Abnormal it i es in functi on such as 
neutrophil chemotaxis and chemiluminescence, degranulation and oxygen 
consumption, have been detected. 

A very potent leukocyte activating agent appears after systemic 
activation of tne complement system, triggered by the thermal injury. 
The presence of this chemotactic peptide within the plasma results in 
aggregation and activation of circulating neutrophils. The sequestered 
agregates of these 1 eukocytes withi n the pulmonary vascul ature can 
cause di rect i nj ury of the pul monary endothe I i a 1 cells. Otherwi se, 
neutrophil activation is attendant with an impairment of the 
production of superoxide anion, hydrogen peroxide and probably other 
toxic products. 
The monocyte/macrophage is depressed in its response with a production 
of immunologically active factors such as plasminogen activator and 
Migration Inhibition Factor (M.I.F.). Furthermore, in patients with 
severe burns a profound loss of function of alveolar macrophages can 
be seen : thei r functi ona 1 responses are di mi ni shed, as i ndi cated by 
the loss of membrane depolarization responses to a variety of 
different agonists that stimulate them - phagocytic, chemotactic 
stimulation - and they lose their ability to generate superoxide anion 
and other oxygen products which are needed for defense against 
microbial organisms. 

The non circulating phagocytic cells act to remove cellular 
debris, bacteria, denatured proteins and activated clotting factors. 
The activity of the RE System is markedly depressed by burn injuries 
as shown by Saba (33) and different authors. 
The defective clearing appears to result from a deficit of a serum 
factor, called a-2-surface-binding glycoprotein or Fibronectine, which 
is capable of binding a variety of materials, thus permitting their 
phagocytosis primarily by Kupffer cells in the liver (34). 

In severely burned patients, there is both a decrease in the 
concentration of Fibronectin and a progressive deterioration of 
Reticulo-Endothelial function, and studies in animals show a close 
correlation between the activity of the R.E. System and Serum 
Fibronectin concentrations. 

In the cellular system of immunitary defenses, the cells of the 
~pidermis also have a role to play. 

The Langerhans cells, which bear Fe and C3 receptors (35,36) and 
class II molecules on their surface, have been demonstrated 
functionally to exhibit antigen presentin.9 cell potential in vivo and 
in vitro. Sauder et al. (37) investigatwg whether Langerhans cells 
populations were capaole ot III production, found that epidermal cell 
preparations secrete a SUDstance with ILl-like activity. But the 
remova 1 of the Langerhans ce 11 s di d not reduce the titer of th 1 S 
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activity. The keratinocytes are therefore considered as a major 
producer of I Ll-l ike act i vi ty assoc i ated wi th the skin. The 
skin-derived molecule termed Epidermal cell-derived Thymocyte 
Activating Factor (ETAF) is chemically and biologically the same as 
macrophage-derived ILl (38). 

Wi th regard to ant i gen presenting ce 11 (APC) function, there is 
probably a division of labor: the Langerhans cell represents the only 
Ia positive (39) cell in normal epidermis and the keratinocyte can 
provide a second signal with ETAF-IL1. Thus the skin is to be 
considered as actively involved in the immune modifications observed 
in burn patients. ETAF III exhibits lymphocyte stimulating activity, 
is responsible for neutrophil release from the bone marrow stores, and 
can mediate a specific neutrophil degranulation so as to release 
1 ysozyme and 1 actoferr in. Th is hormone-l ike mo 1 ecu 1 e can a 1 so 
stimulate fibroblasts to enhance the rate of prostaglandins and 
collagenase biosynthesis. Another dysfunction of a host defense 
mechanism which can contribute to organ failure is an abnormal 
activation of the complement system (40). Burn injury is associated 
with abnormalities of complement and complement activity 
(41,42,43,44). Complement components serve as important mediators of 
inflammatory responses, and it is now demonstrated that the complement 
system is activated by thermal injury and sepsis, thereby releasing 
biologically potent activation products (45). A number of 
immunologically active cells have receptors for some or all of these 
components (46). Both classical and alternate pathway activation can 
occur. 

The mechanism of action could be as follows: tissue damage can 
activate the Hageman factor or intrinsic coagulation system and 
fibrinolysis. In their turn, Hageman factor activation products (and 
plasmin) can directly activate C1 (47) thus providing classical 
pathway activation. (Fig. 4) But plasmin can also directly activate 

~=~:..['---~ PHOSPHOLIPIDS 

FIGURE 4 
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C3, thus providing alternate complement pathway activation. At the 
same time, with levels much higher than normally C-reactive protein 
bound to the phospholipids of damaged tissue can activate the 
classical complement pathway via C1 and may provide a continuing 
stimulus during burn injury. Burned animals experimentation by Burke, 
Donelan and Jeffrey has shown that a dramatic and immediate fall in 
alternate complement pathway occured, proportional to the size of the 
burn. 75 % of the depletion occured in the first 15 minutes and 
activity was nil one hour post-burn. Under these circumstances, this 
depletion cannot be due to a decreased synthesis, malnutrition, or to 
the synthesis of a de novo inhibitor, and it suggests complement 
activation. Evidence that the complement deficiency is due to 
activation include the presence of complement cleavage products and 
the occurence of immune complexes. Burn initiated complement cleavage 
products (48) can produce a series of changes of cell-mediated immune 
functions, some of which are beneficial while others are harmful : C3a 
and C5a increase vascular permeability; C3a binds preferentially to 
eosinophils and basophils, and induces histamine release from 
basophils and mast cells. It inhibits specific antibody response. 

C3b induces the re 1 ease of enzymes from neutroph il s, inc 1 ud i ng 
hi stami nase . C5a promotes the aggregation and adhesiveness of 
circulating neutrophils, resulting in the formation of microemboli 
which are sequestered in the small vessels of the pulmonary 
circulation; these microemboli can induce both pulmonary hypertension 
and arterial hypoxemia. (Fig. 5) 
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C5a induces secretion of lysosomal enzymes from macrophages and 
neutrophils, and induces interleukin 1 production from macrophages and 
the release of thromboxane and other prostagl andi ns ; it enhances 
cell-mediated and humoral immunity working at the level of the 
macrophage. Via macrophage production of ILl ( Fig. 6) B-cells may be 
stimulated to increase antibody production and T-cells may be 

~'Ll 
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~~ 

~ IL'$ 
~~~ IL2-IL2-IL21 

/ ACUTE - PHASE PROTEINS 
t 
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I Antibody Production I Lymphokine Production (IL2) 

FIGURE 6. Macrophage Production of ILl. 

stimulated to increase lymphokine production, especially IL2. Via ILl 
production (49), the liver may synthesize acute phase proteins. Then, 
C Reactive Protein could combine with burned tissues to generate more 
C5a which would stimulate the macrophage to make more ILl. 

Thus, the complement system plays a critical role in host defence 
and an important role in immunoregulation (43,40,50). It is probably 
one of the very first links in entry into action of immunitary 
defences. The immune system is highly dynamic and regulated by an 
i ntri cate network of interactions among different ce 11 types as we 11 
as among ce 11 s and ant i bodi es, ant i gen-ant i body complexes, ce 11 sand 
soluble mediators. 
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These mediators play an important role in modifying the immune 
response in burn patients. A great number of immuno 1 ogi ca 11 y acti ve 
mediators are present following burn injury. Many are mediators of 
inflammation like histamine, serotonin, kinins and the products of 
phosphol ipid metabol ism, especially PAF, leukotrienes and 
prostagl andi ns. Indeed, they are members of a recentl y recogni zed 
class of compounds which are generated from the cell membrane 
phospholipids. These molecules have very potent biological activites 
which indicate their potential as major mediators of a number of 
inflammatory and immunological events. Cells membranes are largely 
composed of lipid bilayers, of which phospholipids constitute a major 
component class. For a specifi c ce 11 type, an acti vator activates 
enzymes which are capable of cleaving the membrane phospholipids and 
elaborating their constituent fatty acids. 

Wh&n so released, arachidonic acid is oxidatively processed into 
Prostaglandins and Leukotrienes by two important enzymes, 
cyclooxygenase and lipoxygenase. (Fig. 7) Cyclooxygenase acts with 

LEUKOTRIENE 
94 

FIGURE 7 

PROSTACYCLIN 
PGI2 

free arachidonic acid to form endoperoxides which can then be 
metabo 1 i zed to thromboxane, prostacyc 1 in or prostagl and ins. The 
biosynthesis of each of these compounds requires at least one 
additional enzyme following the action of cyclooxygenase itself (51) 
and no cell type contains all of these additional enzymes: Platelets 
generate 1 arge quanti ti es of thromboxane when acti vated (52) wh i 1 e 
endothelial cells mainly generate prostacyclin (53) and mast cells 
generate PGD2 (54,55). 

Anggard, Arthurson and Jonsson were the first to demonstrate that 
thermal lnJury is followed by an increased local biosynthesis of 
prostaglandins. Mainly PGEl was found during the first hours 
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post-burn. Later, PGE2 (56,57,58) and PGF 2 a predominated (59). PG2 
and TXB2 have been identified in burn blisters'fluid in patients 
(60,61,62). 

After a scald injury, an increased 
5~-7a-dihydroxy-11-ketotetranorprostano~c acid, the 
metabolite of PGE1 and PGE2 was demonstrated in 
guinea-pigs (57). 

excretion of 
main urinary 
the urine of 

In lipid extracts of scalded skin excised two hours after injury, 
the content of PG-l ike materi ali s about 20-40 times higher than in 
lipid extracts of scalded skin excised simultaneously with control 
skin. Thus, a major part of the urinary excretion of the PGE 
metabo 1 ite is due to an increased 1 oca 1 bi osynthes is of PG tri ggered 
by burn i nj u r y. Prostag 1 andl n re 1 ease has been shown by a number of 
invest i gators to result directly from i nj ury, but endotoxi n release 
due to gut permeability changes also leads to both activation of the 
alternate complement pathway and to prostaglandin release. 
The cyclooxygenase pathway products have systemi c effects fo 11 owi ng 
release from burn injured tissues into the general circulation 
(63,64,65) and local effects. 

After systemic administration, PGE compounds have been shown to 
be potent hypotensive agents, acting by vasodilatation and decreased 
peripheral resistance (66,67). They increase coronary blood flow and 
cause bronchial dilatation. Prostaglandins are also involved in 
different immunoregu 1 atory mechani sms they induce suppressor 
macrophage activity and directly activate suppressor T-cells. 
Prostaglandin-induced suppressor T-cells produce a low molecular 
weight suppressor peptide. The result is an impaired T-lymphocyte 
response. E Prostaglandins can inhibit cell-mediated cytolysis and 
IgE-mediated histamine release. PGF compounds induce effects opposite 
to those of PGE compounds (67). 

Loca 11 y, in the mi croci rcu 1 at ion, Thromboxane possesses 
vasoconstrictive properties and stimulates platelet aggregation (68) 
Prostacyc 1 in on the other hand, is vasodi 1 atat i ve and is a potent 
inhibitor of platelet aggregation. 

The other oxidative pathway for arachidonic acid metabolism, 
termed the 5 1 i poxygenase pathway 1 eads to bi osynthes is of 
leukotrienes (L.T.) through an ordered cascade of enzymes (69). Named 
hydroperoxides (5 HPETE), the primary products of the cascade can be 
metabolized to L.T. which can be divided into two groups, the LTB4 
group wi th hydroxyl groups, and the C4, D4 and E4 group wi th a 
cyste i nyl peptide cha in, whi ch together consti tute the Slow React i ng 
Substance of Anaphylaxis. SRSA is a very potent group of compounds in 
causing bronchoconstriction and in increasing vasopermeability in 
relationship to injuries of the well-vascularized tissues. Many cells 
possess both cyclooxygenase and lipoxygenase, and are thus capable of 
enzymatic oxidation of arachidonic acid by the 2 major pathways. 
Thromboxane and Leukotrienes have been shown to be important mediators 
in early burn edema (70). 

Leukotrienes generation occurs from a variety of human leukocytes 
and related cells. Pulmonary mast cells produce LTC4 after activation 
by an antigen (71,72,73,74). Alveolar macrophages produce large 
quantities of LTB4, even in comparison to human neutrophils (75,76). 
Eosinophils generate mainly LTC4 and LTB4. Eosinophils and neutrophils 
are capable of degrading LTC4, LTD4 and LTE4 extracellularly, while 
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neutrophil s can degrade L TB4 in trace 11 ul arly to compounds that 1 ack 
their biological activities. This provides an example of a reaction 
producing its own negative feedback system. . 

Injected in the human skin, LTB4 has been shown to exert a very 
Dotent chemotactic effect on neutrophils, but it can also deactivate 
ce 11 s so that they wi 11 no longer mi grate (77) . Inj ected 
intradermally, LTC4, LTD4 and LTE4 elicit a wheal, with an increased 
local vascular permeability. Injected intravenously to the animal, 
L TC4 and L TD4 induce a constri ct i ve effect on the peri phera I arteri a I 
vasculature with an increase in mean arterial blood pressure and a 
disastrous effect on cardiac output. With respect to the airway, LTC4 
and L TD4 are si gn i fi cantl y more potent than hi stami ne in effecti ng 
bronchoconstriction. 

At PERCY Mi I itary Hospi tal Burn Center, in CLAMART, it W03.S shown 
for the first time (78,79,80) that lipoxygenase pathway was altered 
after thermal injury : as early as the first hours following burn 
injury (6-12 hours) there is a considerable but transient increase in 
LT concentrations, particularly LTB4. This peak is followed by a 
collapse in concentrations which remain very much below normal. This 
evolution is parallel with that of lymphocytary numeration and that of 
the OKT4/0KT8 ratio, and is contemporary with the state of anergy. 

Eicosanoids thus modulate a variety of multi-faceted host 
responses. This class of compounds seems to have many different 
actions on cells, tissues and organs; further study will therefore be 
necessary to better assess them. Of great interest is the last lipid 
mediator, PAF, synthesized by different types of cells such as 
platelets, basophils, eosinophils, macrophages. It originates from 
membrane phospho I ipids under the action of cytosol ic hydrolases and 
acetyl-transferases. PAF binds to a specific binding site and triggers 
the activation of proteins via the phosphatidine-inositol cycle. These 
proteins induce the mobilization of calcium which in its turn triggers 
the arachidonic acid cascade. Thus PAF seems to be the most important 
lipidic mediator since it can be situated upstream from eicosanoids in 
triggering the cascade of arachidonic acid metabolites. 

The intervention of PAF in shock phenomena, allergy, thrombosis 
and inflammation in general is a well established fact. PAF also plays 
a role in organ graft rejection. 

An injection of PAF leads to a fall in arterial pressure (Fig. 8) 
with capillary leakage and an increase in hematocrit, pulmonary 
hypertension and bronchoconstriction, all of which are reversible 
signs after injection of a specific anti-PAF. A superfusion of PAF 
induces local formation of a thrombus which is accompanied by 
deendothelialization with leukocytic adhesion and migration of 
platelets towards the site of inflammation. Injection of 
immunoglobul in to an antigen sensitized animal is followed by a fall 
in arterial pressure with capillary extravasation. Likewise the 
experimental injection of endotoxin is followed by a sharp fall in 
arterial pressure. All these phenomena are reversible after injection 
of an anti-PAF. Similarly the asthma crisis induced by injection of 
PAF improves after injection of an anti -PAF. After activation of 
leukocytes of burn injured animal treated with a solution containing 1 
% of an anti-PAF, a preliminary study by PERCY Burn Center in CLAMART, 
a 11 owed observi ng a decrease in Leukotri ~nes and PAF production, as 
well as a decrease in the production of O' 2_ free radicals. 
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Furthermore burn injured animal s under anesthesia and treated 
with Ringer Lactate but not receiving an anti-PAF, die in the state of 
shock within 24 to 36 hours following thermal injury without having 
regai ned con sci ousness, whereas an ima 1 s treated wi th Ringer Lactate 
and a 1 % anti-PAF Solution wake up rapidly, return to a normal P.A. 
within one hour and eat 3 hours after accident. 
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Thus, besides the generalized physiological alterations occurring 
in severely burned patients, major immune dysfunction becomes clear at 
both the humoral and cellular levels. 
Current therapy - limiting pain, rapidly excising wounds, feeding the 
patient and providing a warm environment, removing the toxic factors -
serves to minimize stress and protects the immunitary functions in one 
way or another but sometimes impairs them. 

Protein loss due to changes in vascular permeability and at the 
origin of hemodynamic instability is compensated by the adminisStration 
of human proteins. But at the same time, albumine binds prostaglandins 
and when albumin concentration is low, prostaglandins are free to 
exert their suppressive activity. As observed by Gelfan, the use of 
fresh-frozen plasma in the early phase of burn injury could do harm to 
the patient by adding more substrate to generate C5a and thus 
i ncreas i ng vascu 1 ar permeabil i ty and addi ng to shock 1 ung. It is much 
more justified later as a source of alternative pathway activity for 
opsonization. While the early excision and graft incorporate many 
factors that are known to be immunosuppress i ve - admi n i strati on of 
blood products, drugs, multiple anesthesia - these procedures seem to 
profoundly influence the immunologic depression in burn patients, and 
the net effect on the immune system is a positive one (81). 
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The effect of plasma exchange/plasmapheresis on post-burn 
lymphocyte suppression by the removal of circulating factors as 
measured by MLR demonstrate a statistically significant decrease in 
suppressive activity (82). Immune function and metabolic status are 
importantly interrelated in the burn patient. Consequently, limiting 
metabolic stress appears to result in beneficial immunological 
effects. Large amounts of nitrogen relative to caloric intake are 
necessary to achieve nitrogen equilibrium in patients with large 
burns. 

Several authors (83,84,85) have shown that survival is higher in 
high protein groups of patients than in the control group. 
Ma1nutritiona1 states are associated with decreased resistance to 
infection with an increased incidence of anergy and complement 
consumption (86) as well as an impaired wound healing (87). 
A variety of drugs act directly on the immune system and are or have 
been used with varying success in burn patients : steroYds are known 
to decrease the release of arachidonic acid from phospholipids and to 
inhibit the formation of Leukotrienes through a complex series of 
cellular responses (88) but their use as anti-inflammatory agents is 
1 i mi ted because of the i r adverse side effects. L i kewi se th romboxane 
synthetase inhibitors (imidazole, dipyridamole, etc ... ) result in a 
beneficial reduction of dermal ischemia, and scavangers inhibit the 
phospholipid-lipase activity and reduce post-burn edema, but they act 
only upon one link of a long chain of reactions; we don't know 
exactly where the chain begins and if the acute phase reactants 
intervene at the time of injury, or wether they are continuously 
released for several days following injury. 

In a simil ar respect, immunomodu1 ators have been employed 
successfully, increasing survival in animals. It is certainly very 
early in the inflammatory process that histamin, bradykinin, 
complement by-products, prostaglandins, prostacyclin, cysteinyl 
leukotrienes and PAF act directly on the endothelial cells and cause 
an increased microvascular permeabiiity and all the disorders which 
lead to immunological dysfunction, (Fig. 9) but the question is : what 
is the primum movens ? 

Specific Toxins 

Activation of alternate pathway 

~ 

PMN degranulation 

Complement split products 

~ 
Suppressor T . c~lIs 

~ 
LMW suppressor peptide 

FIGURE 9 
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Natural products such as interleukins, leukocyte dialysates are being 
tested. We now need to develop methods for reversing immune defects in 
burn pat i ents, such as the use of substances wh i ch may even induce 
ce 11 s such as macrophages and 1 ymphocytes to produce med i ators of 
immune competence thereby restoring immune function in 
immuno-depressed burn patients. 
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BURNS: CLINICAL AND BIOLOGICAL OVERVIEW 

R. H. Demling 
Associate Professor of Surgery, Harvard Medical School Director, 
Longwood Area Trauma Center, Boston, Massachusetts. 

There have been major advances in the care of the burn patient over 
the last ten years leading to improved survival rates. in particular for 
the young patient with the massive burn. the improvements have been in a 
number of areas of burn management. 

CARDIOPULMONARY RESUSCITATION 

New information on the physiologic changes responsible for the dra­
matic shifts in bodily fluids and protein that occur after burns has led to 
improved resuscitation techniques. Increased microvascular permeability in 
burn tissue and a generalized cell-membrane1defect that results in intra­
cellular swelling have been well described. The increasing importance of 
the interstitium in the transva~c~lar fluid and protein flux is a topic of 
considerable research interest.' Changes in the interstitium in both 
burned and adjacent non-burned tissues. particularly in the baseme~t5 
membrane, now also appear to have a major role in edema formation. ' 

Many potent vasoactive mediators are known to be released from burn 
tissue. These include the vasoconstrictor and vasodilator prostaglandins, 
kinins'6~§rotonin, histamine, oxygen radicals, and various lipid per-
oxides. Although these factors are thought to play some part in the 
edema process, the use of specific inhibitors to modify the burn-edema 
process has been, to date, unsuccessful. Plasma-exchange transfusions have 
occasionally been used inlOhe early postburn period in an attempt to remove 
these circulating agents. 

The edema that occurs in nonburyrd soft tissues does not appear to be 
due to altered protein pery§a~~lity, but to the severe hypoproteinemic 
state of a burned patient.' There also does not appear to be any 
altered permeabili2~ in the lungs after burns, unless severe smoke inhala-
tion has occurred. A number of experimental and clinical studies have 
found no early increase in water i~ the lungs during a controlled fluid 
resuscitation after a major burn. Early colloid infusion is therefore 
feasible and, in fact, has been shown to minimize edema in the non2gry~d15 
tissues and to increase blood volume better than does crystalloid. ' , 
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Postburn lung dysfunction remains a major cause of mortality. The 
incidence of smoke-inhalation injury is now known to be several times 
higher than previously reported; such injury t~ currently found in up to 20 
percent of patients admitted to burn centers. Routine fiberoptic 
bronchoscop~ or xenon ventilation-perfusion scanning in patients suspected 
of having §~is injury has resulted in more frequent and earlier 
diagnoses. Neither method, however, can predict the magnitude of damage 
accurately. 

Our understanding of the complex chemical burn to the tracheobronchial 
mucosa I1u~Bd by the toxic components of smoke has improved substan-
tially.' Water-soluble gases that are found in smoke from burning 
plastics or rubber, such as ammonia, sulfur dioxide, and chlorine, react 
with water in mucous membr~hes, and edema. Lipid-soluble compounds such as 
nitrous oxide, phosgene, hydrogen chloride, and various toxic aldehydes are 
transported to the lower airways on carbon particles that adhere to the 
mucosa. All these agents damage the cell membrane directly and impair the 
ciliary clearance of bacteria. In addition, alveolar macrophages are 
act~vatr~ to release potent chemotoxins, which further increase inflam­
matl.on. 

Even with severe mucosal injury, early symptoms are absent in many 
cases because mucosal edema and bronchorrhea may not develop for 24 to 48 
hours. Yet recent human studies that used the mUltiple inert-gas technique 
have demonstrated an early decrease in alveo~er ventilation caused by the 
bronchospasm and edema in the airway mucosa. True intrapulmonary shunt-
ing is not severe during this period, which indicates that alveolar edema 
is not a major component of the early disease state. Several recent 
clinical studies have demonstrated that 2tung water increases significantly 
only after massive inhalation injuries. 

Endotracheal intubation and mechanical ventilation with positive 
end-expiratory pressure remain the treatment of choice for severe lung 
injuries fro'2e2~osure to smoke. Corticosteroids have been shown to be 
ineffective. ' 

INFECTIONS AND IMMUNOLOGICALLY MEDIATED RESPONSES 

Organ-system failure in conjunction with sepsis remains the leading 
cause of death due to burns. Although infection is the primary initiator 
of the hyperdynamic state, it is now clear that the devitalized tissue 
itself can also initiate and perpetuate the mediator-induced response. 
This may help to explain the finding that circulating bacteria cannot be 
detected in more than2aalf of the patients with burns who die from what 
appears to be sepsis. Circulating endotoxin absorbed from the wound or 
from a gastrointestinal tract with an impaired mucosal barrier may have a 
prominent role in producing sepsis. 

The lungs and the burn wound are the most frequent sites of infection 
and fatal infections ar2Smost often caused by highly virulent opportunistic 
gramnegative organisms. Particularly virulent strains of Pseudomonas 
aeruginosa have been indentified that release exotoxin A, a factor that 
impairs protein synthesis both locally and systemically when absorbed. 
Antibiotic-resistant strains of common organisms such as methicillin­
resistant Staphylcoccus aureus have been responsible for a number of 
epidemic infections in burn centers which result because of patient cross­
contamination. 
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Fungal infections have also become more common, but elimination of the 
use of prophylactic systemic antibiotics in burn patients has decreased 
their incidence. Systemic antibiotics are now used only to treat docu­
mented infections, which are detected in the burn wounds b!5quantitative 
bacteriologic analyses of full-thickness biopsy specimens. However, 
since sampling errors can affect the results of these tests, particularly 
if only superficial eschar is analyzed, histologic documentation of tissue 
invasion remains the most reliable approach. 

Topical antibiotics continue to be the mainstay of wound-infection 
control. However, bacterial resistance to these agents has also been 
observed with increasing frequency as plasmids that contain antibiotic­
resistant genes are transmitted to local wound bacteria. New topical 
agents such as chlorhexidine hydrochloride (which has never been shown to 
be carried on a plasmid marker) are continually being developed to overcome 
this problem. Sophisticated isolation equipment suchzgsZ7aminar air-flow 
units have been reported to decrease infection rates, ' but equally 
improved survival rat~~ have been reported with the use of more standard 
isolation techniques. 

Researchers have identified many complex alterations in both the 
cellular and humoral components of the immune systems of burn patients that 
predispose such patients to infection. Impaired phagocyte funZ9ion appears 
to correlate most closely with the onset and degree of sepsis. At least 
some of the phagocytic abnormal!6ies probably result from a circulating 
inhibitory factor in the serum. One group has reported that this factor 
is a polypeptide that is biochemically similar to a fragment of collagen 
released by the injured skin. 

The lymphocyte system of burn patients is also severjtY altered, as 
indicated by an impaired response to mitogen stimulation. Currently, 
several immunomodulators, such as thymopentin (a fragment of thymopoietin 
with five ami~~ acids), that may reverse the lymphocyte and phagocyte 
abnormalities, are undergoing clinical trials. 

Burn patients also have a decrease in thj3humoral components fibro­
nectin (a plasma opsonin) and gamma globulin, but no convincing data 
indicate that administration of these agents improves survival. 

In both human and animal studies, early burn excision with wound 
closure has been reported to reverse many of the immunologic defects that 
occur, which emphasizes the role of the burn wound. 

METABOLIC AND NUTRITIONAL ASPECTS 

Advances have been made in both the understanding and treatment of the 
protein catabolism initiated by burn injury. The increase in metabolic 
rate that begins in the postresuscitation period is much greater than that 
seen with any other form of trauma or severe sepsis; a doubling of the 
normal metabolic rate of 35 to 40 kcal per square meter of body-surface 
area ~~r hour occurs when burns affect more than 50 percent of body sur­
face. Associated with the hypermetabolic response are protein catabo­
lism, ureagenesis, lipolysis, and accelerated gluconeogenesis. The in­
creased heat production, which is accompanied by a 1 to ZOC increase in 
core temperature, appears to be due to a resetting of the hypothalamic 
temperature center. The hypothesis that a causal relationship exists 
between the increased evaporative heat loss from the impaired barr!~r of 
burned skin and the hypermetabo1ic response remains controversial. 
However, excessive heat loss, which will occur if a burn patient is placed 
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in a room with an average ambient temperature, will clearly exaggerate the 
stress response. Thus, maintaining the ambient temperature in the rooms of 
burn patients at or above 30°C has been found to decrease total energy 
expenditure, and such a practice is now standard. 

The efferent mediators responsible for the metabolic manifestations 
appear to result partly from an excess of the counterregulatory hormones 
(the catecholamines, glucagon, and36lucocorticoids) that impair the glucose 
transport into tissues by insulin. Moreover, the combined infusion of 
glucagon, cortisol, and epinephrine and normal persons have been shown to 
produce many of the postburn responses, which ~~ggests that several hor­
mones interact to cause the metabolic changes. 

Afferent signals f3§m the burn wound appear to initiate and maintain 
the hormonal imbalance. These signals are not totally neural in origin, 
since spinal anesthesia or peripheral-nerve transection does not eliminate 
them. Circulating inflammatory mediators such as prostaglandin E and 
interleukin-1 are now known to be involved in the perception of tfte affer­
ent signal by the central nervous system. Interleukin-1 and endogenous 
pyrogens that are released from wound macrophages have been reported to 
stimulate in vitro skele§~l-muscle proteolysis by means of the formation of 
muscle prostaglandin E2• The afferent signal can be accentuate~oby the 
brain, particularly in the presence of excessive pain or anxiety. 

The metabolic rate in burn patients can be decreased by administration 
of anesthetic agents or high-dose morphine or by early wound closure. 
However'4ihe effect on outcome of lowering the metabolic rate has not been 
defined. 

The marked hepatic gluconeogenesis can be partially suppressed by 
infusion of exogenous glucose. Glucose must account for at least 50 
percent of the total caloric intake to maximize its effect on decreasing 
protein breakdown, but excess glucose will result in fat production and 
increases in the formation of carbon dioxide. Approximately 15 to 20 
percent of the calories should be proteins or amino acid equivalents, and 
the remainder should be given as fat, which has been found to be well used 
in burn patients. Recent studies have demonstrated substantial benefits, 
as assessed by improved immune function and increased survival, from 
high-protein diets (especially those perf~2ed enterally) that are aimed at 
achieving a 100:1 calorie-nitrogen ratio. In general, the increased43 
attention paid to nutrition has had a major impact on burn management. 

WOUND MANAGEMENT 

Important advances have been made in our understanding of pathophysio­
logic changes that occur in burn wounds and in the techniques available to 
close these wounds. 

WOUND HEALING 

Although neutrophil and platelet sequestration in the microvessels of 
burned tissue is evident immediately, major tissue infil~4a~!on with 
neutrophils and macrophages is delayed for several days.' The inflam­
matory cells are potent factories of vasoactive substances such as prosta­
noids, leukotrienes, platelet-activating factors, and complement compo­
nents. When the wound mediators are released and absorbed in sufficient 
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quantities, particul~6ly when stimulated by local endotoxin, pulmonary 
dysfunction results. 

The wound macrophage is now known450 be the cell that controls healing 
by the release of a number of factors. Angiogenesis factor, a substance 
with a molecular weight of 2000 to 20,000'4~s4§ecreted by hypoxic macro­
phages at the wound edge or outer surface.' This factor, which ini­
tiates neovascularization, appears to be a chemoattractant for mesothelial 
cells and vascular endothelial cells that migrate to the wound edge to form 
new blood vessels. The release of angiogenesis factor is accentuated by a 
low partial pressure. However, angiogenesis and, in turn, the formation of 
granulation tissue are suppressed beneath the burn eschar even when the 
partial pressure of oxygen there is low. 

The macrophage-derived growth factor is released from macrophages 
below the wound surface where the tissue partial pressure of oxygen is 
increased. This growth factor stimulates fibroblast mitosis and sub~6quent 
fibroblast deposition of collagen fibronectin and glycosaminoglycan. The 
rate of fibroblast proliferation and secretion d5~ends on the availability 
of oxygen and therefore on the local blood flow. Platelet-derived growth 
factor has proB~rties of both angiogenesis factor and macrophage-derived 
growth factor. 

Infection-producing quantities of bacteria in a wound will retard the 
healing process not only by using the available tissue oxygen, but also by 
degrading the new protein being formed through release of proteases from 
the phagocytizing neutrophils. The best environment for wound healing 
therefore appears to be one in which the partial pressure of oxygen is low 
at the wound surface, thereby stimulating angiogenesis, and high at the 
subsurface, incr5~sing the secretion of macrophage-derived growth factor 
and fibroblasts-. Thus, surface accumulation of phagocytes and bacteria, 
as on an open wound, should be kept to a minimum. 

The rate of reepithelialization of the superficial would also appears 
to be controlled by wound factors, some of which are also derived from the 
macrophage. The gene for epidermal growth factor, one such substance, has 
now been cloned, so that ~! may eventually be available in large quantities 
for therapeutic purposes. It is anticipated that many other growth 
factors will also soon be available for research and for potential thera­
peutic use. 

EARLY WOUND CLOSURE 

Since the presence of inflammatory tissue or eschar on the burn 
surface has been shown to produce hypermetabolism and immune deficiency 
that can lead to severe illness or death, many practitioners have recently 
returned to an aggressive surgical approach in which burn wounds are closed 
as early as possible. 

Current surgical approaches to early wound closure vary from imme­
diate, complete wound excision to the fascia and closure5~ith a combination 
of autografts and skin substitutes within the first week after the burn 
to sequential excision and graftings, beginning about two to four days 
after56h57burn and continuing every f~ur to five days until wound clo-
sure.' The latter appears to be the safest and more common approach 
for large burns. 
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The complications that can arise with this aggressive surgical ap­
proach have been minimized by limiting the length of the surgical proce­
dure. usually to two hours; the area excised to no more than 15 percent of 
body surface; and the blood loss to no more than 50 percent of blood 
volume. Excisions performed the first days after the burn. before 
infection has occurred. appear to result in fewer postsurgical complica­
tions than those performed more than seven daY37after the burn. when 
infection and inflammation have become severe. However. maintenance of 
hemodynamic stability can be a major problem when surgery is performed 
early; i.e •• prior to the development of increased blood flow to the burn 
area which usually occurs after day 5. Moreover. two surgical teams 
usually operate on an individual patient to expedite the procedure and 
thereby decrease blood loss. 

Early surgical excision and skin-graft closure of deep. partial­
thickness burns are also increasing in popularity. Burns of this depth are 
not only prone to infection and conversion to deeper injuries. but they 
also heal with considerable fibrosis and hypertrophic scarring. During the 
surgical procedure. burn tissue is removed in thin layers (0.025 to 0.5 cm 
in depth) until healthy bleeding tissue is reached. while as much viable 
dermis as possible is preserved to improve the functiona!Sand cosmetic 
result. This technique is known as tangential excision. 

Early debridement and wound closure that begins within three days of 
the burn have been reported to increase survival among children with 
full-thickness burns that affect more than 60 percent of the body surface 
to a greater extent than the approach that uses spontaneous eschar sepa­
ration and delayed grafting. Although it is less convincing. some evidence 
now indicates that the treatment also produces a similar increase in 
survival among adultsS9although a statistically significant improvement has 
yet to be documented. Decreased morbidity has been reported. as 
evidenced by a sixfold decrease in septic complications and a decrease in 
catabolism and in immune deficiencies. ~8 comparison with the conventional 
approach that uses topical antibiotics. The hospital stay is also 
decreased. by 20 to 30 percent, for patients with deep burns that affect 20 
to 40 percent of the body surface. Although the findings are still 
controversial. several centers have reported that improvements in longterm 
function and cosmetic acceptability result from early wound closure. 
particularly when the patient has deep dermal burns. because it minimizes 
hypertrophic scarring and the need for later reconstruction. 

SKIN SUBSTITUTES (ARTIFICIAL SKIN) 

There has been a tremendous interest in the development of substances 
that restore. temporarily or permanently. the important barrier functions 
of the skin; i.e •• functions that prevent invasive infection and water and 
heat loss through evaporation. There has been considerable confusion over 
the term "artificial skin". which has been used to describe both the 
temporary and permanent skin barriers. There are major differences between 
the properties and production of these two types of skin substitutes. 

TEMPORARY SKIN SUBSTITUTES 

The drying of exudate on a superficial wound with resulting scab or 
eschar formation has been shown to retard reepithelialization. In 
contrast. wounds have been shown to reepithelialize more rapidly and with 
less pain and inflammation when they are occluded and a thin layer of fluid 
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from the wound maintains contact with the surface. 61 This sealed wound 
also creates a more favorable environment for the clearing of surface 
bacteria by wound-defense mechanisms. Application of topical water-soluble 
antibiotics controls infection in an open wound. but it also appears to 
increase inflammation ag2 decrease the healing rate in comparison with the 
rate in a sealed wound. A number of temporary skin substitutes have 
therefore been developed to improve healing of partial-thickness wounds. as 
well as to P62tect clean. excised wounds when they are not immediately 
autografted. Th63P6~perties required of a temporary skin substitute have 
been well defined.' Adherence to the wound is essential for maximum 
reepithelialization and minimal inflammation and fibrosis. The dressings 
must be permeable to water vapor and oxygen so that an anaerobic 
environment is not produced at the wound surface. yet they must not be 
permeable to bacteria. Elasticity and durability are major advantages. yet 
the biochemical structure of the material cannot be g~t~~enic or toxic; 
otherwise. it will cause a local rejection reaction. • 

There are two types of temporary skin. Biologic dressings (previously 
living tissue. including amniotic membranes. xenografts and homografts. and 
cadaver skin) have been used for a number of years. although. because of 
its limited availability. cadaver skin is used primarily to cover excised 
wounds. Recently. many synthetic skin substitutes have been developed 
because of the need to increase availability and shelf life over that of 
the biologic materials. Solid silicone polymers have been the most widely 
used because they are microporous and uniquely permeable to water vapor. 
Polyurethane and polyvinylchloride polymers are also being used. Synthetic 
substitutes that depend on fibrin entrapment in the porous material for 
adherence appear to be less successful than those in which there is a 
direct chemical bond with the wound. Although useful when only minor 
infection is present. these synthetic dressings adhere poorly to grossly 
contaminated wounds. 

PERMANENT SKIN SUBSTITUTES 

Improvements in resuscitation. cardiopulmonary and nutritional sup­
port. and infection control. combined with early wound closure that uses 
autografts and temporary skin substitutes. have substantially decreased the 
mortality and disability from severe burns. A small group of patients 
(representing less than 5 percent of admissions to burn units). however. 
have deep burns that affect more than 70 percent of the body surface and do 
not have enough unburned skin for wound closure. Although unburned skin 
can be used up to three times (and that on the scalp can be used at least 
six times) for autograft donations. the amount of skin still may be insuf­
ficient. particularly if patients have burns that affect more than 90 
percent of the body surface. Until recently. most of these patienas would 
not have survived long enough for skin replacement to be an issue. Now. 
however. for a portion of this group. lack of skin is the limiting factor 
to survival. although functional ability will be a major problem for all 
these patients since covering the burn wounds with only epidermis. as is 
done when the same donor sites must be65~g~ed a number of times. will 
result in considerable scar formation. Reused donor split grafts. 
with the exception of those from the scalp. have very little remaining 
dermis; instead. they consist mostly of an epidermal sheet that is rather 
easily disrupted by minimal shearing forces. which leads to continual 
blistering and focal sloughing. Because of these problems. permanent skin 
substitutes are being designed. 

27 



REFERENCES 

1. Baxter CR. 
Clin Plast Surg 1: 693-703 (1974) 

2. Arturson G. 
Acta Physiol Scan (Suppl) 463 : 111-22 (1979) 

3. Nanney LB. 
J Invest Dermatol 76:227-30 (1981) 

4. Kramer GC., Harms BA., Bodai BI., Demling RH., Renkin EM. 
Am J Physiol 243 : 803-9 (1982) 

5. Mullins RJ., Bell DR. 
Circ Res 51 : 305-13 (1982) 

6. Harms BA., Bodai BI., Smith M., Gunther R., Flynn J., Demling RH. 
J Surg Res 31 : 274-280 (1981) 

7. Carvajal HF., Brouhard BH., Linares HA. 
J Trauma 15 : 969-75 (1975) 

8. Saez JC., Ward PH., Gunther B., Vivaldi E. 
Circ Shock 12 : 229-39 (1984) 

9. Sasaki J., Cottam G., Baxter C. 
J Burn Care Rehab 4 : 251-5 (1983) 

10. Warden GD., Stratta RJ., Saffle JR., Kravitz M., Ninnemann JL. 
J Trauma 23 : 945-51 (1983) 

11. Harms BA., Bodai BI., Kramer GC., Demling RH. 
Microvasc Res 23 : 77-86 (1982) 

12. Demling RH., Kramer G., Harms B. 
Surgery 95 : 136-44 (1984) 

13. Tranbaugh RF., Lewis FR., Christensen JM., Elings VB. 
Ann Surg 192 : 479-88 (1980) 

14. Goodwin CW., Dorethy J., Pruitt BA Jr. 
Ann Surg 197 : 520-31 (1983) 

15. Demling RH. 
JAMA 250 : 1438-40 (1983) 

16. Moylan JA. 
J Trauma 19 : 917 (1979) 

17. Cahalane M., Demling RH. 
~ 251 : 771-3 (1984) 

18. Crapo RO. 
JAMA 246 : 1694-6 (1981) 

19. LOke J., Paul E., Virgulto JA., Smith GJW. 
Arch Surg 119 : 956-9 (1984) 

20. Robinson NB., Hudson LD., Robertson HT., Thorning DR., Carrico CJ., 
Heinbach DM. 
Surgery 90 : 352-63 (1981) 

21. Tranbaugh RF., Elings VB., Christensen JM., Lewis FR. 
J Trauma 23 : 597-604 (1983) 

22. Levine BA., Petroff PA., Slade LC., Pruitt BA Jr. 
J Trauma 18 : 188-93 (1978) 

23. Marshall WG Jr., Dimick AR. 
J Trauma 23 : 102-5 (1983) 

24. Teplitz C. 
Phildelphia: WE Saunders, 45-94 (1979) 

25. Demling RH. 
Phildelphia: Harper & Row 1348-51 (1984) 

26. Burke JF., Quinby WC., Bondoc CC., Sheehy FM., Moreno HC. 
Ann Surg 186 : 377-87 (1977) 

28 



27. Demling RH., Maly J. 
Ann NY Acad Sci 353 : 294-9 (1980) 

28. Demling RH. 
J Trauma 23 : 179-84 (1983) 

29. Alexander JW., Ogle CK., Stinnett JD., MacMillan BG. 
Ann Surg 188 : 809-16 (1978) 

30. Wolfe JHN., Wu AVO., O'Connor NE., Saporoschetz I., Mannick JA. 
Arch Surg 117 : 1266-71 (1982) 

31. Miller CL., Baker CC. 
J Clin Invest 63 : 202-10 (1979) 

32. Stinnett JD., Loose LD., Miskell P., Tenney CL., Gonce SJ., 
Alexander JW. 
Ann Surg 192 : 776-82 (1980) 

33. Lanser ME., Saba TM., Scovill WA. 
Ann Surg 192 : 776-82 (1980) 

34. Wilmore DW., Aulick LH. 
Surg Clin North Am 58 : 1173-87 (1978) 

35. Wilmore DW., Mason AD Jr., Johnson DW., Pruitt BA Jr. 
J Appl Physiol 38 : 593-7 (1975) 

36. Shamoon H., Hendler R., Sherwin RS. 
J Clin Endocrinol Metab 52 : 1235-41 (1981) 

37. Bessey PQ., Watters JM., Aoki TT., Wilmore DW. 
Ann Surg 200 : 264-81 (1984) 

38. Herndon D. 
J Trauma 21 : 701-7 (1981) 

39. Dinarello CA. 
N Engl J Med 311 : 1413-8 (1984) 

40. Taylor JW., Hander EW., SkreenR., Wilmore DW. 
J Surg Res 20 : 313-20 (1976) 

41. Caldwell FT Jr., Bowser BH., Crabtree JH. 
Ann Surg 193 : 579-91 (1981) 

42. Alexander JW., MacMillan BG., Stinnett JD., et al. 
Ann Surg 192 : 505-17 (1980) 

43. Dominioni L., Trocki 0., Mochizuki H., Fang CH., Alexander JW. 
J Burn Care Rehab 5 : 106-12 (1984) 

44. Hunt TK. 
J Trauma 24 : Suppl:s 39-49 (1984) 

45. Hunt TK., Sheldon G., Fuchs R. 
Burns 1 : 210-6 (1975) 

46. ~l EJ. 
Med Clin North Am 65 : 809-28 (1981) 

47. Hunt TK., Andrews WS., Halliday B., et al. 
Philadelphia: Lea & Febiger 1-18 (1981) 

48. Banda MJ., Knighton DR., Hunt TK., Werb Z. 
Proc Natl Acad Sci USA 79 : 7773-7 (1982) 

49. Knighton DR., Hunt TK., Scheuenstuhl H., Halliday BJ., Werb Z., 
Banda MJ. 
Science 221 1283-5 (1983) 

50. Martin BM., Gimbrone MA Jr., Unanue ER., Cotran RS. 
Fed Proc 40 : 335 abstract (1981) 

51. Hunt TK., Pai MP. 
Surg Gynecol Obstet 135 : 561-67 (1972) 

52. Knighton DR., Hunt TK., Thakral KK., Goodson WH III. 
Ann Surg 196 : 379-88 (1982) 

29 



53. Alvarez OM., Mertz PM., Eaglstein WH. 
J Surg Res 35 : 142-8 (1983) 

54. Sporn MB., Roberts AB., Shull JH., Smith JM., Sodek J. 
Science 219 : 1329-31 (1983) 

55. Burke JF., Quinby WC Jr., Bondoc CC. 
Surg Clin North Am 56 : 477-94 (1976) 

56. Engrav LH., Heimbach DM., Reus JL., Harnar TJ., Marvin JA. 
J Trauma 23 1001-4 (1983) 

57. Demling RH. 
J Trauma 24 830-4 (1984) 

58. Janzekovic Z. 
J Trauma 10 : 1103-8 (1970) 

59. Wolfe RA., Roi LD., Flora JD., Feller I., Cornell RG. 
JAMA 250 : 763-6 (1983) 

60. Gray DT., Pine RW.,Harnar TJ., Marvin JA., Engrav LH., Heimbach DM. 
Am J Surg 144 : ~80 (1982) 

61. Barnett A., Berkowitz RL., Mills R., Vistnes LM. 
Am J Surg 145 : 379-81 (1983) 

62. Park GB. 
Biomater Med Devices Artif Organs 6 : 1-35 (1978) 

63. Tho~nton JW., Taves MJ., Harney JH., et al. 
Burns 3 : 23-9 (1978) 

64. Chvapil M. 
J Biomed Mater Res 16 : 245-63 (1982) 

65. Zachary L., Heggers JP., Robson MC., Leach A., Ko F., Berta M. 
J Trauma 22 : 833-6 (1982) 

66. Gallico GG III., O'Connor NE., Compton CC., Kehinde 0., Green H. 
N Engl J Ked 311 : 448-51 (1984) 

67. Green H., Kehinde 0., Thomas J. 
Proc Natl Acad Sci USA 76 : 5665-8 (1979) 

68. Billingham RE., Reynolds J. 
Br J Plast Surg 5 : 25-36 (1952) 

69. Burke JF., Yannas IV. 

30 

Fort Sam Houston, Tex.: United States Army Insti.tute of Surgical 
Research, 174-6 (1983) 



INFECTION: CAUSE OR EFFECT OF PATHOPHYSIOLOGIC 
CHANGE IN BURN AND TRAUMA PATIENTS 

B. A. Pruitt, Jr. 
US Army Institute of Surgical Research Fort Sam Houston, TX 

The survival of burn patients has increased significantly over the past 
40 years as a resul t of improvements in both general care and burn 
specific treatment. 1 The use of effective topical chemotherapy to control 
microbial proliferation within injured tissue has significantly reduced 
the incidence of invasive burn wound sepsis, even in patients with 
extensive burn injury, and has altered the characteristics of the burn 
wound flora and hence the causative organisms of the invasive infections 
that do occur, i.e., Pseudomonas burn wound infections have become 
relatively rare and yeast and fungal infections relatively common. 2 Even 
though present day management has reduced the occurrence of burn wound 
infections, infection in other sites remains the most frequent cause of 
morbidity and mortality in successfully resuscitated patients with burns 
and other injuries (Table I). The incidence of infection appears to be 
proportional to the severity of injury, e.g. ,burn size, and to reflect 
both systemic and local effects of injury which predispose such patients 
to infection, confound its diagnosis and make it difficult to 
differentiate the cause and effect relationships of injury and infection. 3 

LOCAL AND SYSTEMIC EFFECTS OF BURN INJURY 

Exposure to thermal energy of sufficient magnitude and duration causes 
tissue damage of variable degree. Coagulation necrosis and cell death 
involve the entire thickness of the skin in third-degree injury and are 
associated with immediate microvascular thrombosis and permanent occlusion 
of the local blood supply. The zone of immediate coagulation is surrounded 
by a concentric zone of stasis in which cells sustain potentially 
reversible injury and the blood supply is impaired but amenable to 
restoration, provided hypovolemia is promptly corrected, wound surface 
desiccation is avoided, and infection is prevented. The zone of stasis is, 
in turn, surrounded by a zone of hyperemia characterized by vasodilatation 
and increased blood flow. 4. Vascular endothelial injury is produced and 
permeability edema occurs in tissue subjected to temperatures over 43° C. s 
Increased vascular permeability results in transcapillary efflux of fluid 
into the interstitium and a decrease in circulating blood volume ensues. 
In the area of burn injury, precapillary resistance appears to decrease 
and permits transmission of near arteriolar pressure to the capillary wall 
as post-capillary resistance remains unchanged or even slightly elevated. 
Additionally, Arturson and Mellander have reported an early increase in 
interstitial fluid and venous effluent osmolality indicative of 
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osmotically induced transfer of intravascular fluid into burn injured 
tissue 6 • 

Physiologically active materials are released from burned tissue as 
evident in various studies of burn blister fluid, burn wound lymph, and 
venous blood, in which increased levels of histamine, serotonin, 
bradykinin, prostaglandins, leukotrienes, and interleukin I, as well as 
activation products of the alternative complement pathway have been 
identified and implicated in the local hemodynamic changes, remote organ 
responses, and immunologic changes that occur following burn 
injury. 7,8,9,10,11 These materials of burn wound origin, in combination 
with neurohormonal responses to injury and hypovolemia, induce generalized 
physiologic changes that involve all organ systems and are proportional to 
burn size such changes are characterized by a biphasic pattern of 
immediate post-injury hypofunction and later hyper function in successfully 
resuscitated patients 1 • 

Locally, the injury destroys the mechanical barrier of the skin and 
permits microbial invasion of the protein rich avascular eschar. Unbridled 
microbial proliferation occurs and local vascular obstruction precludes 
delivery of both systemically administered antibiotics and the cellular 
components of the host defense system. Burn wound edema of sufficient 
magnitude may further compromise tissue viability by increasing 
intercapillary distance across which oxygen and metabolites must diffuse, 
and beneath areas of third-degree injury tissue pressure may increase to a 
level that impedes blood flow in nutrient capillaries and causes ischemia 
of unburned tissue. The latter situation is corrected by incision of the 
overlying unyielding eschar. The blood supply as related to the depth of 
the wound is a critical factor in local susceptibility to infection, 12 

i.e., avascular full-thickness burns are more readily colonized, have a 
higher bacterial density, and are more often the sites of invasive wound 
infection than are partial-thickness burns or split-thickness skin graft 
donor sites that appear to be resistant to invasive wound infection except 
when systemic hypotension causes further cell injury. Recent studies have 
emphasized the importance of the extent of burn in both local and systemic 
susceptibility to infection. Yurt, et al. in studies of a murine model, 
found that a 30 percent partial-thickness burn previously resistant to 
surface inoculation of bacteria became susceptible to microbial invasion 
following infliction of an additional 30 percent full-thickness burn that 
remained unseeded 13 (Table II). Further studies from that laboratory have 
shown that even though the number of circulating neutrophils is similar 
following either a 30 percent or 60 percent burn, there was only half as 
many neutrophils in the wounds of the animals with the larger burn. Four 
hours after injury, in vivo testing showed that the neutrophils in the 
animals with the larger burns were more sensitive to infusion of zymosan 
activated serum. 14 These findings are consistent with indiscrete 
margination that compromises local wound resistance and may also play a 
role in the disturbance of function of remote organs such as the lung. 

The microbial population on and in the wound also influences the outcome 
of wound care. This population is initially sparse and consists 
principally of gram-positive cocci ; it increases in density with time, 
and by the second postburn week gram-negative bacilli become predominant. 2 

Topical chemotherapy retards the proliferation of bacteria but exerts 
little influence on the time related changes in the character of the wound 
flora. IS Treatment pressures exerted by topical and systemic 
antimicrobials may ultimately result in a wound largely populated by 
yeasts and fungi. Viral infections also occur in immunocompromised burn 
patients, presumably due to reactivation of latent virus in the case of 
herpetic infections of the wound (most common in healing partial-thickness 
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TABLE I 

CAUSES OF DEATH IN BURN PATIENTS 
1983 - 1984 

NUMBER OF FATAL BURNS 

PRINCIPAL CAUSE OF DEATH 

SEPSIS 

INHALATION INJURY 

CARDIOVASCULAR DISEASE 

ALL OTHERS 

TABLE II 

74 

51 (69 %) 

9 (12 %) 

8 (11 %) 

6 ( 8 %) 

EFFECT OF BURN SIZE ON SUSCEPTIBILITY 
TO INFECTION AND MORTALITY 

EXTENT AND DEPTH DEPTH OF NUMBER OF 
OF BURN "SEEDED" BURN ANIMALS 

30 % FULL-THICKNESS FULL 12 

30 % PARTIAL-THICKNESS PARTIAL 16 

30 % PARTIAL, 
30 % FULL PARTIAL 16 

30 % PARTIAL, 
30 % FULL 8 

PERCENT 
MORTALITY 

100.0 

12.5 

56.3 

0.0 

burns about the face) and to transfusion of blood products in the case of 
systemic cytomegalovirus infections. 2 

The occurrence of wound or other infections depends upon the balance 
between host defenses and microbial invasiveness. In addition to the local 
blood supply and the extent of burn, age influences the susceptibility to 
infection, with wound infections being most common in burned children, 
least common in young adults of 15 to 40 years, and of intermediate 
incidence in older patients. Pre-existing diseases may increase the risk 
of infection (phycomycotic infections are a particular hazard in 
diabetics) 16 as do foreign bodies and secondary complications such as 
hypovolemic shock due to any cause. Suppression of the humoral and all 
cellular limbs of the immune system proportional to burn size also 
predisposes the burn patient to both wound and systemic infections. 

33 



In addition to microbial density (invasive wound infections are rare when 
there are fewer than 105 organisms per gram of tissue even in the 
immunocompromised burn patient and are increasingly common as bacterial 
density increases above that level) enzymes such as collagenase, elastase, 
lipase, proteases, nucleases, and hemolysin as well as other metabolic 
products such as slime and vascular permeability factor produced by 
microorganisms exert destructive local tissue effects and influence local 
invasiveness and systemic virulence. 15 Endotoxin, a common product of 
enteric bacilli, and exotoxins produced by many bacteria also exert both 
local effects by activation of cellular components within the wound and 
systemic effects as a result of complement activation. Microbial motility 
appears to be important for invasion of a surface wound. 17 

The use of effective topical chemotherapy has significantly reduced the 
incidence of invasive burn wound infection. 1S Unfortunately, none of the 
three commonly used agents of verified effectiveness, i.e., mafenide 
acetate burn cream, 0.5 percent silver nitrate soaks, or silver 
sulfadiazine burn cream, sterilize the burn wound, and invasive infection 
still occurs in certain wound's, usually those of patients with injuries 
involving more than 30 percent of the body surface. The imperfect 
protection provided by topical agents necessitates daily examination of 
the entirety of the burn wound to identify signs of infection at the 
earliest possible time. The examination is best carried out at the time of 
daily wound cleansing when all dressings and topical medications have been 
removed, but the presence of nonviable tissue in the burn wound may 
obscure local signs of infection and otherwise impair evaluation. A 
leathery insensate eschar may compromise assessment of apin, sensitivity, 
tenderness, and tissue turgor. The tinctorial changes characteristic of 
eschar maturation as well as thermal charring may obscure infection 
related erythema. Increased blood flow to the area of injury commonly 
increases local tissue temperature in the absence of infection, and edema 
due to the injury per se and to the infusion of resuscitation fluid makes 
local swelling an imprecise index of infection in the early postburn 
period. 

In spite of these limitations, certain tinctorial and physical changes 
are characteristic of burn wound infections caused by various 
microorganisms. The most reliable clinical sign of invasive wound 
infection is rapid conversion of an area of partial-thickness injury to 
full-thickness necrosis. 19 Infrequently, surface desiccation of an exposed 
deep partial-thickness burn may cause such extension of tissue injury. The 
most common wound change indicative of infection is the appearance of 
focal dark red, brown, or black discoloration in the eschar, but focal 
hemorrhage secondary to local minor trauma may m1m~C that sign of 
infection. Unexpectedly rapid separation of an eschar often occurs in the 
presence of invasive fungal infection, but similar early separation can 
occur in areas of severe thermal injury where sufficient heat has been 
delivered to cause liquifaction of the subcutaneous fat. 

The imprecision and unreliability of local signs and symptoms 
necessitates that other means be used to diagnose burn wound infection. A 
variety of surface culture techniques useful in epidemiologic monitoring 
and the characterization of the microbial flora of burn wounds are subject 
to both falsely positive and falsely negative results with such frequency 
as to make even quantitative culture techniques unreliable in diagnosing 
burn wound infection. Even quantitative cultures of burn wound biopsy 
specimens are subject to severe limitations, as indicated by the 
discordance of paired samples reported by Woolfrey, et al. 20 and a recent 
study at the US Army Institute of Surgical Research which found a 
generally good correlation between microbial densities of 10 5 organisms or 
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less per gram of tissue with negative biopsy histology but a very poor 
correlation between microbial densities as high as 10 8 organisms per gram 
of tissue and histologic evidence of wound invasion. 21 

Histologic examination of a burn wound biopsy is the most reliable 
means of differentiating colonization of nonviable tissue from invasive 
infection of viable tissue. 3 A scalpel is used to obtain from that area of 
the wound showing the most prominent changes indicative of infection, a 
500 mg lenticular tissue sample that must include underlying unburned 
subcutaneous tissue. The tissue sample is processed by either rapid 
section technique or a newly described frozen section technique 2 2 with 
which slides can be prepared for histologic examination within 30 
minutes. 23 Identification of microorganisms (bacteria, fungi, or viruses) 
in viable tissue confirms the diagnosis of invasive burn wound infection. 
Falsely negative histologic readings can be obtained if the biopsy 
specimen is obtained from a non-representative area of the wound and does 
not include infected tissue, or as a result of an erroneous histologic 
interpretation. A falsely positive histologic reading may occur if the 
biopsy specimen does not include unburned tissue and only bacteria laden 
burned tissue is examined or if there is an interpretation error. Even 
with adequate biopsy sampling, the new frozen section method is associated 
with a 3.6 percent rate of falsely negative histologic readings, but such 
errors can be corrected by subsequent review of permanent sections. The 
results of the histologic examination of biopsy tissue must always be 
interpreted in the light of the overall condition of the patient. A 
histologically negative biopsy in the presence of systemic signs of sepsis 
should prompt a repeat biopsy and, if that too is negative, infection in a 
site other than the burn wound should be sought. 

Treatment of invasive burn wound infection includes institution of 
general supportive measures, alteration of topical therapy, institution of 
systemic antibiotic therapy, and the subeschar infusion of a 
semi-synthetic penicillin as a prelude to surgical removal of the infected 
tissue. Timely biopsy diagnosis of invasive burn wound infection with 
prompt institution of the treatment program described has arrested the 
infection in 53 percent and been associated with survival of 26 percent of 
a small group of patients with histologically confirmed invasive burn 
wound infection. 2.. The importance of early diagnosis was evident in the 
surviving patients, in whom the infection was identified before sufficient 
microvascular involvement had occurred to produce hematogenous 
dissemination, i.e., all blood cultures were negative. 

As a result of global impairment of the immune system and other systemic 
effects of severe injury, infection remains the most common cause of death 
in hospitalized burn patients and pneumonia has supplanted burn wound 
infection as the most common form of spesis 25 (Table III). The reduction 
in invasive burn wound infection has also resulted in a marked change in 
the predominant form of pneumonia. The incidence of hematogenous 
pneumonia, an infection caused by lodgement in pulmonary capillaries of 
blood borne microorganisms arising in a remote source, has decreased, and 
the incidence of airborne or bronchopneumonia has increased. 26 An 
extensive burn of the chest wall and edema of the underlying tissues may 
attenuate auscultatory findings and compromise physical examination of the 
chest (burn wounds of the abdominal wall may also compromise examination 
of the abdomen and make diagnosis of intraabdominal sepsis difficult). 
Radiographic diagnosis of pneumonia, too, may be imprecise, since the 
roentgenographic signs of pneumonia may be mimicked by those of pulmonary 
edema or by early peribronchial inflammatory changes in patients with 
severe inhalation injury. 
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TABLE III 

INFECTIONS IN 74 FATAL BURNS 
1983 - 1984 

INFECTION* 

PNEUMONIA 

BURN WOUND INFECTION 
ENDOCARDITIS 
SUPPURATIVE 

THROMBOPHELEBITIS 
ALL OTHERS 

NUMBER OF PATIENTS 

43 

29 
9 

6 
4 

* SEPTICEMIA ALSO PRESENT IN 42. 

Because of the equivocal nature of roentgenographic findings, reliance 
has been placed on the staining characteristics and culture of 
endobronchial secretions to diagnose pulmonary infection, but the rapid 
polymicrobial colonization of the airway of patients requ1r1ng 
endotracheal intubation often results in the culture recovery of multiple 
organisms, making it difficult to determine a predominant organism and to 
specify appropriate antibiotic therapy. Bronchoscopically directed lavage 
of the involved segment of lung has been proposed as a technique to 
enhance the recovery of specific causative organisms and the accuracy of 
diagnosis of pneumonia, but a recent study at the US Army Institute of 
Surgical Research has shown that culture results from endoscopically 
directed lavage were no different from those of transtracheal aspiration. 

Recovery of microorganisms from or identification of microorganisms 
within viable tissue constitute the definitive means of diagnosing 
infection. The problems surrounding such confirmation in severely injured 
patients have served as rationalization for the use of systemic signs of 
"sepsis" as an alternate means of diagnosing the presence of infection. A 
change in body temperature is a generally reliable but usually late sign 
of severe sepsis. Sudden ocurrence of hypothermia or even reversion to 
normothermia in a previously hyperthermic injured patient are ominous 
signs of systemic life-threatening gram-negative sepsis. Similarly, ileus 
in a patient with a previously· functioning gastrointestinal tract and 
disorientation in a previously lucid patient may be systemic 
manifestations of infection. 

Many of the physiologic criteria of sepsis that have been advanced, i.e., 
hyperthermia, tachycardia, hyperventilation, disorientation, and impaired 
gastrointestinal motility are also elicited by burn or mechanical injury 
in the absence of infection. 3 The mUltisystem pathophysiologic changes 
evoked by burn injury that may be mirrored by the response to sepsis are 
of greatest intensity in the early post-resuscitation phase. The magnitude 
of organ response diminishes in intensity with time as the burn wound 
heals or is closed by grafting, and organ function returns to normal as 
convalescence proceeds. 27 Even though infection may elicit systemic 
changes resembling those due to trauma and be unapparent in a patient with 
an extensive burn in the early postburn period, sepsis occurring later 
will commonly exaggerate the injury related state present at that time, 
and life-threatening sepsis may even cause reversion to a "primitive" 
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early post-injury condition. It is essential to evaluate physiologic 
indices in patients in whom infection is suspected in terms of the level 
anticipated for each variable in relation to extent of burn and the time 
post-injury ; even so, physiologic interactions often make it difficult to 
identify infection specific changes. 

The similarity and non-specificity of local and systemic changes due to 
injury and infection have focused attention on biochemical, hematologic, 
and hormonal assays and the quantification of the physiologic 
manifestations of biologically active materials either as indicators of an 
increased susceptibility to infection (cause) or criteria of the presence 
of infection (effect). It now appears as if similar changes in these 
assays and measurements may be induced by either injury or infection, and 
the interpretation of changes occurring in serial measurements and the 
identification of an observed change as a significant causative factor of 
infection is further complicated by the time required for culture 
confirmation of infection. Even with the use of radiometric techniques, 
cultures may not be positive for 24 hours and speciation of the causative 
organism requires an additional day. Verification of yeast, fungal, and 
viral infections requires even longer. A biologic change representing an 
effect of sepsis occurring during either the in vivo or in vitro 
incubation period may be erroneously assigned causative significance. 

Hyperglycemia, increased circulating levels of catecholamines, 
corticosteroids, and glucagon, increased levels of complement activation 
products, increased production of arachidonic acid metabolites, and 
increased production of inter leukin I, as well as decreased circulating 
levels of thyroid hormones, decreased insulin-glucagon molar ratio, 
decreased fibronectin levels, and deceased levels of certain coagulation 
factors are all components of the multisystem response to injury.3 Initial 
marked leukocytosis followed by leukopenia, and secondary rebound 
leukocytosis, and changes in neutrophil function as well as changes in 
lymphocyte subpopulations also characterize the response to injury. These 
hematologic changes are widely believed to predispose injured patients to 
infection, particularly the decrease in T-Iymphocyte helper-suppressor 
ratio, 28 but both leukocytosis and leukopenia and changes in lymphocyte 
subpopulations are also consequences of sepsis. The temporal relationship 
between observed changes and the onset of sepsis is crucial in determining 
any cause and effect relationship between these changes and subsequent 
infection. 

The use of an established animal model of burn wound infection has 

TABLE IV 

EFFECT OF BUNR INJURY AND INFECTION ON 
HELPER AND SUPPRESSOR LYMPHOCYTES 

TRAITEMENT GROUP 

CONTROL 

BURN 

BURN PLUS INFECTION 

"p < .001 vs. CONTROL 
P < .001 vs. BURN GROUP 

HELPER-SUPPRESSOR RATIO 
(Mean value : sd) 

2.28 + 0.30 

2.13 + 0.32 

1.03 + 0.54" 
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overcome some of the previously noted limitations of clinical studies and 
provided evidence that changes in lymphocyte subpopulations are often an 
effect, rather than a cause, of infection. Burleson, et al., in a murine 
model of a 30 percent burn with and without infection, have found density 
gradient lymphocyte fractions to be contaminated by a variable number of 
various non-lymphoid cells that can distort functional assays of these 
cell fractions. Using monoclonal antibodies and light scatter sorting 
technology, these investigators found that an infected burn, but not a 
burn without infection, caused a relative decrease in T-lymphocytes and a 
decrease in the ratio of helper to suppressor lymphocytes (Table IV). With 
gated light scatter determinations, which further reduced non-lymphoid 
cell contamination, the purity of the T-lymphocyte fraction increased, the 
helper subset fraction increased and the suppressor subset fraction 
decreased slightly following infection. These investigators conclude that 
the decrement in the helper-suppressor ratio in this model was induced by 
infection rather than by burn injury. The decrement in helper/suppressor 
ratio occurred because of a relatively greater decrease in helper than in 
suppressor cells. 29 

Use of the standard murine model of Pseudomonas burn wound infection has 
also permitted assessment of the role of microbial toxins in the 
pa~hogenesis of burn wound sepsis. Exotoxin A, produced by some 
Pseudomonas strains, inhibits protein synthesis and has been proposed as 
the cause of high mortality in mice following intraperitoneal injection of 
Pseudomonas organisms producing exotoxin A. In this model, protection was 
afforded by prechallenge immunization with toxin A toxoid. Studies 
employing the rat model of Pseudomonas seeding of the burn wound surface, 
however, demonstrate consistent invasive infection and hematogenous spread 
of the infection to remote organs in similarly immunized test animals, 
with no protection afforded by prechallenge immunization with the 
toxoid. 3o (Table V) These contrasting results suggest that the mouse model 
represents a toxicity model, rather than an infection model, and that 
exotoxin A is of little importance in invasive infection of a burn wound. 

Animal models of burn injury have also been used to elucidate the role of 
vasoactive agents in the local and systemic changes that occur early 
post-injury. Yurt, et al., using a murine model of burn injury in which 
baseline histamine values in unperturbed animals were comparable to 
baseline values in man, has identified plasma histamine concentration 
elevations within one minute after thermal injury. The increase in plasma 
histamine concentration was proportional to the extent of surface area 
injured, with a single time-related plasma histamine peak observed in 
animals subjected to a partial-thickness burn and a biphasic elevation 
noted after full-thickness injury. 31 These results justify consideration 
of histamine as a mediator of both the local and systemic response to burn 
injury. In further studies, these investigators found that degranulation 
of mast cells by intra-peritoneal administration of polymyxin B depleted 
histamine stores, as confirmed by marked suppression of the post-injury 
increase in central venous histamine concentration, but did not alter 
wound edema formation 32 (Table VI). These results suggest that histamine 
may not be responsible for burn wound edema and that other mechanisms 
influence local changes following such injury. Studies by others, in 
various animal models, have shown that administration of inhibitors or 
antagonists, such as anti-histamines, histamine H2 receptor antagonists, 
ketoconazole, and calcium channel inhibitors only partially block edema 
formation, further supporting a multifactorial etiology of the local 
effects of burn injury.9,33 

Studies in both injured man and animal models have revealed a variety of 
humoral indicators common to both injury and infection, and others that 
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appear to be infection specific. Powanda, et al., have detected, in burned 
and burned infected rats, one circulating factor that absorbs light at 398 
nm and two that fluoresce at 340 nm and 420 nm, respectively. The factor 
fluorescing at 340 nm is a response to either infection or injury. The 
other two factors were correlated with the extent of burn during the first 
48 hours post-injury, but were subsequently related only to the presence 
of infection.3~ Subsequent studies by Lin and Burleson have shown that the 
factor fluorescing at 420 nm is a reliable indicator of infection in both 
the murine model and burn patients. In patients it was evident only in 
advanced terminal stages of sepsis. This factor showed spectral similarity 
to a conjugated diene and its blood concentration correlated with 
increased malondialdehyde concentration in plasma filtrates and tissue, 
particularly renal tissue, from both burned and burned infected animals 35 
(Table VII). These findings suggest that lipid peroxidation may generate 
this circulating factor in injured and injured infected animals. These 
investigators, on the basis of chromatographic similarities, propose that 
pterin derivatives also contribute to the fluorescence at 420 nm. 
Burleson, more recently, has reported that the factor fluorescing at 340 
nm ·has an apparent molecular weight of approximately 76,600 and. is 
comprised of at least two major acid glycoprotein components with 
significantly different amino acid compositions. 36 

other investigators have identified elevated plasma levels of serine 
proteases in the blood of critically ill and septic patients37 and Powanda 
et al., have also reported that infection in burn patients is associated 
with significant decreases in plasma levels of haptoglobin and IgM and a 
significant increase in plasma levels of alpha I-acid glycoprotein. 38 In 
both the animal and human studies reported, the numoral indicators appear 
to be present only in advanced or pre-terminal sepsis and do not 
facilitate early diagnosis of clinically unapparent sepsis. 

This review permits one to draw certain conclusions and offer the 
following recommendations: (1) The local and systemic responses to injury 

TABLE V 

EFFECT OF PSEUDOMONAS EXOTOXIN A TOXOID, 
ON MURINE BURN WOUND INFECTION MORTALITY 

OBSERVED 
IMMUNIZATION CHALLENGE MORTALITY 

NONE LIVE PSENDOMONAS 100 % 

LIVE PSEUDOMONAS STRAIN IMMUNIZING STRAIN 0 

LIVE PSEUDOMONAS STRAIN NON-IMMUNIZING 
STRAIN 100 % 

ALUMINUM PHOSPHATE 
ABSORBED TOXIN A TOXOID LIVE PSEUDOMONAS 100 % 

ALUMINUM PHOSPHATE 
ADJUVANT LIVE PSEUDOMONAS 100 % 
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TABLE VI 

EFFECT OF MAST CELL DEGRANULATION ON 
BURN WOUND EDEMA 

TREATMENT GROUP MAST CELLS PERCENT WATER 
PER VESSEL CONTENT OF WOUND 

SHAM BURN 

SALINE 1.97 

POLYMYXIN B 0.70 

30 % PARTIAL-THICKNESS 
BURN 

SALINE 1.67 

POLYMYXIN B 0.27 

N.S. No significant difference 

** p < 0.01 ) 

*** 
) ONE-WAY ANOV 

P < 0.001) 

(Mean ::SEM) 

+ 0.16 64.71 + 0.24 - -
)** 

+ 0.17 ) 64.01 + 0.21 -

+ 0.22 71.41 + 0.46) -
)*** )N.S. 

+ 0.05 70.62 + 0.51) 

TABLE VII 

RENAL TISSUE AND PLASMA SEPSIS FACTOR 
AND MALONDIALDEHYDE FLUORESCENT ACTIVITY 

420 rum FLUORESCENT 
FACTOR ACTIVITY 

DAYS PLASMA 
TREATMENT GROUP POST-INJURY rfu/O.l ml 

KIDNEY 
rfu/0.2 gm 

CONTROL 3 11.0 2.5 816 79.2 

BURN 3 17.6 6.0 1128! 77 

BURN-INFECTED 3 44.3 ! 24.8 1140 342 

40 

MALONDIALDEHYDE 
CONCENTRATION 

KIDNEY 
OD UNITS AT 530 

.093 ! .013 

0.244 .039 

0.303 ! .001 



or sepsis are strikingly similar and confound the clinical diagnosis of 
both local and systemic infections. (2) The biochemical, hematologic, 
immunologic, and endocrine· changes that accompany ~nJury m~~c those 
occurring with sepsis, making it tenuous to attribute susceptibility to 
infection to any of those factors. (3) The evaluation of any relationship 
between post-injury change and the subsequent occurrence of sepsis is best 
carried out in appropriate animal models in which specific temporal 
relationships can be defined. (4) Studies in an animal model indicate that 
change in the helper and suppressor lymphocyte population are an effect 
not a cause of infection. (5) The use of relevant animal models has 
permitted definition of the clinical importance of microbial factors in 
the pathogenesis of infection following burn injury. (6) The use of animal 
models is also essential in the evaluation of the physiologic significance 
of vasoactive mediators of the pathophysiologic response to injury. (7) 
Studies in animal models of burn injury suggest that local burn wound 
changes such as edema formation and some remote effects of injury are 
multifactorial in etiology. (8) Humoral factors have been identified in 
both animal models and patients that appear to be infection specific but 
the clinical importance of such factors and the usefulness of their 
measurement remains undefined. 
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BIOCHEMICAL MEDIATORS IN ACUTE RESPIRATORY DISTRESS 
SYNDROME (ARDS) AFTER BURNING INJURY 

SUMMARY 

M.E. Faymonville1, M. Lamyl, J. Duchateau 2 , A. Adam 3 , 

G. Deby-Dupont4, J. Micheels1, D. Jacquemin5 
1 Dept. of Anesthesiology, University Hospital, Liege. 
2 Dept. of Immunology, University Hospital, Brussels. 
3 Lab. of Clinical Biology, Centre Hospitalier, Sainte-Ode. 
4 Lab. of Radioimmunology, University of Liege, Belgium. 
5 Dept. of Plastic Surgery, University Hospital, Liege. 

Seventeen burned patients, 5 of whom developed the adult respiratory 
distress syndrome (ARDS), were investigated. Occurrence of ARDS was 
correlated with the severity of burn in ARDS patients (UBS : 82 + 27) and 
non ARDS patients (UBS : 36 + 18) respectively (p < 0.005) and with 
inhalation injury. -

Blood samples were collected immediately after admission, 6 - 12 h 
after injury, am/pm the first day and every day during a fortnight. This 
prospective study demonstrated abnormal C3 consumption as measured by the 
C3d/C3 ratio in all burned patients, not related to the presence of ARDS. 
A significant protease-antiprotease imbalance was found in ARDS and non 
ARDS patients : leukocyte elastase was increased throughout the 
observation period,,,,,'} macroglobulin drastically decreased especially in 
ARDS patients,ci l proceinase inhibitor early decreased below normal levels 
in ARDS patients. Finally, we found a time course delayed but persisting 
acute phase response: C-reactive protein, haptoglobin and~1 acid 
glycoprotein reached a plateau on about day 5-7. 

These biochemical investigations give no evidence for a specific 
mediator for acute respiratory failure. 

The treatment of burns has continuously been improved, based on 
results from experimental and clinical research. Mortality from major 
burns has decreased, burn shock has been nearly eliminated as a major 
cause of death by widespread understanding of the need for early vigorous 
fluid resuscitation. Advances have been made in monitoring and supporting 
the body's hemodynamic and metabolic response to trauma; however, 
respiratory complications have emerged as one of the dominants killers of 
individuals with major thermal injury. Pulmonary pathology, primarily as 
a result of inhalation injury, now accounts for 20 to 84 per cent of burn 
mortality (1,2,3). The presence or absence of inhalation injury may be a 
stronger determinant of mortality than the size of the burn injury. The 
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lung lesions that are evident clinically in the thermally injured patient 
are multifactoral in etiology. Pulmonary edema, airway infection and 
obstruction occur from thermal injury to the skin, inhalation injury and 
sepsis. The lung lesions associated with pure, thermal damage to the 
dermis involve an increase in lung lymph flow and edema formation (4,5,6) 
but the exact mechanism of the microvascular permeability increase remains 
still unclear. The sequence of events leading to the sudden respiratory 
failure seen in the adult respiratory distress syndrome (ARDS) after 
burning injury still lacks complete characterization. Mediators 
responsible or implicated in the pathogenesis of the syndrome are yet to 
be identified. Therefore, we looked specifically at patients developing 
ARDS after burning injury and we decided a prospective study in order to 
assess differences in biochemical evolution in burned ARDS and non ARDS 
patients. 

The present study was undertaken to determine whether or not acute 
burning injury with or without ARDS is accompanied by complement system 
activation, protease-antiprotease imbalance and if the acute phase 
reactant response is different in burned ARDS and non ARDS patients. 

MATERIAL AND METHODS 

Patients: 17 patients (34 + 17 years, 69 + 18 kg BW), referred to the 
University Hospital of Liege, were investigated. The percent body surface 
area (BSA) of the burn and its distribution were recorded with a Lund and 
Browder diagram. The average size of the burn was 31.5 + 16 % of the body 
surface and the extent of the burn, assessed by the meas~rements of "Unit 
Burn Standard" (UBS) (7) was 49.5 + 31 %. Patients received conventional 
acute burn care immediately after their admission to the Emergency Unit. 
The standard regimen that was followed included local debridement of 
cutaneous burns and skin graft, topical application of 1 % Silver 
sulphadiazine cream. Fluid resuscitation was performed according to the 
modified Parkland formula (8,9). When inhalation injury was suspected, a 
fiberoptic bronchoscopy was performed routinely on admission. Positive 
findings are airway inflammation or edema, mucosal necrosis, and the 
presence of soot in the airway. 

Patients were separated into 2 groups on the basis of ARDS. Clinical 
assessment was performed, independently of knowledge of the biochemical 
data, using predetermined criteria defining the clinical onset of ARDS; 
ARDS was defined as being present if the patient developed non-hemodynamic 
pulmonary edema (radiologic whitening of both lungs with no increase in 
pulmonary capillary wedge pressure) with severe arterial hypoxemia 
requiring artificial ventilation, with a fraction of inspired oxygen 
greater than 0.5, a tidal volume of 12 to 15 mllkg body weight, and a 
positive end expiratory pressure of at least 5 cm H20 in order to 
normalize gas exchange. 

Sampling procedure : Blood samples were collected from an indwelling 
central venous catheter at admission to the emergency unit, 6 and 12 hours 
after injury, twice daily the first day after injury and once the 
following days. 

For complement factor determinations, the EDTA anticoagulated blood 
samples were immediately centrifuged, and plasma was stored at - 30°C 
until assay. Heparinized blood samples were taken for immunoreactive 
trypsin measurements and blood was drawn in glass tubes containing sodium 
citrate (0.129 M) for plasma leukocyte elastase determination. Blood was 
collected in glass tubes and allowed to clot, and serum was used for 
ql proteinase inhibitor ¥tlPI),~Z macroglobulin (A(ZM) and acute phase 
reactants determinations (C-react1ve protein'c(1 aC1d glycoprotein and 
haptoglobin). After centrifugation (10 min, ~OO g), the plasma or serum 
was decanted with plastic pipette and stored at - 30°C. 
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Plasma and serum assays 

Complement fraction 3 (C3) was measured by nephelometry; C3d 
fraction, a breakdown product of C3, was measured according to the method 
of Perrin and coworkers (10). Absolute levels of C3d were correlated with 
total C3 content of normal plasma; therefore, the ratio of C3d to total C3 
concentration (C3d/C3 ratio) was calculated in order to assess true in 
vivo complement consumption. For more details, we refer to the paper of 
Duchateau and coworkers (11). 

Leukocyte elastase was determined by an enzyme-linked immunoassay for 
human granulocyte elastase in complex withGfI proteinase inhibitor (12). 

Immunoreactive trypsin (IRT : free trypsin, trypsinogen and the 
complex trypsin-~1 proteinase inhibitor) was measured by radioimmunoassay 
f~!A), technique using a rabbit antiserum to human cathodic trypsin, 

I-labelled human cathodic trypsin, and non labelled catho~ic trypsin 
standards (13,14). The lower limit of sensitivity was S pg.l plasma. 
However, using this immunological technique, the complex typsin-~M could 
not be detected. 

Alpha-l proteinase inhibitor'c(2M and acute phase proteins were 
determined by laser nephelometry. 

Statistical analysis 

Means and standard deviations were calculated using a TRS80 computer. 
Variance analysis was used for comparison of 2 sroups (ARDS and non ARDS). 

RESULTS 

The physical and clinical characteristics of patients are summarized 
in table 1. 

Table 1 Physical and clinical characteristics of patients* 

Age, yr 
Sex, M : F 
Weight, kilogram 
Percent BSA burn** 
Percent UBS burn** 
Inhalation injury, n (%) 
Mortality 

Definitions of abbreviations 

Burn Patients 
ARDS 

n=S 

3S.2 + 10 
1 : 4-
7S.4 + 12 
46.8 + 12 
81.8 + 27 
3/2 (6"0 %) 
2/S (40 %) 

BSA 
UBS 

body surface area 
unit burn standard 

* Values are expressed as mean + SD 
** P < O.OOS 

Burn Patients 
non ARDS 

n=12 

34.4 + 16 
2 : 10 
6S.4 + 18 
2S.2 + 13 
36 + 18 
2/ie (16.6 %) 
0/10 

There were no statistically significant differences between ARDS and 
non ARDS patients with regard to age, sex and weight. The burned surface 
area (BSA) and the unit burned standard (UBS) were statistically 
significantly different. Inhalation injury was more frequent in the ARDS 
than in the non ARDS group (60 % compared to 16.6 %). After inhalation 
injury, ARDS appeared in 24-48 hours (3 patients); in patients without 
direct lung injury, ARDS occurred the 6th and 10th day after injury. 
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Fig . 1. Evolution of complement fraction 3 (C3) plasma values (mean + SD) 
in ARDS and non ARDS patients . The normal range is represented 
by the dotted line area . 
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Evolution of complement components 
In figures 1 and 2, a temporal profile of C3 and C3d/C3 ratio values 

is illustrated in burned ARDS and non ARDS patients. Upon admission to 
the Emergency Care Unit, in the two patients groups, C3 levels were in 
lower limit of normal values (reference value + 2 SD). Six hours after 
injury, C3 levels were widely below normal range in the ARDS group, 
increased slowly to normal range values on day 3, reaching reference value 
(116 mg/dl) on day 8. In the non ARDS group, C3 levels were below 
reference value until day 6 but remained always in the lower limit of 
normal values. Throughout the observation period, the C3d/C3 ratio 
remained above normal limits in the two patients groups, but no 
statistically significant differences were found in complement activation 
between the two patients groups. 

Immunoreactive trypsin (IRT) 

Figure 3 shows plasma concentrations changes of IRT (ng/ml) in the 
two patients groups from day of injury to day 12, in comparison to normal 
values (mean + 2 SD) measured in healthy volunteers. Normal range is 
represented by a shaded area. Higher IRT values were found in the ARDS 
group than the non ARDS group but these values remained in the upper limit 
of normal range and there were no statistically significant differences 
between the two groups. 

Leukocyte elastase 
As shown in figure 4, leukocyte elastase levels were highly abnormal 

in burned patients, even 2 h after injury. ARDS burned patients showed a 
more severe increase in plasma levels (6 fold increase) than non ARDS 
patients (2 fold), especially during the first 12 h after injury. 
Afterwards, the levels remained high in the two patients groups without 
reaching normal levels, even on day 12. 
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Fig. 3. Time course of plasma concentration changes of immunoreactive­
trypsin in burned patients. 
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Plasma inhibitors 
Alpha-l proteinase inhibitor concentrations were decreasett and out of 

normal range 2 and 6 hours after burning injury in ARDS patients; minimal 
levels were 1.53 + 0.53 gIl. Normal range values were obtained 12 h after 
injury; afterwards these levels increased significantly until day 12. 
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Fig. 4. Evolution of plasma concentration of the complexe elastaseof1PI 
in burned patients. 

In the non ARDS patients group,el l PI levels were decreased in the 
early stage after burning; a significant increase in serum levels was also 
noted in this patients group throughout their acute hospital stay (fig.s). 

As shown in fig. 6, meand M plasma concentrations were widely below 
normal range and decreased in AiDs patients during the observation period. 
These levels were significantly lower than in non ARDS patients. In non 
ARDS patients,oI2M levels were found to be low, but in normal range until 
day 1; afterwards these levels decreased also. 
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Acute phase proteins 
The proteins were found to increase after burning injury. C-reactive 

protein showed the mos t rapid rise (6-12 h after injury). In the two 
patients groups, high plasma levels reached a plateau from day 5 to day 7; 
afterwards these levels decreased in non ARDS patients but remained high 
throughout the observation period in ARDS patients . CRP values were 
higher the first day after injury in ARDS patients than in non ARDS 
patients, but not statistically significantly (fig. 7). 

Time course of serum alpha-1 acid glycoprotein concentrations changes 
after burning injury is shown in fig. 8. Serum concentrations were low, 
but in normal range, especially in ARDS patients; on day 4-5, these levels 
increased out of normal range, respectively in non ARDS and ARDS patients 
(fig. 8). 
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Fig. 7. Time course of serum C-reactive protein concentration changes 
after burning injury. 

Serum haptoglobin levels were low during four days after burning 
injury in ARDS patients; a slight increase in serum concentrations was 
noted on day 7 with a constant increase in these levels throughout the 
observation period. Higher serum levels were observed in non ARDS 
patients, but essentially the same pattern of changes was observed in the 
two groups (fig. 9). 
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DISCUSSION 

In the present study, we compare the evolution and time course of 
different biochemical parameters in burned ARDS and non ARDS patients. 
The incidence of ARDS in our population group was 29.4 %. ARDS occurred 
more often in severe burned patients and after inhalation injury. The 
mortality rate was high in the ARDS group (40 %). These results confirm 
the well-known relation between severe ARDS.and mortality (15). 

Complement system 
The present study clearly demonstrated that most burned patients at 

risk of developing ARDS show in vivo complement activation and this 
independently of the presence or absence of pulmonary lesions. 
Immunologic disorders, complement dependent or not, are well known in 
burned patients (16,17). We found that total C3 levels are lowered in 
acute burning injury; this information was confirmed by other studies 
(18,19). However, until now, it was not well established if this decrease 
was due to increased C3 catabolism or to a loss of this protein by the 
burned skin. The use of this test as an indicator of complement 
consumption is also hampered by the transient nature of the phenomenon. 
In addition, the opposing influence of increased C3 synthesis (acute phase 
reaction) do not facilitate to cut off this problem. The technique for 
quantitative measurement of C3d has gained firm support in providing an 
index of in vivo complement consumption. We also found an abnormal 
increase of C3d, a breakdown product of C3; this C3d assay detected more 
easily abnormal consumption. A,combination of the two tests, expressed as 
the C3d/C3 ratio, first described by Duchateau and coworkers (11) give 
certainly a better information of C3 catabolism than each parameter alone; 
but it is also restricted by vascular permeability changes. If vascular 
permeability increases, the ratio C3d to C3 is underestimated. This may 
partially explain the variation observed during the acute hospitalisation 
stay of our patients and the similarity between the curves of ARDS and non 
ARDS patients. There is certainly an in vivo complement activation, by 
heat denatured plasma and tissue proteins (20,21), but actually it is not 
possible to quantify this response. 

Complement-induced granulocyte aggregation has been proposed as a 
major contributing factor to the genesiS of ARDS. From our data, which 
showed no significant differences between burned ARDS and non ARDS 
patients, a question arised of a relation between complement activation 
and the development of ARDS. The answer will be, that in the genesis of 
this syndrome, probably other factors or pathophysiologic sequences than 
complement activation have been implicated (22,23). The role of the lung 
itself in the modulation of this activity, as well as the status of the 
patient's own leukocytes, now appears· as potentially important. 

Protease-antiprotease balance 

Immunoreactive trypsin (IRT) : High plasmatic values of IRT often 
appeared in severely ill patients, particularly when they developed ARDS 
(24,25). Therefore, we tried to find out if burning injury released 
pancreatic enzymes, and if IRT plasma concentration and their time course 
were different in ARDS and non ARDS patients. 

In our prospective study, only 3 of 17 patients (2 ARDS and 1 non 
ARDS) had abnormal IRT levels during their acute stay. This observation 
is surprising as no clinical diagnosis of acute pancreatitis was suspected 
and admission IRT values were in normal range. We can postulate that the 
pancreas, like other organs, suffered from anoxia at the time of injury 
with shock. Several studies have shown that the pancreas is highly 
susceptible to anoxia (26,27). 
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From this study, we can conclude that pancreatic disorders are not 
responsible for deterioration of lung function but accompany it in some 
cases. 

Leukocyte elastase : increased plasma levels of this most prominent 
of the neutral proteinases are found as early as two hours after burn 
1nJury. Levels were higher in the ARDS group, especially the day of 
injury, but also in" the non ARDS group, highly abnormal levels were 
observed throughout the acute hospitalization stay. 
The increased extracellular concentrations of leukocyte elastase may thus 
be explained by an enhanced granulocyte turnover and/or activity. Until 
now, it can not be retained as a specific marker of ARDS. 

Plasma contains several proteinase inhibitors that serve to confine 
and terminate proteolytic events. 

Alpha-2 macroglobulin ~2M), a large proteinase inhibitor, is 
normally present in high concentrations and is probably a final common 
pathway for degradation of proteinases. Our observation that plasma 
levels ofot M were low after burn injury suggests a consumption and 
clearance or this inhibitor; but extravasation in blister fluids at the 
burning side and in lymph can not be excluded and may partially explain 
why ARDS patients with higher UBS have lower values than non ARDS 
patients. However, when looking forot 2M evolution according to the 
severity of burns, we didn't find differences at 2 and 6 h after injury 
(28). Therefore, we suggest a consumption of this protein by the 
formation of a complex with proteolytic enzymes in the intersitial fluid 
early after injury. The decrease of~2M during the observation period may 
be further due to an increased rate of metabolism of this protein. This 
may be due to a further protease release. 

Alpha-l proteinase inhibitor (~lPI), a broad-spectrum inhibitor, is 
thought to be especially important in controlling neutrophil elastase in 
the extracellular space, and may be important in permitting extracellular 
proteolysis. Early after injury (2 - 6 h). we found abnormally low levels 
of~IPI with minimal concentrations 6 h after burn. This could probably 
be related to a consumption of this inhibitor and/or an extravasation and 
loss in blister fluids and lymph and alveolar space, as shown in lung 
lavage after diverse injuries (29,30). Afterwards,oclPI increased slowly, 
even in the presence of high elastase levels and behaved as an acute phase 
reactant. 

The present study clearly demonstrated that most patients, after 
burning injury and especially when ARDS is associated, presented a 
protease release with severe decrease in proteinase inhibitor. 

The acute phase response 
In this study, we investigated the acute phase proteins together with 
their concentrations and the time course of their response in ARDS and non 
ARDS burned patients. CRP has been found in increased quantities 12 h 
after injury, in ARDS and non ARDS patients. There were no statistically 
significant differences between the two groups; CRP levels were higher 
(not statistically significantly), at the beginning, in ARDS than in non 
ARDS, but a plateau was reached in the two groups between day 5 and day 7. 
Independently of its short half life time, CRP concentration remained 
high; this may be due to the often encountered sepsis of burned patients. 

Serum levels of alpha-l acid glycoprotein increased to abnormal levels 
earlier in the non ARDS group than in the ARDS group (day 4 and 5 
respectively). Time course of mean plasma concentration seemed to be 
delayed in the ARDS group. These levels increased constantly throughout 
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the observation period, in relation with surinfection problems encountered 
in burned patients. 

Haptoglobin :serum levels of this protein were lower in ARDS burned 
patients than in non ARDS patients, and the increase in serum levels out 
of normal range appeared later. One could propose different hypothesis 
extravasation of this protein, hemodilution, but most probably an 
increased haptoglobin metabolism due to the rapid removal from the 
circulation of haptoglobin-hemoglobin complexes (31). In fact, burning 
injuries are often complicated by intravascular hemolysis, especially in 
the acute stage after burning injury and in patients with high UBS. In 
our ARDS patients group, UBS was significantly greater than in the non 
ARDS group, explaining the differences in intensity and time course of 
haptoglobin serum concentrations between the two groups. 

When looking for acute phase proteins in these groups of patients, we 
found no statistically significant differences between the two groups; 
however in ARDS patients the magnitude of the acute phase response 
appeared to be less important, delayed in time and persisted longer 
compared with other trauma (32,33). This may be due to an increased 
vascular permeability and protein extravasation in more severe burned 
patients, -an increased catabolism and elimination from the circulation, or 
to a metabolic depression with discrepancies in rate of synthesis. 

CONCLUSION 

In conclusion, this prospective biochemical study in burned ARDS and 
non ARDS patients shows in the two groups an in vivo complement 
activation, a significant protease-antiprotease imbalance, a time course 
delayed but persisting "acute phase response", bu't give no evidence for a 
specific mediator for acute respiratory failure. However, there seemed to 
be more quantitative severe changes in patients developing ARDS. This may 
be due to either a more severe reactivity of some patients to trauma, or, 
even to a Freexistent deficit in their protection system (e.g. 
antiproteases), or a combination of the two. There seemed to be a close 
interrelationship between all these systems but no system has been pointed 
out as a reliable predictor of ARDS. However, especially in severe burned 
patients, a modification in the vascular permeability and extravasation of 
proteins in the extravascular space and blister fluids may hamper 
interpretation of biochemical results. 
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"SEPSIS PARAMETERS" IN PATIENTS WITH LETHAL BURN 

U. Sch6ffel1, T. Lenzl, G. Rufl, Ch. Mittermayer2 and M. Lausen 1 

1 Chirurgische Universitatsklinik Freiburg, FRG. 
2 Abteilung Pathologie der RWTH Aachen, FRG. 

The overwhelming inflammatory response during the development of a 
septic state causes a pronounced activation of cellular. and plasmatic 
systems. This response can be recorded by determining the levels of para­
meters which were shown to represent the activation state of the single 
systems as well as the inhibitory capacity of the plasma. Such a "gra­
ding" might be of value in monitoring the clinical course and the thera­
peutic management. Additionally, the question as to whether a septic 
complication may occur can be answered before pathological manifestations 
are to be observed clinically. In order to record the inflammatory ·re­
sponse in a variety of septic states with different underlaying diseases 
(i.e. peritonitis, postoperative sepsis, major trauma) we extended our 
studies to a series of patients with lethal burn. 

The time-sequence pattern of.the levels of inflammatory parameters 
were measured in eight patients with lethal burn injury at intervals from 
12 to 24 hours. This population consisted of five men and three women with 
a mean age of 45 (+ 18) years. The studies were begun at the time of ad­
mission if the burned surface area was estimated to be more than 60%. 
They were continued until death occurred. The parameter-levels were corre­
lated with routinely obtained laboratory data, clinical variables, and 
possible therapeutic influences (i.e. fluid management, fresh frozen 
plasma-therapy etc.). Fibrinopeptida A (FPA), the complement split pro­
ducts C3a, C3d, and C3c, the elastase-a proteinase inhibitor-complex 
(Ea1PI), fibronectin, prekallikrein, pI~sminogen, the coagulation factor 
XII (F XII), fibrinogen, and the proteinase inhibitors antithrombin III 
(antigen: ATllla and functional activity: AT III f), a macroglobulin 
(a?MG), and a? antiplasmin were determined by use of c6mmercially avail­
abre assay systems with the exception of C3d which was measured by 
rocket-immunoelectrophoresis. Endotoxin plasma levels were determined by 
a quantitative spectrophotometric method, utilizing a chromogenic peptide 
substrate and limulus lysate (Kabi-Diagnostica). We performed internal 
standardization to avoid the in,l~ence of individual variations in the 
"detoxifying capacity"of plasma ' • 

The mean values of the individual parameters, determined in blood 
samples taken at the time of admission to our hospital, are shown in 
figure 1. The time intervals between the burn injury and the time of 
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blood sampling ranged from two to ten hours with a mean of five hours. 
The burned area (second and third degree wounds) was estimated to in­
clude 65% to 85% of the body-surface (mean 75%). In figure 1, the in­
vestigated parameters are shown in a radial presentation with their scales 
depending on the normal range, which is indicated for each parameter by 
the ring which surrounds the center. The indented figure within the inner 
circle results from the connection of the actual zeros which touch the 
normal range in case of FPA and C3a. The connection of the values ob­
tained for each parameter results in a star-like figure, which is cha­
racteristic for the actual inflammatory state. Values obtained from con­
trol samples were always shown to be located within the ring. At the time 
of admission the mean values for the patients with lethal burn show a 
high spike for FPA as a sign for fibrinogen proteolysis resulting from the 
activation of the coagulation cascade. A slight elevation of C3a and of 
the elastase-a1PI-complex indicates the activation of the complement sy­
stem and of leukocytes. Reduced levels were found for some protease-in­
hibitors, for fibronectin, prekallikrein, and plasminogen. 

In order to compare these results with high-activation states of 
other causes, the mean values of patients with preseptic lethal peritoni­
tis (n=8) and with lethal trauma (n=6) are also indicated in figure 1 
The three groups were comparable with respect to the time interval 
between the blood sampling and the traumatic event. While there were no 
significant differences between the trauma group and the peritonitis group, 
the signs of complement activation and of leukocytic release "reaction were 
much more pronounced in the former two than in the patient group with le­
thal burn. On the other hand, the reduction of some of the serum proteins, 
especially of proteinase-inhibitors, was less obvious. This finding was 
paralleled by a slight reduction in the total serum protein content 
(5.6 g%) in the burn group, while the protein levels of both of the other 
groups stayed within the normal range. Concerning the intravenous fluid 
administration during the emergency treatment before the admission, there 
was a mean infused volume of 1.6 and 1.2 liters of mainly cristalloid 
solutions to be registered in the burn and in the trauma group respectiv­
ely. Patients with lethal peritonitis never received more than 500 ml of 
cristalloids before the first blood sampling. 

The time sequela of the activation pattern in an individual patient 
with lethal burn is shown in figure 2. This 44 year-old male patient with 
a third degree burn of 80% of his body-surface area, survived for six 
days after the injury and developed "sepsis" at the third day. Patients 
were considered septic if at least five of the following conditions 
occurred: temperature more than 39°C; acute deterioration of mental sta­
tus; oliguria with an urine output of less than 30 ml/hr for at least two 
consecutive hours; respiratory failure; mandatory catecholamine treatment 
to sustain an adequate systo!ic blood pressure; bacteremia; leukocytosis 
of more ~han 15.000 cells/mm ; thrombocytopenia of less than 80.000 
cells/mm . Using these criteria onlY,in the two patients of the burn group 
who lived for more than for four days, "sepsis" was to be diagnosed. Fi­
gure 2 shows that the early FPA elevation slightly declined at day 2 and 
4, reaching, however, its highest level at day 6. The C3 split products 
C3a and C3d rose continuously to excessive values at day 6, as did the 
elastase a,PI complex. A slight fibrinogen elevation during the clinical 
course was accompanied by a rising of the proteinase-inhibitor levels 
which was constant but for a antiplasmin, yet did not reach the normal 
range with the exception of ~2 macroglobulin. Markedly lowered fibronectin 
levels, subnormal values for iactor XII and plasminogen and a constant 
decline of the prekallikrein level further characterized the clinical 
course. At day 6, eight hours prior to death, hemodialysis was started. 
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Figure 1: mean values of three patient groups at the time of admission. 
See text for further explanations and abbreviations . 
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Figure 2: values of an individual patient with lethal burn reflecting 
the development of the overwhelming inflammatory response 
until he died at the end of the sixth day. 
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There were no major differences between the patients in the burn 
group as to the input/output balances, the administratio~ of fresh frozen 
plasma or the need of chatecholamines. Mechanical ventilation had to be 
applied in six cases, hemodialysis in three, and partial necrosectomy was 
performed in four cases. In none of these patients an endotoxin level 
could be observed which differed significantly from the controls, nore 
were there major differences in the endotoxin detoxifying capacity of 
their plasma. 

Several parameters of the inflammato§l7response were recently shown 
to be of prognostic value in septic states • Every inflammatory respon­
se leads to an activation of the major plasmatic (i.e. complement-, 
kinin-forming-, coagulation/fibrinolysis-systems) and cellular systems. 
Certain parameters are indicative of this activation: Fibrinopeptida A is 
a marker of the thrombin-induced fibrinogen-proteolysis a@d thus, in­
directly, of the activation of the coagulation factor XII. The early 
elevation of FPA noted in our study seems to prove the importance of that 
particular pathway after burn injuries and other lethal challenges. The 
role of the complement system during the inflammatory response is rather 
complex: Apart from its cytotoxic effect which also may lead to the so­
called "innocent bystander lysis" of unaltered cells of the own organism, 
its chemotactic, opsonizing and vasoactive properties make it one of the 
most important factors during the septic development. Figure 1 shows that 
there is only a slight elevation of the first split product of the com­
plement factor 3, C3a with C3d in the normal range, and a low level of C3c 
which reflects the total amount of C3. During the later course (figure 2), 
however, an increasing activation of the complement cascade is to be ob­
served within the intravascular space. The activation of leukocytes can 
be recorded by the complex of leukocytic elastase and its main inhibitor 
a1 proteinase inhibitor. After burn injury local vasodilatation may be 
more pronounced than leukocyte activation in the first period, while in 
the later course toxic products and metabolites as well as physiologic 
stimuli like, for example, C5a may account for the steep increase of 
Ea PI shown in figure 2. The declining PKK levels in figure 2 - despite 
a tendency towards renormalization of other serum proteins-may be best 
explained by a consumption via F XII activation. The question as to 
whether the observed variations of fibronectin, plasminogen, or of the 
proteinase inhibitors are due to an altered synthesis rate, a specific 
consumption or an unspecific degradation and elimination, must remain open. 
Within certain range they are paralleled by the total protein content of 
the serum, but especially the fibronectin levels have to be interpreted 
carefully, since the mechanisms of synthesis, of the exchange between 
free agd8surface-bound molecules, and of their control are far from being 
clear ' " With respect to figure 2, a wash-out effect of most serum 

proteins together with a minor dilution effect (hematocrit 42%) must be 
assumed to account for the very low levels at the time of admission, Fluid 
administration may have been excessive, but rather reflects the high de­
mand due to an extensive fluid loss. The differences between the three 
patient groups (fig.1) may be explained only in part by these mechanisms. 
Again, the interpretation may be hazardous. First, the wash-out effect has 
to be taken Into account. However,high fluid loss also occurs in peritoni­
tis, which is reflected by a mean hematocrit of 54% in that patient group. 
The replacement of blood loss during resuscitation after major injury, on 
the other hand, leads to a certain hemodilution. Regarding substances of 
high molecular weight like a MG or fibrinogen, which might be less in­
fluenced by minor vascular l€akage, one must keep in mind, that they react 
as acute phase proteins, even if a2MG l~vels were reported to rest rela­
tively stable during the early response. All these influences are dif­
ficult to evaluate. Thus correction or correlation factors can hardly be 
used, and statistical analysis may be doubtful under these circumstances. 
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(The differences between the burn group and both of the other patient 
groups would be considered to be significant with p<0.005 for C3a and 
Elastase a1PI «0.01 for C3d) using the Wilcoxon U Test). 

Concerning the results presented in both of the figures, and with 
the adequate cautiousness, some conclusions can be drawn: Contrary to 
lethal peritonitis and lethal trauma, the intravascular appearance of 
complement split products and leukocyte release products seems to be less 
pronounced in the early phase after lethal burn injury, while the fibrino­
gen split product FPA reaches similar levels in all three groups. Later, 
during the development of a septic state, the response becomes uniform, 
reflecting similar pathways which may account for the irreversibility of 
the state. In this context, the use of parameters which are not influenced 
by a hampered synthesis-rate may be of value in monitoring the overwhel­
ming inflammatory response in sepsis. 
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COMPUTER ASSISTED 10 MHZ SONOGRAPHY OF BURN DEPTH 
IN MAN - A QUANTITATIVE GUIDE FOR THE SURGICAL 
STRATEGY OF SEPSIS PREVENTION 

Aim of study 

J. A. Bauer\ P. Breitenberger1 and St. Grommek2 

1 Chirurgische Klinik Innenstadt und Chirurgische Poliklinik der 
Universitat Munchen, NuBbaumstr. 20, D-8000 Munchen 2. 

2 Isomag Munchen, Linprun-Str. 49 D-8000 Munchen 2. 

Characterisation of the thermic injury is a pre-condition for the surgi­
cal treatment of burn patients. The depth of the injury, the third dimen­
sion of the burns is of considerable clinical importance because necrotic 
tissue must be excised and the exposed areas covered. In practice the ex­
perienced surgeon relies on clinical inspection when assessing the depth 
of the burn. 

Method 

In an animal experiment a standardised scald wound was induced in rats 
and pigs and 10 MHz ultrasonics was used to measure the depth of the heat 
lesions. The sonograms can be regarded as a histological slice of the 
tissue layers affected by the thermic lesions. Changes in the thickness 
of the cutis can be measured and correlated with the severity of the burn. 
The depth of the lesion can be accurately determined within hours after it 
has been induced (1). 

63 



Results 

When this method of measurement was applied to humans, the following prob­
lems were solved: 

1. Maintenance of sterilitiy when doing the measurements on the patient. 

Fig.l. Geliperm, a sterile polyacryleamid-gel developed for treatment of 
burns (2) used as sonogel 

Fig.2 Anatomical areas 
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2. Normal values were established by measuring the skin thickness of test 
subjects. Age, sex and anatomical site were taken into considerationC3,4). 

AGEGROUPS (Al 

AREA 1-10 10-20 20-40 40-50 50-60 60-80 

1 14 22 20 20 20 18 
2 12 17 20 19 17 14 
3 12 16 20 18 17 16 
4 14 18 24 20 21 21 
5 13 18 20 19 18 17 
6 13 18 20 17 19 13 
7 15 19 23 20 20 20 
8 13 18 21 21 20 19 
9 13 19 21 20 21 18 

10 13 18 21 20 20 19 
11 14 18 22 21 20 19 
12 14 19 21 19 21 19 
13 14 16 20 19 19 17 
14 15 17 22 20 20 17 
15 16 18 20 22 19 18 
16 15 18 20 20 21 18 
17 15 21 22 20 20 18 
18 14 21 21 21 19 16 
19 13 21 22 21 20 16 
20 17 23 28 26 27 23 
21 17 24 29 25 28 24 
22 17 23 27 25 24 30 
23 17 24 33 24 23 29 
24 16 22 22 23 24 25 
25 15 23 28 23 23 25 
26 14 21 22 23 22 24 
27 14 21 23 23 21 24 
28 15 20 21 21 22 23 
29 14 20 22 21 21 23 
30 14 21 20 19 20 20 
31 13 20 21 19 19 19 
32 14 20 21 20 19 18 
33 15 20 21 20 19 16 

Fig. 3. 

Values for the anatomical areas (skin thickness in mmx 10-1 ) 

Remarks 

1. SD of areas with light CUV) exposure: 0,025 - 0,058 cm 
SD of areas without ligth (UV) exposure: 0,006 - 0,025 cm 

2. n=B for every age groups, 4 males and 4 females, no sex 
- linked differences. 

3. In elder persons (60-80 a) posterior areas of the chest show an in­
crease of skin thickness. The other areas return to the thickness­
values of the age group 10-20 a. 

4. From 10 to 60 years dermal thickness is only area-dependent. 

3. Development of soft-ware which draws on data gathered on the test 
persons and uses the thickness measurements of the intact areas of skin 
to calculate the thickness of the skin before it was scalded. 
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Fig. 4; Software for quantified diagnosis of depth and percentage of burns 

Conclusion 

The estimated thickness of the skin befor~scalding is compared with the 
actual thickness of unscalded areas. This data feedback increases the 
accuracy of the estimations as the number of patients examined increases. 
Data on scalds and burns are gathered in the same way, but are kept sepa­
rate and are compared. This makes further animal experiments unnecessary 
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PHARMACOLOGICAL CONTROL OF HEMORRHAGIC SHOCK: 
DOES HYPERTONIC RESUSCITATION QUALIFY? 

M. Rocha e Silva 
Divisao de experimenta<;:ao, Instituto do Cora<;:ao, Facultade de 
Medicina, Universidade de Sao Paulo, Caixa Postal 11450 
Sao Paulo, 05499, SP, Brasil 

The critical function of the mammalian circulatory system is the handlino 
of respiratory oases, required at variable levels, over the many conditions to 
which each individual is normally exposed durino his lifetime. This problem is 
handled throuoh variable blood flow. An averaoe healthy human adult at rest 
produces a cardiac output of 5 l/min, but activity will chanoe this 
substantially. A sedate, untrained person can raise output to 10 l/min, 
trained people are capable of 20 or 25 l/min, while exceptionally oifted and 
well conditioned athletes produce outputs in the 30 l/min ranoe. In contrast, 
total blood volume (normal value 5 liters) is a relatively fixed parameter, 
which should not vary by more than 101 around the mean. In this sense, 
hemorrhaoe may be reoarded as an unsual problem: how may laroe. blood volume 
losses be reconciled with fixed (basal) cardiac output. Lioht blood loss is of 
course a very simple and trivial matter: mammals encounter it frequently 
durino their lives and cope easily: human blood donors, reoular or occasional, 
oive 101 of their total blood volume and simply walk back to normal activity. 
Severe blood loss is quite a different matter: it is a fairly rare, probably a 
once-in-a-lifetime occurrence, and the problem it poses, and the ways in which 
the natural response is dealt with in a civilized therapeutical environment is 
the object of this discussion. 

THE CONTROL OF BLOOD FLOW AND BLOOD VOLUME 

Blood flow and blood volume are both controlled throuoh the same basic 
mechanism, namely variation of the vascular radius. But these two controls are 
in fact independent and specialized functions. Flow is controlled by radius 
variations in the resistive network, as a function of a4, while blood volume 
is controlled in the capacitive network, as a function of a~ It is obvious 
that radius variations in resistive vessels also affect vascular capacity (and 
hence seomental blood volume), while radius variations in capacitive vessels 
affect vascular resistance and flow. Specialization derives from the fact that 
resistive vessels concentrate a laroe fraction of total resistance but contain 
only a small fraction of total volume/capacity, the inverse beino true for 
capacitive vessels. Just how much vascular resistance is concentrated in 
re'sistive vessels, how much capacity in capacitive vessels is a disputed 
point: different numerical estimates vary, but most people would aoree that 
resistive vessels (small and terminal arteries, arterioles, capillaries, 
venules) are effective flow controllers because they account for approximately 
801 of the total restino systemic vascular resistance (SVR), but only contain 
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about 101 of the total blood volume/vascular capacity (V-C); capacitive 
vessels (veins) derive their effectiveness from the fact that they contain 
some 601 of V-C, but only account for 51 of SVR. If this (or any other 
appropriate) set of distributional values is adopted, SVR, cardiac output 
(CO), and V-C variations may be independently analysed in resistive or 
capacitive vessels as functions of R variations. For simplicity, blood flow 
will be assumed as laminar, blood vessels as perfect cylinders of constant 
lenGth and variable radius, and the pressure drop (AP) constant. Under these 
conditions, SVR = Kr*R- 4, CO • K2*SVR -1, and VOLUME = CAPACITY = K3*R2. 

Resistive vessel analysis may start from restinG SVR (set equal to 1 
arbitrary unit, AU): 

SVR = 0.8 + 0.2 = 1 AU. 
(resistive vessels) (other vessels) 

If the entire set of Wresistive- radii were to vary in uniform 
proportion, while ·otherW radii remained fixed, one could write: 

SVR = (0.8*r-4 + 0.2) AU, 

Wr - beinG the (uniform) relative radius chanGe thrOUGhout the resistive 
sYstem. 

The relation for cardiac output (restinG CO = 5 l/min) could be written 

CO = [5*(O.8*r -4+ 0.2) -1] l/min, 

while V-C analysis for resistive vessels would follow the relation (restinG 
V-C = 5 liters): 

V-C· [5*(O.1*r2 + 0.9)] liters. 

Capacitive vessel analysis follows the same principles, appropriate 
distributional values beinG of course substituted; thus restinG SVR may be 
written: 

SVR = 0.05 
(capacitive vessels) 

+ 0.95 
(other vessels) 

1 AU. 

AGain, if wr'w is the (uniform) relative wcapacitivew radius variation 
throuGhout the capacitive system, while wotherw radii remain constant: 

SVR = (0.05*r'-4 + 0.95) AU, 

CO = [5*(0.05*r'-4 + 0.95) -1] l/min, 

V-C = [5*(O.6*r'2 + 0.4)] liters. 

FiG I displays blood flow (CO) and V-C as functions of resistive (FiG 1A) 
and capacitive (FiG 18) radius variations, within the 0.5<r<2 ranGe (i.e. for 
501 reductions up to 1001 increases in radii). Within this ranGe, variations 
of the radii of resistive vessels command very larGe flow variations, with 
neGliGible V-C chanGes. Towards the upper end of the ranGe, the slope of the 
flow-radius function (which aay of course be reGarded as the Gain of the flow 
control system) decreases, because the resistance of resistive vessels tends 
to zero, which means that SVR tends to the resistance of Wotherw vessels, as 
a minimum. The Gain of this flow control function is hiGhest within the 4-12 
l/min output ranGe, with a maximum near the 7 l/min mark. It is very 
important to note at this point that resistive vessels are not normally 
controlled by uniform wrw variation, but the concept is still applicable: wrw 
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FiO. 1. Cardiac output and vascular capacity/blood volume as a 
function of variations of the radii of resistive (A) or 
capacitive (8) vessels. 

(defined as a uniform relative radius variation) may equally stand for the 
weiohted mean of reoionally patterned chanoes. Capacitive radii variations, in 
contrast, produce very laroe V-C chanoes (actually laroer than real life at 
the upper end of the ranoe) with neolioibie effects on flow. Little is known 
about the exact patterns of reoional capacitive control, but it may be 
acceptable, at present, to suppose that it occurs more uniformly throuohout 
the system than does resistive control. The point is however far from settled. 

The effects of exercise on vascular control (Fio 2) are a fine example of 
efficient vascular adjustment. Laroe CO levels may be obtained with small V-C 
increases within the resistive seoment (Fio 2A). The blood volume required to 
meet this increased VIC comes of course from the capacitive side, at the cost 
of insionificant resistive chanoe (Fio 28). It may however be noted that at 
extremely hioh levels of CO, this model predicts a transfer of nearly 1.5 
liters of blood into the resistive side; such a blood "loss" would certainly 
meet most people's definition of moderate to severe hemorrhaoe: it is probably 
the physioiooicai basis for a number of unconfirmed reports that hioh perfor­
mance athletes receive transfusions of previously collected own blood, im­
mediately before important sportino events. Conversely, it has been recently 
demonstrated that "athletically trained" rats are sionificantly less suscep­
tible to the effects of hemorrhaoe than untrained controls (1). 

When blood loss of this, or of laroer, maonitude does in fact occur, a 
very different corrective adjustment takes place (Fio 3), laroely as a 
consequence of baroreceptor and volume receptor reflex mechanims: both 
resistive and capacitive vessels constrict (it may incidentally be noted that 
durino exercise, baroreceptor adjustment is stronoly inhibited). Resistive 
vasoconstriction (Fio 3A), which completely fails to correct the vascular 
capacitive imbalance, restricts flow to specific territories, namely enteric, 
renal, muscular and cutaneous. If hemorrhaoe is lioht, reductions are 
correspondinoly slioht, with little or no damaoe to the restricted oroans or 
systems. But severe blood loss entails flow reductions which ~y in time 
become critical. Capacitive constriction (Fio 38), on the other hand, should 
theoretically be able to handle blood losses as laroe as 401 of total blood 
volume, but in practice this simply does not occur. It has already been 
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noted that lioht hemorrhaoe is a fairly trivial encounter in the life of a 
maamal; effective recovery from the condition is loaded with adaptive 
advantaoe; the slioht reductions of resistive and capacitive vessel radii 
which normally occur correct volume imbalance without serious flow 
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restrictions. In contrast, severe blood loss, in the wild, is a condition 
associated with virtually no probability of survival: .ore likely than not, a 
laroer, faster, stronoer predator has cauoht up, which turns preservation of 
vital oroan funtion into a aeaninoless issue, as far as evolutionary adaptive 
drive is concerned. The intense enteric and renal constriction. which are only 
quantitatively different fro. the response which occurs in lioht he.orrhaoe. 
will possibly lead to ischemia and necrosis. but this will have little iapact 
on survival chances. It may therefore be said that the natural response to 
severe heaorrhaoe is probably inapropriate. because there is no adaptive drive 
for anythino better, even thouGh the machinery for selective venoconstriction 
and ultimate recovery may be there. 

It is of course possible to alter the mathematical analysis. by takino 
different distributional values for the concentration of resistance. or of 
capacity in any oiven segment of the circulation. The oeneral equations are: 

SVR = (a1l:r-4 + 1 - a) AU 

00 = [S1I:(a*r-4 + 1 - a)-!] l/_in 

V-C e [S1I:(b1l:r2 + 1 - b)] liters 

where "r" is the relative (unifor. or weiGhted .ean) radius variation of the 
seoment under analysis. "a" is the fraction of total restino SVR, and "b" the 
fraction of total restino V-C concentrated in the seo-ent. In Fios. 1 to 3 a 
particular set of values for "a" and "b" were adopted but the oeneral approach 
to the problem is displayed here. FiO. 4 shows flow x radius functions when 
"a" is varied parametrically in the upper and lower extremes. The upper ranoe 
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of "a" (60 to 85t concentration of resistance) covers possible values for 
resistive vessels. The mere inspection of these curves makes it clear that 
real life "a" must be at least 70t (i.e., that resistive vessels must 
concentrate at least 70t of total restino SVR), since lower values produce 
maximal cardiac outputs which fall short of values actually observed durino 
exercise. Fio. 4 also shows that hioh values of "a" produce a family of curves 
which are all similar below restino co. The low ranoe of "a" values (3, 5, 7 
or lOt of resting SVR) apply to capacitive vessels. No matter which of the 4 
curves is adopted, capacitive vessels may dilate to accomodate any volume 
increase without affecting flow. But for radii < 1, capacitive vessels act 
more and more as resistive vessels and here there is an important difference 
between the curves: the larger the value of "a", the bigger the resistive 
effect. But in fact, the 5t value for "b" is by far the most likely: resistive 
distribution along the vascular bed is very simply measured, because it is 
directly proportional to the respective seomental pressure decrement. In 
contrast. capacitive seomental distribution is not so easy: the best estimates 
come from the deter8ination of geometrical parameters (radius, lenoth and 
nuaber) for each vascular segment within organs and systems. Fig. 5 displays 
parametric variations of "b" (possible values for capacitive concentration at 
rest) in the V-C x radius function: the upper range (50 to 70t) applies to the 
capacity of veins. Geometric estimates suggest 60t as the most probable value, 
but here the margin of error is considerable. All curves show that large 
volumes.ay be accomodated with smaller than SOt increases in radius. 
Venoconstriction, on the other hand, reduces capacity: a 30t reduction in 
venous radii would reduce V-C by 1.5 to 2.5 liters, depending on the value of 
"b". The lower range of "b" values (5 to 1St) applies to resistive vessels: 
constriction is ineffective in terms of reducing total vascular capacity, 
irrespctive of the value of "b"; in contrast, resisitive dilation is strongly 
dependent on "b". If it were to equal 1St, maximal cardiac output would 
require a transfer of 2 liters of blood into the resisitive system, which 
practically rules out such a hioh value for the "b" parameter. 

CLINICAL TREATMENT OF HEMORRHAGE 

The treatment of severe blood loss may be considered in terms of fluid 
replacement and pharmacological control. Fluid repalcement is, in theory, the 
ideal procedure, but in practice there are quite a number of pitfalls. A 
simple practical rule is that replacement should roughly equal estimated 
losses if blood, plasma, or artificial colloids are used, but should exceed 
losses by 3:1 if crystalloid so~utions are employed. Since one only deals with 
large losses (light hemorrhage does not require treatment) replacement volumes 
are always necessarily large. Blood is an expensive commodity, its supply is 
limited, rapid initiation of treatment is hindered by typino and 
cross-matchino procedures, and field use is virtually out of question. 
Moreover, stocked blood deteriorates rapidly, and the risks of contamination 
and infection transmission are ever present. Last, but certainly not least, 
some people express religious objections to blood transfusion. Many but 
obviously not all of these problems beset the use of plasma, whereas 
artificial colloids pose few of these problems, but, when used in large 
volumes have been implicated in undesirable side effects, such as 
allergic/anaphylactic reactions, and disruption of the blood clotting 
machinery, amongst others. Crystalloid solutions, which pose none of these 
problems, have their own limitations: because they exhert no oncotic pressure 
across the endothelial wall, they distribute within the larger extracellular 
space, and hence must be administered in larger volumes. OVerhidration 
problems, which must be solved later, are frequently encountered (2). When 
all is weighed, fluid replacement is a relatively simple, safe, not 
overexpensive procedure when blood loss occurs inside a hospital or to a 
patient rapidly admitted to hospital. It becomes a serious problem in field 
conditions, or when transfer time is prolonged, and may be described as 

72 



formidable in mass accidents, or in military situations. 

The basic deficiency of conventional pharmacolooical control of severe 
hemorrhaoe is that it is incapable of completely correctino the condition. Its 
basic aim is to counteract resistive vasoconstriction, while maintainino or 
enhancino capacitive venoconstriction. The standard pharmacolooical control of 
hemorrhaoe ooes throuoh alfa-adreneroic antaoonists, beta-adreneroic aoonists, 
as well as dopamine (a selective splanchnic and renal precapillary dilator). 
Nitroprusside, an efficient overall precapillary dilator is also widely 
employed. Combinations of these aoents are effective tools in vascular 
adjustment, but no known druo is capable of exhertino all the proper effects, 
and selective venoconstrictors are simply non-existent. 

The second part of this paper will be devoted to the analysis of recent 
developments in the field of hypertonic resuscitation of hemorrhaoic shock, 
which at first sight does not appear to be a pharmacoiooicai procedure. But we 
shall endeavour to demonstrate that very hypertonic sodium salt solutions 
exhert actions which have little to do with their mere physical properties as 
hypertonic fluids. 

HYPERTONIC RESUSCITATION 

Hypertonic resuscitation is by no means a novelty. The earliest recorded 
use is by Penfield (3), who used NaCI at a concentration of 1.81 (600 mOsm/l) 
for the treatment acute hemorrhaoe. Hypertonic solutions have been used 
experimentally or clinically because they induce increased myocardial 
contractility (4), widespread pre-capillary dilation (5), and expanded plasma 
volume, throuoh an oamotic fluid shift into the vascular compartment, all of 
which are obviously beneficial to hypovolemic subjects. Hypertonic sodium 
chloride and bicarbonate were used in concentrations of up to 1800 mOsm/1 (6) 
olucose up to 2500 MOam/1 (7), but positive effects were always described as 
transient and requirino conventional fluid replacement not lono after the 
initial hypertonic therapy. 

In 1980 however, we described results (8) showino that acutely bled doos 
(shed blood volume: 42 ml/ko, equivalent to approximately 501 of total blood 
volume) could be permanently resuscitated within 45 min of the start of 
bleedino by a sinole intravenous bolus of very hypertonic NaCI (concentration: 
7.51, equivalent to 2400 aOam/lj volume: 101 of total shed blood, equivalent 
to an averaoe 4.2 ml/ko). It should be stressed that after hypertonic 
resuscitation in this manner, blood was not reinfused, nor was any other 
treatment, or intravenous fluid replacement oiven to sustain the response: the 
animal itself restored its blood volume, at first by plasma expansion, later 
by red cell formation. The overall survival rate for this procedure in doos, 
over a 5 year span, was hioher than 951. The basic pattern of the 
cardiovascular response to intravenous hypertonic HaCI includes the 
restoration of mean arterial pressure, cardiac output, acid-base equilibrium 
and mean circulatory fillino pressure to stable, near control levels, in spite 
of the very transient nature of plasma volume expansion (8, 9). Reoionai flows 
are diversely affected: muscular resistance vessels constrict, while renal, 
mesenteric, portal and coronary vessels all dilate in response to hypertonic 
NaCI injections (10). It has also beeen demonstrated that hypertonic 
resuscitation induces a prolonoed increase of myocardial contractility (11) 
and a reduction of intracranial pressure, with normal cerebral blood flow (12) 
These data are summarized in Table 1. 

We have also demonstrated (13) that a pUlmonary vaoal reflex is 
essential for lono-term survival: injections oiven upstream of the pulmonary 
microcirculation (intravenous, into the rioht cardiac chambers or into the 
pulmonary artery) produced typical survival responses with stable, hioh 
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TABLE 1. A SUMMARY OF DESCRIBED EFFECTS OF HYPERTONIC RESUSCITATION 
FROM SEVERE HEMORRHAGIC SHOCK WITH 7.51 NaCI SOLUTIONS. 

SPECIES DESCRIBED EFFECTS REFERENCE 

dog stable recovery of arterial pressure 8 
stable recovery of cardiac output 
stable recovery of acid-base equilibriua 
increased .esenteric blood flow 
high (> 951) long-term survival 

sheep transient recovery of arterial pressure 14 

dog increased -rocardial contractility 11 

dog reduced intracranial pressure 12 
nor.al cerebral blood flow 

dog increased renal blood flow 15 
increased urine flow 

dog recovery of .ean circulatory filling pressure 9 

dog muscular vasocontriction 10 
renal vasodilation 

cardiac output, arterial pressure and acid-base equilibriua; in contrast, 
post-pulaonary injections resulted in near zero survival rates, with only 
transient recovery of arterial pressure, outPUt and acid-base equilibriua. We 
also found that high survival rates, after pre-pul.onary injections, were only 
observed in the presence of nor.al neural conduction through the cervical 
vagi: blockage by a local anesthetic, or by cooling, at the time of hypertonic 
resuscitation prevented survival. These results have been elegantly 
confirmed by Younes et al (16): in chronically prepared dogs, with 
unilaterally denervated lungs, they showed that hypertonic resuscitation was 
effective when injected into shaa-denervated, or into innervated lungs, but 
not so when given directly to the denervated lung. It has been demonstrated 
that the restoration of mean circulatory filling pressure (9), and of 
muscular vasoconstriction (Rocha e Silva et ai, 1986) are also 
dependent uPon intact vagal conduction. 
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TABLE 2. THE EFFECTS OF DIFFERENT HYPERTONIC (2400 .osm/l) 
SOLUTIONS ON LONG TEIIM SURVIVAL AND MEAN CIRCULATORY 
FILLING PRESSURE IN SEVERELY BLED DOGS. 

SOLUTE SURVIVAL RATES MEAN CIRCULATORY 
I (SURV/'l'O'1'AL) FILLING PRESSURE 

Na chloride 981 (165/168) restored 
Na acetate 721 (13/18) restored 
Na bicarb. 611 (11/18) restored 

Lithiua Cl 51 (1/18) not restored 
Tris Cl 221 (4/18) not restored 

Urea 331 (6/18) not restored 
Mannitol 111 (2/18) not restored 
Glucose 5 (1/18) not restored 



other hypertonic solutions at 2400 .os.vl have also been tested: other Na 
salts, such as acetate and bicarbonate, at 2400 .osa/l, induce high survival 
rates (7l1 and 621, respectively), with hioh arterial pressure, cardiac 
outPUt, .ean circulatory pressure and a recovery of acid-base equilibrium (17, 
18, 19); in contrast low levels of survival (51 to 331) were noted followino 
lithium chloride, tris chloride, urea, olucose or aannitol, all at 2400 mOsm/l 
(20). Table 2 suaaarizes these data. It may be noted that the 3 sodium salts, 
Which induce hioh survival rates restore mean circulatory filling pressure, 
while other chlorides and non-electrolytes, Which do not restore mean fillino 
pressure, are associated with very low survival rates. It thus appears that 
venoconstriction and long term survival, both of which has been shown to 
depend on intact vagal connections are dependent on the presence of sodium 
ions in the hypertonic solution. 

The duration of shock appears to be critical. Mer.el and Boyle (IS) have 
found that, in the dog, a lonoer lastino shock condition (7S min) only 
responds transiently to hypertonic resuscitation with NaCl. Similar results 
have been reported by Nakayama et al (14) in the sheep, after a 2 hour period 
of shock. In both conditions the total volume of removed blood was hioher than 
501 of estimated or .easured initial blood volume. No long tera survival rates 
were however referred by either group. Experi.ents under course in our 
laboratory (Rocha e Silva et aI, unpublished) confirm the observations of 
Mer.el and Boyle (IS), and additionally show that lono-term survival rates are 
drastically reduced by the extension of the period of hypovolemia. The 
combination of hyperosmotic and hyperoncotic solutions (NaCl 7.21 + dextran 
71) has also been tested: in unanesthetized sheep submitted to shock lastino 
for 2 hours at 40 .. Hg, hypertonic NaCl-dextran produced sionificantly 
hioher levels of plasaa volume and cardiac output, versus hypertonic NaCl, or 
dextran, over a 2 hour post-resuscitation observation period (17). 

In teras of eventual clinical applications, these data open the prospect 
of small volume resuscitation for severe blood loss. A number of clinical 
tests has been reported where 2400 mOem/l NaCI solutions have been e~loyed 
(2l, 22, ,23), but ,it is not known whether man can be resuscitated by a single 
bolus injection of hypertonic NaCI, as sole treat.ent. It goes without sayino 
that it would be entirely unethical to actively try to answer such a question. 
Moreover the search for an ideal small volume therapeutic aoent is still on. 
Exclusively on the orounds of survival rates, sodium chloride must be a part 
of any such solution, but acetate may be useful to increase output and correct 
metabolic acidosis. The addition of dextran may prove a useful therapeutic 
tool, althouoh it may not be exempt from undesirable collateral efects (24). 
The likelyhood of such side effects is however small because of the very small 
volumes to be used. Limited clinical trials with hypertonic NaCl are presently 
in progress in the Sio Paulo University Medical School Hospital and with 
hypertonic NaCl-dextran at The University of California, Davis, Medical School 
Hospital. 

In summary, it has been shown that 2400 mOa./l NaCl is effective in the 
resuscitation of severe hemorrhage, not only because it produces fluid shift 
1nto the vascular compartment, but also because it has important 
pharmacological actions: it dilates renal and mesenteric vascular territories, 
reversing the trend to ischemic necrosis; but perhaps more importantly, it 
induces selective muscular resistive constriction and overall 
venoconstrictionj muscular vasoconstriction shifts blood flow into the dilated 
territories, without materially affecting a territory which is perforce at 
rest and notoriously capable of the hiohest deoree of anaerobiosis; 
venoconstriction actively reduces vascular capacity to match reduced blood 
volume and helps create a hyperdynamic circulatory condition, which safely 
carries the animals over a critical period of ti.e till they become capable of 
restoring, first plasma volume, later blood volume to normality. It is still 
unknown Whether human heaorrhaoic hypotension will respond entirely in the 
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manner described for dogs, but it is certain that the early beneficial effects 
of hypertonic resuscitation are observable. It may thus be sugoested that the 
passage of highly concentrated sodiua salts through the lungs will ellicit a 
neural reflex which triggers intense active venoconstriction. If this be the 
case, even the relatively laroe mesenteric and renal dilations, which are 
simultaneously observed, could be accounted for by the better adjustment of 
capacity to reduced circulating voluae. 
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FREE RADICALS (1) 

In atoms and molecules, the electrons generate, by rotation, a magnetic 
field represented by a vector, the spin. Generally, all the electrons are 
paired, opposing their spins, the resulting magnetic field being null. 
In molecules, electrons of neighbouring atoms are paired, forming covalent 
bonds, which can be broken by a sufficient amount of energy; after this 
rupture, two electrons become unpaired and the implicated atoms or molecules 
acquire a magnetic field (Fig. 1). The energy can be furnished by radta­
tions (UV, ionizing radiations) and by chemical or enzymatic reactions. 
Such atoms or molecules presenting an odd number of electrons, and thus 
a magnetic field, are called free radicals. 

H -H' H 
H:C:H ) H:C' t" "t 

'0:0' 
H H molecular 

methane methyl oxygen 

radical 
Fig. 1. Right : Formation of a free radical by 

rupture of a covalent bond (by deshydro­
genation, in this example). The arrows 
symbolize the spins of unpaired elec­
trons. Left:: The biradical structure 
of oxygen, at its fundamental state. 
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Free radicals are generally 'considered as very strong reagents, 
reacting with the most stable organic molecules. Generally, a newly for­
med radical reacts instantaneously with the surrounding molecules, taking 
out an hydrogen atom, with its electron, in order to pair its unpaired 
electron (Fig. 2). A new covalence is broken, and another free radical is 
generated. This is the initiation of a chain of reactions, which can be 
rapidly terminated, by the collision of two radicals, which dimerize. 
But, in aerobic conditions, oxygen can intervene, changing completely the 
above scheme. 

·OH + R:H -) H20 + R· 

R· + X:R -) R:H + X· 

X· + Z:H -) Z· + X:H 

Z· + Z· --) Z:Z (dimer.) 

Fig. 2. Chain of radicalar reactions 
initiated by hydroxyle radi­
cal 'OH, and dimerization, 
terminating the chain process. 

OXYGEN AND PEROXIDATION (2,3) 

Oxygen is a biradical, characterized by the presence of two unpaired 
electrons (Fig. 1). Surprisingly, the quantum mechanics demonstrate that 
such biradical cannot react with non radicalar molecules, which constitute 
the great majority of biological molecules (4). 

But, oxygen reacts very fastly with free radicals, forming peroxy 
radicals. This phenomenon threatens particularly polyunsaturated fatty 
acids (PUFA), constituents of biological membranes. Autoxidation of PUFA 
is initiated by the break of the covalence binding of hydrogen and carbon 
atoms, near double bonds (Fig. 3). The resulting free radical is relatively 
stabilized by electron delocalization (resonance). This stabilization 
sufficiently delays the terminating process of dimerization to allow the 
arrival of an oxygen molecule (4). Oxygen reacts with radicalar PUFA (R") 
forming a peroxy radical ROO' (lipoperoxidation). Hydroxyle radical 'OHi~ 

classically implicated as initiating agent (5). It is a small radical, 
soluble as well in aqueous and in lipidic mediums, and is extremely reac­
tive, forming water, after extracting an hydrogen atom from surrounding 
molecules. However other agp.nts can initiate the lipoperoxidation, parti­
cularly perferryl cation (Fe4+ - Oe)++ (6). Peroxy radical ROO' extracts 
an hydrogen atom from a. new PUFA mo!ecule, RH, forming a new lipidic radical 
R', and becoming itself a hydrolipoperoxide, ROOH. The peroxy radical 
ROO' extracts an hydrogen atom from a new unsaturated fatty acid, which, 
in its turn, becomes radicalar, ROO' becoming ROOH, an hydrolipoperoxide. 

Hydrolipoperoxides are not reactive by themself, but, meeting ferrous 
ion, Fe 2+ , they are reduced into alkoxy radicals RO', which are strong 
reagents, able to initiate another loop of peroxidation, and replacing 
easily hydroxyle radical or perferryl cation. Thus, in the presence of 
oxygen, and thanks to the presence of iron, which is an universal component 
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of the living matter, the lipoperoxidation processes become rapidly 
extensive, in aerobic conditions, and are dreadful agents of membrane 
destruction (7) • 

. / ... . ~ .::­
.~ 

Fig. 3. Autoxidation cycle of unsaturated molecule and 
iron-induced reactivation mechanism. R:H: unsa­
turated fatty acid. R': radicalar fatty acid, 
formed after H' removing from R:H. '00': oxygen 
molecule. ROO': peroxy radical. ROOH: hydro­
lipoperoxide. RD': alkoxy radical. 'OH: hydro­
xyle radical. OH-: hydroxy Ie anion. Superoxide 
anion or ascorbate can regenerate Fe2+. 

BIOCHEMICAL SOURCES OF FREE RADICALS 

Dangerous radicals arise from oxygen metabolism (5,7). Oxygen in an 
universal electron acceptor, in aerobic organisms. In mitochondria, 
normally, at the end of the respiratory chain, oxygen is completely and 
instantaneously reduced into water : 

- + O2 + 4 e + 4 H ----~ 2 H20 

But, in abnormal conditions, such as during metabolic troubles fol­
lowing hypoxia or anoxia, the mitochondrial electron transport through the 
cytochromes chain is stopped, and the oxygen molecules go up to the level 
of ubiquinone where they are reduced electron by electron (8). This uni­
valent reduction of 02 generates free radicals, and particularly, hydroxy Ie 
radical. The first step is the formation of superoxide animn, O2, by an 
enzymatic mechanism associated with ubiquinone. Then, O2 dismutates into 
hydrogen peroxide, H202' The coexistence between O2 and "H202, in the 
presence of ferrous iron, initiates a Haber-Weiss cycle, producing hydroxy Ie 
radicals (Fig. 4). 

The mechanism of free radical production, at the level of mitochon­
dria, during reoxygenation succeeding to severe hypoxia, is evoked on 
fig. 5. Haber-Weiss cycles can also be produced by the activity of seve­
ral enzymes. Xanthine-deshydrogenase, which intervenes in the last steps 
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enz. 

+ OH- + Fe3+ 

F 3+ D-e + . 
2 
-) Fe2+ + 02 

Haber-Weiss cycle 

Fig. 4. Univalent reduction of oxygen, and role of Fe++ 
in the production of ·OH. 

of purine catabolism, can be converted into xanthine-oxidase, in patholo­
gical situations inducing severe calcium unbalance particularly in ischemia 
(9,10). In the presence of xanthine-oxidase, purine catabolism produces 
superoxide anion, which dismutates into hydrogen peroxide, generating free 
radicals such ·OH, in the presence of Fe2+. 

82 

SUC-OH 

V hypoxia 

Cytochrome-oxidase 
4 e-

Fig. 5. Mechanisms of production of activated 
oxygen species by the mitochondrial respi­
ratory chain, after hypoxia. NADH-DH: 
NADH-deshydrogenase. SUC-DH: succinodes­
hydrogenase. UQ: ubiquinone. 



Other sources of lipid radicals are the activities of lipoxygenases 
and of cyclooxygenase. During prostaglandin synthesis, the conversion of 
endoperoxide H2 is accompanied by the generation of free radicals (12). 
The mixed oxidasic function of the liver can transform several molecules 
into free radicals : it is the case for carbon tetrachloride and certain 
antibiotics such as doxorubicin (13,14). 

ROLE OF IRON IN RADICALAR REACTIONS 

Because of its electronic structure, fundamental oxygen cannot react 
directly with non radical molecules (4). Monoradicals can play the role 
of mediators, between oxygen and non radical molecules, as in lipoperoxi­
dations, for instance. But this role is mainly supported by transition 
metals, and particularly by iron. Transition metals are chara£terized by 
the property to be linked to certain molecules, called ligands, by coordi­
nation links. A well-known example is the coordination of iron by adeno­
sine diphosphate (ADP). The particular properties of transition metals 
are explained by the presence, in their atoms, of five uncompletely 
filled £ orbitals (Fig. 6). 

During the coordinative process (15),3 d orbitals are redistributed in 
two sublayers, separated by an energy level depending on the nature of the 
ligand (splitting). In the case of ferrous iron, which exhibits six d 
electrons, a low splitting energy corresponds to a wide redistribution of 
electrons. There are four unpaired electrons in the complexed iron atom. 
On the contrary, some other ligands, giving a higher splitting energy, 
inhibit the redistribution of electrons to the two orbitals of higher 
energy : all the six electrons of ferrous iron remain paired on the three 
orbitals of lower energy. This phenomenon is observed when iron is 
complexed with chelators such as DETAPAC and deferroxamine; these ligands 
inhibit oxidative activities of ferrous ion. 

/00" / \ 
/ \ 

// \ 
F '2+ \ 

e low spin \ A E 
\ state \, 2 
\ 'L \ ; 2 

\ / 
\ ffil ffillilll 

Fig. 6. The two modes of coordination for Fe2+. 'In the high 
spin state, the low splitting energybE-1 permits the 
occupation of five d orbitals : there are 4 unpaired 
electrons. In the low-spin state, the high energy 
splitting ~ Ez impairs the jump of the electrons of 
low energy to the orbitals of higher energy : the 6 
electrons are paired. Ll and L2 : ligands 

Ferrous complexes, which exhibit a high number of unpaired electrons, 
are particularly efficient to promote the combination of oxygen with 
organic molecules. ADP complexed iron plays this role. The presence of 
conveniently complexed iron is as efficient to induce lipoperoxidation 
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as hydroxyle radical. Inversely, iron chelation protects against lipoper­
oxidation (16). Intracellular iron is combined to ferritin and is main­
tained at the state of Fe3+ (17). Physiopathological conditions, such as 
ischemia or hypoxia, release iron in cytoplasm, perhaps after reduction 
into FeZ+ by OT (11). Then, FeZ+ can be coordinated into oxidative com­
plexes, not only by ADP, but also by particular sequences of cytoplasmic 
proteins. 

GENERATION OF RADICALS BY ACTIVATED LEUKOCYTES 

Polymorphonuclear leukocytes (PMNLs) and macrophages are potent ge,ne­
rators of oxidant species. Activation of complement produces C3a and CSa , 
which are activators of polymorphonuclear leukocytes and trigger the phe­
nomenon called respiratory burst in thes~ cells (18,19). 

The Oz ~onsumption increases dramatically, amiboid movements are 
observed, and a degranulation process occurs, which consists in a release 
of the lysosomal content out ot the cell. A microsomal enzyme, NADPH­
oxidase, reduces intensively 02 into superoxide anion, which dismutes into 
HZOZ; HZOZ is ~eleased out of the cell, together with 02 (ZO) and in the 
presence of FeZ+, regenerated by reductants such as ascorbate, can lead to 
the formation of ·OH, and to peroxidation to living membranes (ZO,Zl). 
One of the lysosomal enzymes released out of PMNLs ismyeloperoxidase, which 
PMNLs synthesizes hypochlorous acid, HCIO. HCIO, reacting with HZOZ, 
produces singlet oxygen, a highly reactive oxidant species, and reacting 
with several amines, produces N-amine chlorides, highly oxidant species (2Z). 

PHYSIOPATHOLOGICAL GENERATION OF FREE RADICALS 

A first pathological situation generating activated oxygen species is 
observed in tissues during refeeding oxygen, after hypoxia and anoxia, and 
results from the univalent reduction of oxygen at the level of ubiquinone, 
in mitochondria (Fig. S). 

Purine catabolism can generate O2 and subsequent reactions of fig. 4, 
in hypoxic conditions (10). 

Pathological consequences can arise from an excess of defense response 
against immunological stimuli. Massive PMNLs activation results in aggre­
gation of these cells, which can be immobilized in capillary beds, and 
particularly in the lung (19). There, an active cooperation is established 
between proteases and oxidant species, released by the activated leukocytes 
in the blood. Oxidant species, and particularly amine chlorides, destroy 
plasrila antiproteases (23). Therefore, leukocytes proteases are free to 
attack the capillary walls. An amplification phenomenon occurs, by action 
of superoxide on plasma factors, creating leukotaxic factors, by stimulation 
of platelet by H202, releasing not only thromboxane, but leukotaxic lipo­
xygenase products. This scheme can explain some aspects of the development 
of adult respiratory distress syndrome (ARDS), which is often observed 
after severe trauma and sepsis (Z4). 

Cooperativity between proteases and oxidant agents, produced together 
and released by PMNLs,was suggested by different authors. It was demons­
trated that high levels of both enzymatically and immunologically active 
trypsin were measured in the plasma 0 f patients suffering from severe 
sepsis and poly trauma, and developing ARDS (ZS). Trypsin activity lUas 
improved by the fall of antiproteasic activity, induced by PMNLs oxidative 
factors. 
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ROLE OF ACTIVATED OXYGEN SPECIES IN SHOCK AND TRAUMA : A SYNOPSIS 

Shock induces deep modifications of membrane permeability, and 
modify the normal calcium transport. Xanthine-deshydrogenase is then 
activated and becomes xanthine oxidase, generating activated oxygen 
species (02 ' 'OH, lipoperoxides.alkoxy radicals). Severe tissular hypoxia 
is often tRe consequence of shock : during reoxygenation, the disturbed 
mitochondrial respiratory chain reduces univalently oxygen, with the cas­
cade leading to free radicals and lipoperoxidation, as in the case of 
xanthine-oxidase. 

Severe trauma are often complicated by shock and by sepsis. Sepsis, 
particularly abdominal sepsis, stimulates PMNLs,via the alternative 
pathway of complement activation. Activated PMNLs are generators of 
multiple oxidant agents : hydroxyl radicals, HClO, amine chloride, singlet 
oxygen, etc ••• 

It appears thus, from these above considerations, that multiple causes 
are at the origin of activated oxygen metabolism. The best proofs of this 
activation are given by the demonstration of a fall of the antioxidant 
potential, measured, either by a global method (25) or by the determination 
of a determined antioxidant, such as tocopherol. Preliminary research on 
the evolution of plasma tocopherol in ARDS showed a fall of vitamin E in 
severe cases (26). Studies continued on this subject confirmed that the 
fall of plasma tocopherol seems to be proportional to the gravity of the 
case. 

In shock and sepsis, there are thus many reasons to invoke the pre­
sence of deleterious oxygen species, injuring cellular membranes by pero­
xidation of polyunsaturated fatty acids. But, up to now, no direct, 
unequirocal proof have been furnished, of the in vivo existence of lipo­
peroxidative processes. 

TjwtA ------TRYPSXN ~ srSXS 

ZSCHEMZA ------COMPLEMENT ACTZVATZON ! xanthi::-deShYdrogenase ! 
HYPOXZA ~ LEUKOCYTE ACTZVATZON 

J ~xanthine-OXid/ae I 
Fe2 + re1ease ~ 
"ro. "lerrUin ~Oi~---UH-l / HelO 

iROOH, Roi '-_____________ .J 

N-ANZNE ch10rides 

~ 
MEMBRANE ANTZPROTEASE 

PEROXZDATZON ZNACTZVATZON 

Fig. 7. Overview of the physiological and physiopathological 
mechanisms which cooperate for membrane peroxidation, by 
generation of free radicals and activated oxygen species. 
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ROLE OF FREE RADICAL LIPID PEROXIDATION IN BURN 
AND ENDOTOXIN SHOCK 

INTRODUCTION 

T. Yoshikawa, N. Yoshida, H. Miyagawa, T. Takemura, T. 
Tanigawa, M. Murakami and M. Kondo 
First Department of Medicine, Kyoto Prefectural University of 
Medicine, Kamigyo-ku, Kyoto 602, Japan 

Enhanced free radical generation leading to lipid peroxidation has been 
claimed to be associated with various disorders (Bulkey, 1983). There is 
considerable indirect evidence supporting a role for oxygen radicals in 
circulatory shock. Crowell et al. (1969) and Cunningham and Keaveny (1978) 
reported that allopurinol, a competitive inhibitor of xanthine oxidase, 
substantially increased the survival rate of dogs subjected to hemorrhagic 
shock. Severe burns result 'in both local and systemic hemodynamic changes 
(Gilmore and Handford, 1956; Wolfe and Miller, 1976; Adams et al., 1981), 
as well as in endocrine (Turinsky et al., 1977), neuroendocrine (Cova and 
Glaviano, 1968; Goodall and Moncrief, 1965), and metabolic (Robinson and 
Miller, 1981; Wolfe et al., 1977) alterations. Acute endotoxin shock is 
rapidly produced with Escherichia coli endotoxin (Balis et al., 1978). 

It was recently suggested that in every kind of shock many coexisting 
mechanisms may lead to the overproduction of oxygen free radicals and that 
a pathogenetic role of such radicals may by considered highly probable 
(Novelli, 1983). To explore this hypothesis, we examined the effects of 
superoxide dismutase (SOD) and catalase which are enzymatic oxygen radical 
scavengers, on burn and endotoxin shock in rats. 

MATERIALS AND METHODS 

Female Wistar rats weighing 190-220 g, from Keari Co., Ltd., Osaka were 
housed for at least 7 days in our animal quarters prior to the experiments. 
The animals were not fed for 24 h, but were allowed free access to water. 
Endotoxin (Escherichia coli 055: B5 lipopolysaccharide B; Difco Lab., Detroit, 
Mich) was dissolved in pyrogen-free physiological saline before every 
experiment. Burn shock was produced by immersing half of the animal's body 
into 80°C water for 10 s. Endotoxin shock was induced by a single injection 
of 100 mg/kg of endotoxin, diluted in 1.0 ml of physiological saline, into 
the femoral vein using a syringe. 

To examine the effects of SOD and catalase on burn shock, the rats were 
injected with SOD from bovine blood (3200 U/mg protein; Sigma Chemical Co., 
St. Louis, Mo) at 50 mg/kg or catalase from bovine liver (40,000 Sigma U/ 
mg protein; Sigma Chemical Co., St. Louis, Mo) at 2.0 mg/kg, intravenously 
30 s before the burn stress. To examine the effects of these enzymes on 
endotoxin shock, the animals were injected with SOD from bovine blood (3050 
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U/mg protein; Sigma Chemical Co., St. Louis, Mo) at 50 mg/kg or catalase 
from bovine liver (40,000 Sigma U/mg protein; Sigma Ohemica1 Co., St. Louis, 
Mo) at 1.0 mg/kg, subcutaneously 12 and 1 h before the injection of endotoxin 
(100 mg/kg). 

The severity of shock was determined with systolic blood pressure and 
serum lysosomal enzymes, such as acid phosphatase and a-glucuronidase. 

Systolic blood pressure and heart rate count were measured by the 
method of Bunag (1973) using a sphygmomanometer PS-100 (Riken Kaihatsu Co., 
Tokyo). Serum acid phosphatase activity was assayed according to the 
method of Andersch and Szczypinski (1947) using ~-nitropheny1phosphate as 
the substrate. Serum a-glucuronidase activity was measured with Sigma 
reagents (Sigma Chemical Co., St. Louis, Mo), based essentially on the 
method of Fishman et a1., (1967), using phenolphthalein glucuronic acid as 
the substrate. Thiobarbituric acid (TBA) reactive substances in serum were 
determined by the method of Yagi (1978). The concentration of TBA reactive 
substances was expressed in terms of malondia1dehyde using tetramethoxy­
propane as a standard. 

Results are expressed as mean value ± standard deviation (SD). 

RESULTS 

Burn Shock 

Systolic blood pressure of rats before the immersion into 80°C water 
was 121 ± 8 mmHg (Mean ± SD, n=7). The blood pressure was significantly 
reduced to undetectable value (under 50 mmHg) 10, 60, 120 and 180 min after 
the burn. Immediately after the immersion into 80°C water (10 min), acid 
phosphatase and a-glucuronidase activities were significantly increased 
(Fig. 1) and serum TBA reactants were significantly inereased (Fig. 2). 
All rats were killed at 3 h after the burn shock and changes in following 
parameters of rats treated with SOD or catalase were examined. 
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Fig. 1. Changes in serum lysosomal enzymes before and 
after burn stress. Results are expressed as 
mean value ± SD of 7 rats. 
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Fig. 2. Changes in serum TEA reactants before and 
after burn stress. Results are expressed 
as mean value ± SD of 7 rats. 

The changes in serum acid phosphatase and B-glucuronidase activities 

The increase in serum acid phosphatase activity after the burn stress 
was significantly inhibited by the treatment with SOD and catalase, but 
could not be by SOD or catalase alone (Fig. 3). The increase in 8-glucuro­
nidase activity was not reduced by these treatment. 
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Fig. 3. Effects of SOD or/and catalase on serum acid 
phosphatase activity 3 h after the burn stresso 
Control rats were injected with 1.0 ml of saline. 
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The changes in TBA reactive substances 

The increase in serum TBA reactants 3 h after the burn stress was not 
significantly reduced by the treatment ~th SOD or/and catalase. 

Endotoxin Shock 

Immediately after the injection of endotoxin, systolic blood pressure 
was reduced and heart rate was increased (Fig. 4). Acid phosphatase and 
S-glucuronidase activities, and serum TBA reactants were significantly 

increased (Fig. 5, 6). 
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Fig. 4. Changes in systolic blood pressure and heart 
rate of rats injected with endotoxin (100 mg/kg). 

200 

100 

;! 50 
:ll-

.19 

.21 
a. 
UI 

E 

0---0 ~-Glucuronidase 

_ Acid phosphatase 

* p<O.oOl 

n=12 
a. 20 

~ ffr ----,-----,-----,--------.--------, <J.: 0 I I I i I 
o 10 20 30 45 60 
Time, min 

Fig. 5. Changes in serum acid phosphatase and S-glucuro­
nidase activities after the injection of endotoxin 
(100 mg/kg). 



.. .. 
c: 
as .. 
() 

as 
~ 

*** 
6 *** 

3 

2 

** 

* P<0.05 

** P<O.OI 

*** P<0.005 

*** 

O~~O----'0~--~20----3~O------4~5----~60~ 

Time (min) 

Fig. 6. Changes in serum TBA reactants after the injection 
of endotoxin (100 mg/kg). 

These changes were most remarkable at 45 min after the injection of 
endotoxin. All rats were killed at 45 min after the endotoxin injection, 
and the changes in following parameters of rats treated with SOD or 
catalase were examined. 

The changes in systolic blood pressure 

The blood pressure was significantly reduced 45 min after the injection 
of endotoxin. The reduction was significantly inhibited by the treatment 
with SOD or catalase (Fig. 7). 
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Fig. 7. Effects of SOD or catalase on endotoxin shock. 
SOD or catalase was injected sc 12 and 1 h before 
the injection of endotoxin (100 mg/kg). 
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The changes in serum acid phosphata.se and S- glucuronidase activities 

The increase in acid phosphatase activity after endotoxin shock was 
significantly inhibited by the administration of SOD or catalase (Fig. 8). 
The increase in S-glucuronidase activity was inhibited by the treatment of 
SOD, but could not be by catalase (Fig. 9). 
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The changes in TBA reactive substances 

Serum TBA reactants were significantly increased 45 min after the 
injection of endotoxin. The increase was inhibited by the administration 
of SOD but not by catalase (Fig. 10). 

DISCUSSION 

After injection of endotoxin (100 mg/kg) or immersion in 80°C water, 
the blood pressure was significantly decreased, and serum lysosomal enzyme 
levels were increased. These findings indicate that these treated rats were 
in shock state. Serum TBA reactive substances were significantly increased 
after the shock. The aggravation of endotoxin shock was prevented by the 
treatment with SOD or catalase. However, only a slight prevention was 
observed in burn shock. 

The implication of oxygen radicals and free radical lipid peroxidation 
in the pathogenesis of shock was reported in different shock models; endo­
toxin shock (Yoshikawa et al., 1986; Maiarino et al., 1986; Kunimoto et al., 
1986), burn shock (Saez et al., 1984; Till et al., 1986), mesenteric artery 
occlusion shock (Novelli et al., 1986), and hypovolemic-traumatic shock 
(Schlag and Redl, 1986). 

In shock, an insufficient defence system and excessive free radical 
generation may result in severe cell damage. These produced oxygen radicals 
may initiate lipid peroxidation and thus directly damage the cell membrane, 
which contains a large amount of polyunsaturated fatty acids. Furthermore, 
lipid peroxides produced by peroxidation of lipid injure several organs. 
These processes enhance vascular permeability, histamine secretion, platelet 
aggregation, and generation of chemotactic factors. 

The source of oxygen-derived free radicals produced in shock states 
seems to be different in several shock models. Oxygen radicals are generated 
from activated granulocytes, from xanthinoxidase activity, and by damage to 
mitochondrial oxidative capacity. 
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The present data confirm the previous report that lipid peroxidation 
occurs during endotoxemia (Yoshikawa et a1., 1983). Furthermore, SOD and 
catalase can prevent the aggravation of endotoxin shock suggesting the 
involvement of the oxygen radicals. On the other hand, SOD and catalase 
did not show a strong preventive effect against burn shock. Dimethyl 
sulfoxide, a hydroxyl radical scavenger, can prevent the aggravation of 
burn shock (unpublished data). 

The origin and the chemical nature of lipid peroxidation products 
appearing in serum of rats with burn and endotoxin shock are not yet 
known. However, from all this rather indirect evidence we can conclude 
that a pathological mechanism involving the oxygen-derived free radicals 
is indeed operative in burn and endotoxin shock. Therefore, scavengers of 
free radicals may become an important therapeutic agent in the future. 

REFERENCES 

94 

Adams, H.R., Baxter, C.R., Parker, J.L., and Senning, R. Circ. Shock 
8: 613 (1981). 

Andersch, M.A., and Szczypinski, A.J. Am. J. C1in. Path. 17: 571 
(1947). 

Balis, J.U., Rappaport, E.S., Gerber, L., Fareed, J., Buddingh, F., and 
Messmore, H.L. Lab. Invest. 38: 511 (1978). 

Bulkley, G.B. Surgery 94: 407 (1983). 
Bunag, R. J. App1. Physio1. 34: 279 (1973). 
Cova, R., and G1aviano, V.V. Proc. Soc. Exp. Bio1. Med. 128: 642 

.(1968). 
Crowell. J.W., Jones, C.E., nad Smith, E.E. Am. J. Physio1. 216: 749 

(1969). 
Cunningham, S.K., and Keaveny, T.V. Eur. Surg. Res. 10: 305 (1978). 
Fishman, W.H., Kato, K., Antiss, C.L., and Green, S. C1in. Chim. Acta 

15: 435 (1967). 
Gilmore, J.P., and Handford, S.W. J. App1. Physio1., 8: 393 (1956). 
Goodall, McC., and Moncrift, J.A. Ann. Surg. 162: 893 (1965). 
Kunimoto, F., Morita, T., and Ogawa, R. Oxygen free radicals in shock, 

G.P. Novelli, and F. Ursini, eds., Karger Basel (1986). 
Maiorino, M., Bordi, L., Consa1es, G., Ursini, F., and Novelli, G.P., 

Oxygen free radicals in shock, .G.P. Novelli, and F. Ursini, eds., 
Karger, Basel (1986). 

Novelli, G.P., and De Guadio, A.R., Shock research, D.H. Lewis, and 
U. Haglund, eds., Elsevier Science Publishers, Amsterdam (1983). 

Novelli, G.P., Livi, P., Ghinassi, M.L., Brune11eschi, S., and Fantozzi, 
R. Oxygen free radicals in shock, G.P. Novelli and F. Ursini, 
eds., Karger Basel (1986). 

Novelli, G.P., Livi, P., Ghinassi, M.L., Lisi, L., Brune11eschi, S., 
and Fantozzi, R. Oxygen free radicals in shock, G.P. Novelli 
and F. Ursini, eds., Karger Basel (1986). 

Robinson, K.M., and Miller, H.I. Circ. Shock 8: 1 (1981). 
Saez, J.C., Ward, P.H., Gunther, B., and Vivaldi, E. Circ. Shock 12: 

229 (1984). 
Schlag, G., and Red1, H. Oxygen free radicals in shock, G.P. Novelli 

and F.Ursini, eds., Karger, Basel (1986). 
Till, G.O., Hatheri, J.R., and Ward, P.A. Oxygen free radicals in 

shock, G.P. Novelli, and F. Ursini eds., Karger, Basel (1986). 
Turinsky, J., Saba, T.M., Scovilli, W.A., and Shesnut, T. J. Trauma 

17: 344 (1977). 
Wolfe, R.R., and Miller, H.I. Am. J. Physiol. 231: 892 (1976). 



Wolfe, R.R., Elahi, D., Spitzer, J.J., and Miller, H.I. Surg". Gynecol. 
Obstet. 144: 359 (1977). 

Yagi, K.~em. Med. 15: 212 (1976). 
Yoshikawa, T., Murakami, M., Furukawa, Y., Kato, H., Takemura, S., and 

Kondo, M. Thromb. Haemostas. 49: 214 (1983). 
Yoshikawa, T., Seto, 0., Itani, K., Kakimi, Y., Sigino, S., and Kondo, 

M. Oxygen free radicals in shock, G.P. Novelli, and F. Ursini, 
eds., Karger Basel (1986). 

95 



THE SIGNIFICANCE OF PENTANE MEASUREMENTS IN MAN 
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OVERVIEW OF THE METHODS OF LIPOPEROXIDATION DETERMINATION 

Lipoperoxidation of polyunsaturated fatty acids, constituents of cell 
membranes, is the main feature running out of in vitro experiments on 
oxygen toxicity (I). Theoretical considerations let us ~uppose that, in 
in vivo conditions, lipid autoxidation can occur, explaining some aspects 
of oxygen toxicity, particularly at the pulmonary level (2). However, 
until now, no absolutely safe methods have been elaborated, to unequivocally 
demonstrate the in vivo lipoperoxides production. Theoretically, a safe 
method would determine a lipoperoxide derivating product which is not 
further catabolized and which arises exclusively from lipoperoxidative 
pathway. Different procedures were proposed, each one based on the deter­
mination of a particular step, during hydroperoxide decomposition. The 
steps are the following : 
a) Peroxidation of polyunsaturated fatty acids, after diene conjugation (3); 
b) Spontaneous or catalytically accelerated breakdown of hydroperoxides 

leading to ma10na1dehyde (MDA) and to other fragments, which become 
finally hydrocarbons, such as ethane and pentane, or pentano1 (4,5). 

It is not often possible to directly detect the presence in vivo of 
hydroperoxide ROOH function, because its instability, particularly high 
in biological conditions. However methods such as sensitive iodometry (6) 
or the use of a chromogen (7,8) can reveal the presence of hydroperoxide 
in biological samples (7), abnormally poor in anti1ipoperoxidant agents. 
Preference was given to the dosage of decomposition products arising from 
ROOR, in biological sampling. 
Ma10naldehyde (MDA) determination is the most popular procedure to estimate 
in vitro and in vivo 1ipoperoxidation processes, by means of thiobarbituric 
acid. But it cannot be considered as a safe method because MDA can arise 
from other pathways than lipoperoxidation, and particularly, from thrombo­
xane biosynthesis (9). On the other hand, MDA itself enters in the forma­
tion of lipofuscin, reacting with aminoacids to give Schiff bases (10). 
Another argument against MDA technique is that the lipoperoxide decomposi­
tion does not lead automatically to MDA (II), and thus, that "MDA production 
is only a small proportion of the total PUFA loss" (12). 
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Conjugated dienes measurements by measuring optical absorbance at 233 
nanometers was another technique proposed for lipoperoxidation estimation 
(13) • Dienes appear at the onset of peroxidation (3), .and seem to be linked 
to several steps of peroxide decomposition. However we have observed that 
conjugated dienes decreased in contact with blood plasma. Detection of 
pentane in exhaled gases was proposed as a specific mean to evidence lipo­
peroxidation processes in living animal and in man (5). This method is not 
invasive, and it was supposed that pentane could only arise from lipopero­
xi dation and that it could not be metabolized. However the possible 
metabolism of pentane by hepatic metabolism constitutes a risk recently 
evoked (14). 

DECOMPOSITION OF LIPOPEROXIDES INTO HYDROCARBONS 

This phenomenon was predicted by Frankel et al. (1), in 1961, and 
experimentally confirmed by subsequent works. Autoxidation of methyl 
linoleate produced, according to Horvat et al. (3), methane, ethane, 
propane, butane, and pentane, this latter representing 90% of total emission 
of hydrocarbons. The improvement of GLC techniques permitted to demonstrate 
that ethane and pentane were the mean hydrocarbons resulting from lipopero­
xide decomposition (5). 

Frankel et al. (1) has proposed that hydrocarbon formation resulted 
from the splitting of the fatty chain on the alkyl side of the carbon chain 
supporting the -OOH function. A demonstration of this theory was afforded 
by Evans et al. (6), showing that linoleate hydroperoxide decomposition 
formed pentane , but that another pathway was also possible, forming non 
volatile pentanal. Further research showed that ethane arised fromw3 
polyunsaturated fatty acid (linolenic acid family), while pentane resulted 
from~6 family of polyunsaturated acids, such as linoleic, and arachidonic 
acid (7,8). The role of iron in hydrolipoperoxide decomposition clearly 
appeared (8) 

+ ROOH -----to RO' + OH 

EXHALED GASES AS INDEX OF IN VIVO LIPID PEROXIDATION 

Already in 1974, Riely et al. (11) proposed the ethane measurement as 
an index of peroxidation in tissues homogenates. However Dillard et al. 
(12) prefered the determination of pentane in expirated air, during in vivo 
lipid peroxidation experiments on animal, in place of ethane measurement, 
considering the quantitative dominance ofGV6 family in most animal tissues. 
They estimated, for instance, that in the study of tocopherol effect in 
protection of rodents against in vivo lipoperoxidation, pentane determina­
tion afforded best results than ethane. However feeding a fat source high 
in w3 fatty acids, such as cod liver oi.l, enhanced greatly the ethane 
production in rats, relatively to those fed with lard (~6 rich), during 
carbon tetrachloride-induced in vivo peroxidation (14). 

THE PROBLEM OF HYDROCARBON METABOLISM 

Some years ago, it has been observed that liver microsomes metabolized 
hydrocarbons into corresponding alcohols (15). 

Frank et al. (16) exposed rats to an atmosphere containing ethane, 
propane, butane and pentane, and observed a diminution in the hydrocarbon 
concentration, proportional to the chain length. The phenomenon was 
inhibited by administration of three inhibitors of hepatic hydroxylation : 
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tetrahydrofuran, dithiocarb or carbon monoxide. However, metyrapone, 
recognized as a potent inhibitor of cytochrome P450 system, was without 
effect. Muller et al. (17) observed that n-pentane disappeared from the 
chamber containing perfused livers, although they were submitted to Fe2+, 
a treatment which induces massive peroxidation, and concluded that this 
hydrocarbon was metabolized by hepatic tissue. Recently, Lawrence and Cohen 
(I8,I8b) found that ethane measurement was a better index of lipid peroxida­
tion than pentane measurement, because ethane was practically not metabolized. 
Other authors gave also a preference for ethane, for in vivo lipoperoxidation 
estimations (19,20). According to Lawrence et al. (21), ethane measurements 
would furnish better results for the study of the role of vitamin E on 
lipoperoxidation inhibition, in the rat, than pentane determination, proposed 
by Tappel (22). Nevertheless, recent attempts to evidence lipoperoxidation 
processes in human were performed measuring pentane (23,24), following the 
first works of Dillard et al., in 1978 (25). Wade and Rij (26), studying 
ethane and pentane exhalation in volunteers, established a mathematical 
formula, in order to calculate the correction of the measured pentane 
values, taking in account the rapid metabolism of pentane, and its solubility 
in tissues. In accord with Tappel (13) and Dillard (12), these authors 
estimated that pentane would provide a more reliable measure of in vivo 
lipoperoxidations, becauseUJ6 fatty acids are the predominant polyunsaturated 
fatty acids in the membranes. 

We have observed (27) that pentane emission from autoxidized linoleate, 
occuring in sealed vials, was significantly lowered in the presence of 
hepatic microsomes from phenobarbital-treated rats. As it appears on 
fig. I, this phenomenon was not observed with boiled microsomes. Metyrapone, 
an inhibitor of the cytochrome P450 system, restored, at 80% of the control 
values, the amount of pentane emitted by linoleate peroxides, in the presence 
of microsomes. Cytochrome P450 seems thus to intervene in the metabolism of 
pentane, as earlier suggested (IS). 

% ~ ~ 
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25 ~ 

A B c o 
Fig. I. Emission of pentane from autoxidized lino­

leate peroxide emulsion, in percent of A 
(controls). A : emulsion alone. B : emul­
sion + hepatic microsomes from phenobarbi­
tal-treated rats. C : emulsion + boiled 
microsomes. D : emulsion + microsomes + 
metyrapone 10-3 . 
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An important cause of artefact must be underlined, in experiments 
measuring pentane emission from microsomal suspensions : it is the retention 
of pentane by lipoproteins suspensions, at room temperature. Pentane is 
known to be soluble in fat, in a greater measure than ethane (26). However 
after heating microsomal suspensions, at temperature higher than 37° C 
(the boiling point of pentane), pentane is entirely desengaged from the 
aqueous phase. 

RELIABILITY OF IN VIVO LIPOPEROXIDATION ESTIMATION BY PENTANE MEASUREMENTS 

A first doubt on the safety of this method was emitted relatively to 
the experiments on rodents. It was suggested that the major source of 
pentane, in the rat, during experiments with vitamin E-deficient diet 
particularly, was the intestinal bacteria. This hypothesis was sustained 
by the fact that antibiotics depleted pentane exhalation in rats (28). 

Another reason of uncertainty was the great variability of results, 
not only from one publication to another, but also in a same group of 
experiments. For example, Dillard et al. (25) found, "in 5 normal volunteers, 
amounts of pentane varying from approximately 70 pmoles to 1300 pmoles In 
expirated air, in 2 minutes. If one estimates that 20 liters air are 
approximately exhaled in 2 minutes, these data would become 2.8 to 52 pmoles 
per liter. Morita et al. (24) demonstrated that the basal pentane emission 
varied ten fold in expirated air, among individuals. Wade and Rij (26), 
using a rebreathing technique in human experiments, found 40 pmoles/liter 
of expirated pentane, at the onset of the experiment, raising to 90 pmoles/ 
liter after 1 hour. These authors calculated, using a coefficient of 
pentane metabolism, that the normal pentane concentration was 120 ± 50 
pmoles/liter, in expirated air. 

We have used, for pentane exhalation determination in humans, a new 
procedure to trap theexpirated hydrocarbons, using charcoal cartridges at 
room temperature. Charcoal was extracted with carbon disulfide, and sample 
of 5 pI CS2 were injected on a Porapak T column, in a GLC Barber-Colman 2000, 
equipped with a modified FID detector, presenting a very low electronic noise. 
As Dillard et al. (25), we found, on 22 normal male volunteers, a wide 
distribution of pentane values, in expirated air (Fig. 2), raising from 
5 pmoles/liter to 140 pmoles/liter. 

These discrepancies in pentane concentrations can be explained by 
several causes : 

1. Feeding habits, with variations ofw6 andw3 fatty acids intake, from 
a subject to another. 

2. Variations in peroxidized fatty chain breakdown, leading not only to 
hydrocarbons, but also to aldehyde (6). 

3. Variations in pentane metabolism, particularly in subjects receiving 
cytochrome P450 inducing drugs (barbiturates, anticonvulsivants, etc). 

4. Variations in metabolic rate, particularly those in relation with the 
muscular activity , which can deeply enhance pentane exhalation (until 
to 800%) as shown by Dillard (25). 

Arguments 3. and 4. seem to be the most valuable. 
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Fig. 2. Distribution of pentane values among 22 normal volunteers. 

OPPORTUNITY OF HYDROCARBON MEASUREMENTS 

It is not possible to obtain normal values with a better preC1S1on 
for expirated pentane, imprecisions caused either by metabolic rate varia­
tions (let us remember the difficulties to measure basal metabolism by 
oxygen consumption), either by cytochrome P450 inducers; it is however 
possible to obtain significant results during experiments where a subject 
is his own control,and when pentane variations considerably raise up the 
initial value. The results of Dillard et al. (25) obtained by this metho­
dology, concerning the role of vitamin E in prevention of pentane emission 
during strong exercise, ,.ere very' significant. Repeating the experiments 
of Dillard, and using our own method of pentane trapping, we also found 
that, in man, exercise produced ,a rise of more than twenty fold of expirated 
pentane, and that a treatment with vitamin E during 3 weeks reduced this 
increase to 6 fold only. 

Exhaled hydrocarbons determination is the sole method applicable for 
in vivo lipoperoxidation study, and is thus very important for human 
research. It is a method which is not more or less safer than the other 
techniques designed to measure the decomposition products of lipoperoxides. 
We think that these methods are complementary, and that it is preferable, 
when it is possible, to perform diene, malonaldehyde and pentane measure­
ments together. These measurements constitute the first approach of the 
problem of lipoperoxidation evaluation. The second approach, which completes 
the results obtained with the first, is generally poorly known. It consists 
to quantify the total antilipoperoxidant and antiradicalar activities of 
tissues (29), in order to determine the diminution in the intracellular 
defenses to oxidants. 
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CONCLUSIONS 

At present, in vivo lipoperoxidation phenomenons can be detected and 
estimated by analysis of products arising from the lipoperoxide-breakdown. 
Pentane measurements in the breathed air, proposed as a non invasive method, 
and estimated to be safer than diene or malonaldehyde determinations, is 
yet submitted to several risks of inaccuracy, regarding to the hepatic 
metabolism of pentane, particularly. However significant results can be 
obtained when a subject is his own control and when pentane variations are 
sufficiently marked. The results obtained with these different determina­
tions must be completed by a poorly known method which consists to quantify 
the variations of antiradicalar or antilipoperoxidant contents of tissues 
or plasma. 
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Lipid peroxidation (LP), which involves the oxidation of polyunsatu­
rated fatty acids, has been implicated in several pathological 
conditions, including cancer (1) and atherosclerosis (2-4), and in 
the ageing process (5,6). Many of the products of LP can react with 
oxygen to form epoxyhydroperoxides, ketohydroperoxides, and cyclic 
and bicyclic peroxides (7). These secondary products can in turn 
decompose to monohydroperoxides, aldehydes such as malonyldialdehyde 
(MDA), and volatile hydrocarbons (HCs)(7). 

Markers of Lipid Peroxidation 

Investigators have been developing methods to measure LP in vitro 
in order to confirm the presence of this process in altered phYSiological 
states. The most commonly used technique is the detection of MDA via 
its reaction with thiobarbi turic acid (8). Other methods include the 
use of fluorescence spectroscopy for direct measurement of MDA (9), 
ultraviolet spectroscopy to detect diene conjugation in damaged fatty 
acids (10), and chemiluminescence to detect the presence of free radicals 
in tissue samples (11). However, none of these techniques can be carried 
out in vivo and most of them require lengthy procedures or yield non­
quantitative results. 

Recently the volatile HCs ethane (12) and pentane (13) have been 
used to measure LP. Ethane is formed from the peroxidation of w-3 fatty 
acids, such as linolenic acid, while pentane is a product of the per­
oxidation of w-6 fatty acids, such as linoleic acid and arachidonic 
acid (13). Detection of these gases appears to be a sensitive, specific, 
efficient, inexpensive, easy method of measuring LP in vivo. 

Measurement of Ethane and Pentane 

Volatile HCs in expired air have been detected using gas chromato­
graphy (GC). The type of detector attached to the GC apparatus is of 
great importance to the sensitivity of the results. The flame ionization 
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detector (FID) is the most widely used type in the analysis of HCs 
due to its sensi ti vi ty and versatility in detecting a wide range of 
organic compounds. However, it requires that breath samples be concen­

trated using an adsorbent such as activated charcoal prior to injection 
into the column of GC (14,15). 

The photoionization detector (PID) has recently been used to study 
HCs and appears to be much more sensitive than the FID for measurement 
of ethane and pentane (16). There is no need to concentrate the sample 
before injection. 

Previous Studies of Exhaled Alkanes 

Many authors have reported on the use of GC to detect changes in 
HC levels in the breath of animals under changing conditions. In rats, 
several agents suspected of inducing LP have been found to cause an 
increase in the production of one or more HCs. Pentane levels were 
elevated in expired air after administration of iron-dextran (17), 
polyunsaturated fatty acids (18), and carbon tetrachloride (19,20). 
Exhaustive exercise also caused a moderate increase in pentane (21). 

Some compounds have the ability to protect lipids from being oxidized. 
One study showed that the presence of vitamin E in the diet decreased 
levels of expired pentane in rats (22). In monkeys, vitamin E reduced 
the production of HCs in the presence of ozone, a known LP inducer 
(23). Other substances have also shown antioxidant properties in rats, 
including selinium, methionine (24), and mannitol (25). 

A few investigators have extended their work to include human 
sUbjects. As was found in rats, exercise led to an increase in expired 
pentane while intake of vitamin E prevented that increase (26). In 
newborn infants, administration of a lipid emulsion led to an increased 
exhalation of ethane and pentane (27). These results show that the 
method of measuring LP in vivo by the detection of volatile HCs in 
the breath can be applied in human studies. 

Materials and Methods 

1) Gas Chromatography 

The gas chromatographic system consisted of an SE-30 column (5% 
on Chromosorb G) and a photoionization detector, model 10AIO (Photovac, 
Inc., Thornhill, Ontario Canada). The PID system is based upon the 
emission of photons from an ultraviolet lamp containing a low pressure 
gas. Emission occurs when the gas is excited by a radio frequency source. 
Compounds in the passing sample will be ionized, provided their 
ionization potentials are below the energy of the emitting photons 
(28-30). In the case of pentane, the lamp output must be above 10.35 
eV. Any ionized compound will cause a response depending o~ its 
concentration, while unionized substances will pass undetected. 

The carrier gas used was zero-grade compressed air (Roberts Oxygen 
Co., Washington, D.C.). This was passed through a hydrocarbon trap 
(Applied Science, State College, Pa.) and then into the column at a 
flow rat of 10 ml/min. The entire PID analysis was done 'at room 
temperature (22 +1 -3°e). 

2) Calibration and analysis of pentane 

Liquid pentane 
to prepare pentane 
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required to obtain desired concentrations was determined by the formula 
m = 4.1 x 10-8 M x V x C, where M = molecular mass of pentane (72.15), 

V = volume in liters, and C = concentration desired in ppm. In order 
to express the volume of pentane in ml, m. was divided by the density 
of pentane (0.62 g/ml). The calculated amount of liquid pentane was 
pipetted into a 1 liter glass gas sampling vessel with teflon stopcocks 
and a teflon-coated low-bleed septum (Supelco, Inc., Bellefonte, Pal. 
The pentane was allowed to evaporate within the nitrogen-containing 
vessel and a 1 ml sample of the gas was then diluted in another 1 liter 
vessel filled with HC-free air to yield the required concentration 
in ppbs. Using this dilution technique, five different standards were 
prepared with concentrations 'of 1048, 838, 629, 419, and 210 ppbs of 
pentane. Standard samples peak in cm was measured from a strip-chart 
recorder (Packard Co., Downsgrove, I!.). This was 'repeated eight times 
with each of the standards. The accuracy of the calibration was evaluated 
by using two different concentrations of pentane gas standards (Matheson 
Gas Products, Baltimore, Md.), 1.2 and 6.6 ppm. Between 0.05 - 1.0 
ml of both standards were injected into the GC. 

A single-channel integrator (3390 A, Hewlett Packard, Pa.) was used 
for computing and reporting the results on the basis of peak heights. 
The retention time of pentane was between 0.43 - 0.65 min. 

Samples were injected into the GC via a 1 ml glass tuberculin syringe 
(Bectom-Dickenson, Rutherford, N.J.). All measurements were done in 
triplicate. In order to convert the results from ppb to pmol/ml, a 
·factor of 0.041 (from the equation PI x VI / Tl = P2 x V2/T2) was used. 

3. Sample Collection 

Informed consent was obtained from healthy volunteers (n=26: 14 
females, 12 males) aged 34 +/-16 years. The subjects breathed room 
air for one minute through a 3-way Triple-J valve (W.E. Collins, Inc., 
Braintree, Ma.) and expired air was collected in a 22 liter 5-layer 
Tedlar gas sampling bag (Calibrated Instruments, Inc. Ardsley, N.Y.). 
Tedlar was chosen due to its inertness and impermeability to the HCs 
of interest. The sampling bag was carefully flushed three times with 
nitrogen (Roberts Oxygen Co., Washington, D.C.) between samples in 
order to avoid was evaluated by analyzing a sample from the nitrogen 
filled bag prior to each use. In addition, ambient air samples were 
measured daily to determine the ambient pentane concentration. 

Using the same method, breath samples were collected from hospital 
patients undergoing renal transplantation and cardiac catheterization. 

Results 

The results of the pentane calibration procedure showed that the 
standard curve is linear up to 1050 ppb (43 pmol/ml) with a detection 
limit of 10 ppb (0.41 pmol/ml). 

The concentration of pentane in the ambient air of the laboratory 
was 0.69 + 0.05 pmol/ml (mean + SE: n=35). The pentane concentration 
of the nitrogen-filled bag was 0.38 + 0.03 pmol/ml (m=45). When analysis 
of variance was used to test the differences between triplicate measure­
ment from the same sample, the F value was 0.017 (NS). The coefficient 
of variation (CV) was 5%. When known concentrations of pentane were 
injected into the GC, the recovery was 92%. 

The mean concentration of pentane in the minute volume of expired 
air of the heal thy human subjects was 11.45 + 1.1 pmol/ml ranging from 
3.06 21.5 pmol/ml. This concentration correlated with the surface 
area in m2 (r=0.759: p 0.001, n=26: fig. 11. There were no significant 
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differences in the concentration of pentane between females and males. 

Figure 
following 
A,B and D 

2 shows levels of pentane in the expired air of patients 
renal transplantation. The increases demonstrated in patients 
correlate with periods of transplant rejection. 

In the case of patients undergoing cardiac catheterization, samples 
were taken both before and after the procedure was performed. Although 
there appeared to be a trend toward an increase in expired pentane 
immediately after catheterization was completed, this increase was 
not found to be statistically significant (data not shown). 

Discussion 

The biological effects of LP products and their roles in several 
disease states have attracted much attention in the past. They have 
been implicated in cancer, atherosclerosis, diabetes, reperfusion injury, 
and in toxicity induced by chemicals such as ethanol, carbon 
tetrachloride, alloxan, and certain pesticides. This has led to the 
development of several analytical techniques to measure LP products, 
both in vitro in in vivo (9-13). Most of these methods are non-specific 
and time-consuming. Al though the measurement of MDA by its reaction 
wi th thiobarbi turic acid (TBA) has been popular, the TBA reaction is 
not specific for MDA since many other LP products give positive 
reactions. Also, MDA may not be a useful marker for in vivo LP due 
to its rapid metabolism (31). 
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Figure 1. Plot of pentane levels in expired air vs. body surface area 
of human volunteers (r=O.759, n=26). 
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Lately, much attention has been given to the measurement of HCs 
in the expired air of experimental animals as an index of in vivo LP. 
We have used a gas chromatographic atechnique with a photoionization 
detector for the measurement of pentane in human expired air. Unlike 
previous GC techniques which are cumbersome, time-consuming, and required 
extensive sample concentration, our method is very simple, sensitive, 
rapid, and does not require any tedious procedures for sample concent.ra­
tion. In addition, the entire separation and measurement can be perfo~~ed 
at room temperature. 

12 
• Patient A 

E 10 .6. B 
o C 

0 8 E 
• D 

a. 
QJ 6 
c: 
as 4 E 
QJ 

a. 2 

0 20 30 
Days after transplantation 

Figure 2. Pentane levels in four patients having undergone renal 
transplantation. In patients A,B and 0 the time of increase in pentane 
levels coincides with signs of transplant rejection. Each point is 
the mean of three readings from the same patient. 

Our pentane values in humans (3-21. 5 pmol/ml) are higher than those 
reported by others. This discrepancy may be due to difference in sample 
preparation and treatment, or inadequate sample concentration in previous 
methods. Also, the PIO system is more sensitive than the earlier FlO 
systems, as the detection limit of our PIO was (0.41 pmol/ml). It also 
allows measurement to be done directly and permits immediate comparison 
with a known standard. 

The variation seen in the values of pentane among individuals may 
be due to factors such as exercise status, diet, smoking, and metabolic 
rate. Very little information is available regarding the metabolism 
of pentane in humans but it has been shown that pentane is metabolized 
in rats by liver alcohol dehydrogenase (31). 

Our studies also show that a positive correlation exists between 
pentane levels and body surface area, suggesting that the expired pentane 
may reflect whole body pentane, and hence, whole body LP. However, 
the source of pentane in expired air is still unknown. 

107 



We have used this technique to measure pentane levels in hospital 
patients, as well as healthy individuals. The equipment is easily trans­
ported to the patient's bedside. Our results show that there is a 
decrease in pentane levels as the patient recovers from renal 
transplantation, while an increase is observed during rejection. This 
is an exciting observation and needs further evaluation. As for patients 
undergoing cardiac catheterization, an increase in pentane was seen 
following the procedure as compared to measurements taken before the 
catheterization, but the difference was not significant. 

In conclusion, we feel that measurement of expired pentane using 
GC-PID is a sensitive, rapid procedure which can be used clinically 
to detect LP. It is particularly attractive due to its non-invasive 
nature, portability, and ease of operation. 
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EICOSANOIDS AND THE PATHOPHYSIOLOGY 
OF SEPSIS AND TRAUMA 
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Vanderbilt University, Saint Thomas Hospital, Nashville, Tennessee 
Respiratory Surgical Intensive Care Unit, Massachusets General 
Hospital, Boston, Massachusetts, 

INTRODUCTION 

Medical Corps, U.S. Navy, FPO Seattle, Washingthon, 
University of Massachusets, Worcester, Massachusetts. 

Circulatory shock from sepsis continues as a major clinical problem 
in the world. No new treatment modalities other than volume resuscitation 
have emerged as effective agents since the early concepts of humoral 
mechanisms were formulated in the early part of this century. The disco­
very of Northover and Subramanian in 1962 (1) that cyclooxygenase 
inhibitors attenuated the hemodynamic events and prolonged the survival 
in endotoxemia in dogs has stimulated a sUbstantial interest in the area 
of the role of eicosanoids in endotoxin shock, bacteremic shock, the 
sepsis syndrome and septic shock (2-22). 

The purpose of this chapter is to review the human studies of 
sepsis and trauma that suggest the eicosanoids may be implicated in the 
pathophysiology of these entities. Several clinical problems in sepsis 
and trauma are well recognized: hemodynamic alterations, inflammation 
and capillary permeability, immunosuppression, metabolic abnormalities 
and multiple organ dysfunction. All of these areas cannot be reviewed in 
detail, however there are enough reported studies in some areas to 
formulate interrelationships. 

HUMAN SEPSIS 

The first studies that suggested the eicosanoids may be active in 
human sepsis was reported by Ramwell et al. in 1975 (23). Three 
severely ill septic patients demonstrated elevated mixed venous PGF2a 
values. Baracos et al. (24) reported that protein degradation by human 
leukocytic pyrogen may be mediated in part by PGE2. utilizing an in 
vitro muscle preparation, these investigators demonstrated that protein 
degradation was accelerated when incubated with human leukocytic pyrogen 
as compared with normal plasma. Interestingly, PGE2 levels correlated 
directly with protein degradation. Indomethacin (a cyclooxygenase 
inhibitor) prevented the proteolysis and eicosanoid production. Plasma 
thromboxane values in human septic shock were first reported by Reines et 
al. (25). Elevated thromboxane values were clearly present in septic 
shock and these authors correlated the levels to nonsurvivors. They did 
not report the relationship of these eicosanoids to other pathophysio-
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logical events. A study of five septic patients and the eicosanoids was 
reported by Parratt and colleagues (26) in 1982. They attempted to 
correlate plasma PGF2a or iTXB2 to various hemodynamic or pulmonary 
parameters. Thromboxane values were greater than PGF2a values, 
however these eicosanoids correlated only with alveolar-arterial oxygen 
differences. Oettinger et al. investigated the hemodynamic and 
respiratory parameters and their relationship to endogenous PGF2a 
values in nine patients with severe sepsis (27). Healthy volunteers 
and nonseptic intensive care patients were utilized as control sUbjects. 
All patients in sepsis were hyperdynamic. Endogenous arterial PGF2a 
concentrations were significantly increased in the hyperdynamic state of 
septic shock compared to the preshock and recovery periods of time in 
these patients. In addition, these PGF2a values were significantly 
increased in the hyperdynamic state of septic shock compared to the 
preshock and recovery periods of time in these patients. In addition, 
these PGF2a values were significantly increased in the hyperdynamic 
state of septic shock compared to the preshock and recovery periods of 
time in these patients. In addition, these PGF2a values were 
significantly greater than those of the healthy volunteers and the 
nonseptic intensive care patients. Of particular interest was the finding 
that the lungs of nonseptic intensive care patients cleared PGF2a from 
233 ± 17 to 48 ± 31 pq/m1; whereas in the septic patient the arterial 
concentrations of 1252 ± 119 pq/ml significantly exceeded the mixed venous 
values of 824 ± 89 pq/ml. These authors imply that a) the endogenous 
PGF2a values were related to the hyperdynamic state of severe sepsis; 
b) that the lung in sepsis has a net production of eicosanoids and c) that 
the endogenous PGF2a did not correlate individually with respiratory 
parameters or pulmonary vascular resistance data. 

In a slightly different approach than pure sepsis, fifteen patients 
with thermal injuries were studied to determine whether or not changes in 
thromboxane and prostacyclin values might account for some of the observed 
systemic changes in burned patients (28). TxB2 and 6-keto-PGF1a 
values were determined once or twice per week in each patient. Early 
after burn injury TxB2 values were significantly elevated, but gradually 
decreased within the ensuing three weeks. of particular interest in their 
study were the nine patients who developed sepsis. All the septic 
episodes occurred 14 days post burn. Plasma TXB2 values were correlated 
with sepsis and were extremely high (3.47 pm/ml); a 115 fold increase over 
control values. Patients who were septic after 14 days post injury 
consistently maintained elevated thromboxane B2 levels, similar to those 
observed seven to 14 days post burn. The increase in plasma thromboxane 
B2 coincided with the development of sepsis; the nonseptic patient did 
not have a similar increase in thromboxane B2 even up to 53 days after 
~nJury. The authors suggest that the eicosanoids contribute to 
post-thermal injury systemic responses, both in the acute phase as well as 
during sepsis. 

The next stUdies reported utilized pharmacologic agents that inhibit 
specific arachidonic acid metabolites. These two studies utilized 
Dazoxiben, a selective thromboxane synthetase inhibitor, in the adult 
respiratory distress syndrome. The reason for including these studies is 
that in both of them septic patients were included. Leeman et al. 
investigated the hemodynamic and gasometric effects of Dazoxiben in seven 
patients who developed adult respiratory distress syndrome (29). The 
patients were studied for 120 minutes after a single intravenous bolus 
dose of Dazoxiben 1.5 mg/kg/BW. The clinical data indicated that the 
etiologies of the ARDS were varied. Two patients had septic shock. One 
patient had hemorrhagic shock, and one patient each had cardiopulmonary 
bypass injury, pulmonary contusion and an inhalation injury. The study 
was performed within the first 48 hours after recognition of ARDS as 
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defined by an arterial oxygen pressure (pa02) less than 60 mmHg with a 
concentration of oxygen in the inspired gas (Fi02) equal to 0.40 or 
more, associated with bilateral diffuse pulmonary infiltration on the 
chest radiograph in the absence of left ventricular failure, pulmonary 
infection or chronic pulmonary disease. Patients who had received 
corticosteroids or nonsteroidal inflammatory drugs were excluded. Each 
patient was hemodynamically stable. Four of the seven patients survived, 
and three patients died from sepsis at least ten days after the end of the 
study. Hemodynamic parameters included heart rate, cardiac index, mean 
systemic arterial pressure, systemic vascular resistance, mean pulmonary 
arterial pressure, pulmonary vascular resistance and right ventricular 
stroke work index. Gasometric determinations included Pa02, PaC02, 
PV02 and venous admixture. These parameters were measured before, 30, 
60 and 120 minutes after Oazoxiben. Their results show that hemodynamic 
parameters were not affected following Oazoxiben; however, Pao2 rose 
progressively from 83 ± 13 to 101 ± 13 mmHg and venous admixture decreased 
slightly from 34 to 29 ± 4, two hours after the injection of Oazoxiben, 
but none of these changes were statistically significant. There was no 
change in coagUlation screening tests observed during the study or the 
following day. The authors conclude that thromboxane A2 is not an 
important mediator in pulmonary hypertension occurring during human AROS, 
at least once the syndrome has been recognized. Further, they stated that 
it is unlikely that Oazoxiben will provide a breakthrough in the 
management of patients with established AROS, regardless of the etiology. 
The second study with Oazoxiben is somewhat similar, but the question 
asked is different from that of the first study. Reines et al. 
investigated the role that Oazoxiben has in human sepsis and adult 
respiratory distress syndrome (30). They asked the question: Will 
Oazoxiben, a thromboxane inhibitor, be safe and efficacious in patients 
with AROS? Their patients included five control patients and five 
Oazoxiben treated patients. Following initial evaluation, the patients 
were randomized to either saline or Oazoxiben groups. In the therapy 
group, Oazoxiben, 100 mg was given I.V. every four hours. There were five 
patients in each group. study parameters were evaluated four hours before 
Dazoxiben and every four hours thereafter for a period of 72 hours. 
Excluded were patients with major cardiac injuries and patients with 
significant pre-existing renal or pulmonary problems. Cardiovascular 
parameters were evaluated in these patients. The results were similar to 
the previously mentioned study. There were no differences in the 
cardiovascular parameters or the pulmonary parameters. The coagulation 
changes were similar in both groups. The authors concluded that Oazoxiben 
appears safe; it does lower the immunoreactive thromboxane B2 levels in 
these patients. The patients did represent a variety of etiologic causes 
for their AROS. The authors questioned whether or not there was a role 
for thromboxane B2 in these patients with AROS; if there were a 
significant role, -it probably occurs early in the course of AROS. 
Further, they raised the question of whether or not immunoreactive 
thromboxane A2 has a role in sepsis. 

To further elucidate the potential role of the eicosanoids in patients 
in septic shock, Halushka et al. reported elevated plasma 6-keto-PGFlc 
in patients in septic shock (31) Fourteen patients admitted to the 
intensive care units with a diagnosis of septic shock were studied. 
Criteria for inclusion in this study were fever, abnormal white cell 
count, hypotension without pressor drugs and positive intraperitoneal or 
blood cultures. Catecholamines, antibiotics and steroids were given when 
clinically indicated. No patient in this study received aspirin or any 
other nonsteroidal anti-inflammatory drug. Treatment was not influenced 
by participation in this study. Three patients not in sepsis or in shock 
who had a central venous catheter served as controls. Six-keto-PGFlc 
values were obtained as soon as possible after the diagnosis of sepsis. 
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Hemodynamic data were recorded for each patient at the same time that 
blood was sampled. Some of the patients were receiving pressor agents 
when hemodynamic data were recorded. The patients were then grouped in 
categories of survivors and nonsurvivors. The levels of 6-keto-PGF1~ 
were significantly higher in the patients who died from septic shock 
compared to those who survived and compared to the control group. 
Interestingly, these results were similar to those previously reported by 
the same group in which plasma thromboxane values were the highest levels 
in patients who died from septic shock. Unlike the previous studies in 
which plasma thromboxane levels were not elevated in the survivors of 
septic shock, in the present study plasma 6-keto-PGF1~ levels were 
also significantly elevated in survivors. The authors stated it is 
unknown whether or not the elevated levels of 6-keto-PGF1~ were due to 
agonal events, the stress of shock, inadequate tissue perfusion or the 
pathogenesis of human septic shock. 

Another pharmacological approach in attempting to attenuate the 
effects of eicosanoid system on septic patients is presented in the 
following study. Twenty-five patients who met criteria for the sepsis 
syndrome and had not received salicylates were entered into the study 
reported by Reines et al. (32). Twenty-one did not receive any 
salicylates and four received a single dose of 600 milligrams of aspirin 
by rectal suppository. Criteria for the sepsis syndrome included: 1) 
temperature of greater than 390 C; 2) white blood cell count greater 
than 12,000 or 20% in immature forms; and 3) a known source of infection 
with positive cultures or positive blood cultures or gross pus in a close 
space. Cardiovascular criteria included: 1) systemic hypotension (less 
than 85 mmHg); 2) systemic vascular resistance less than 800 
dynes/centimeters/seconds-5 , or 3) unexplained systemic metabolic 
acidosis. Blood samples for immunoreactive thromboxane B2 were obtained 
from a central venous or pulmonary artery catheter as soon as possible 
after diagnosis of sepsis. These samples were obtained one to four hours 
after a single dose of methylprednisolone was given to nine patients. The 
doses of methylprednisolone given intravenously varied from one to two 
grams per patient (15-30 milligrams/kilogram). Blood samples for 
immunoreactive thromboxane B2 were obtained prior to and four hours 
after aspirin administration in four patients. A single dose of 650 
milligrams of aspirin by suppository yielded a salicylate level of 28 
mg/ml in the four patients tested. Of the 25 patients studied, nine 
received steroid treated patients, four received aspirin and 12 received 
neither. Plasma iTXB2 values were significantly increased in 
nonsurvivors compared with patients who survived. There was no difference 
in plasma iTxB2 levels between patients who received steroids and those 
who received neither steroids nor aspirin. There was no significant 
difference in prothrombin time, partial thromboplastin time and platelet 
counts between the patients who received steroids and those who did not. 
Intrapulmonary shunting, as estimated by the Pao2/Fi02 ratio, likewise 
was not different in the steroids compared to the nonsteroid group. 
Plasma iTxB2 levels decreased in all four patients receiving aspirin 
from a level of 444 ± 159 pq/ml to 174 ± 53 pq/ml. The authors imply that 
plasma iTxB2 values were utilized in the present study as a marker of 
the ability of steroids to inhibit arachidonic acid metabolism in septic 
patients. It was clear from their study that plasma iTxB2 level was 
elevated in patients dying from sepsis. The use of glucocorticoids did 
not reduce plasma iTxB2. It was their conclusion that glucocorticoids 
did not appear to significantly affect the conversion of arachidonic acid 
to thromboxane in septic patients nor did they seem to alter the other 
parameters which were evaluated. 

The next series of patients were reported by Slotman et al. from the 
Rhode Island Hospital (33) These authors evaluated the possible role 
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of thromboxane and prostacyclin and clinical acute respiratory failure. 
Of particular importance in this study were the patients who had ARDS from 
severe sepsis. Of the 67 consecutive patients at risk for ARDS who were 
studied prospectively, 12 out of 21 with severe sepsis developed ARDS. 
The difference between this study and the previous studies is that these 
patients wer~ studied prospectively. They evaluated thromboxane, 
prostacyclin, platelet and white blood cell counts for up to five days, 
The criteria for severe sepsis included the following: a) clinical 
suspicion of an infection of the urinary tract, perineum, skin or soft 
tissue, or female genital tract; b) hyperpyrexia (temperature greater than 
1010 F) or hypopyrexia (temperature less than 96 0 F); c) tachycardia 
of greater than 90 beats per minute; d) tachypnea (greater than 20 breaths 
per minute) accompanied by respiratory alkalosis in the absence of 
artificial respiratory maintenance; e) evidence of inadequate tissue 
perfusion exemplified by either altered mental status or arterial P02 of 
less than 75 mmHg without overt pulmonary disease as a cause or elevated 
plasma lactic acid levels and an urinary output of less than 30 cc's for 
one hour. Patients entered into this study were followed clinically for 
seven days. They were observed continuously for clinical signs and 
symptoms of ARDS. Plasma levels of iTxB2 and 6-keto-PGFln were 
measured by RIA daily for five days. The authors demonstrated that plasma 
iTxB2 and prostacyclin were significantly related to ARDS. The 
incidence of ARDS was significantly increased with a peak plasma 
thromboxane greater than 70 pq/ml. The authors utilized nonsteroidal 
inflammatory agents in eight patients and ketoconazole in two patients 
given within 48 hours of the study. The NSAID and Ketoconazole decreased 
the thromboxane levels, but produced no significant difference in plasma 
prostacyclin or in the incidence of ARDS. Exogenously administered 
corticosteroids were given to six patients without head injury. There 
were no significant differences between the patients who received these 
steroids and those who did not with regards to plasma eicosanoid levels or 
the incidence of ARDS. These authors confirm the previous work by Reines 
et al.: the concentration of thromboxane measured in all critically ill 
patients were similar to those Reines reported in patients surviving 
septic shock and in nonseptic control patients. The values of thromboxane 
however, were different. Data reported by Slotman revealed no significant 
difference in thromboxane concentrations between survivors and patients 
who died of their illness and/or injury regardless of the presence of 
absence of ARDS. Similarly, no association was found between thromboxane 
greater than 70 pq/ml and mortality. The authors believe that this 
discrepancy may be related to the timing of thromboxane sampling. In this 
study, thromboxane and prostacyclin measurements were obtained-early in 
the hospital course of these patients and were associated with subsequent 
development of acute respiratory failure. The overall mortality was 
significant (48~) in patients with ARDS. Most thromboxane measurements in 
this study were performed before the patients were moribund. An 
unrelated, but interesting observation made by these investigators was 
that when patients with severe sepsis were followed prospectively there 
was no associated increase in the incidence of ARDS when patients with 
head injuries were excluded. It was their conclusion that thromboxane 
B2 and prostacyclin appear to be-involved in the pathophysiology of 
clinical acute respiratory failure. Many of these cases were patients 
with severe sepsis. Their final conclusions were that thromboxane and 
prostacyclin appear to be involved in the pathophysiology of ARDS; there 
were no significant differences in patients who died whether or not ARDS 
was present with regards to thromboxane and prostacyclin; there was no 
relationship between platelet counts, white blood cell counts, ARDS, 
thromboxane and prostacyclin; steroids did not alter the ARDS or the 
eicosanoids; patients with head injuries had an increase in immunoreactive 
thromboxane B2 levels and finally, it was their opinion that thromboxane 
B2 or prostacyclin levels could not easily be utilized in the early or 
late detection of ARDS in patients. 
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There has been increasing interest the role that the eicosanoids have in 
the adult respiratory distress syndrome. The next two studies, however, 
take a different approach. The studies attempt to utilize prostaglandin 
El in the treatment of patients who have AROS from sepsis or a variety 
of other causes. These investigations are of particular interest because 
most studies have reported that the eicosanoids might be involved in the 
pathophysiology of severe sepsis as well as AROS. The first study is 
reported by Tokioka et al. and published in 1985 (34) Ten patients, 
six men and four women, with a mean age of 63 years were studied. The 
etiology of the ARDS in these patients was severe infection; six had 
peritonitis (4 bacterial, 2 candidiasis) and four had bacterial 
pneumonia. None of them had evidence of pre-existing lung disease. 
Prostaglandin El was administered intravenously to ten patients in order 
to investigate its hemodynamic effects. All patients were intubated and 
were ventilated by volume limited ventilators. Inspired oxygen 
concentration varied between 40 and 70~ and was held constant for each 
patient during the study period. To maintain arterial pressure and urine 
output, seven of the ten patients received 3-5 ug/kg/min of dopamine 
throughout the study. Six to twelve hours after admission, prostaglandin 
El was infused via a central venous catheter at 0.025 ug/kg/min for 30 
minutes. Mean systemic arterial pressure, mean pulmonary arterial 
pressure, pulmonary capillary wedge pressure and right atrial pressure 
were measured with standard pressure transducers at the end of 
expiration. Cardiac output was determined by thermal dilution technique 
and a number of calculated variables were also accomplished: cardiac 
index, systemic vascular resistance, pulmonary vascular resistance, left 
ventricular stroke work index, right ventricular stroke work index, oxygen 
delivery, oxygen consumption, intrapulmonary shunt fraction and oxygen 
extraction ratio. 

All patients had severe respiratory dysfunction. Before the 
administration of PGE1 , the shunt fraction was 36 ± 3~ and mean 
pulmonary arterial pressure was 25 ± 1 torr. Pulmonary vascular 
resistance was elevated although systemic vascular resistance was normal. 
Prostaglandin El infusions decreased mean pulmonary arterial pressure, 
mean arterial pressure and systemic vascular resistance while increasing 
the cardiac index. There was minimal change in the shunt fractions or the 
other hemodynamic parameters in the pulmonary circuit. Tokioka et al. 
concluded that PGE1 increases the ventilation perfusion uneveness 
present in these patients; PGE1 slightly improves pulmonary hemodynamic 
parameters and tissue oxygenation. The long term effects of these 
particular studies are undetermined. 

Another very interesting study utilizing PGE1 in the treatment of 
AROS was reported by Holcroft et al. in 1986 (35). Patients were 
considered for entry into the study if they had AROS that required 
mechanical ventilation with an inspired oxygen concentration of at least 
0.40; with end respiratory pressure of at least 5 centimeters of water and 
if they were not responding to conventional therapy. Patients were 
excluded if they were at risk for intracranial bleeding from a head injury 
or if they were hemodynamically unstable. A seven day infusion of 
prostaglandin E1 was evaluated in a prospective, randomized placebo 
controlled, double-blinded trial on surgical patients with ARDS. The 
infusion of PGE1 was given through a central venous catheter or through 
the right atrial port of a pulmonary arterial catheter. The dose was 
begun at 5 ng/kg/min and gradually increased over three hours to give the 
desired dose of 30 ng/kg/min. The mean systemic arterial pressure was not 
allowed to drop more than 20~ from the baseline during the titration 
period. The infusion was given for seven days or until the patient was 
extubated, whichever came sooner. All pressures, both systemic and 
pulmonary, were measured with fluid filled catheters. There were 21 
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patients randomized to the PGEI group and 20 patients entered into the 
placebo group. In both groups, there were a variety of predisposing 
problems, but each group contained a number of trauma-related patients and 
a number of sepsis-related patients. The patients in both groups were 
treated similarly during the course of the PGEI infusions. None of the 
patients in either group received nonsteroidal anti-inflanwatory drugs. 
The infusion of PGEI improved the pulmonary function. Two of the 21 PGE 
patients died with severe pulmonary failure compared with nine of the 
twenty placebo patients (p = 0.01 by Fisher's Exact Test). Pa02/Fi02 
indices in the PGEI increased from a value of 149 ± 40 at the time of 
entry to 245 ± 95 at the time of extubation or death. The Pa02/Fi02 
indices in the placebo group did not improve significantly. 
In the six patients who were free of severe organ failure at the time of 
entry, the Pa02/Fi02 indices increased from 185 ± 2 to 303 ± 55 at 
extubation. The indices of ten placebo patients initially free of severe 
organ failure showed no improvement at extubation or death. Survival at 
30 days at the end of infusion, the predetermined endpoint, was 
significantly better in the patients given PGE (p = 0.03) with 15 of the 
21 PGE patients (7l~) alive at this time compared with seven of the twenty 
placebo patients (35~). Overall survival of PGE patients was not 
significantly better than the survival of the placebo groups. Overall 
survival in patients initially free of severe organ failure, however, was 
significantly better in the PGEI patients. Of the six PGEI patients 
free of severe organ failure at the time of entry, all survived to leave 
the hospital. Of the ten placebo patients initially free of severe organ 
failure, four survived. Six of the PGEI and nine of the placebo 
patients had uncontained peritonitis at death. The data from this study 
suggests clearly that this drug was safe in patients who were critically 
ill and that there was some improvement overall both in the ability of the 
lung to function, and perhaps, protecting the organs from injury by the 
use of the PGEI' Further, the results indicate that PGEI may be a 
promising agent for the treatment of AROS and perhaps, even patients with 
sepsis. The drug was used for seven days and did show some overall 
improvement. The authors feel that additional studies should be done to 
confirm their work and evaluate its effectiveness in a relatively smaller 
well-defined group of patients. 

In summary, the published works of the human sepsis studies related to 
the eicosanoids to date imply that the eicosanoids are clearly activated 
in patients with sepsis. Previous studies done in animals with endotoxin 
do not appear to be similar to those which occur in human sepsis. 
Laboratory animals studies with sepsis, however, do show similarities 
between the animal studies and human states. From the aforementioned 
studies, it is uncertain what the relationship is between the plasma 
eicosanoid concentrations and pathophysiological events in human sepsis. 
Further, there is some question about the role the eicosanoids have in 
both pulmonary and systemic hemodynamic events, as well as in tissue 
oxygenation in these states. One of the most difficult aspects of these 
studies is that the patients represent a variety of states of disease, 
there is no single etiologic factor and many other therapeutic modalities 
have been utilized in the management of these patients. It is exceedingly 
difficult, if not impossible, to study these patients in a dose-reponse 
manner. While it appears that the eicosanoids are involved in the 
metabolic, hemodynamic and pulmonary derangements in patients with sepsis, 
their specific relationships to any of these events must await more 
sophisticated, well defined, clinical studies utilizing specific 
inhibitors to help elucidate their undetermined role in the patient with 
sepsis syndrome. Clearly there is sufficient data in humans to merit 
continued research in these areas. 
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OTHER STUDIES OF INTEREST 

The possible role of the leukotrienes in sepsis is still undetermined. 
The leukotrienes possess a diverse inflammatory action. Leukotriene B4 
is a potent leukocyte chemotaxin and leukocyte aggregating agent. Other 
leukotriene products such as LTC4' LTD4 and LTE4 produce increased 
vascular permeability, bronchorestriction and a variety of cardiovascular 
responses. There has been some experimental work in animals that suggests 
that the leukotrienes may be involved in pulmonary hypertension and 
hypoxemia following endotoxin. A number of additional experimental 
studies have been done in smaller animals, but it is too early in the 
development of this area to make any prognostic statements with regards to 
the importance of their involvement, even in animal studies. This 
particular area is made even more difficult because of the lack of 
sensitive methods of measurement of the leukotrienes in body fluids. In a 
review published in 1985 of the role of the eicosanoids as mediators of 
ischemia in shock, one author implied that perhaps, the leukotrienes might 
be mediators of tissue ischemia and shock (36). 

An interesting study in hyperdynamic sepsis in dogs was reported by 
Fink et al. in 1984 (14). Their hypothesis was that the eicosanoids 
might play a role in the hyperdynamic septic state. An intra-abdominal 
sepsis canine model was utilized. Once animals developed the hyperdynamic 
state, two chemically different nonsteroidal, anti-inflammatory drugs were 
administered to determine the effect of these on the hemodynamic 
parameters in this model. The animals had increased cardiac output and 
heart rate with decreased systemic arterial pressure and systemic vascular 
resistance. Within 60 minutes of the intravenous injection of either 
indomethacin (2 mg/kg) or ibuprofen (25 mg/kg) , the cardiac output, heart 
rate and pulmonary arterial pressure decreased, whilst the systemic 
vascular resistance increased significantly. These studies were compared 
to control animals in which a laparotomy alone was performed. This is a 
particularly well done study of sepsis and is important since the 
pathophysiology of this hyperdynamic state is poorly understood. The 
previous study reported by Oettinger in human studies supports the concept 
that the arachidonic acid metabolites or eicosanoids are involved with the 
hyperdynamic septic state. The study by Fink et al. would imply that even 
dissimilar types of cyclooxygenase inhibitors would improve the 
hyperdynamic state if it were ever considered of value to be utilized in 
humans. Additional studies, of course, need to be done to determine the 
specific inter-relationships of the eicosanoids to the hemodynamic changes 
that are occurring. A more recent study in humans reported the use of 
prostaglandin E1 in right heart failure and pulmonary artery hypertension 
following mitral valve replacement (37). Patients undergoing mitral 
valve replacement, particularly those with severe pulmonary hypertension 
and/or congestive heart failure, may develop life threatening right heart 
failure in the immediate post cardiopulmonary bypass period. These 
authors studied the effects of high dose prostaglandin E1' 130-150 
ng/kg/min, a potent pulmonary vasodilator, in combination with massive 
infusions of norepinephrine into the left atrium in five consecutive 
patients with refractory·pulmonary arterial hypertension after mitral 
valve replacement. The pharmacologic approach utilized by these authors 
takes advantage of the pulmonary vasodilating effects of prostaglandin 
E1 while offsetting associated systemic vasodilatation and resulting 
hypotension. All of these patients had rapid pulmonary vasodilator 
responses followed by marked improvement in right ventricular function. 
All patients survived the operation, and none had right ventricular 
infarction or chronic right heart failure postoperatively. The study 
demonstrates a marked beneficial action of PGE1 in the desperate 
clinical setting of right failure and pulmonary hypertension after mitral 
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valve replacement and suggests .that an approach to patients with right 
heart failure and pulmonary artery hypertension might be worth considering 
in a similar group of patients that have systemic sepsis. These types of 
studies provide a clinical basis for perhaps a new direction in the 
medical treatment of some existing conditions. 

Another area of interest that is emerging is related to the possible 
role of the eicosanoids in patients with graded surgical trauma. The 
first preliminary paper was reported by Alexander et a1. in 1984 (3B). 
These investigators profiled changes in urinary iTxB2 during graded 
surgical trauma in selective patients. It was their hypothesis that 
iTxB2 would reflect the relative degree of surgical (tissue) trauma. 
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The data as previously reported was incompletely analyzed at that time. 
The following data represents the complete analysis of that particular 
study. All surgical admissions for elective herniorrhaphy, 
cholecystectomy and colectomy were evaluated for suitability. The 
subjects were adult males that had received no prostaglandin inhibitors, 
had no intercurrent diseases and no perioperative complications. Group I 
patients had minimal tissue injury and consisted of thirteen patients who 
underwent elective herniorrhaphy. Group II patients (n = 9) had 
cholecystectomy and were considered as moderate tissue injury. Group III 
patients with colectomy (n = 13) were considered as severe injury. Table 
1 indicates the urinary iTxB2 levels in graded surgical trauma. The 
design was that urines were collected preoperatively, immediately 
postoperatively and on postop day one for the measurement of iTxB2 by 
radioimmunoassay. Students T test was utilized on paired samples and 
unpaired groups with a p value of .05 considered significant. Of 
particular interest was that even with elective inguinal herniorrhapies, 
there was a significant increase in the iTxB2 level in the immediate 
postoperative period. By postop day one, these values had decreased, but 
were not completely back to baseline. In the other groups of patients, 
cholecystectomies and colectomies, there was a increasingly significant 
difference in the urinary thromboxane level compared with the baseline 
levels in those patients as well as compared to the iTxB2 response from 
inguinal herniorrhaphy. In both the cholecystectomy patients and the 
colectomy patients, the urinary concentration of iTxB2 was still 
elevated on post-op day one compared to the baseline values for each 
particular group. It was our conclusion that the iTxB2 hormonal 
response to minimal tissue injury was not impressive compared to those of 
moderate and severe tissue injuries. These data suggested that iTxB2 in 
the urine might be reflect tissue injury in elective surgical patients. 
for hormonal agents were obtained preoperatively and one hour 
postoperatively, 24 hours postoperatively and five days postoperatively. 
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Fig. 3. Hormonal response in severe surgical trauma - III. 

A follow-up study has recently been completed in our laboratory that 
is an extension of the previous study by Alexander et al. The concept of 
this study was that hormones mediate the body's homeostatic response to 
surgical stress. Eicosanoids and other vasoactive substances would 
reflect the hormonal response to tissue injury. Venous blood samples 
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Serum for angiotensin converting enzyme, T4' T3' free T4 and T3 
were also collected. Plasma for cortisol, iTXB2' norepinephrine and 
epinephrine were also determined. Hemodynamic parameters include heart 
rate, blood pressure and mean arterial pressure. The patient population 
included minimal tissue injury (inguinal hernia being the prototype), 
moderate tissue (cholecystectomy being the prototype) and severe tissue 
injury (subtotal colectomy being the prototype). Included in Tables II, 
III and IV are the profiles of patients included in this particular 
study. In Figure I, the hormonal response to graded surgical trauma in 
Group I is presented. In minimal surgical trauma, hormonal responses were 
mildly altered. In Figure II, with exception of angiotensin converting 
enzyme, the response to the tissue injury resolves within five days. The 
iTxB2 response, however, continues to increase for 24 hours and then 
returns towards the baseline by the five day time period. In Figure III, 
the hormonal response to severe surgical trauma is presented. Again, one 
notes that there is a greater response at one hour following completion of 
surgery especially with norepinephrine, epinephrine and cortisol. Within 
24 hours, these reduced to basal levels with the exception of iTXB2. 
iTxB2 values increases again at five days. Baseline values for these 
studies are in Table V. Dr. Chernow et al. concluded that the hormonal 
response to minimal tissue injury is negligible as evidenced by the data 
in the Group I patients. There are multiple patterns of hormonal 
responses in humans subjected to surgical trauma. The cortisol and 
catecholamine responses are similar as would be expected from the 
literature. Plasma iTxB2 increases with increasing tissue injury as 
shown by Groups II and III. The exact relationship of hormonal responses 
to tissue injury or other parameters remains speculative. Additional 
studies specifically designed to examine a well defined population are 
indicated. 

In summary of these interesting studies, the most recent papers 
suggest that there are new therapeutic opportunities for the use of 
prostaglandin El and perhaps other eicosanoids as yet undetermined. 
Further, there is a possibility that the eicosanoid system is a very 
sensitive system to cellular injury, and that these particular chemicals 
may evolve to be an important indicator of cellular injury. At the 
present time, any concrete conclusions about the importance of these 
substances in tissue injury would be premature. 

TABLE I 

URINARY THROKBOXANE IN GRADED SURGICAL TRAUMA 

ng/ml, mean ± SEM 

PRE-OP 

Herniorrhaphy 0.48±.06 
(n=l3) 

Cholecystectomy 1. 75±.36 
(n",9) 

Colectomy l.08±.27 
(n=l3) 

POST-OP 

0.94±.l9* 

*p < 0.02, significant from the baseline 
+ < 0.005, significant from hernia 

POD 1 

0.78±.l9 
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TABLE II 

PROFILE OF PATIEHTS 

Group I 

PATIENT # AGE SEX OPERATIVE TIME OPERATION DONE 

1 20 F 35 mins Laparoscopy 
2 54 H 87 Inguinal hernia repair 
3 47 H 86 Inguinal hernia repair 
4 51 H 119 Inguinal hernia repair 
5 26 H 100 Excision osteochondroma 
6 27 H 68 Inguinal hernia repair 
7 46 H 83 Inguinal hernia repair 
8 28 F 42 Laparoscopy 
9 25 F 26 Laparoscopy 
10 19 ~ ~ Inguinal hernia repair 

n=10 34.3±4.3 7H/3F 71.5±9.4 

TABLE III 

PROFILE OF PATIEHTS 

Group II 

PATIENT II AGE SEX OPERATIVE TIME OPERATION DONE 

11 57 H 290 mins Cholecystectomy* 
12 68 H 96 Cholecystectomy 
13 32 F 136 Cholecystectomy 
14 40 F 120 Vaginal hysterectomy 
15 36 F 87 Cholecystectomy 
16 18 F 125 Appendectomy 
17 20 F 115 Celiotomy 
18 45 F 170 TAHBSO ** 
19 42 F 83 Cholecystectomy 
20 58 F 123 Cholecystectomy 
21 43 H 92 Cholecystectomy 
22 68 ~ ~ Cholecystectomy 

n=12 43.9±4.8 4H/8F 127.3±16.5 

* = common bile duct exploration was also performed 

** = total abdominal hysterectomy, bilateral salpingo-oophorectomy 
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PATIENT 

23 
24 
25 
26 
27 
28 
29 
30 
31 

n=9 

TABLE IV 

PROFILE OF PATIEITS 

Group III 

# AGE SEX OPERATIVE TIME OPERATION DONE 

49 
23 
62 
55 
64 
74 
58 
58 
31 

52.7±5.4 

H 287 mins Gastrectomy 
H 350 Diverting Ileostomy 
H 255 Aorto-bifemoral bypass 
F 143 Hemi-colectomy 
F 254 Colectomy 
F 160 Colectomy 
F 160 Hemi-colectomy 
H 87 Colostomy/gastrostomy 
H ~ Choledochojejunostomy 

5H/4F 237.1±37.2 

TABLE V 

BASELINE VALUES FOR HORMONAL RESPONSE IN 
GRADED SURGICAL INJURY 

NE 300±40 pg/ml 

Epi 329.3 pg/ml 

Cortisol 16±23 pg/ml 

TxB2 177±80 pg/m. 

ACE 12.2±1.5 u/m1 

121 



REFEREHCES 

1. B. J. Northover and G. Subramanian, Analgesic-Antipyretic Drugs as 
Antagonists of Endotoxin Shock in Dogs, J. Path. Bact. 83:463 (1982). 

2. F. L. Anderson, W. Jubiz, A. C. Fralios, T. J. Tsagaris, and H. Kuida, 
Plasma Prostaglandin Levels During Endotoxin Shock in Dogs, 
Circulation 45:2 (1972). 

3. J. R. Cu1p, E. G. Erdos, L. B. Hinshaw, and D. D. Holmes, Effects of 
Anti-inflammatory Drugs in Shock Caused by Injection of Living E. Coli 
Cells, Proc. Soc. Exp. BioI. Med. 137:219 (1971). 

4. J. R. Fletcher, P. W. Ramwell, and C. M. Herman, Prostaglandins and 
the Hemodynamic Course of Endotoxin Shock, J. Surg. Res. 20:589 (1976). 

5. c. V. Greenway and V. S. Murthy, Mesenteric Vasoconstriction after 
Endotoxin Administration in Cats Pretreated with Aspirin, Br. J. 
Pharmac. 43:259 (1971). 

6. R. C. Hall, R. L. Hodge, R. Irvine, F. Katic, and J. J. Middleton, The 
Effect of Aspirin on the Response to Endotoxin, Austral. J. Exp. BioI. 
Med. Sci. 50:589 (1972). 

7. L. B. Hinshaw, L. A. Solomon, E. G. Erdos, D. A. Reines, and B. J. 
Gunter, Effects of Acetylsalicylic Acid on the Canine Response to 
Endotoxin, J. Pharmac. Exp. Ther. 157:667 (1967). 

8. J. R. Parratt and R. M. Sturgess, The Effect of Indomethacin in the 
Cardiovascular and Metabolic Responses to E. Coli Endotoxin in the 
Cat, Br. J. Pharmac. 50:177 (1974). 

9. J. R. Parratt and R. M. Sturgess, Evidence that Prostaglandin Release 
Mediates Pulmonary Vasoconstriction Induced by E. Coli Endotoxin, J. 
Physiol. Land. 246:79 (1975a) 

10. J. R. Parratt and R. M. Sturgess, The Protective Effect of Sodium 
Meclofenamate in Experimental Endotoxin Shock, Br. J. Pharmac. 53:466P 
(1975b). 

11. J. R. Parratt and R. M. Sturgess, The Effects of Repeated 
Administration of Sodium Meclofenamate, An Inhibitor of Prostaglandin 
Synthetase, in Feline Endotoxin Shock, Circulat. Shock 2:301 (1975c). 

12. J. R. Parratt and R. M. Sturgess, The Effect of a New 
Anti-inflammatory Drug, Flurbioprofen, on the Respiratory, 
Haemodynamic and Metabolic Responses to E. Coli Endotoxin Shock in the 
Cat, Br. J. Pharmac. 58:547 (1976). 

13. J. R. Fletcher, The Role of Prostag1anins in Sepsis, Scand. J. Infect. 
Dis. Suppl. 31:55 (1982). 

14. M. P. Fink, T. J. MacVittie, and L. C. Casey, Inhibition of 
Prostaglandin Synthesis Restores Normal Hemodynamics in Canine 
Hyperdynamic Sepsis, Ann. Surg. 200:619 (1984). 

15. R. R. Butler, W. C. Wise, P. V. Halushka, and J. A. Cook, Gentamicin 
and Indomethacin in the Treatment of Septic Shock: Effects on 
Prostacyclin and Thromboxane A2 Production, J. Pharmac. Exp. Ther. 
225:94 (1983). 

16. s. L. Kunkel, S. W. Chensue, and S. H. Phan, Prostaglandins as 
Endogenous Mediators of Interleukin 1 Production, J. Immuno. 136:186 
(1986). 

17. M. P. Fink, W. M .. Gardiner, R. Roethel, and J. R. Fletcher, Plasma 
Levels of 6-Keto-PGF1a but Not TxB2 Increase in Rats with 
Peritonitis Due to Cecal Ligation, Circulat. Shock 16:297 (1985). 

18. G. J. Slotman, J. V. Quinn, K. W. Burchard, and D. S. Gann, 
Thromboxane, Prostacyclin, and the Hemodynamic Effects of Graded 
Bacteremic Shock, Circulat. Shock 16:397 (1985). 

19. G. J. Slotman, J. V. Quinn, K. W. Burchard, and D. S. Gann, 
Thromboxane Interaction with Cardiopulmonary Dysfunction in Graded 
Bacterial Sepsis, J. Trauma 24:803 (1984). 

20. W. C. Wise, P. V. Halushka, R. G. Knapp, and J. A. Cook, Ibuprofen, 
Methylprednisolone, and Gentamicin as Cojoint Therapy in Septic Shock, 
Circulat. Shock 17:59 (1985). 

122 



21. L. C. Casey, J. R. Fletcher, M. I. Zmudka, and P. W. Ramwell, The Role 
of Thromboxane in Primate Endotoxin Shock, J. Surg. Res. 39:140 (1985). 

22. R. H. Carmona, T. C. Tsao, and D. D. Trunkey, The Role of Prostacyclin 
and Thromboxane in Sepsis and Septic Shock, Arch. Surg. 119:189 (1984). 

23. P. W. Ramwell, J. R. Fletcher, W. F. F1amenbaum, The Arachidonic 
Acid-Prostaglandin System in Endotoxemia, 6th IntI. Congo of Pharmac., 
Helsinki, Clini. Pharmac. 5:175 (1975). 

24. V. Baracos, H. P. Rodemann, C. A. Dinarello, and A. L. Goldberg, 
Stimulation of Muscle Protein Degradation and Prostaglaindin E2 
Release by Leukocytic Pyrogen (Interleukin 1), New Eng. J. Med. 
308:553 (1983). 

25. H. D. Reines, J. A. Cook, P. A. Halushka, W. C. Wise and W. Rambo, 
Plasma Thromboxane Concentrations in Human Septic Shock, Lancet 2:174 
(1982). 

26. J. R. Parratt, S. J. Coker, B. Hughes, A. MacDonald, I. Ledingham, I. 
Rodger, and I. Zeitln, The Possible Role of Prostaglandins and 
Thromboxanes in the Pulmonary Consequences of Experimental Endotoxin 
Shock and Clinical Sepsis in: "The Role of Chemical Mediators in the 
Pathophysiology of Acute Illness and Injury," Rita McConn, ed., Raven 
Press, New York (1982). 

27. W. K. E. Oettinger, G. O. Walter, U. M. Jensen, A. Beyer, and A. 
Peskar, Endogenous Prostaglandin F2~ in the Hyperdynamic State of 
Severe Sepsis in Man, Br. J. Surg. 70:237 (1983). 

28. D. N. Herndon, S. Abston, and M. D. Stein, Increased Thromboxane B2 
Levels in the Plasma of Burned and Septic Burned Patients, Surg. Gyn. 
& Ob. 159:210 (1984). 

29. M. Leeman, J. M. Boeynaems, J. P. Degaute, J. L. Vincent, and R. J. 
Kahn, Administration of Dazoxiben, A Selective Thromboxane Inhibitor, 
in the Adult Respiratory Distress Syndrome, Chest 87:726 (1985). 

30. H. D. Reines, P. V. Halushka, L. S. Olanoff, and P. S. Hunt, Dazoxiben 
in Human Sepsis and Adult Respiratory Distress Syndrome, Clin. Pharm. 
& Therap. 37:391 (1986). 

31. P. V. Halushka, H. D. Reines, S. E. Barrow, I. A. Blair, C. T.Dollery, 
W. Rambo, J. A. Cook, and W. C. Wise, Elevated Plasma 
6-Keto-Prostaglandin F1~ in Patients in Septic Shock, Crit. Care 
Med. 13:451 (1985). 

32. H. D. Reines, P. V. Halushka, J. A. Cook, and C. B. Loadholt, Lack of 
Effect of Glucocorticoids upon Plasma Thromboxane in Patients in a 
State of Shock, Surg. Gyn. & Ob. 160:320 (1985). 

33. G. S. Slotman, K. W. Burchard, and D. S. Gann, Thromboxane and 
Prostacyc1in in Clinical Acute Respiratory Failure, J. Surg. Res. 39:1 
(1985). 

34. H. Tokioka, O. Kobayashi, Y. Ohta, T. Wakabayashi, and F. Kosaka, The 
Acute Effects of Prostaglandin E1 on the Pulmonary Circulation and 
Oxygen Delivery in Patients with the Adult Respiratory Distress 
Syndrome, Inten. Care Med. 11:61 (1985). 

35. J. W. Holcroft, M. J. Vassar, and C. J. Weber, Prostaglandin E1 and 
Survival in Patients with the Adult Respiratory Distress Syndrome, 
Ann. Surg. 203:371 (1986?). 

36. A. M. Lefer, Eicosanoids as Mediators of Ischemia and Shock, 68th 
Annal Meeting of the Federation of American Societies for Experimental 
Biology, st. Louis, 44:275 (1985). 

37. M. N. D'Ambra, P. J. LaRaia, D. H. Philbin, W. D. Watkins, A. D. 
Hilgenberg, and M. J. Buckley, Prostaglandin E1 A New Therapy for 
Refractory Right Heart Failure and Pulmonary Hypertension after Mitral 
Valve Replacement, J. Thorac. Cardiovasc. Surg. 89:567 (1985). 

38. H. R. Alexander, W. R. Thompson, P. W. Ramwell, and J. R. Fletcher, 
Urinary Thromboxane (TxA2) Reflects Dose-Response Tissue Injury in 
Humans, Curro Surg. 42:18 (1985). 

123 



LIPID METABOLISM DURING STARVATION AND SEPSIS IN 
RELATION TO FATTY ACID PROFILE IN LIVER AND a-LINOLENIC­
AND ')I-LINOLENIC ACID-ENRICHED DIETS 

INTRODUcrION 

C. Larsson-Backstrom, J. Paprocki, L. Lindmark and L. Svensson 
Departments of Pharmacology and Nutrition, KabiVitrum AB. 
S-112 87 Stockholm, Sweden 

St.arvation and sepsis induce metabolic changes of particular :impor­
tance for the liver function. During sepsis, a condition characterized by 
starvation during the first, rrost severe period, the starvation induced 
ketonemia is markedly reduced (Flatt and Blackburn, 1974). Ketogenesis is 
asstmeCl to be reduced by an inhibitory effect of malonyl-coA (McGarry et 
al., 1978). Decreased responses to this inhibition have been reported in 
starvation (McGarry and Foster, 1979) and by long-chain fatty-acyl-coA 
(Mills et al., 1983) in isolated mitochondria. The role of essential fatty 
acids (EFA) in liver lipids in these conditions is uncertain. 

Aims of the study 

This study was undertaken to evaluate: 1) the changes induced by 
starvation and sepsis, on fatty acid profile in liver and some metabolic 
pararreters which mainly concern the energy substrates during starvation 
and sepsis; 2) the influence of dietary a-linolenic acid (l8:3w3, ALA) 
and ,,-linolenic acid (18:3w6, mA) on these changes; and 3) the possible 
roles of EFA in the liver production of ketone bodies. 

Rats (90 g) were fed three diets (14% fat) for three weeks: controls 
(e; ~ 7% 18:3w3 and ~ 50% linoleic acid, 18:2w6) , ALA (~20% 18:3w3 and ~ 
40% 18:2w6) and GLA (~ 20% 18:3w6 and ~ 40% 18:2w6). The rats were divided 
into two experimental groups; fasted and septic-fasted. Peritonitis and 
septic shock were induced by Lp. E.coli (appra.'{imate ID50 dose). 

Blood samples were taken from fed rats (separate rats) and from 
fasted and septic-fasted rats (survivors) at 24 hrs for detenninations of 
f3-hydroxybutyrate (BHB), free fatty acids (FFA) and glucose by enzymatic 
methods; prekallikrein (PKK; chratogenic peptide substrate assay) and 
platelet count (PC). Liver samples were extracted and analyzed for trigly­
cerides (TGL) (enzymatically) and fatty acid profile (gas chromatography) 
in neutral lipids (NL) and phospholipids (PL). 
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Fig. 1. Changes in rretabolic parameters ('JXiL, FFA, BHB, Glucose), PKK 
and PC in fasted (~) and septic-fasted (IIII!) rats, in % of fed 
rats, on control diet at 24 hrs. (X±SEM: n ~ 5) • 

Unsaturation index (UI) was calculated from the ntnnber of double 
bonds multiplied by the percentage of fatty acids. 

RESULTS AND DISCUSSION 

Figure 1 shows that fasting induces an increase in free fatty acids 
(FFA) and 6-hydroxybutyrate (BHB) which is lower during sepsis in the 
control group. These changes and those in glucose, prekallikrein (PKK) 
and platelet count (PC) shown in Fig. 1 are in accordance with earlier 
reports and dem::mstrate the relevance of the rrodel. 

The results presented in Table 1 shaw that, during fasting, linoleic 
acid (18:2w6) and a-linolenic acid (l8:3w3) are reduced, whereas arachi­
donic acid (20:4w6) and docosahexaenoic acid (22:6w3) are acctmn.1lated in 
neutral lipids (NL), with a resulting incrarent in the unsaturation 
index. These changes are reduced during sepsis (Table 1). Arachidonic 
acid (20: 4w6) in phospholipids remains unchanged during fasting, whereas 

Table 1. Fatty acid profile (weight %) and unsaturation index (UI) in 
liver neutral lipids (NL) and phospholipids (PL) from fed, 
fasted and septic-fasted rats on control diet at 24 hrs. (X± 
SEMi n=5). (Linoleic acid 18:2w6, J"-linolenic acid 18:3w6, 
arachidonic acid 20:4w6, a-linolenic acid 18:3w3, eicosa­
pentaenoic acid 20:5w3 and docosahf>..xaenoic acid 22:6w3). 

CONTROLS 
FED NL 

PL 

FASTED NL 
PL 

SEPTIC- NL 
FASTED PL 
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lB:2w6 
40.l±1.l 
l6.7±0.3 

32.B±O.S 
l2.9±0.4 

34.4±1.l 
l7.S±0.3 

lB:3w6 
O. 72±0.07 
0.12±0.01 

0.75±0.OB 
O.lO±O.Ol 

0.25±O.02 
O.OB±O.Ol 

20:4w6 
3.S±0.1 

24.9±0.3 

14. 5±1. 2 
24.4±0.5 

1O.B±0.B 
21. O±O. 3 

lB :3w3 20:Sw3 22:6w3 
3.0 ±O.l 0.4S±0.04 1.1±0.1 
0.2l±0.01 0.19±0.01 7.0±0.2 

2.4 ±O.l 0.6l±0. 10 3. l±0. 1 
0.14±0.01 O.OB±O.Ol lO.3±0.7 

2.6 ±O.l O.43±0.02 2.4±0.1 
0. 15±O.01 0.22±0.02 7.5±O.5 

UI 
145 
195 

179 
200 

162 
lBO 



Table 2. Fatty acid profile (WE'ight %) and unsaturation index (UI) in 
liver neutral lipids (NL) and phospholipids (PL) fran fed, 
fasted and septic-fasted rats on ALA diet, at 24 hrs. (X±SEMi 
n=5). 

ALA 18:2w6 18:3w6 20:4w6 18:3w3 20:5w3 22:6w3 UI 
FED NL 35.9±1.4 0.42±0.03 1. 9±0. 2 10.8 ±0.9 1.3 ±0.2 1.3±0.2 157 

PL 17.4±0.9 O.lI±O.Ol 22.0±0.6 0.60±0.07 1.19±0.07 7.2±0.4 197 

FASTED NL 34.7±0.6 0.37±0.02 5.4±0.4 12.5 ±0.3 1.4 ±0.1 2.1±0.1 173 
PL 14.7±0.5 0.06±0.01 25.4±0.3 0.70±0.05 0.56±0.05 8.1±0.5 200 

SEPTIC- NL 34.1±1. 6 0.27±0.05 3.9±0.6 12.4 ±0.6 1.4 ±0.2 2.1±0.3 167 
FASTED PL 15.0±0.6 0.05±0.01 25.6±0.4 0.68±0.06 0.68±0.06 8.2±0.5 203 

Table 3. Fatty acid profile (weight %) and unsaturation index (UI) in 
liver neutral lipids (NI.) and phospholipids (PL) fran fed, 
fasted and septic-fasted rats on GLA diet, at 24 hrs. (X±SH<li 
n=5, n=2 for GLA, septic-fasted rats). 

GLA 18:2w6 18:3w6 20:4w6 18:3w3 20:5w3 22:6w3 UI 
FED NL 24.9±1.0 4.1 ±0.3 9.6±1.0 0.42±0.07 0.06±0.01 0.3l±0.03 151 

PL 9.9±0.6 0.95±0.05 30.8±0.4 0.04±0.01 0.03±0.01 3.3 ±O.l 203 

FASTED NL 25.fi±0.4 4.3 ±0.3 l5.2±1. 7 0.49±0.03 0.12±0.01 0.88±0.15 169 
PL 8.9±0.5 0.64±0.03 29.9±0.3 0.03±0.01 0.05±0.02 5.7 ±0.3 205 

SEPTIC- NL 25.9±2.0 3.7 ±0.6 l4.0±2.7 0.46±0.04 . 0.19±0.06 0.82±0.12 166 
FASTED PL 10.l±0.7 0.64±0.05 29.6±1.0 0.03±0 0 5.5 ±0.2 203 

it is reduced in sepsis (Table 1). This decrease is presumably due to a 
sepsis-induced metabolism of arachidonic acid. Linoleic acid (18:2w6) and 
eicosapentaenoic acid (20: 5w3) in phospholipids are reduced during fasting 
but are unaltered in sepsis (Table 1). These results indicate the existence 
of different pools for arachidonic, linoleic and eicosapentaenoic acids 
in neutral lipids and phospholipids, with specific regulatory mechanisms 
for each of the fatty acids. 

Dietary ALA and GLA increase the incorporation of w3-fatty acids and 
w6-fatty acids, respectively, in liver neutral lipids and phospholipids, 
with a resulting increase in the unsaturation index (Tables 2 and 3). The 
changes in fatty acid profile shown for the control group during fasting 
and sepsis (Table 1) are reduced following dietary ALA and GLA (Tables 2 
and 3). Linoleic acid (18:2w6) in fed rats is lower in neutral lipids and 
phospholipids following dietary GLA, as compared to dietary ALA, though 
the AIA and GLA diets contain similar anounts of linoleic acid (Tables 2 
and 3). This, and the decreased levels of arachidonic acid in neutral 
lipids from fed, fasted and septic-fasted rats on ALA diet (Table 2), 
indicate inhibition by high anounts of dietary a-linolenic acid and its 
metabolites on linoleic acid metabolism, as shown earlier (Blond et al., 
1978). The metabolism of arachidonic acid is also inhibited by dietary AIA 
and its metabolites (Clup et al., 1979), which may help to explain the 
unchanged level of arachidonic acid in phospholipids during sepsis follo­
wing AIA diet, as compared to the control diet (Table 2). 

The degree of unsaturation (UI) following dietary AIA and GLA, was 
lower during fasting and higher during sepsis, ccmpared to control diet 
(Tables 2 and 3). Dietary AIA and GLA reduced liver triglycerides (LTG) 
and enhanced free fatty acids (FFA) in blood, both in fasted and in 
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Fig. 2. Changes in metabolic paraneters (TGL, FFA, BHB, Glucose), PKK 
and PC in fasted (F) and septic-fasted (S) rats, in % of fed 
rats, on AlA diet ( fasted, I septic-fasted) and GLA diet 
(v fasted, ~ septic-fasted), at 24 hrs. (X±SEM; n ~ 5; n=2 for 

GLA, septic-fasted rats). 

septic-fasted rats (Fig. 2). The level of a-hydroxybutyrate (BHB) is lower 
during fasting but higher during sepsis, oompared to the control group. 

These results taken together with those from the control group, with 
the fasting-induced increase in unsaturation index and ~-hydroxybutyrate, 
which is reduced during sepsis, indicate a relationship between keto­
genesis and the degree of unsaturation of liver lipids. 

Conclusions This study shows that: 1) Separate pools of the 
individual EFA: s exist ' in hath phospholipids and neutral lipids in liver; 
2) sepsis and starvation show different changes in the EFA-profile; 3) 
arachidonic acid decreases, while linoleic and ei00sapentaenoic acids 
remain unchanged during sepsis; 4) the starvation induced transfer of 
EFA:s into neutral liver lipids is reduced during sepsis; 5) the septic 
condition, with its inhibitory influence on ketone body level, was alle­
viated and slightly nOrTIk, li7ed hy dietary supplementation with a-linolenic 
acid; 6) this is pl.'esumably a beneficial effect which Sef>.ros to be due 
partly to an increase in the unsaturation index. 
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GENERAL CHARACTERISTICS OF SHOCK 

Shock encountered in a variety of etiological conditions 
represents a generalized disease of microcirculation and involves most 
capillary networks. As a matter of fact, it could be considered as a 
disease of the endothelial layer, and perhaps of the sub-endothelial 
tissues of blood vessels (1). Endothelial cells are capable of 
synthesizing a number of vasoactive compounds which may dilate or 
constrict the media, as well as triggering white blood cells and 
platelets from the circulation, also capable of releasing vasoactive 
substances (2). Under most etiological conditions, shock is preceded by 
loss of vascular tone in most resistance vessels, by increased capillary 
permeability to circulatory macromolecules such as proteins, and by 
excessive loss of plasma volume into the interstitial space. 
Consequently, blood pressure collapses and perfusion of vital organs is 
compromised, leading to further deterioration of body fluid compartments 
homeostasis (1). The excess fluid and plasma proteins within the 
intersitial compartment where oxygen and substrates supply as well as 
removal of toxic end-products of cellular metabolism are dependent upon 
the physico-chemical characteristics responsible for their diffusion in 
opposite directions in this compartment of extracellular volume, 
probably represents the first deleterious step leading to impairment of 
function in vital organs during shock, and the first pathophysiological 
event responsible for the irreversl.ble nature of certal.n shock syndromes 
(3, 4). Addl.tional morbl.d consequences result from the hypoperfusl.on of 
specl.fic vital organs, such as the heart whl.ch may reduce sl.gnl.fl.cantly 
l.ts mechanical function (5), the lung which may alter the metabolism of 
certain vasoactive compounds released during shock (6), the 
gastrointestinal tract which may produce and/or release vasoactive 
compounds in response to ischemi.c injury (7), and finally the kidney 
which is the natural source of a variety of vasopressive peptides and 
numerous vasoactive metaboll.tes of arachidonic acid, such as 
prostaglandins and leukotrienes (8, 9). 

SHOCK AND THE KIDNEY 

The kidney is almost always involved during shock and has even 
been incriminated as the major cause of death in several shock patients, 
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especially before the advent of hemodialysis. This organ is mostly 
susceptible to anoxic injury, and because of the peculiar 
characteristics of its cellular metabolism, as well as of the specific 
architecture of the nephron segments, cellular necrosis not infrequently 
occurs when renal perfusion pressure is reduced, as it occurs in shock 
(10). The reduction of renal blood flow results in decreased glomerular 
filtration rate which leads to accumulation of metabolic end-products 
normally eliminated in the urine, such as urea, creatinine, uric acid, 
and probably of several other toxic substances. Since the kidney is 
also responsible for the inactivation and excretion of a variety of 
vasoactive subtances produced in situ, or generated in extrarenal 
tissues (11), it is likely that the impairment of such important 
functions might contribute to the maintenance of shock and perhaps, 
under peculiar Circumstances, to its generation (12)! Precise 
identification of the mediators responsible for the renal response to 
hypoperfusion is therefore of critical importance, not only for 
understanding the pathophysiological events leading to shock, but also 
for the development of therapeutic tools to prevent or reverse renal 
failure during shock (13). 

PAF-ACETHER: A TOOL TO STUDY SHOCK 

PAF-Acether is a glycerophospholipid with potent vasodilatory 
properties which mimiCS, when injected intravenously to experimental 
animals, most of the systemic and regional hemodynamic features of shock 
(13, 14). This compound in fact is 1,000 times more potent than 
bradykinin, and 10,000 times more potent than histamine in producing 
plasma exudation in the cutaneous microcirculation of the rat and guinea 
pig (15). Its sites of production in ~~ include almost the entire 
vascular endothelium, some blood cells such as the platelets, the 
polymorphonuclear and macrophage cells, as well as the kidney (16). In 
the latter organ, both glomerular cells as well as the interstitial 
cells contained in the medulla were shown to possess the enzymatic 
machinery to produce PAF (17). It is of interest that the synthesis of 
PAF occurs in parallel with the release of arachidonic aCid, which gives 
rise to prostaglandins and leukotrienes via the cycla-oxygenase and the 
lipoxygenase pathways, respectively (18). It is likely therefore that 
PAF-Acether, prostaglandins and leukotrienes, all produced within the 
cell membrane and released in the extracellular environment or in the 
cytosol, interact one with the other to amplify or neutralize 
physiological phenomena initiated by any of these lipid mediators (16, 
19, 20). 

PAF-ACETHER AND THE KIDNEY OF SHOCK 

We utilized PAF-Acether i~.~1~~ to examine some of the 
phYSiological and pathophysiological effects of this compound on the dog 
kidney, trying to dissociate the potent systemic influences of this 
glycerophospholipid from its eventual specific effects on the kidney. 
Small doses of PAF-Acether were used in anesthetized Mongrel dogs to 
produce transient and reversible hemodynamic disturbances which resemble 
!n9JJUl~ shock. In some experiments, intrarenal infusion of PAF­
Acether was achieved to further examine the effects of this substance on 
renal function in a model where the peripheral consequences of PAF were 
minimized. Finally, a series of antagonists were used in an attempt to 
identify the role of eventual mediators in the physiological expression 
of PAF-Acether. All these procedures and methods were previously 
described in papers from our laboratory (21, 22). 
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SYSTEMIC INTRAVENOUS PAF-ACETHER MIMICS THE FEATURES OF SHOCK 

When PAF-Acether is administered into the femoral vein of 
anesthetized dogs, in doses of 0.78ug given in bolus, hematocrit rises 
progressively from a mean control value of 43 E 1 to 56 E 1S 10 minutes 
after the end of injection (Table 1). This 30S rise in hematocrit is 
secondary to plasma leakage from the intravascular to the interstitial 
fluid spaces. As a consequence, blood pressure measured in the femoral 
artery is reduced by more than half, at the peak of PAF-Acether action: 
systolic pressure drops from 125 E 3mmHg during the control periods to 
60 E 5mmHg 10 minutes after PAF-Acether injection. During the following 
50-minute recovery period, blood pressure slowly returns to normalcy as 
systolic values rise to 72 ~ 3 and 120 E 4mmHg. Renal hemodynamics is 
markedly influenced by this reduction in systemic pressure. Renal 
plasma flow measured by the para-amino-hippurate clearance, decreases 
from a mean control value of 116 % 5 to 59 E 4ml/min 10 minutes after 
PAF injection. This parameter slowly returns to normal values during 
the five 10-minute clearance periods taken during recovery. Similarly, 
glomerular filtration rate, measured by the inulin clearance, decreases 
from 42 z 2 to 26 * 3ml/min at the peak of PAF-Acether action. During 
recovery, glomerular filtration rate increases to 31 E 2 and 43 % 
5ml/min. Finally, absolute urinary excretion of sodium i.s reduced from 
an average control value of 69 E 8uEq/min, to a minimal value of 25 E 
6uEq/min 10 minutes after the end of PAF injection. This parameter 
rapidly recovers to 72 ± 5uEq/min during the first clearance peri.od 
after PAF. Thereafter, a rebound natriuresis reaching 117 E 6uEq/min is 
observed. In summary, the net effect of systemic intravenous injection 
of a relatively small dose of PAF-Acether is characterized by massive 
plasma losses towards the intersti.tial compartment accompanied by 
arterial hypotension and reduction of renal perfusion pressure. The 
renal consequences thus appear to result from the systemic effect of PAF 
injecti.on, and are characterized by a reduced renal plasma flow and 
glomerular filtration, as well as by a drop in the net urinary excretion 
of sodium. All these abnormali.ties are reversible within the hour that 
follows PAF injection, with the exception of natriuresis which recovers 
above control values as described (23). 

Table 1: Effects of intrafemoral PAF on systemic and renal 
hemodynamics. 

Control PAF Recovery 
Ht S* 43.1 56.1 52t1r2 48.1 45.1 42~ 43t1r2 
BP mmHg 125 ... 3 60~ 72.3 84.4 90.3 110~ 120&4 
RPF ml/min 116~ 59.4 6B.t6 81~ 92z6 101.5 105*4 
GFR ml/min 42:t2 26 ... 3 31:t:2 35&4 34:t:2 38*4 43.5 
UNaV uEq/min 69 ... 8 25.6 72z5 94.8 116&6 118.5 117&6 

* Ht: hematocrit; BP: blood pressure; RPF: renal plasma 
flow; GFR: glomerular filtration rate; UNaV: urinary 
sodium excretion. 

PAF-ACETHER HAS SPECIFIC AND DIRECT EFFECTS ON THE KIDNEY 

In order to dissociate the renal from the systemic effects of PAF­
Acether, additionnal experiments were performed again in anesthetized 
Mongrel dogs in which the left renal artery was canulated to allow the 
infusion of small doses of PAF-Acether directly into the renal 
microcirculation. In these experiments, PAF-Acether was given in doses 
of 0.15 and O.30ug/kg, administered in single bolus. The right 
contralateral kidney was used as control. In this series of 
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experiments, no systemic effects were recorded, in particular there was 
no change in peripheral blood hematocrit as well as blood pressure 
(Table 2). Therefore, one can reasonably exclude any systemic effect of 
PAF-Acether doses injected in the left renal artery. Of interest, 
during these experiments, renal hemodynamics was affected by PAF-Acether 
despite the maintenance of systemic blood pressure and hematocrit. Left 
kidney plama flow was reduced from 108 t 5 to 62 ~ 4ml/min 10 minutes 
after the end of PAF injection. This parameter returned slowly to 
control values in the five 10 minute recovery clearance periods. Note 
that the renal plasma flow measured in the contralateral kidney remained 
essentially unchanged, suggesting the absence of significant 
recirculation of PAF-Acether into the general circulation. Similarly, 
glomerular filtration rate measured in the left kidney decreased from 32 
t 2 to 12 t 1ml/min from control periods to PAF injection. This 
parameter recovered gradually to normal values during the following 60 
minutes period. Filtration rate measured in the contralateral kidney 
remained essentially unchanged, suggesting again that minimal amounts of 
PAF-Acether, jf any, reached the control r1.ght kidney. Finally, urinary 
sodium excretion from the left kidney decreased from 140 t 6 to 68 it 
7uEq/min, a fall similar to that seen in the previous group of 
experiments. A rapid recovery of this parameter was also observed, 
urinary excretion rising to 98 ± 6 and 198 it 12uEq/min during the five 
consecuti ve 10-mj.nute clearance periods that followed the end of the 
PAF-Acether injection. Contralateral natriuresis remained relatively 
stable throughout these experiments. In summary, the results obtained 
in this series of experiments indicate that PAF-Acether has a direct 
influence on renal hemodynamics and sodium excretion, and that systemic 
physical or hormonal influences are not required for the expression of 
the physiological effects of PAF-Acether on the kidney (23). 

Table 2: Effects of intrafemoral PAF on systemic and 
hemodynamics. 

Control PAF Recovery 
Ht %* 42r2 45.1 44a2 43.1 42.2 43s1 
BP mmHg 120 ... 3 118a2 121.3 117¥1 120.2 120a2 
RPF ml/min** L 10&5 62.4 76.5 79.4 86.5 98.4 

R 112 .. 5 109 .. 4 107 a-5 102-.4 110.6 108.6 
GFR ml/min L 322-2 12z1 16z2 18*2 25*3 28*4 

R 28:t2 30z2 29.3 32s1 30.4 29z2 
UNaV uEq/min L 140&6 68s7 98.6 156z12 160.8 186 .. 9 

R 168.11 159.12 161 ... 8 157.10 168.9 164.7 

Abbreviations as in Table 1. * 
** Land R represent left and right kidneys. 

renal 

44s1 
116&4 
101.6 
105.8 
30z2 
30z2 

19&12 
170%9 

CONTRIBUTIONS OF PROSTAGLANDINS AND ANGIOTENSIN II TO THE RENAL EFFECTS 
OF PAF-ACETHER: 

The contribution of prostaglandins to the physiological expression 
of PAF-Acether on systemic and renal hemodynamics was examined using 
indomethacin as an inhibitor of cyclooxygenase: this drug was used in a 
dose of 0.05mg/kg/min. After 60 minutes of equilibration under 
indomethacin, control clearance periods were obtained and PAF-Acether 
was administered in the femoral vein of anesthetized Mongrel dogs in a 
dose of 0.78ug/kg, again given in a single bolus. Five consecutive 10-
minute clearance periods were obtained during recovery. Peripheral 
blood hematocrit remained essentially unchanged during PAF injection in 
dogs treated with indomethacin: control and experimental values obtained 
after PAF were 41 * 1 and 40 t 2%, respectively (Table 3). Similarly, 
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pre-treatment with indomethacin fully protected systemic blood pressure 
from the effect of PAF injection: systolic pressure averaged 107 ~ 7 and 
108 t 6mmHg during control and following PAF injection, respectively. 
However, this treatment failed to block the renal hemodynamic effects of 
PAF -Acether. As in the previous groups, renal plasma flow decreased 
from 55 ~ 4 to 24 ~ 3ml/min from control conditions to PAF injection. 
Glomerular fil tration also decreased from mean control values of 34 it 3 
to 14 ;t 2ml/min following PAF injection. The pattern of recovery of 
renal hemodynamics was relatively rapid for renal plasma flow which 
reached control values at the end of the first recovery period, that is 
20 mi.nutes after the end of PAF injection. Recovery of glomerular 
filtration was more gradual and was not complete, since 60 minutes after 
the end of PAF injection, this parameter was still 20% below control 
values. Finally, indomethacin treatment also failed to prevent the 
marked reduction in urinary sodium excretion, from 82 ~ 10 to 22 ;t 
7uEq/min which occured during PAF injection. The pattern of recovery of 
sodium excretion was also gradual and incomplete, as noticed for 
glomerular filtration rate: there was no rebound natriuresis as seen in 
the two previous series of experiments during the recovery period after 
PAF injection. In summary, thi.s series of experiments i.ndicate that 
vasodilatory prostaglandins, presumably PGE2, are responsible for the 
peripheral effects of PAF-Acether, whereas inhibition of prostaglandins 
synthesis with indomethacin failed to alter the renal response to PAF­
Acether. However, it is of interest that indomethacin treated dogs had 
a pattern of recovery for glomerular filtration and urinary sodium 
excretion following PAF injection that differ from that seen in previous 
groups: this finding suggests that prostaglandins might be involved in 
part of the renal response to PAF-Acether. 

Table 3: Effects of intrafemoral PAF during indomethacin 
treatment. 

Control PAF Recovery 
Ht %* 41:t'1 40*2 41*1 42:t1 41:t2 40:1 42*1 
BP mmHg 107:J:.7 108z6 112:1::6 110*5 108:1:6 107*5 109zti 
RPF ml/min 55*4 24:*-3 56*5 57::t:6 56:*-6 57:7 55:t6 
GFR ml/min 34*3 14*2 27:2 27:2 27:1 28:1::1 28:t2 
UNaV uEq/min 82.:.10 22:7 55:1::6 68:1:8 72:1::7 76-t.6 75~6 

* Abbreviations as in Table 1. 

The important reduction of renal plasma flow and glomerular 
filtration rate which occured during and following PAF-Acether 
injection, while peripheral arterial blood pressure and presumably renal 
perfusion pressure were maintained normal in indomethacin treated dogs, 
suggests the intervention of vasoconstrictor substances: vasopressor 
peptides such as angiotensin II and/or vasoconstrictor metabolites of 
arachidonic acid represent potential candidates to explain the observed 
renal hemodynamic changes. The eventual role of vasoconstrictor 
prostaglandins would appear remote, however, since indomethacin blockade 
of prostaglandins synthesis failed to protect the renal hemodynamic 
consequences of PAF-Acether injection. Therefore, the role of 
angiotensin II in mediating this effect of PAF was examined in another 
series of experiments. In these animals, prepared in the same manner as 
previous groups, indomethacin was administered throughout experiments. 
The renal response to PAF injection, administered in the femoral vein at 
a dose of 0.78ug/kg was again examined after control periods. 
Thereafter, saralasin, an antagonist of angiotensin II receptors, was 
infused at a dose of 100ug/kg. Three clearance periods were obtained 
during indomethacin plus saralasin, and the PAF was administered. The 
same number of recovery periods were obtained as in the previous groups. 
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As expected, PAF injection reduced markedly renal plasma flow, 
glomerular filtration rate and urinary sodium excretion during 
indomethacin (Table 4). However, during indomethacin and saralasin, PAF 
injection failed to alter renal plasma flow, which remained at 105 £ 8 
and 96 £ 7ml/min, before and during PAF, respectively, whereas 
glomerular filtration averaged 52 E 3 and 51 E 4ml/min, during the same 
periods. Of interest, urinary sodium excretion was reduced from 132 £ 
12 to 70 5 8uEqlmin from control conditions to PAF injection, despite 
the fact that filtered sodium remained essentially unchanged due to the 
protective effect of saralasin on renal hemodynamics, in particular on 
glomerular filtration rate. In summary, one can conclude from these 
observations that the intervention of angiotensin II is required for the 
expression of PAF-Acether on renal hemodynamics, since saralasin 
entirely protects renal plasma flow and glomerular filtration from the 
effect of the glycerophospholipid. However, the effect of PAF-Acether 
on urinary sodium excretion appears to be independent of renal 
hemodynamics, since angiotensin II blockade failed to prevent the marked 
reduction in urinary sodium excretion which occured during PAF (13, 23). 

Table 4: Effects of intrafemoral PAF during saralasin 
blockade. 

Ht ~* 
BP mmHg 
RPF ml/min 
GFR ml/min 
UNaV uEq/min 

Control** 
4242 

110..6 
105:8 
45-.3 

155,*,9 

PAF 
40.3 

107.4 
58",7 
28",3 
21:1:6 

Abbreviations as in Table 1. 

SAR 
4111r2 

112z5 
105:8 
52.3 

132:12 

PAF 
4111r2 

111.z4 
96,*,7 
51.z4 
70,*,8 

Recovery 
40.3 

109s4 
128:9 
55-.3 

118:7 

* 
** Indomethacin is administered throughout experiments. 

Since filtration fraction, which determines peritubular oncotic 
pressure, was not affected during PAF injection in dogs treated with 
indomethacin and saralasin, it is unlikely that the reduction in urinary 
sodium excretion was related to an increased passive movement of sodium 
and water from the tubular lumen to the peri tubular capillary: the 
forces which determine such passive movements were not altered from 
control conditions to PAF injection in this series of experiments. 
Therefore, one has to assume that the 50~ reduction of urinary sodium 
excretion was due to increased active tubular reabsorption of this ion 
and/or to some impairment of the transtubular permeability. These 
mechanisms were not directly assessed in the present study but find some 
support in the recent literature (24, 25). 

EFFECT OF BN-52021, A PAF RECEPTOR ANTAGONIST: 

A natural antagonist of PAF receptors (BN-52021) has recently been 
extracted from Ginko Biloba. This compound which is entirely different 
structuraly from PAF-Acether, has been repeatedly tested over the past 
years on several ~~j~~ and ~X~Q models, and found to antagonise 
most physiological effects of PAF-Acether (26). We utilized this 
compound in our dog model. The effect of PAF-Acether administered into 
the femoral vein at a dose of 0.78ug/kg, was examined at four different 
and increasing doses of BN-52021: 1.0, 2.5, 5.0 and 25.0ug. The PAF 
antagonist was administered 30 minutes before each injection of PAF­
Acether. Complete recovery of hemodynamic parameters was allowed before 
each additional test injection. The expected reduction in the systemic 
blood pressure following PAF was abolished in a dose-related manner: the 
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5.0 and 25.0 doses of BN-52021 completely abolished the hypotensive 
action of PAF-Acether (Figure 1). The lower dose of the PAF receptor 
antagonist was even more evident on renal hemodynamics: the 1.0ug dose 
almost completely abolished the effect of PAF-Acether on renal plasma 
flow and glomerular filtration: these parameters averaged 74 * 4 and 72 * 4ml/min, and 42 % 1 and 40 % 1ml/min during control periods and PAF 
injection, respectively. Similar findings were observed for urinary 
sodium excretion. The 2.5ug dose of BN-52021 abolished the anti­
natriuretic effect of PAF-Acether. In summary, blockade of PAF-Acether 
receptors with BN-52021 inhibits all the physiological effects of PAF on 
systemic hemodynamics, as well as on renal plasma flow and glomerular 
filtration rate. BN-52021 is the only antagonist that prevented the 
reduction in urinary sodium excretion (23). 
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MULTIPLE ORGAN FAILURE, LIVER FAILURE 
AND POLYUNSATURATED FAT METABOLISM 

F.B. Cerra, M.D., M. West, M.D., P. Alden, M.D., G. Keller, M.D., 
R.L. Simmons, M.D. 

ABSTRACT 

Department of Surgery, University of Minnesota, Minneapolis 
Minnesota 55455, USA 

MUltiple organ failure continues to be the pathway of death after 
burns, trauma and sepsis. This clinical syndrome represents the 
transition from a hypermetabolic response to injury that has associated 
respiratory dysfunction, to a setting of clinical organ failures and 
death. Risk factors include: perfusion deficits, persistent foci of 
dead or injured tissue, an uncontrolled focus of infection, the 
presence of the respiratory distress syndrome, persistent 
hypermetabolism, and preexisting fibrotic liver disease. Once in the 
organ failure syndrome, most treatment modalities become progressively 
ineffective, including: ventilation, antibiotics, nutrition, and 
surgery. The best treatment remains prevention with rapid control of 
the source and restoration of oxygen transport. To date, no single 
"magic bullet" has been shown to exist either experimentally or 
clinically. 

The response to injury involves alterations in physiology and in 
the metabolism of carbohydrate, fat and amino acids. These changes 
seem to reflect the modulation of the end-organs by the mediator 
systems activated in response to the stress stimulus. The transition 
from hypermetabolism to organ failure appears to reflect the clinical 
appearance of liver failure. The peripheral tissue, however, appears 
to continue to function well until death becomes eminent. It is 
currently hypothesized that this liver failure represents a state of 
regulatory dysfunction induced by the activated hepatic macrophage, the 
Kuppfer cell. This same process may also influence metabolic failure 
in other organs as well. The activation of these macrophages is 
hypothesized to represent the final stage of a series of continuous 
stimulating events, ego hypoxia, endotoxin, bacteria, and gut 
translocated toxins. The precise monokine(s) responsible are not yet 
completely characterized. Treatment consists of the modalities 
outlined above and the employment of aggressive metabolic support. 
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An injury is usually a local event that initiates a local redness, 
swelling, pain, heat, and a loss of function. With severe insults or 
when local host defenses fail, the response becomes systemic. The 
systemic response is recognized as the clinical syndrome of fever, 
anorexia, sympathomimetic signs, malaise altered mentation, and 
leukocytosis with a left-shift on differential count. This response is 
often associated with a hyperdynamic physiologic state and 
hypermetabolism. Stimuli such as infection or injured tissue, and 
significant perfusion deficits seen in the clinical settings of burns, 
poly trauma , pancreatitis, and ruptured aneurysms, can also induce the 
same systemic response. In the case of infection, the type of invading 
micro-organisms does not seem to influence the character of the host 
response. l ,2,3,4,5,6,7 

Once the systemic metabolic response to injury has been activated, 
a typical time-course usually results (Fig. 1). The initial events are 
summed-up with the expression, "ebb" phase7 or "shock" phase. The ebb 
phase immediately precedes the flow phase which tends to peak on day 3 
post injury and abate spontaneously by day 7-10 post injury. The 
degree of this initial response has considerable biologic 
variablility. Using several clinically useful sign-posts, a 
categorization can be defined that quantitates the degree of response 
(Table I). When a defined level is reached (level 2), hypermetabolism 
is said to be present. 

When .the response does not abate, a complication has usually 
occurred. Typically, water retention and myocardial infarctions have 
their maximum incidence on day 3 postinjury;" liver failure tends to 
occur on day postoperative 3-5 in patients with cirrhosis. If the 
cause can be found and corrected, recovery usually occurs. After 
several such episodes, or when the cause cannot be controlled, a phase 
of persistent hypermetabolism is entered and the transition to organ 
failure may occur (Fig. 1). Usually the respiratory distress syndrome 

TABLE I 

METABOLIC CRITERIA FOR STRESS STRATIFICATION 

Stress Clinical Urinary Oxygen Blood Plasma Glucagon 
Level Prototype Nitrogen Consumed Glucose Lactate Insulin 

Gm/Day ml/M2 mg/dl mM/L Ratio 

0 starvation <5 90+10 100+20 100+50 2+.5 

1 elective 5-10 130+10 150+25 1200+200 2.5±8 
surgery 

2 trauma 10-15 150+20 150+25 1200+200 3+.7 

3 sepsis >15 180+20 250+50 2500+500 8+1. 5 

A continuum exists within which ranges of values or patterns of 
response can be identified. An individual patient may not coincide 
with the clinical prototypes, e.g., all septic patients do not exhibit 
level 3 metabolism. The correlation between clinical setting and 
degree of metabolic stress is r = 0.6 to 0.7. 
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is seen first. Organ failure is usually heralded by a r~s~ng bilirubin 
followed by a rising creatinine. There are several recognized risk 
factors for this transition: severe, unrecognized, persistent 
perfusion deficits; an uncontrolled or uncontrollable infection source; 
the presence of respiratory distress syndrome; and preexisting 
cirrhosis or hepatitis. Organ failure can be divided into early and 
late phases (Table II). The transition usually signifies a higher 
mortality risk; as the organ failures worsen the mortality risk 
increases. There comes a point, frequently hard to define, at which 
all known treatment modalities seem to become supportive instead of 
therapeutic, including surgery, ventilation, antibiotics and 
nutritionl ,2,3,6,8,19. 

The transition to the clinical organ failure syndrome apppear to 
coincide with the onset of clinical hepatic failure. Both clinical and 
metabolic evidence supports this point of view. At this time 
jaundice, biliary tract dilatation, colestasis, and biliary sludge 
become prominent clinical features. The R/Q tends to run over 0.9 and 
frequently exceeds 1.00 with an associated increase in hepatic 
lipogenesis; triglyceride intolerence occurs with a reduced ability to 
clear exogenous triglycerides of long chain fatty acids. The amino 
acid profile is similar to that seen in the liver failure of cirrhosis; 
the hepatic redox potential falls as does hepatic amino acid clearance 
and protein synthesis; ureagenesis increases. When fully developed, 
the liver failure is almost uniformly fatal. It remains the most 
common cause of death in surgical ICU patients and continues to consume 
a major share of intensive care resources. 2 ,6,14,19 

METABOLISM 

The alterations in physiology and metabolism run a spectrum as the 
hypermetabolism transcends into organ failure and then into the 
terminal form of organ failure. The phase of hypermetabolism 
represents a normal systemic response to the mediator systems. With 
the transition to organ failure, the systemic response begins to 

TABLE II 

EARLY AND LATE ORGAN FAILURE 

Mentation 
Respiratory distress syndrome 
Bilirubin 
Creatinine (Cr) 
BUN/Cr ratio 
Muscle mass 
Lactate 
BOHB/AcAc* ratio 
Phenylalanine 
Triglyceride (12 hr fasting) 

°2C1 
VC02 
N-balance (on nutrition) 

Early 

light coma 
present 
3-4 mg/dl 
2-3 mg/dl 
normal 
+ 
1. 5 mM/L 
normal 
<80 M/L 
<250 mg/dl 
>160 ml/M2 
<5 ml/kg 
equilibrium or 

positive 

*BOHB/AcAc hydroxybutyrate/acetoacetate 

Late 

deep coma 
advanced 
>8 mg/dl and rising 
>3 mg/dl and r~s~ng 
W (off nutrition) 
autocannibalism 
>2.0 mM/L 
increased 
>80 M/L 
>250 mg/dl 
>160 ml~M2 
>5 ml/M 
>-5 gm/day 
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Figure 1. The presence of dead or injured tissue, an oxygen debt or 
invading microorganisms can activate the metabolic response to injury. 
The response magnitude depends on how much stimulation has occurred; 
the uncomplicated form usually peaks on Day 3 and abates by Day 7-10 
postinjury. Hypermetabolism-organ failure represent a metabolic 
response spectrum. Clinically, the hypermetabolism phase has lung 
dysfunction and is primarily a peripheral phenomenon. With the onset 
of organ failure, clinically overt liver failure seems to be present. 
The risk factors for this transition include: A severe or persistent 
oxygen debt; an uncontrolled focus of infection or dead/injured tissue; 
and a perfusion insult followed by infection. 
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deteriorate, with the eventual death of the host. The metabolism is 
much different from that of starvation. A detailed discussion is 
beyond the scope of this paper; a summary of principles will be 
presented here. 

In hypermetabolism the energy expenditure is more than twice that 
seen in starvation (Table III). This is reflected in the increased 
oxygen consumption, reduced peripheral resistence, and increased 
cardiac output. The combustion ration runs 0.8_0.852 ,14 with about 1/3 
each of the energy expenditure deriving from glucose, fat, and amino 
acids. The oxidative utilization of pyruvate is reduced. presumably 
reflecting the reduced activity of pyruvate dehydrogenase. Lactate 
production is increased with a proportionate increase in pyruvate. so 
that there is little excess lactate. Alanine production is increased. 
oxygen consumption is high and there is use of alternate substrates in 
the Krebs cycle. These observations reflect an altered type of aerobic 
metabolism which utilizes substrates other than glucose. namely fat and 
amino acids 2•8 • 16. Gluconeogenesis is increased and much less 
responsive to the administration of exogenous glucose17• Ketosis is 
reduced; fat oxidation increased; lipolysis increased; and lipogensis 
decreased. Total body protein synthesis is reduced with increased 
catabolism. Administration of exogenous amino acids can increase the 
rate of protein synthesis; matching but not reducing the catabolic 
rate. This autocannibalism is thought to reflect the response to 
mediator(s). perhaps a mono kine or peptide. Thus the demand for amino 
acids is increased for energy production and protein synthesis; and 
mobilization from the mobile pools. as in skeletal muscle. occurs in 
response to these mediators. The result is a rapid loss of muscle 
protein and redistribution of the·nitrogen to the organs with increased 
work. ego liver. heart. kidney. Hepatic amino acid clearance is 
increased and is reflected in an increased rate of hepatic protein 
synthesis2.8.l0.ll.l2.l3.l5.l8.20.2l. 

With the transition to organ failure. most of the processes 
previously mentioned are augmented. Energy production still seems 
adequate; the peripheral metabolism still seems to work well. However. 

TABLE III 

COMPARISON OF STARVATION AND·SEPSIS 

Energy Expenditure 
Mediator Activation 
R/Q 
Fuel 
Gluconeogenesis 
Protein Synthesis 
Catabolism 
AA Oxidation 
Ureagenesis 
Ketosis 
Responsiveness to 

Exogenous Substrate 
Rate of Malnutrition 

Development 

AA - amino acid 

Starvation 

'" + 
0.7 

glucose/fat 
+ .. 
+ 
+ 

+++ 
+++ 

+ 

++ 
+++ 

0.8-0.85 
mixed 
+++ 
• .J-

+++ 
+++ 

++ 
+ 
+ 

+++ 
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hepatic redox potential begins to fall; hepatic lipid production 
increases; and triglyceride clearance and hepatic protein synthesis 
begin to fail. This latter event can usually still be supported with 
exogenous amino acids. If not, the outcome is poor. As the terminal 
state approaches, glucose production is reduced; amino acid extraction 
fails and both hepatic and total body protein synthesis decrease while 
catabolism increases; spontaneous hypertriglyceridemia occurs; lactate 
and pyruvate rise rapidly; ureagenesis is unrestricted; energy 
production fails~ and the clinical findings of liver, renal and cardiac 
failure occur.2, ,19 

The organ failure syndrome induces changes in the polyunsaturated 
fatty acid (PUFA) profile of the phospholipid fraction of plasma. The 
profile becomes that of essential fatty acid deficiency with excess 
levels of other PUFA (Table IV). Exogenous fat emulsion, triglycerides 
of the long chain fatty acids, do not appear able to correct this 
profile and exaggerate certain aspects of it. Of note, are the 
observed reductions in arachidonic acid with increased conversion to 
22:5w6. Changes in these lipid fractions may reflect alterations in 
the cell membrane structural components, and thus may be involved in 
the organ failure process. Whether this picture is cause or effect, is 
yet unknown. 

THE HEPATIC FAILURE 

Liver dysfunction, then, becomes a primary focus in the organ 
failure process. Research has concentrated on the regulation of 
hepatocyte function. Bacteria and toxins circulating in the blood are 
removed frow the circulation by Kupffer cells. In the process of 
removal, Kupffer cells may become activated with release of numerou§ 
mediator substances. We hypothesize that this progressive activ.ation 

TABLE IV 

ALTERATIONS IN PLASMA POLYUNSATURATED FATTY ACID PROFILES 

INDUCED BY HYPERMETABOLISM-ORGAN FAILURE 

FATTY ACID CONTROL WITH LIPID NO LIPID 

N 33 10 5 
5 
16:0 Palmitic 26.7 :!: .4 30 :!: 1 30.4 + 1.1 
l8:1w9 Oleic 8.8 + .3 8 + .6 15.7 + 3.6 
18:21116 Linoleic 22.9 :!: .6 13.9 :!: 2.1 9.4 + 1.3 
18:3..13 Linolenic .2 + .03 .02 :!: .02 .02 + .02 
20:3"'9 .15 + .01 .25 + .09 1.1 :!: .4 
20:4 .... 6 Arachidonic 11 :!: .5 6.6 + .7 8.8 + 1 
22:51116 42.3 :!: .6 31. 7 + 20.8 27.7 + 1.9 

Control - nonstressed, well-nourished No Lipid - 7 days parenteral 
nutrition without fat 
Lipid = 7 days parenteral nutrition with 500 ml 10% fat given qd 

Lipid and nonlipid group were all patients in the surgical ICU and had 
the hypermetabolism-organ failure complex 
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Figure 2. The hepatocyte alone in culture has a baseline level protein 
synthesis. When Kupffer cells are added, hepatocyte protein synthesis 
increases. This synthesis can be inhibited by ischemia, endotoxin and 
killed bacteria. The process requires Kupffer cells and seems to be 
mediated by a peptide produced by the Kupffer cells in response to the 
stimuli . 
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Figure 3 . The Kupffer (macrophage) cells become increasingly activated 
by different kinds and combinations of stimuli. It is hypothesized 
that this repeated stimulation, perhaps from gut bactera and/or toxins, 
eventually overactivates the macrophage and a response with survival 
value (increased hepatic protein synthesis) becomes one detrimental to 
survival (decreased heptic protein synthesis.) 
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makes the liver particularly suscentib1e to Kupffer cell-mediated 
dysfunction during MSOF. 23 ,24,25,26,27,28 

To understand the mechanisms responsible for the alterations of 
liver function, an in vitro model system was used. The model uses 
enzymatically digested liver to retrieve hepatocytes and Kupffer 
cells. Protein synthesis is used as a functional parameter because it 
is easily measured in vitro using radioactive precursor incorporation, 
and because it is a highly sensitive parameter of integrated 
hepatocellular function. Activated macrophages/Kupffer cells induce a 
biphasic response in protein synthesis with an early induction followed 
by a depression in the synthesis of protein. 23 ,24 

Lipopolysaccharide (LPS) and killed E. coli (KEC) had little or no 
direct effect on liver cell function. When hepatocytes were cocu1tured 
with macrophages or Kupffer cells and LPS or KEC, hepatocyte protein 
synthesis decreased markedly (Fig. 2). These results were not 
reproduced if lymphocytes were used instead of macrophages. In spite 
of the marked alteration in cocu1tured hepatocyte function, hepatocyte 
viability or microscopic morphology did not change. 23 ,24 

Dexamethasone had no effect on the protein synthesis of hepatocytes 
cultured alone but did block the decrease in protein synthesis after 
addition of LPS or KEC. It did not affect the Kupffer cell-mediator 
increase in protein synthesis in the absence of these mediators. 26 

The effect of decreased oxygen concentrations on cocu1tured 
hepatocyte protein synthesis revealed that oxygen tensions as low as 18 
torr had little effect on hepatocyte protein synthesis with or without 
LPS. With the cocu1ture system, depressed hepatocyte protein synthesis 
was seen with hypoxia in the absence of LPS. When LPS was then added, 
an exaggerated depression of protein synthesis occurred. These results 
suggest that exposure to transient hypoxia may activate Kupffer cells 
or macrophages, and that LPS can further amplify these effects. 

Addition of inhibitors of prostaglandin synthetase such as 
indomethacin had no effect. Similarly, the 5-lipooxygenase inhibitor 
nor-dihydroguariatic acid did not alter the coculture response. 
Addition of the end products of arachidonic acid metabolism, such as 
prostaglandin El' ~~, or leukotriene B4 , did not affect hepatocyte 
protein synthesis. 

Another possible group of mediators released by activated 
macrophages are the toxic oxygen species, including hydrogen peroxide, 
superoxide anion, and hydroxyl radical. Hepatic protein synthesis is 
decreased by the addition of hydrogen peroxide and exacerbated by 
depletion of intracellular oxygen radical scavengers such as reduced 
glutathione. However, catalase and superoxide dismutase, which degrade 
hydrogen peroxide or superoxide anion, respectively, did not prevent 
the Kupffer cell-mediated decrease in heRatocyte protein synthesis in 
coculture after addition of LPS or KEC. 2 

Activated macrophages or Kupffer cells release peptides that may be 
potential mediators of altered liver function. Among these are 
interleukin 1, plasminogen activator, and tumor necrosis 
factor/cachectin. Interleukin 1 can stimulate synthesis of several 
acute-phase proteins from hepatocytes, while decreasing the synthesis 
of albumin and transferrin. 

In this model system, conditioned medium from crude nonparenchymal 
cells, purified Kupffer cells, or macrophages, triggered with LPS will 
result in decreased protein synthesis when added to hepatocytes 
cultured alone. The activity is heat-labile, with maximal inhibitory 
activity between 15 and 30 k daltons. Conditioned medium from 
coculture or macrophages/Kupffer cells generated in the absence of LPS 
has no effect. When the supernatant medium is assayed for 
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lymphocyte-activating factor activity, it is found in high levels. 
However, addition of IL-l to hepatocytes alone does not result in 
decreased protein synthesis as seen in coculture. 28 Interestingly, the 
time course of decreased protein synthesis is similar when conditioned 
medium is added, compared to that in coculture; that is, a four- to 
eight-hour lag occurs before decreased protein synthesis is detectable, 
with a maximal decrease seen after 16 to 24 hours. This observation 
suggests that the lag is not a result of mediator synthesis, but rather 
the time required for the hepatocyte to respond to the mediator. 

A growing body of evidence suggests that leukocytic mediators are 
pathogenic in the mechanism of altered organ function during MSOF. In 
the liver, the normal anatomic relationship of Kupffer cells and 
hepatocytes suggests an obvious potential for modulating cell-cell 
interactions. The Kupffer cells within the liver normally function to 
clear the circulation of these potentially toxic materials; in the 
process, they may become activated, releasing numerous mediators (Fig. 
3). In vitro, Kupffer cells can then mediate decreases in hepatocyte 
protein synthesis. They seem to do so via a heat-labile, soluble 
substance with a molecular weight of 15,000 to 30,000 (10). Whether 
this mediator(s) is responsible for the liver dysfunction seen 
clinically remains to be clarified. 

CLINICAL CORRELATIONS 

Given the current concepts of the organ failure syndrome, the 
clinical correlations fall into three general categories: prevention, 
mediator cell modulation, and hepatocyte support. 

Prevention remains the best mode of treatment for the organ failure 
syndrome. Control of the source is the first principle. Whenever 
possible, the cause needs to be stopped so that continued stimulation 
of the mediator systems does not occur. The restoration and 
maintainance of oxygen transport, resuscitation, continues to be a 
mainstay of treatment. Recent data strongly suggests that in many of 
the clinical settings in which organ failure occurs, the invasive 
monitoring regimens that focus on flow and oxygen consumption have an 
associated reduction in organ failures and mortality.9 Metabolic 
support has become an important part of the treatment regimen. It has 
been difficult to show that this modality has had a direct effect on 
the disease process itself or on mortality. Nevertheless, when applied 
in a setting of good surgery and critical care, there has been a 
reduction in organ failure mortality.3 Presumably this cofactor effect 
is a result of patients not dying of malnutrition or by "running out of 
gas" . 

Mediator cell control is a new concept that is developing in the 
therapeutic armamentarium. The major aim would be to prevent excessive 
macrophage activation. Some activity seems to be essential for 
survival; excess activity may lead to dysmodulation of the 
target-cell. The modalities mentioned in prevention would also seem 
influential here. In addition, particular attention to gut support may 
be important in this regard. Animal work indicates that early gut 
nutrition may prevent the process from starting. Gut sterilization 
techniques may also playa role. The use of antibodies against core 
lipid components could also be influential. Once activated, little 
current insight exists into influencing mediator cell activity in the 
organ failure setting. Perhaps drug intervention or hormone 
manipulation will be of value. It has become increasingly apparent 
that a single "magic bullet" probably does not exits. Combinations of 
drugs that are precisely timed will probably. be necessary. 
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In this latter setting, the focus shifts to the hepatocyte. Its 
integrity and function need aggressive support. Currently, this takes 
the form of meticulous attention to oxygen transpQrt, preventing 
substrate-limited metabolism, and modulation of the Kuppfer cell. 
Considerable research needs to yet be done before the details of these 
regulatory processes are completely understood and rational treatment 
regimens designed and tested. 
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LEUKOTRIENES IN ENDOTOXIN SHOCK 

INTRODUCTION 

W. Hagmann, C. Oenzlinger, S. Rapp and O. Keppler 
Biochemisches Institut, University of Freiburg 
0-7800 Freiburg, West Germany 

Actions of endotoxin (lipopolysaccharide, LPS) in vivo have long been 

suggested ta be mediated by arachidonate metabolites (1,2). The important 

role of arachidonate-derived metabolites including leukotrienes, 

prastaglandins and thromboxane in experimental LPS shock has been deduced 

from the LPS resistance of essential fatty acid-deficient rats (3,4), 

from the altered arachidonate metabolism in LPS-tolerant rats (5), as 

well as from pharmacological evidence (1,2,6,7). Recent studies showed 

that the LPS-resistant C3H/HeJ mouse strain, whose macrophages are 

defective in prostaglandin (8,9) and leukotriene synthesis (10), can be 

made highly LPS-sensitive by transfer of pure macrophages from LPS­

sensitive C3H/HeN mice (11). These data stress the target cell role of 

macrophages in the in vivo action of LPS (8,11). 

Our early studies in a small-dose LPS shock model in mice (6,7) 

pOinted to the leukotrienes, in particular to the cysteinyl leukotrienes 

LTD4 , and LTE4 , as key mediators in LPS shock. Cysteinyl 

leukotrienes are known to cause in minute amounts inflammatory and 

anaphylactic reactions (12), myocardial depression and shock-like 

reactions (13,14), and extensive plasma extravasation (15) in sensitive 

animal species. Several of the pathophysiologic symptoms mediated by 

cysteinyl leukotrienes are also observed in LPS shock (16). These studies 

are thus consistent with a mediator function of cysteinyl leukotrienes in 

lethal LPS action. 
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PREVENTION OF LETHAL ENDOTOXIN ACTION BY INHIBITORS OF LEUKOTRIENE 

SYNTHESIS OR ACTION 

Uur pharmacological studies employed a small-dose LPS shock model in 

which mice (NMRI and C57BL/6, 12 to 14 weeks of age) were sensitized 

against LPS (17) (from S. abortus equi, 1-4 ~g/kg, or from S. minnesota, 

300 I-'g/kg, i.v. or i.p.) by treatment with the inhibitors of 

hepatocellular RNA synthesis D-galactosamine ( 3.5 mmol/kg, i.p.) (18) or 

O(.-amanitin (0.2 ,",mol/kg, i.p.) (19). All animals died from LPS-induced 

shock within 5-12 hours under these conditions, but neither D­

galactosamine nor ~-amanitin were lethal themselves within this time 

period. Complete protection in this LPS shock model was achieved (6,7) by 

dexamethasone, which indirectly inhibits arachidonate release via 

lipocortin (20), by the dual 5-lipoxygenase and cyclooxygenase inhibitor 

BW 755C (21), by diethylcarbamazine, an inhibitor of leukotriene 

synthesis (22), and by FPL 55712, a selective receptor antagonist for 

cysteinyl leukotrienes (23). Furthermore, LY 171883, a recently developed 

LTD4/LTE4 receptor antagonist (24) protected 60% of NMRI mice against 

lethal LPS action when injected in 3 doses ( 60 ,",mol/kg each, i.v.) at 0, 

2, and 4 hours. In contrast, cyclooxygenase inhibitors like indomethacin 

and indoprofen (25) could not or only partially prevent LPS lethality. 

Figure 1. 

ENDOTOXIN (LPS) 

_______________ ca"! 
PhosPho,' Ipq 

S'E' 
Lipocortin - Glucocortlcolds 
Calmldazollum 
Trifluoper azm 

Prostaglandin H2 " ~ PGE2JI2 TXA2 
8M 13177 

Pharmacological interference after endotoxin stimulation of 

the arachidonate cascade. The sites of action of several drugs 

interfering with eicosanoid synthesis or action (26) are indicated. 

Application details were described earlier (6,7) or are given in the 

text. 
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On account of this inhibitor profile and the efficacy of the receptor 

antagonists (fig.l) we argue for an important role of the cysteinyl 

leukotrienes in the lethal action of LPS under our experimental 

conditions. 

GENERATION OF CYSTEINYL LEUKOTRIENES IN VIVO IN ENDOTOXIN SHOCK 

According to the results from tracer studies withrH]LTC4 (27,28) 

or [3H]LTD4 (7) we measured the systemic production of cysteinyl 

leukotrienes by analyzing bile, since these mediators are rapidly 

eliminated from the circulating blood with about 60% of the injected dose 

being recover~d in bile within 30 min (fig.2). The major endogenous 

metabolite of cysteinyl leukotrienes that can be analyzed in rat bile by 

sequential high-performance liquid chromatography and radioimmunoassay 
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Figure 2. Elimination of[3H]LTC4 and its metabolites from blood into 

bile and urine of rats. Bile and small amounts of bload were collected 

continuously; urine was sampled from the urinary bladder within 30 min 

after i.v. [3H]LTC4 injection. Data give percent of injected tritium 

circulating in bload ar accumulated in bile and urine. Horizontal bars 

indicate the half-life times (min) of 3H-Ieukotrienes circulating in 

blood (27,28). 
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was found to be N-acetyl LTE4 (fig.3) (29,30). Administration of LPS 

(from S. minnesota R595, 15 mg/kg, Lv.) into rats caused a rapid al­

though transient generation of cysteinyl leukatrienes reflected by the 

increase in the N-acetyl LTE4 production rate (7) and in its biliary 

concentration in anesthesized or unanesthesized rats (fig.4) (7,29,30). 

The measured quantities of cysteinyl leukotrienes generated in rats 

after LPS injection may well suffice to evoke known phenomena associated 

with endotoxin shock such as tissue edema and Circulatory and respirato­

ry dysfunction. 
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Figure 3. Pattern of endogenous cysteinyl leukotrienes in bile of 

rats after endotoxin. Bile was sampled 0.5-1 hour after LPS (from S. 

minn. R595, 10 mg/kg, i.v.) and prepared for HPLC and RIA as described 

(27). Upper panel: HPLC separation giving concentrations of cysteinyl 

leukotrienes determined in the HPLC fractions by RIA and calculated 

according to their respective cross-reactivities (7,29). Lower panel: 

HPLC separation of internal 3H-leukotriene standards. 
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Figure 4. 
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Endogenous cysteinyl leukotriene production induced by 

endotoxin in vivo. Rats were injected i.v. with saline (NaCI) as cantrol 

and with LPS (from S. minn. R595, 15 mg/kg). N-Acetyl LTE4 as indicator 

metabolite for leukotriene generation was measured in bile as described 

previously (27-30). Asterisks indicate significant elevation by P<0.02. 

INHIBITION OF THE HEPATOBILIARY ELIMINATION OF CYSTEINYL LEUKOTRIENES BY 

LPS 

LPS and Lipid A, the endotoxic principle of the LPS molecule (31), 

severely impaired even at low doses the hepatobiliary clearance of LTC4 , 

LTD4 , LTE4 and their metabolites (7). The biliary appearance of[3HJLTC4 
metabolites decreased to less than 10% of control within 4 hours after 

LPS (5 mg/kg) (32). The concomitant LPS-induced reduction of bile flow 

and of tracer [14CJtaurocholate elimination, however, was much less 

pronounced than the severe inhibition of cysteinyl leukotriene 

elimination into bile (7). The latter effect resulted in elevated 

concentrations of cysteinyl leukotrienes in blood and liver (7,28). 

Lethal LPS action may therefore depend on both pathophysiological events, 

namely enhanced endogenous production and simultaneously impaired 

155 



deactivation of cysteinyl leukotrienes, both possibly potentiating the 

effects of these shock-inducing mediatars in vivo. It is of interest that 

bile duct ligation, which renders this predominant way of cysteinyl 

leukatriene elimination impossible (28), sensitizes rats against the 

lethal action of LPS (33). 

MEDIATOR NETWORK IN ENDOTOXIN SHOCK: ROLE OF LEUKOTRIENES 

A key role of leukotrienes, particularly of cysteinyl leukotrienes, 

in the lethal action of LPS is suggested from the pharmacological 

evidence summarized above. LPS, however, is known to elicit the release 

of a variety of mediators from target cells especially the mononuclear 

phagocytes. The LPS target cells release, in addition to cysteinyl 

leukotrienes (10), other lipid mediators such as several prostanoids 

(2,34) and platelet-activating factor (35) which in turn can induce 

leukotriene synthesis (36). The shock-inducing effects of platelet­

activating factor, however, can be fully antagonized by inhibitors of 

leukotriene synthesis or by a cysteinyl leukotriene receptor antagonist 

(37). Additional mediators like tumor necrosis factor (38) and members 

of the interleukin-l family (39,40) participate in the detrimental 

(38,41) or beneficial actions of LPS. Beneficial and compensatory 

after LPS injection comprise in particular the enhanced 

of acute-phase proteins in hepatocytes (39) resulting in a 

processes 

synthesis 

LPS-resistant condition. D-Galactosamine and ~-amanitin, which suppress 

the hepatocellular synthesis of acute-phase proteins (39), raise the 

sensitivity of different animal species to LPS many-thousand-fold 

(17,19) possibly by this interference with acute-phase protein 

biosynthesis. 

The mediator profile in LPS shock may vary in different species and 

under different experimental protocols. Additional studies in human 

sepsis are needed to define the role of cysteinyl leukotrienes in a way 

analogous to our studies in mice and rats. 
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BURN BLISTERS 
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AIM OF STUDY 

Burn blisters are containing LT. The level of content is difficult to 
be explained : immediate or delayed cold water treatment (CWT) and 
time interval (few minutes, hours or days) modify the measurable 
content of LT. 

MATERIALS AND METHODS 

The blister fluid from burns on the trunk and limbs of 37 outpatients 
who had just arrived in our hospital were analysed. 6 patients were 
excluded (the fluid were frozen only at -30°C). In 8 cases of "early 
comers" (time interval between accident and removal of blister fluid 
t<100 min.) fluid was removed before CWT ; in 10 cases of "early 
comers" fluid was removed after CWT. In all cases of "late comers" 
(t>100 min.) CWT was not applied. The fluid was removed from the 
blister with a needle under sterile conditions, frozen at -70°C and 
examined for LTBu (HPLC and RIA) and cysteinyl leukotrienes. None of 
the samples of fluid contained cells. 

159 



160 

Fig. 1. Sonograms of blister; the first sonogram shows a blister in 
statu nascendi (1/2 h post burning) 



RESULTS 

Cysteinyl leukotriens were not measurable. Very high levels of LTB4 were 
found in the 8 patients before CWT. 7 of these patients surely had no 
CWT immediately after buring, one patient applied a probably insufficient 
CWT at home. In the 10 patients becoming CWT before removal blister fluid 
low LTB4 levels wer found : CWT caused a decrease of LTB4 . The "late 
comers" become no CWT, and low levels were measured too: This group be­
comes probably a physiological decrease of LTB4 content. Our findings can­
not be explained by a local leukotriene induction regulated by glutathion 
release from the liver (1), because only cysteinyl LT synthesis is con­
nected with glutathion release. 

INITIALS BIRTHDATE LOCALISATION TIMEINTERVAL LTB 4 
OF BURNS IN MIN (PG/ML) 

GROUP 1: EARLY COMERS. FLUID REMOVAL BEFORE CWT 

1) T. CH. q 17 .12.19 BOTH HANDS AND 
FOREARMS 100 953 

2) E.V. g 10.12.10 RIGHT HAND AND ARM 45 359 

3) L.E. I! 08.04.38 FACE. HANDS AND 
THORAX 10 398 

4) H.G. I! 07.08.52 LEFT LEG AND 
A8DOMEN 60 481 

5) SCH.G. f! 01.11.63 NECK AND BACK 35 1189 

6) R.E. g 28.11.28 RI GHT HAND AN 
FOREARM 40 ·666 

7) R.E. Q 24.07.06 LEFT ARM AND 
SHOULDER 65 670 

8) R.L. I! 24.05.59 BREAST 40 888 

GROUP 2: EARLY COMERS. FLUID REMOVAL AFTER CWT 

1) D.A. 9 01.07.19 FACE AND HANDS 20 97 

2) K.J. ~ 14.09.45 HANDS AND LEFT 
SHOULDER 15 292 

3) K.D. iJ 09.02.59 RIGHT FEET AND LEG 50 240 

4) B.R. d 16.05.61 LEFT ARM. LEFT LEG 30 221 

5) D.J. 0 10.02.43 LEFT LEG AND HIP 35 156 

6) W.CHR. g 26.12.59 BOTH THIGHS 60 232 

7) C.L. ~ 19.09.48 RIGHT LEG 30 378 

8) H.W. er 20.08.65 LEFT HAND AND 
FOREARM 85 350 

9) K.E. ~ 17 .02.3S LEFT HAND AND 
LEFT LEG 70 283 

10) J.D. ~ 01.02.45 LEFT BREAST. 
RI GHT HAND AND 
RIGHT ARM 40 345 

Fig. 2. List of our patients with personal data, time interval, and LTB4 
level in pg/ml. (continued) 
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INITIALS BIRTHDATE LOCAL! SA TI ON TIME INTERVAL LTB4 
OF BURNS IN MIN (PG/ML) 

GROUP 3: LATE COMERS, NO CWT 

1) L.E. fl 16.07.23 BOTH HANDS AND 
FOREARMS 365 208 

2) W.U. ~ 23.09.59 RIGHT LEG 155 214 

3) B.R. d' 16.03.49 BOTH LEGS 240 180 

4) A.TH.d' 08.02.65 BACK AND SEAT 195 234 

5) S.E. Q 14.10.09 RIGHT HAND 120 318 

6) SCH.J. q 03.05.02 RI GHT HAND AND 
FOREARM 1020 194 

7) W.W. If 17.07.51 RIGHT HAND AND 
FOREARM 510 198 

8) B.Z. Q 16.05.56 LEFT HAND AND 
FOREARM 570 210 

9) W.E. q 22.08.44 NECK AND SHOULDERS 915 247 

10) G.W. q 07.05.38 RIGHT ARM ONE DAY 296 

11) F.G. q 02.12.63 ABDOMEN, VULVA 
AND RIGHT HAND 55 253 

12) P .H. rf 29.04.49 LEFT LEG 460 319 

13) P.E. ~ 13.11.30 BOTH LEGS 60 253 

Fig. 2 (Continued) 

CONCLUSION 

LTB4 appearance in human burn blisters is time dependent. The interval is 
very short. Our findings correspond to the time dependent appearance (after 
30 min.) of chemotactic activity in serum (2). Any therapeutic approach to 
the burn disease must be considered in further drug research also. 
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PLATELET-ACTIVATING FACTOR: AN INFLAMMATORY MEDIATOR 
INVOLVED IN THE PATHOPHYSIOLOGY OF SHOCK 

INTRODUCTION 

M. Sanchez Crespo, S. Fernandez-Gallardo and E. Cano 
Servicio de Nefrologia, Fundacion Jimenez Diaz 
Avenida Reyes Catolicos 2, 28040-Madrid, Spain 

The shock state is an important clinical condition characterized by 
the occurrence of profound hemodynamic disturbances and the subsequent de­
velopment of functional failure of many organs. The pathophysiology of 
shock is very complex. and many important aspects remain to be elucidated. 
Hemodynamic changes such as reduction of arterial pressure and cardiac output, 
a decrease in the count of platelets and leukocytes, an elevation of pul­
monary arterial pressure and the stimulation of blood coagulation, kinin 
and complement system have been repeatedly observed in the process of shock 
evolution. At the present time, many chemical mediators and activation sys­
tems have been implicated in the pathogenesis of these disturbances, and 
this has surely opened the door to a vista of new therapeutic trends for 
this severe condition. Histamine, kinin, serotonin and endorphins have 
been found to be released during shock evolution, and most recently meta­
bolites of arachidonic acid have been recognized to play a central role 
in the pathophysiology of shock in view of their potent actions on the 
cardiovascular system. 

Platelet-activating factor (PAF, PAF-acter, AGEPC) was initially 
described by Benveniste, Henson and Cochranel in their 1972 report as 
a substance released from IgE-stimulated basophils that could trigger 
the secretory response of rabbit platelets. However, the role of this 
mediator in pathology grew preatly after the elucidation of its chem-
ical structure as 1-O-alkyl-2acetyl-sn-glycero-3-phosphocholine2,3,4. 
In addition to its well known action-on platelets, PA~acether has been 
found to be a potent stimulator of polymorphonuclear leukocvtes5 ,6,7 and 
also causes diverse etfects such as systemic hypotension,4,8.9 extravasa­
tion of protein-rich plasma,8,lO pulmonary hypertension,11 bronchocons­
triction12 and glycogenolysis. This wide spectrum of actions for a unique 
molecule, in combination with its ability to promote the activation of ma­
many different types of cells and activation systems have suggested that 
PAF-acether has an important function in the "entangled web" of humoral 
and cellular effectors of inflammation and in vascular homeostasis. in 
this review we analyse the available data in order to ascertain whether 
PAF-acether could be recognized as a shock factor in both humans and ex­
perimental animals. 

~ On sabbatical leave, Departamento de Farmacognosia, Facultad de Farmacia, 
Universidad de Santiago de Compostela, Spain. 
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Fig. 1. Chemical structure of platelet­
activating factor: 1-0-hexadecyl/ 
octadecyl-2-acetyl-sn-glycero-3-
phosphocholine. 

EFFECT OF THE INFUSION OF PLATELET ACTIVATING FACTOR IN EXPERIMENTAL 
ANIMALS 

The first criterium to be fulfilled by a substance for it to be con­
sidered as a possible mediator of a physiological event, must be the abi­
lity of this substance to reproduce that physiological event. This has 
been fulfilled with regard toPAF-acether and shock state by a number of 
different laboratories. Initial studies with the synthetic molecule were 
carried out in the rabbit by McManus et al. 14 These authors showed that 
the compound was extremely potent and caused the death of the animals 
at very low doses. In these rabbits the clinical picture mimicked syste­
mic anaphylaxis and it was considered that the activation of rabbit pla­
telets by PAF-acether played a central role in this process, since the 
mortality rate was significantly reduced by platelet depletionl~ 

Initial experiments from our group8 were carried out in normal Spra­
gue-Dawley rats using a racemic standard of paf-acether synthetized by 
Prof. Godfroid16 (University of Paris). This seems ~mportant. because the 
available standard at that time did not only conta~ned the active enantio­
mer, and therefore, it possessed a lower specific activity than those 
employed at the present time. Under the above mentioned conditions, the 
infusion ot PAF-acether at doses as low as 0.05 ug induced a significant 
reduction ]n blood pressure. This effect was instantaneous and disappeared 
in a few m~nutes. With doses higher than O.S ug, there was no significant 
differences in the reduction of mean arterial pressure in mm Hg, but the 
effect was long-lasting. The effect of PAF-acether on peripheral vascular 
resistance and cardiac output was explored by using plastic microspheres 
labeled with S7Co and 113Sn . In these experiments, PAF-acether was found 
to cause a pcofound reduction of peripheral vascular resistance "pari 
passu" with a fall of mean arterial pressure. Cardiac output showed simi­
lar values before and after PA?' -acether infusion. The ability of PAF -ace­
ther to induce the extravasation of protein-rich plasma was studied by 
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Table 1. Biological Actions of Paf-acether 

Activation of platelets 
Activation of polymorphonuclear leukocytes 
Systemic hypotension 
Extravasation of protein-rich plasma 
Pulmonary hypertension 
Bronchoconstriction 
Glycogenolysis 
Cardiodepression and arrythmias 
Glomerular filtration rate reduction 
Mesangial cell contraction 
Gastric ulcerogenesis 
Release of tissue-type plasminogen activator 
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Fig. 2. Effect of the infusion of PAF-acether 
on blood pressure. The acute hypoten­
sive effect of PAF-acether represents 
the fall in mm Hg of the mean arterial 
pressure. The prolonged hypotensive ef­
fect represents the area of the right 
triangle under the mean arterial pres­
sure tracing. From Sanchez Crespo et 
al. B, with permission. 

measuring the changes of the hematocrit value and the clearance from the 
circulation of 125I-HSA. The intravenous infusion of amounts of PAF-acether 
higher than 1 ug, induced a marked increase of the vascular permeability, 
as judged from a reduction of up to 70 % of the starting plasma level of 
125I-HSA and an increase of the hematocrit value of up to 20 %. This extra­
vasation was dose-dependent and paralleled hematocrit changes. A good co­
rrelation was found between the prolonged hypotensive effect of PAF-acether 
(measured by the area of the right triangles under the mean arterial pres­
sure tracing) and the variation of 125I-HSA plasma levels. The effect of 
PAF-acether on platelets and leukocytes was studied by performing periphe­
ral blood cell counts. In no case a significant reduction of the count was 
observed, and this suggested to us that both platelets and neutrophils are 
not important targets of PAF-acether actions in this particular model. The­
se initial findings have been confirmed and extended by other authors in 
many other systems. Bessin et al. 9 have shown that thromboxane A2 is gene­
rated in dogs following the infusion of PAF-acether, and the same authors 
have demonstrated the occurrence of pulmonary hypertension, impairment of 
myocardial metabolism and severe metabolic acidosis under these experimen­
tal conditions. Halonen et al. 17 have also showed that the hemodynamic ac­
tions of PA~acether are platelet-independent even in those animal species 
whose platelets are fully responsive to paf-acether. The cardiac actions 
of PA~acether consist of early alterations of the electrocardiogram, cha­
racterized by variations in heart rate and rhythm associated with a consis­
tent depression of the ST segment, a sign of subendocardial ischemia, and 
a negative inotropic effect which is observed in the isolated guinea-pig 
heart with very low concentrations of paf-acether18 • 

Studies on isolated lungs have provided controversial data with regard 
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to the mechanisms involved in the action of PAF-acether. On the one hand, 
Hamasaki el al. 19 have observed an elevation in the airway and vascular 
pressures in guinea pig lungs perfused with platelet-free Krebs-Ringer so­
lution. These effects were associated with stimulated synthesis of throm­
boxane A2, but the mechanism of their production was not determined. On the 
other hand, Heffner et al. 20 have found that the potential of PAF-acether 
to produce pulmonary hypertension and edema in isolated rabbit lungs was 
dependent on the ability of rabbit platelets to generate thromboxane A2. 
To make this question even more complex, Vargaftig and coworkers12 have 
provided evidence suggesting that PAF'-acether possibly releases from pla­
telets a bronchoconstrictor component, distinguishable from thromboxane 
A2 that can be depleted by reserpine administration to the animals. 

The effect of paf-acether on kidney circulation has been studied by 
several groups of authors21 ,22,23,24. Most results agree as to the vaso­
constrictor action of this compound, which results in dose-dependent re­
ductions in renal blood flow, glomerular filtration rate, urine volume and 
urinary sodium excretion. Once more, the possible involvement of arachido­
nate metabolites in the mediation or in the modulation of the action of 
PAF-acether has been suggested and most results agree as to the appearance 
of these changes in the absence of both systemic hypotension and signifi­
cant platelet-count reduction. In addition, PAF-acether has been found to 
be an active agonist at the glomerular level, since it can stimulate the 
contraction of mesangial cells influencing their function25 and increasing 
the permeability of the glomerular capillary wall26 • 

A recent report by Rosam et al. 27 has shown potent ulcerogenic actions 
of PAF-acether on the gastric mucosa. These actions do not seem to be at­
tributable solely to the hypotensive effect of PAF-acether and, apparently, 
are not mediated via effects on platelets or cycloxygenase products. This 
finding is a new data linking PAF-acether and the pathogenesis of shock, 
since there is a close association between septic shock and acute gastric 
damage. 

THE PLACE OF PAF-ACETHER IN THE "ENTANGLED WEB" OF CELLULAR AND HUMORAL 
EFFECTORS OF SHOCK 

The study of PAF-acether in the last years has shown that this me­
diator displays almost universal agonistic properties. This is probably 
due to the ability of PAF-acether to stimulate calcium entry and the de­
gradation of inositol phospholipids28 . This wide spectrum of pharmacolo­
gical actions makes it likely the involvement of PAF-acether in a clinical 
condition in which these pathophysiological changes are observed. The shock 
state is probably the only clinical condition in which all the pathophy­
Siological changes induced by PAF-acether infusion can be simultaneously 
observed. 

Another important aspect is the extremely elevated capacity of PAF 
acether to promote the generation and release of secondary mediators. The 
relationship between PAF-acether and eicosanoids has been observed in pla­
telets29 , neutrophils30 and endothelial cells31 • In all these different 
types of cells, PAF-acether has been found to initiate the generation of 
arachidonate metabolites and this has suggested that all the pharmacolo­
gical actions of PAF-acether are the consequence of the generation of the­
se secondary mediators. Recent studies with pharmacological antagonists 
of eicosanoids and inhibitors of the enzymes involved in their generation 
have provided controversial results, but the present opinion is that the-ge­
neration of these secondary mediators is an additional property of PAF­
acether and not its unique way of inducing biological responses. As an 
example of this assertion, it can be mentioned that inhibition of plate­
let-cyclooxygenase by aspirin only modifies the response to low concentra-
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tions of PAF-acether, whereas the response to high concentrations is unaf­
fected32 • This probably suggests that the generation of thromboxane A2 by 
PAF-acether stimulated platelets could potentiate the response to subopti­
mum concentrations of the agonist, but it is not required when the agonist 
is fully acting. 

Doebber et al. 33 have recently published that PAF-acether provokes 
the intravascular secretion of lysosomal hydrolases, and Emeis and Kluft34 
have reported that PAF-acether stimulates fibrinolysis in rats by promoting 
the generation of tissue-type plasminogen activator from endothelial cells. 
Hartung and Hadding35 have recently published that PAF-acether promotes the 
synthesis of complement factors by macrophages "in vitro". The ability of 
PAF-acether to initiate the prod~gtion of oxygen toxic metabolites by 
neutrophils and other cell types has also been reported. 

The question of whether PAF:-acether is an important factor in the re­
cruitment of all these mediators in shock could be revolved only by the 
use of specific antagonists of the PAF-acether receptor. 

GENERATION OF PAF-ACETHER DURING THE SHOCK STATE 

The next hypothesis to be tested was to ascertain whether PAF-
acether could be generated when experimental animals are challenged with 
some of the agonists which can initiate the shock state. The first descrip­
tion of the presence of PAF-acether in blood from rabbits with systemic 
anaphylaxis was published by Pinckard et al. 37 in 1980. These authors de­
veloped a procedure which allowed the inactivation of serum acetylhydro­
lase and permitted the isolation and assay of PAF -acether. 

Soluble aggregates of immunoglobulin G can initiate a number of res­
ponses in experimental animals which mimic the pathophysiology of the shock 
state. and the~ are a potent stimulus for the generation of PAF-acether 
"in vitro"38,3 ,40. This suggested to us that PAF-acether could be a like­
ly endogenous mediator of the physiological responses initiated by solu­
ble aggregates of immunoglobulin G41. A set of experiments was carried 
out in normal mice in which the variations of the intravascular volume we­
re measured by using 51Cr-labeled homologous red cells. Simultaneously. 
the liver and the spleen of these animals were removed and placed in Po­
tter-glass homogenizers containing methanol and kept on ice. These organs 
were mechanically disrupted and the methanolic extract centrifuged at 
1000 x g. Phase formation was achieved by adding chloroform and water. and 
the chloroform phase collected, evaporated to dryness and treated by thin 
layer chromatography on silica gel plates. The lipid fraction migrating as 
PAF-acether was eluted and tested on (3H) serotonin-labeled rabbit plate­
lets. Under these conditions, we were able to show that a lipid fraction 
analogous to PAF-acether could be obtained from the liver and the spleen 
of the animals which had received an intravenous challenge with soluble 
aggregates of immunoglobulin G. Furthermore, the apperance of this subs­
tance preceded the occurence of blood volume depletion due to extravasa­
tion of protein-rich plasma. Previous treatment of the animals with qui­
nacrine or depletion of mononuclear phagocytes by total irradiation indu­
ced both the disappearance of the extravasation induced by the aggregates 
and the abrogation/diminution of the PAF-acether generated by the spleen 
and the liver. Buxton et a1. l2 have used a model of "in situ" perfused rat 
liver challenged with soluble aggregates of immunoglobulin G. Under these 
conditions, a compound analogous to PAF-acether could be found in the ef­
fluent, and, interestingly, this compound was able to initiate glycogeno­
lysis in the hepatic cell. 
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Fig. 3. Generation of PAF-acether from the mo­
nonuclear phagocytic system in mice 
challenged with soluble aggregates of 
IgG. Liver and spleen were removed af­
ter intravenous infusion of 2mg of ag­
gregates. Another group of animals was 
processed in parallel to study blood 
volume reduction. From Inarrea et al., 
ref. 41. With permission. 
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Fig. 4. Time ~ourse of PAF-acether formation 
and peritoneal infiltration of cells. 
Rats were injected with 2x108 CFU of 
E. coli and at the times indicated 
peritoneal cells were counted and 
paf-acether measured in the perito­
neal exudate and in the spleen. From 
Inarrea et al. 42 , with permission. 
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Fig. 5. HPLC separation of fractions of lipid ex­
tracts from peritoneal cells which migra­
ted in thin layer chromatography as paf­
acether. UV absorbance at 214 nm was mo­
nitored and the ability to release (3H) 
serotonin from rabbit platelets assayed 
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in each fraction '" Numbered arrows indi­
cate the position of the standards emplo­
yed: 1, phosphatidylethanolamine; 2, phos­
phatidylcholine. The dotted line repre­
sents the chromatographic behaviour of 
a (3H) PAF-acether standard. From Iiiarrea 
et al. 42 , with permission. 

Gram-negative sepsis is a major cause of severe circulatory shock, and 
this condition may be mimicked in laboratory animals by the infusion cf ei­
ther living bacteria or bacterial endotoxin. Gram-negative sepsis was in­
duced in rats by intraperitoneal injection of E. coli42. Under these cir­
cumstances septicemia occurred and mortality reached a 50 i. rate when rats 
were injected with 2 x 108 CFU (colony forming ~nits). The animals inocu­
lated with the amounts of bacteria which induceu mortality showed a time­
and dose-dependent increase of vascular permeability, as judged from the 
presence of abundant peritoneal exudate and by the depletion of the circu­
lating volume. At the same time, PAF-acether was found in the peritoneal 
exudate and in the spleen of these animals. The generation of PAF'acether 
at both levels preceded the appearance of blood volume depletion, and, ap­
parently, the generation and release of PAr~acether seemed to be the trig­
ger for the development of extravasation and vascular volume depletion, 
Interestingly, in a recent report by Doebber et al. 43 , PAF -acether was iso­
lated from the blood of experimental rats which developed systemic hypoten­
sion in response to the intravenous injection of bacterial endotoxin. 

ANTAGONISM OF PAF-ACETHER AND THE SHOCK STATE 

The recent development of specific antagonists of the PAF-acether re­
ceptor has provided the opportunity to fulfil a primary criterium as to 
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The time course of extravasation 
of l25I-BSA in response to soiu­
ble aggregates of IgG and its 
inhibition by BN 52021. Rats we­
re pretreated with vehicle (0) or 
5 mg/kg ( .... ) or 1 mg/kg te) of BN 
52021. At time 0 the challenge 
was performed with 40 mg/kg of 
aggregated IgG. From Sanchez Cres­
po et al. 46 , with permission. 

the involvement of this potent mediator in the pathophysiology of the shock 
state. These studies have been carried out in different shock types and 
also with different compounds. Since PAF-acether has been initially asso­
ciated with anaphylaxis, some experiments have been performed in sensiti­
zed animals challenged with the specific antigen44,4~. Under these condi­
tions, two chemically unrelated PAF-acether antagonists, BN 52021 and CV 
3988, have been found to specifically antagonize both systemic hypoten­
sion45 and bronchoconstriction in response to the antigen44 . 

Since the possible role of PAF-acether in the pathophysiology of the 
circulatory shock has been enlarged to include other etiological factors, 
the effect of a previous treatment with PAF-acether antagonists has been 
tested in normal rats challenged with an intravenous bolus of soluble ag­
gregates of immunoglobulin G4 . In these experiments, the animals recei­
ved an intravenous infusion of 1-5 mg/kg of the specific PAF-acether an­
tagonist BN 52021 (IHB-IPSEN, Le Plessis Robinson, France), a compound 
extracted from the Ginkgo biloba tree, and 10 min later an intravenous 
challenge with soluble aggregates of IgG. Under these conditions, a sig­
nificant reduction of the extravasation and of the hypotensive response 
to the challenge was observed. Some experiments were also performed injec­
ting the aggregates first, and the PAF-acether antagonist some minutes af­
ter the completion of the hypotensive response. In this case, the infusion 
of the drug reversed the hypotension. 

In another study by Terashita and coworkers47 , the specific antago­
nist of the PAF-acether receptor CV 3988 was found to inhibit the hypoten­
sive response to bacterial endotoxin. Again, when CV 3988 was injected 7-10 
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Fig. 7. Reversal of the hypotension induced with 
paf-acether and IgG aggregates by intra­
venous injection of BN 52021. (A) A nor­
mal rat received a bolus dose of 2.5 ug 
per kg of paf-acether. and at the time 
indicated 5 mg per kg of BN 52021. (B) 
Another rat received a bolus dose of 
40 mg per kg of aggregated IgG and at 
the time indicated 5 mg per kg of BN 
52021. The bar indicates 1 min. From 
Sanchez Crespo et a146 • with permission. 

minutes after endotoxin. the hypotension was rapidly reversed. In a 
recent report. Doebber et al. 43 have been able to inhibit the hypotensive 
response to bacterial endotoxin with kadsurenone. another specific PAF-ace­
t~er receptor antagonist. In this study the reversal of the hypotensive 
response was also observed when kadsurenone infusion followed the intra­
venous administration of endotoxin. Similar findings have been reported 
by Adnot et al. 48 using endotoxin from S. tiphymurium and BN 52021. Etien­
ne et al. 49 have also shown that BN 52021 diminishes the mortality rate 
in response to the same endotoxin. In this study BN 52021 was also found 
to reduce the elevation of rectal temperature. Preliminary data from Doeb­
ber et al. have shown that L 652.731. a compound with PAF-acether antago­
nistic properties. blunts the responses to intravenously infused immuno~om­
plexes. Feuerstein et al. 50 have reported that thyrotropin-releasing hormo­
ne (TRH). a tripeptide with potent antihypotensive activity in experimen­
tal shock. is a potent PAF-acether antagonist in the unanesthetized guinea 
pig. 

In a recent study from this laboratory51. the presence of high levels 
of PAF-acether has been shown in samples of blood from cirrhotic rats. 
These animals were made cirrhotic by the combined administration of oral 
phenobarbital and inhaled carbon tetrachloride and they showed a hyperdy­
namic state with enhanced cardiac output. decreased mean arterial pressure 
and reduced peripheral vascular res1stance. When these animals were intra­
venously treated with BN 52021. a decrease in cardiac output with increase 
in peripheral vascular resistance was also observed. In contrast. mean ar­
terial pressure increased slightly. but not significantly. The reason for 
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an increased production of PAF-acether in cirrhotic animals is not yet 
clear. Since cirrhotic animals often have endotoxemia because of altera­
tions of gut permeability and hepatic degradation of endotoxin, and since 
bacterial endotoxin has been found to initiate the generation of PAF­
acether in rats, it is difficult to ascertain if in addition to endotoxin 
other stimuli play a role in the generation of PAF-acether in cirrhotic 
animals. 

THE ROLE OF PAF-ACETHER IN HUMAN DISEASES RELATED TO SHOCK 

The measurement of PAF-acether ~n fluids and biological samples from 
patients with the diverse clinical conditions that could lead to the shock 
state has not been an easy task. This had been succesful1y attempted by 
Pinckard et al. 38 for the first time in the anaphylactic shock of the rab­
bit. The clinical condition which most resembles anaphylaxis in which PAF­
acether has been measured , is urticaria "a frigore". Grandel et al. 5 2 ha­
ve been able to show a rapid elevation of the levels of PAF-acether in 
blood from patients with this condition, preceding the appearance of ede­
ma after immersion of the hand in a mixture of ice and water. The method 
employed by these authors was similar to that described in this labo­
ratory53 to extract and assay PAF-acether in human blood, the onli signifi­
cant difference being a rapid centrifugation step to separate plasma from 
blood cells. Grandel and coworkers 54 have also been able to measure high 
amounts of PAF-acether in sputum from patients suffering from clinical con­
ditions related to asthma. In another study from this laboratory55, we 
found high levels of PAF-acether in blood and ascitic fluid from patients 
with cirrhosis of the liver. The highest levels were found in decompensated 
patients. Compensated cirrhotics showed lower blood values, but higher than 
controls. PAF-acether levels in ascitic fluid were similar to those of 
blood. Acetylhydrolase activity, the main catabolic enz)~e for PAF-acether 
showed similar values in both patients and controls which probably indica­
tes that a reduced catabolism is not the reason why PAF-acether levels are 
increased in cirrhotic patients. These findings can be relevant to shock 
pathophysiology, since pathophysiological disturbances similar to those 
existing in shock are usually observed in cirrhotic patients and this ana­
logy is even more marked in the patients with the hepato-renal syndrome. 
In fact, cirrhotic patients show peripheral vasodilatation and hypotension, 
renal perfusion presents considerable lability and changes in vascular 
permeability seem to be present in cirrhosis. 
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Table 2. Effect of BN 52021 on the hemodynamics of cirrhotic rats 

CO 
ml/min.l00g 
PVR 
rnmHg.min.l00g/ml 
MAP 

CONTROL 
BASAL BN 52021 

41.1+8.8 47.9+12.4 

1.38+0.26 1.22±.0.18 

128+7.9 132+7.2 

CIRRHOTIC 
BASAL BN 52021 

53.4+5.4'" 35.9+3.6""" 

o . 86±.0 . 11'" 1 . 34±.0. 17"'" 

97.5+5.6'" 100+5.4'" 

"'Indicates a p<O. 05 as compared to control rats. "''''Indicates 
p<0.05 as compared to the basal period. Figures of CO and PVR 
have been corrected for the weight of the animals and are ex­
pressed as the values corresponding to 100 g body weight. CO 
indicates cardiac output, PVR indicates peripheral vascular re­
sistance, MAP indicates mean arterial pressure.From Villame­
diana et al. 51 , with permission. 



In a preliminarS report of a patient with a clinical condition known 
as Atkinson syndrome 6, and characterized by the sudden occurrence of hypo­
tension, edema due to the extravasation of protein-rich plasma, monoclonal 
gammapathy and hypocomplementernia, it has been observed that the use of a 
Ginkgo bi10ba extract enriched in BN 52021 has significant beneficial effect 
on all the clinical manifestations. This has suggested the involvement of 
PAF-acether in the pathophysiology of this condition, but no other data 
apart from the effect of PAF-acether antagonist substantiate the involve­
men t of this mediator in this interesting clinical situation. 

CONCLUDING REMARKS 

PAF-acether, a recently described inflammatory mediator seems to be 
a shock factor in experimental animals. Its antagonization in experimental 
animals has shown promising reults in acute models. With regard to more 
chronic models and human diseases, more studies are needed. 
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MECHANISMS OF CIRCULATORY COLLAPSE INDUCED BY 
PAF·ACETHER 

R. E. Goldstein, F. R. M. Laurindo, D. Ezra and G. Z. Feuerstein 
Divisions of Cardiology and Clinical Pharmacology and 
Neurobiology Research Unit, Departments of Medicine, 
Pharmacology, and Neurology Uniformed Services University of 
Health Sciences Bethesda, Maryland 20814 

PAF-acether (1-0-alkyl-2-acetyl-sn-glyceryl-3-phosphorylcholine) is an 
inflammatory mediator with potent circulatory actions (1). Release of this 
agent by activated leukocytes, macrophages, platelets, and thrombin-stimu­
lated endothelial cells is likely to occur during Ig-E related anaphylaxis 
or sepsis. Adverse effects of PAF-acether may contribute significantly to 
circulatory deterioration and collapse that can accompany these conditions. 

The cardiovascular actions of PAF-acether have been examined in several 
different experimental contexts. When studied in vitro, PAF-acether can 
alter vascular smooth muscle tone in addition to-its potent capacity to 
promote platelet aggregation (2,3). When administered to isolated, perfused 
guinea pig hearts, PAF-acether reduces coronary blood flow and diminishes 
contractile performance of. the left ventricular myocardium (4,5). When 
given to intact animals, PAF-acether can induce profound systemic arterial 
hypotension and even sudden death (6-9). The origins of this abrupt 
circulatory collapse are unclear. During more prolonged PAF-induced hypo­
tension, cardiac output and left ventricular contractility are decreased and 
both systemic and pulmonary vascular resistances are increased (7). In 
addition, effective arterial blood volume falls and hematocrit rises, sug­
gesting extravascular plasma sequestration (6). Previous data do not 
clarify which of these multiple alterations is causal and which a secondary 
consequence of poor cardiovascular function. Less attention has been 
focused on early hemodynamic changes during onset of PAF-induced circulatory 
collapse. In this phase, PAF-acether causes severe rises in pulmonary 
vascular resistance accompanied by elevated plasma levels of thromboxane A2 
(TXA2) (7-9). In both domestic pigs and rabbits, PAF-initiated systemic 
arterial hypotension parallels TXA2 release and prior cyclooxygenase block­
ade largely prevents the hypotensive response (8,10,11). 

To clarify the complex circulatory actions of PAF-acether we adminis­
tered this substance to in situ, blood-perfused hearts of domestic pigs. 
Intracoronary administration-wis utilized to evaluate direct influence on 
coronary perfusion. Intravenous administration was employed to assess 
PAF-acether actions on integrated circulatory function. 
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CORONARY STUDIES 

Methods Domestic pigs (9-12 weeks old) weighing 25-35 kg were sedated 
with ketamine hydrochloride (20 mg/kg per hr i.v.) and anesthetized with 
pentobarbital sodium (2-4 mg/kg per hr i.v.). The pigs were ventilated with 
a Harvard respirator modified to deliver 3 cm H 0 end-expiratory pressure. 
Ventilatory rate and inspired oxygen concentratfon were adjusted to maintain 
arterial blood gas concentrations within physiologic limits. Hematocrit was 
25-32% (normal for pigs of this age). Rectal temperature was maintained at 
37.5-38.0°C by an external heating pad. Catheters filled with heparinized 
saline were placed in the jugular vein and internal mammary artery. The 
left ventricular cavity was catheterized via a carotid artery. Mean 
systemic arterial pressure, left ventricular pressure, and the surface 
electrocardiogram were monitored continuously. 

A left lateral thoracotomy was performed and the heart suspended in a 
pericardial cradle. A circumferential-electromagnetic flow probe was placed 
around a proximal portion of the left anterior descending (LAD) coronary 
artery and attached to a Model 50ID Carolina square-wave flowmeter (Carolina 
Medical Electronics, King, NC). A fine Tygon catheter used for administra­
tion of PAF-acether was introduced into the LAD several millimeters distal 
to the flow probe. Pure synthetic PAF-acether (I-0-hexadecyl-2-acetyl-sn­
glyceryl-3-phosphorylcholine) was kindly provided by Dr. F. Snyder, Oak 
Ridge Associated Universities (Oak Ridge, TN). Each dose was dissolved in 
0.1 ml sterile, pyrogen-free 0.9% NaCl (vehicle), loaded into the LAD 
catheter, and followed by a 0.5 ml vehicle flush (catheter volume 0.2 ml). 
The pH of all injection solutions was 7.15-7.20. After baseline recordings 
of mean LAD coronary blood flow (CBF) and other measurements, a 0.5 ml bolus 
of vehicle was injected into the LAD. This uniformly failed to affect base­
lines. Individual bolus doses of PAF-acether were then injected over 20 sec 
in an ascending order: 0.03, 0.1, 0.3, I, 3, and 10 nmol. After each 
injection, all parameters were continuously monitored for 10-15 min or until 
return to baseline. 

In further experiments to study effects of continuous infusion, PAF­
acether was administered at 1-6 nmol/min for 5-8 min. Regional contractil­
ity was assessed in these studies by a pair of 2 mm piezoelectric crystals 
inserted into the midwall of the left ventricle in the distribution of the 
LAD, oriented parallel to the diagonal branches, and attached to a sonomi­
crometer (Triton Technology, Inc., San Diego, CA). This allowed repeated 
assessment of myocardial fiber length in systole and diastole as well as 
myocardial shortening fraction [(diastolic length - systolic length)/dia­
stolic lengthl. 

To evaluate the biochemical consequences of PAF-acether, blood was 
withdrawn rapidly from a catheter in the left ventricle (arterial sample) 
and from the coronary vein draining the territory of the distal LAD. Plasma 
was separated by rapid centrifugation (Beckman Microfuge B) and immediately 
frozen on dry ice. Thromboxane B2 (TXB2) was determined by radioimmunoas­
say. Plasma lactate was measured by routine enzymatic methods. 

Data are reported as mean values ± standard error. 

Results Intracoronary bolus administration of PAF-acether (7 pigs) 
resulted in a consistent biphasic change in CBF (Fig. 1). An initial, brief 
rise was followed immediately by a somewhat more long-lasting decline. The 
initial rise was not accompanied by systemic effects, implying a rapidly 
transient coronary vasodilator action of PAF-acether. This dose-dependent 
effect increased CBF up to 50% (10 nmol dose) and was not influenced by 
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prior cyclooxygenase blockade with indomethacin, 6 mg/kg i.v. The later 
fall in CBF was also dose-dependent, lowering CBF by as much as 90% of 
pre-treatment baseline value (10 nmol dose). Larger doses of PAF-acether 
(1-10 nmol) produced hypotension and electrocardiographic evidence of 
myocardial ischemia along with steep declines in CBF. Calculated coronary 
vascular resistance rose in this phase from a baseline of 2.6±0.3 mm Hg/ml 
per min at baseline to 18.4±0.7 after 10 nmol of PAF-acether. Unlike the 
initial CBF rise, the subsequent PAF-induced decline in CBF and its con­
comitants were markedly diminished by pretreatment with indomethacin. 

Fig. 1. 
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Effect of intracoronary PAF-acether, 0.3 nmol, on 
coronary blood flow (CBF) and systemic hemodynamic 
variables in a domestic pig. MBP, mean blood pres­
sure; HR, heart rate; dp/dt, peak rate of rise of left 
ventricular pressure (~n mmHg/sec); abcissa, time 
after PAF-acether administration into the left ante­
rior descending coronary artery. Reproduced, with 
permission, from Prostaglandins, Leukotrienes, and 
Lipoxins (JM Bailey, editor). Plenum (NY) p 304 
(1985) • 
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During PAF-induced periods of ischemic electrocardiographic abnormality 
in 4 pigs, coronary venous lactate rose (p<0.05) from 5.0±0.3 mg% at base­
line to 16±6 after PAF-acether with the development of net myocardial 
release of lactate. Simultaneously, TXB2 levels rose about equally in 
arterial and coronary venous samples: arterial TXB2 increased from 0.7±0.4 
ng/m1 to 2.3±0.8 (p<0.05) while venous TXB2 rose from 0.7±0.3 to 2.9±0.5 
(p<0.05). 

In contrast to results after bolus administration, steady intracoronary 
infusion of PAF-acether at 1 nmo1/min produced no sustained change in CBF, 
coronary vascular resistance, or mean arterial pressure. Heart rate rose 
slightly. However, end-diastolic myocardial segment length and systolic 
shortening in the LAD territory and left ventricular end-diastolic pressure 
decreased throughout the period of infusion. Similar but more marked 
changes in left ventricular performance were seen with infusion of 3 
nmo1/min (Fig. 2). Although CBF did not change, systemic hypotension did 
occur at this higher infusion rate. All hemodynamic changes reversed 
rapidly at the end of infusion. 

Discussion. Bolus intracoronary administration of PAF-acether revealed 
the capability of this inflammatory mediator to alter coronary vascular 

Fig. 2. 
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Effect of PAF-acether, 3 nmo1/min, infused into the left 
anterior descending coronary artery of a domestic pig. 
D/S, distance between crystals in end-diastole 
(circ1es)/end-systo1e (triangles); verticals connecting 
circles and triangles (D-S), extent of systolic shorten­
ing (mm) in region between crystals; SF, shortening 
fraction (D-S)/D, shown as a percentage. Black horizon­
tal bar represents the duration of the infusion. Closed 
symbols are data obtained after infusion was halted. 
Reproduced, with permission, from Prostaglandins, 
Leukotrienes, and Lipoxins (lM Bailey, editor). Plenum 
(NY) p 307 (1985). 



resistance, first in a downward and then in an upward direction. The latter 
phase can result in marked coronary underperfusion with electrocardiographic 
and metabolic evidence of transient myocardial ischemia. Although the exact 
mechanism of this action of PAF-acether is not known, our data suggest that 
cyclooxygenase products, possibly TXA2 , mediate this latter phase. The 
earlier coronary vasodilation appears independent of cyclooxygenase metabo­
lites and may reflect the effects of a specific platelet polypeptide 
released by PAF-acether (12). 

The effects of continuous intracoronary infusion of PAF-acether are 
quite distinct from those seen after bolus administration. CBF changes are 
minimal, possibly due to buffering of coronary constrictor action by the 
vasodilator polypeptide. However, left ventricular changes are seen that 
are not characteristic of either myocardial ischemia or a primary myocardial 
depressant action of PAF-acether. Rather, the declines in end-diastolic 
pressure and myocardial segment length are most suggestive of underfilling 
of the left ventricle. These phenomena can also account for decreased 
systolic shortening via the Frank-Starling mechanism. PAF-induced left 
ventricular under filling might be explained by peripheral venous pooling or 
extravascular sequestration of plasma volume (6). However, administration 
of even large volumes of intravenous fluids failed to reverse' these changes. 
The unexplained nature of these findings led to further study of the 
influence of PAF-acether on pulmonary vessels and right ventricular 
function. 

It should be noted that the coronary and myocardial effects of PAF­
acether, even during infusions, are transient. Thus, if PAF-induced 
platelet or leukocyte aggregation figure in these phenomena, the impact of 
such aggregation on the heart appears fully reversible. 

PULMONARY VASCULAR AND VENTRICULAR FUNCTION STUDIES 

Methods - The initial phases and general care of this preparation were 
the same as those described in preceding paragraphs. After thoracotomy 9 
domestic pigs were instrumented with a circumferential electromagnetic flow­
meter cuff around the ascending aorta. A catheter-tip manometer (Millar 
Instruments, Houston, TX) was placed in the left ventricle via the left 
carotid artery. Fluid-filled catheters were positioned for pressure 
measurement in main pulmonary artery, right atrium, and a systemic artery 
(the left internal mammary). An infusion catheter was placed in the LAD of 
6 pigs; in the remaining 3, drugs were given intravenously. A pair of 
piezoelectric crystals was inserted in the left ventricular myocardium, as 
described above. A second pair was inserted into the free wall of the right 
ventricle at minimum depth needed to bury each 2 mm crystal. The right 
ventricular intercrystal axis was positioned parallel to the LAD; its 
midpoint was located approximately 2 cm lateral to the midpoint of the LAD 
and 3 cm caudal to the pulmonic valve ring. Both crystal pairs were 
attached to the multichannel sonomicrometer mentioned previously. 

Once baseline values were obtained, 7 pigs were infused with PAF­
acether, 40-280 pmol/kg/min. Doses were begun at the low end of this range 
and increased every 2 min until the appearance of systemic hypotension (mean 
arterial pressure decrease in excess of 50%), at which point the infusion 
was halted. Observations were continued until baseline values returned or, 
in 2 cases, until death. Six animals received infusions of the stable 
thromboxane A2 analog, U-46619 (300-3000 pmol/kg/min), for comparison with 
the actions of PAF-acether. A suitable interval (45-60 min) was interposed 
between successive infusions to allow for return and stabilization of hemo­
dynamic parameters. 
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Data are reported as means ± standard error and analyzed by Student's 
t test (two-tailed) and ANOVA. 

Results. Hemodynamic findings were the same in subgroups 
receiving intracoronary and intravenous PAF-acether except for the transient 
changes with intracoronary infusion described previously. Findings from 
each of these subsets are pooled in subsequent analyses. 

Infusion of PAF-acether produced a progressive rise in pulmonary 
vascular resistance (PVR) , eventually reaching 5-120 (mean 44) x baseline 
values (Fig. 3). This increase was initially associated with a rise in mean 
pulmonary artery pressure from baseline value of 19±1 mmHg to a peak of 
45±2. However, pulmonary artery pressure actually fell to 25±4 mmHg with 
further progression of hemodynamic abnormality. Cardiac output and stroke 

Fig. 3. 
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volume declined steadily during PAF-acether infusion to values 75 - 98% 
below baseline. Systemic arterial pressure also fell from a baseline value 
of 94±3 mmHg to an endpoint value of 34±5. However, this pressure decrement 
only reached statistical significance at extremes of cardiac output reduc­
tion. Systemic vascular resistance was little changed at first but later 
rose by 144% with falling systemic arterial pressure. 

These PAF-induced alterations were accompanied by signs of right 
ventricular overload and failure: mean right atrial pressure rose from 3±1 
mmHg to 13±1 with evidence of tricuspid regurgitation on the right atrial 
pressure tracings; right ventricular end-diastolic fiber length increased 
from 9.7±1.0 mm to 11.0±1.0 mm (p<O.Ol); and right ventricular shortening 
fraction fell from 10±1% to 5±1%. Left ventricular shortening fraction was 
also severely reduced from 13±1% to 1±2%. However, left ventricular indices 
showed significant underloading: left ventricular end-diastolic pressure 
fell from 12±1 mmHg to 2±1 mmHg and left ventricular end-diastolic fiber 
length fell from 11±1 mm to 8.0±0.4. Each of these effects of PAF-acether 
was reproduced in 5 pigs by gradually progressive, mechanically-induced 
occlusion of the main pulmonary artery. 

Confirmatory studies were performed in 12 closed-chest chloralose-anes­
thetized domestic pigs. Intravenous bolus administration of either 3 or 
10 nmol PAF-acether produced the same effects on cardiac output and pres­
sures in cardiac chambers and great vessels. On average, PAF-acether, 
10 nmol, raised PVR 24-fold, reduced systemic arterial pressure from 
110±3 mmHg to 45±5, augmented systemic vascular resistance by 170%, 
increased right atrial pressure from 4±1 mmHg to 17±2 with signs of tricus­
pid regurgitation, and lowered left ventricular end-diastolic pressure from 
10±2 mmHg to 2±1. Radioimmunoassay performed on simultaneous mixed venous 
plasma samples showed that PAF-acether raised TXB2 levels from 0.7±0.1 ng/ml 
to 2.5±0.7 (3 nmol) or 3.0±0.3 (10 mnol). Pretreatment with indomethacin, 
6 mg/kg i.v., eliminated this rise. Indomethacin pretreatment also 
eliminated all hemodynamic changes produced by PAF-acether, 3 nmol, and 
significantly attenuated changes caused by 10 nmol. Nevertheless, 10 nmol 
PAF-acether did raise PVR 10-fold, lower systemic arterial pressure from 
113±6 mmHg to 79±1l, increase systemic vascular resistance by 58% andr.a.ise 
right atrial pressure from 4±1 mmHg to 7±1 in the absence of any change in 
TXB2 levels (0.74±0.18 ng/ml before and 0.76±0.06 after PAF-acether). 

Intravenous or intracoronary infusion of the stable thromboxane AZ 
analog, U46619, in 6 open-chest pigs produced effects that closely resembled 
those of PAF-acether infusion. A progressive, dose-related ris in PVRand 
fall in cardiac output culminated in severe systemic arterial hypotension 
and signs of right ventricular overload and failure. Reduction in left 
ventricular shortening fraction also occurred with infusion of U-46619 
accompanied by declining left ventricular end-diastolic pressure and fiber 
length. As in the case of PAF-acether, circulatory effects waned and 
usually reversed completely in the 30 min after discontinuation of infusion. 

Discussion. Our results confirm the capacity of PAF-acether to 
produce profound shock, manifested as severe systemic arterial hypotension, 
markedly reduced cardiac output, and increased systemic vascular resistance. 
These changes were accompanied and even anticipated by progressive and very 
severe rises in PVR. Both right and left ventricles showed signs of reduced 
contractile function (diminished shortening fraction). The right ventricle 
exhibited signs of acute myocardial failure: increased filling pressure and 
end-diastolic fiber length along with decreased cardiac output, stroke 
volume, and systolic shortening. The severe and abrupt rise in afterload 
imposed by PAF-induced elevation of PVR was very likely a major factor in 
precipitation of right ventricular failure. Reduced coronary perfuSion, 
particularly during systemic arterial hypotension and right-sided diastolic 
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pressure rise, and primary PAF-induced depression of inotropic state may 
have interfered with the capacity of the right ventricle to cope with 
enormously increased afterload. Our data suggest that the diminished 
pumping action of the right ventricle was further compromised by tricuspid 
regurgitation, probably due to right ventricular dilation. Our results 
exclude venous pooling or plasma sequestration as a significant factor 
contributing to right ventricular dysfunction occurring soon after 
administration of PAF-acether. 

In contrast to the situation in the distended right ventricle, reduced 
contractile function in the left ventricle was accompanied by evidence of 
underfilling--decreased left ventricular end-diastolic pressure and fiber 
length. Although diminution in the inotropic state of the myocardium might 
contribute, reduced left ventricular contractile performance during 
PAF-acether infusion is adequately explained by insufficient preload 
(stretching of the myocardium just prior to systole). This insufficiency in 
left ventricular preload probably reflects right ventricular incapacity to 
sustain adequate blood flow through pulmonary vessels severely obstructed by 
PAF-acether. Plausibility of this analysis is demonstrated by the capacity 
of mechanical constriction of the main pulmonary artery to reproduce all 
early hemodynamic consequences of PAF-acether infusion. If it were possible 
to eliminate PAF-induced pulmonary vascular obstruction, the normally-filled 
left ventricle might still be dysfunctional due to an unmasking of PAF­
induced contractile depression. This theoretical possibility, however, is 
likely to be of little consequence. Measures that alleviate the influence 
of PAF-acether on the circulation would probably act in the heart as well as 
the lungs. 

Results in open-chest and closed-chest animals show similar circulatory 
effects of PAF-acether. PAF-induced changes observed in pulmonary vascular 
function were not dependent upon concomitant thoracotomy, abnormalities in 
blood gas concentrations, or a particular type of anesthesia, nor were they 
exclusively related to either bolus administration or steady infusion. The 
similarity of our data in domestic pigs and results of Kenzora et al. in 
intact dogs (7) suggest that PAF-acether may have an obstructive influence 
on in situ pulmonary vessels of many species. 

Indomethacin blocked much of the pulmonary vascular response and other 
consequences of PAF-acether. This finding plus the similar circulatory 
actions of PAF-acether and the TXA2 analog, U-46619, suggest that PAF­
induced release of TXA2 may be a major mechanism by which PAF-acether 
causes early circulatory collapse. This concept is favored by the substan­
tial TXA2 release associated with PAF-acether administration. However, this 
does not appear to be the sole mechanism of PAF-acether action in our model. 
Even when PAF-induced TXA2 release was fully blocked, PAF-acether was able 
to cause substantial rises in PVR and pulmonary artery pressure. 

CONCLUSIONS 

Release of PAF-acether by activated leukocytes or platelets can exert 
profound deleterious effects on the circulation. Bolus administration of 
PAF-acether directly into the coronary circulation causes a dose-related, 
biphasic flow response--a brief fall in coronary vascular resistance 
followed by a more prolonged rise. When severe, the latter phase is 
associated with systemic hypotension and evidence of myocardial ischemia. 
All aspects of this latter phase are substantially diminished by 
cyclooxygenase blockade. 

More steady and prolonged administration of PAF-acether, either by 
intracoronary or intravenous route, discloses a different pattern of 
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circulatory response. High doses rapidly cause profound systemic hypoten­
sion, circulatory collapse, and death. Examination of a broader dosage 
range discloses a progressive rise in PVR with increasing. exposure to PAF­
acether. Initially, this is manifested chiefly by a rise in pulmonary 
artery pressure. Greater rise in PVR initiates signs of acute right 
ventricular failure: increase in right ventricular filling pressures and 
dimensions and decrease in systolic shortening, stroke volume and cardiac 
output. By contrast, the left ventricle shows signs of underfi11ing, most 
likely the effect of reduced flow delivery from the pulmonary circulation. 
In this phase of steady PAF-acether exposure, coronary flow changes are 
modest and, in any event, cannot fully explain hemodynamic changes. When 
progressively increasing PAF-acether administration results in systemic 
hypotension, the right ventricle simultaneously exhibits signs of far­
advanced failure, including tricuspid regurgitation. Our data suggest that 
the rise in PVR and resultant acute right ventricular failure are predomi­
nant factors producing circulatory collapse associated with PAF-acether 
administration to domestic pigs. 
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LIPID MEDIATORS IN LUNG ANAPHYLAXIS: KINETICS OF 
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ABSTRACT 
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Various arachidonic acid metabolites are released from the lungs 
during hypersensitivity reactions such as anaphylaxis or asthma. 
Thromboxane A2 and leukotrienes were shown to play a key role in the 
bronchoconstriction associated with these conditions. In our 
experimtalts, Reverse Phase High Performance Liquid Chromatography 
(RP-HPLC) and Enzyme Immunoassay (EIA) techniques were use (a) to study 
the profile of cyclooxygenase and lipoxygenase products released during 
guinea pig anaphylaxis, (b) to characterize their time-course of release, 
and (c) to investigate the complex interactions regulating their 
synthesis. The lungs of guinea pigs sensitized to ovalbumin (100 mg 
intraperitonealy and 100 mg subcutaneously) were perfused with Krebs 
solution. Anaphylaxis was induced by specific challenge (ovalbumin, 100 
ug/ml) and the effluent was collected at 1 min intervals for the measure 
of prostaglandin E2 (PGE2), thromboxane B2 (TxB2), leukotrienes 
B4 (LTB4) and D4 (LTD4) • In a set of experiments, the 
12-hydroxyheptadecatrienoic acid (HHT) and 12-keto-heptadecatrienoic acid 
(12-keto-HT) were analysed. Our results showed that the time-course of 
release of all the arachidon:i.c acid metabolites were maximal 
approximately 5-6 min following the onset of the challenge. Leukotriene 
D4 and to a higher extent LTB4 were the major lipoxygenase products 
detec ted during anaphylaxis. Perfusion of the lungs with aspirin and 
indomethacin decreased the formation of PGE2 and TxB2 but did not 
modify the release of leukotrienes. On the contrary, BW755C and 
eicosatetraynoic acid (ETYA) reduced the release of all icosanoids from 
the lungs. FPL-55712, a selective leukotriene antagonist, significantly 
reduced the release of PGE2, TxB2, LTB4 and LTD4 at the high 
concentration (20 uM). In summary, this study made use of novel 
techniques to quantify arachidonic acid metabolites in the effluent of 
perfused lungs. New metabolites were described. Our study also stresses 
the possible significance of LTB4 as a mediator of anaphylaxis and 
asthma. 
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INTRODUCTION 

The release of "Slow Reacting Substance" ("SRS" - a mixture of 
leukotriene C4, D4 and E4)l-3 by perfused guinea pig lung 
following specific antigen challenge was first reported by Kellaway and 
Trethewie4 • Brocklehurst5 used the guinea pig ileum, a pharmacolo­
gical preparation which is exquisitely sensitive to SRS, to study the 
time-course of release of SRS-A (Slow Reacting Substance of Anaphylaxis) 
in the same experimental model. Piper and Vane6 described the release 
of "additional factors" namely RCS (Rabbit aorta contracting substance -
now known to be a mixture of thromboxane A2 and prostaglandin endo­
peroxides) and other prostaglandin-like substances in addition to the 
previously identified mediators SRS-A and histamine from guinea pig lung 
during anaphylaxis. These mediators account for the symptoms of 
immediate hypersensitivity reactions. Pharmacological evidence points to 
a role for leukotrienes in the bronchoconstriction associated with 
anaphylaxis and asthma. For instance, the administration of chemically 
pure leukotrienes was shown to mimick the symptoms of asthma 
crisis7 ,8. However measurements of the various arachidonic acid 
metabolites and especially lipoxygenase products in biological fluids are 
relatively difficult and remain a handicap for assessing the full signi­
ficance of these compounds in health and disease. 

(a) 

(b) 

(c) 

The aims of the following study were: 
to use novel Reverse Phase High Performance Liquid Chromatography 
(RP-HPLC)9 and Enzyme Immunoassay (EIA)10 techniques to study 
the profile cyclooxygenase and lipoxygenase products during guinea 
pig anaphylaxis, 
to characterize the kinetics of their release following antigen 
challenge, and 
to investigate the interactions between the various mediators by 
modulating their release by selected drugs. 

MATERIAL AND METHODS 

Guinea pig sensitization and lung perfusion 

Guinea pig of either sex were sensitized with two initial doses of 
ovalbumin (Sigma, Grade II, 100 mg, intraperitonealy and 100 mg subcuta­
neouslr) and a subsequent recall (10 mg intraperitoneally) one week 
later1 ,12. Three weeks after the initial injections, the animals 
were sacrificed and the heart and lungs were excised and perfused via the 
pulmonary artery with oxygenated Krebs solution (15 ml/min) for 2 min. 
The flow rate was subsequently decreased to 2 ml/min. 

Sample collection and icosanoid measurements 

Aliquots of effluents (0.5 ml) were collected before and 0, 2, 4, 6, 
8, 10, 15, 20, 25 and 30 min following antigen challenge (ovalbumin, 
Sigma, Grade IV, 100 ug/ml for 30 min) for the determination of 
prostaglandin E2 (PGE2) and thromboxane B2 (TxB2). Aliquots 
corresponding to one minute of perfusion (2 ml) were collected for 25 min 
after the antigen challenge for the study of the time-course of release 
of leukotrienes. However for the experiments using various drugs, the 
collection of the complete 30 min effluent was done for the measurement 
of leukotrienes. All samples were collected in tubes containing equal 
volumes of cold methanol. 

RP-HPLC analyses were performed with a C18 Radial-Pak cartridge 
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(100 x 8 mIn; 10 um particle size) as described before12 ,13. PGB2 
(200 ng) was added as internal standard and each sample were centrifuged 
(3000 g; 30 min). Supernatants were acidified and injected (4 ml) without 
further treatment or in the cases where the volumes were 60 ml, the 
samples were initially extracted with methanol before RP-HPLC analysis. 

Elution of the arachidonic acid metabolites was monitored by ultra­
violet spectrophotometry at 229 nm (5-HETE: 5-hydroxyeicosatetraenoic 
acid and HHT; 12-hydroxyheptadecatrienoic acid) and at 280 nm (Leuko­
trienes, diHETE, PGB2 and 12-keto-HT;12-keto-heptadecatrienoic acid). 
Quantification of these metabolites was done by comparison of the peak 
areas with the internal standard. Corrections for differences in molar 
extinction coefficients and recorder settings were performed. Recoveries 
of the arachidonic acid metabolites in our experimental conditions were 
estimated to be over 90%. 

Prostaglandin E2 (PGE2) and thromboxane B2 were measured with 
a novel EIA technique as described before lO ,14. 
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Figure 1. (Right Panel) Time-course of LTB4 (squares) and LTD4 
(triangles) release from perfused guinea pig lungs during anaphylaxis. 
Figure 1. (Left Panel) Time-course of HHT (triangles and 12-keto-HT 
(circles) release from perfused guinea pig lungs during anaphylaxis. 
Aliquots corresponding to 1 min of perfusion (2 ml) were analysed by 
RP-HPLC. Experiments were repeated at least 6 times and the figure is a 
representative one. 

Drugs used 

The following drugs were used: asp~r~n (Sigma Chern., St-Louis, 
U.S.A.); indomethacin (Merck Frosst, Montreal, Canada); BW755C (Welcome 
Labs., Beckenham, U.K.); eicosatetraynoic acid (ETYA; Hoffman Laroche, 
Nutley, U.S.A.). FPL-55712 and the leukotrienes have been kindly 
provided by Dr P. Sheard of Fisons Ltd (U.K.) and Dr J. Rokach of Merck 
Frosst (Canada) respectively. 
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RESULTS 

Time-course of the release of arachidonic acid metabolites 

When perfused guinea pig lungs were challenged with ovalbumin, 
LTB4 and LTD4 were the only two 5-lipoxygenase products which could 
be detected by RP-HPLC techniques in the two ml effluents. Maximal con­
centrations of LTB4 ( 40 pmole/2 ml) and LTD4 ( 12 pmole/2 ml) were 
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Figure 2. Effects of aspirin on the 
release of PGEZ (upper panel) , TXBZ 
(center panel) , LTB4 and LTD4 (lower 
panel) from perfused guinea pig 
lungs during anaphylaxis. Values are 
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reached approximately 5 min after the beginning of the challenge. The 
amounts of leukotrienes rapidly decreased afterwards and were no longer 
detectable after 10 min of perfusion. As shown clearly in Fig 1 (right 
panel), the amount of LTB4 released was approximately three times the 
amount of LTD4' However the presence of 5-HETE, LTB4, LTC4, LTE4 
and the w -oxidation products of LTB4 were not detectable in most 
experiments. 
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The left panel of Fig 1 shows the time-course of release of two 
cyclooxygenase products, HHT 'and 12-keto-HT. The presence of these 
compounds in the lung perfusates was confirmed by Gas ChromatographicMass 
spectrometric analyses. The amount of the two products detected in each 
of the sample analysed was similar and the maximal level (approximately 
250 pmole/2 ml) was reached slightly after the peak level of leukotrienes 
(respectively 5-6 min for 12-keto-HT and 12 min for HHT). 
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Effect of selected inhibitors of arachidonic acid metabolism 

The treatment of perfused guinea pig lung with aspirin 15 min before 
and continuously during the antigen challenge resulted in a major 
dose-dependent decrease of both PGE2 and TxB2. As shown in Fig 2 
(upper and center panels), the lowest concentration of aspirin used (1 
uM) had little effect on the release of mediators. However increasing 
the concentration to 5 uM strongly reduced the release of cyclooxygenase 
products, and the concentration of 25 uM almost abolished it. The peaks 
of release of the mediators were always reached 5 min after the beginning 
of the challenge. 

192 



The same concentrations of asp~r~n had no significant effects on 
LTB4 and LTD4 released from the anaphylactic lungs. As shown in the 
lower panel of Fig Z, control anaphylactic lungs released approximately 
Z5 pmole of LTD4 and 40 pmole of LTB4. 

Indomethacin (0.1, 1.0, 5.0 and 10 uM) had effects very similar to 
those of aspirin on the release of mediators of anaphylaxis. At the 
lowest concentration used (0.1 uM), it decreased both PGEZ and TxBZ 
release by more than 50%. As shown in Fig 3 (upper and center panels), 
the inhibition of PGEZ appeared more marked than that of TxBZ. 
Increasing the concentrations to 1.0 and 5.0 uM completely abolished the 
appearance of PGEZ in lung effluent and diminished by approximately 80% 
the release of TXBZ. At the concentration of 10 uM, both mediators 
were almost undetectable in the effluent. 

The effect of indomethacin on the C-5 lipoxygenase was also similar 
to that of aspirin. In brief, the concentration of indomethacin used 
(0.1 - 10 uM) did not affect either positively or negatively the release 
of LTB4 or LTD4 (Fig 3, lower panel). It is important to note that 
the effect of indomethacin (10 uM) on the release of LTB4 could not be 
evaluated because of the retention time of indomethacin which is similar 
to that of LTB4 in our RP-HPLC system; at this high concentration, the 
large peak of indomethacin completely covered the peak of LTB4. 

Fig 4 shows the effects of BW755C, an inhibitor of cyclooxygenase 
and lipoxygenases, on the time-course of release of PGEZ (upper panel), 
TxBZ (center panel) and leukotrienes B4 and D4 (lower panel) by the 
anaphylactic lungs. This compound produced a concentration-dependent 
inhi bi tion of the release of all arachidonic acid metaboli tes. At the 
opposi te of indomethacin, BW755C appeared to be more potent against 
TxBZ than against PGEZ. As shown on the upper and center panels of 
Fig 4, the lowest concentration of BW755C (1 uM) did not change 
significantly the release of PGEZ whereas, the release of TxBZ was 
reduced by more than 50%. At the concentration of 100 uM, BW755C almost 
abolished the release of both cyclooxygenase products. 

The release of leukotrienes B4 and D4 which averaged about 50 
and 33 pmole in control lungs was not affected significantly at the 
concentration of BW755C of 1 uM but was decreased slightly at the 
concentration of 10 uM and abolished at the concentration of 100 uM (Fig 
4, lower panel). 

The effects of eicosatetraynoic acid (ETYA) (1-10 uM) on the release 
of anaphylactic mediators by the perfused lu~gs is shown in Fig 5. This 
compound s.trongly decreased the release of PGEZ at each concentration 
used. No significant difference were seen between the lowest and the 
highest concentration of the drug (Fig 5, upper panel). The effect on 
the thromboxane release was quite different. ETYA potentiated the 
release of TXBZ from the lungs at concentrations of 1 and 5 uM. The 
highest concentration (10 uM) diminished by approximately 50% the release 
of TXBZ (Fig 5, center panel). 

ETYA was a potent inhibitor of leukotriene release (Fig 5, lower 
panel). At the concentation of 1 uM, ETYA had no significant effect on 
the content of leukotrienes in the effluent but at the concentration of 5 
uM, the levels were decreased by two thirds and leukotrienes were 
undetectable in the effluent of lungs treated with 10 uM of the drug. 
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Effect of FPL-557l2, a LTD4 antagonist 

In this set of experiments, we investigated the effects of 
FPL-55712, a peptido-Ieukotriene antagonist, on the release of 
anaphylactic mediators. As shown in Fig 6, this compounds produced a 
clear inhibition of lung mediator release. The release of PGE2 (Fig 6, 
upper panel) was decreased by more than 50% at the concentrations of 0.2 
and 2.0 uM and was very low at the concentration of 20 uM. This high 
concentration of the drug also completely abolished the release of 
thromboxane B2. However the concentration of 0.2 and 2 uM did not 
affect significantly the release of TxB2. 

The release of LTB4 and LTD4 (Fig 6, lower panel) was not 
affected by the concentrations of FPL-557l2 of 0.2 and 2.0 uM. However, 
both mediators were inhibited by around 50% when the lungs have been 
treated with FPL-557l2 (20 uM). 

DISCUSSION 

This study shows the time-course of release of arachidonic acid 
metaboli tes by the perfused lungs of sensitized guinea pigs. Maximal 
amounts of these metabolites were detected in aliquots of the effluent 
approximately 5 min after the beginning of the antigen challenge. 
Significant amounts were release up to 30 min after the onset of 
anaphylaxis although for some of these substances, namely the 
leukotrienes, the sensitivity of the RP-HPLC technique do not allow to 
measure significant amounts in the effluent 10 min after the onset of the 
reaction. Other C-5 lipoxygenase products were only observed 
occasionally. It is interesting to note that LTB4 was release in 
larger quantities than LTD4 from the anaphylactic lungs. This evidence 
together with previous observations which showed that (a) the lungs bear 
specific receptors for LTB4. (b) LTB4 is nearly as potent a 
bronchoconstrictor as LTD4 in the lung16 , (c) the 
bronchoconstriction induced by Platelet Activating Factor (PAF) appears 
to be mediated by LTB4l7. and (d) LTB4 may be involved in the 
cell accumulation and the increased vascular I>ermeability in the lung 
during immediate hypersensitivity reactions 18 , strongly support a 
major role for LTB4 in anaphylaxis and asthma. 

Our results also showed that HHT and l2-keto-HT were release in 
signification amounts from the anaphylactic lung. These two compounds 
which have a ultraviolet chromophores, were detected respectively at 229 
and 280 nm. They constitute good markers of the cyclooxygenase, the 
products of which, namely the prostaglandins, cannot be detected by 
ultraviolet detectors. HHT is released together with TxB2 during lung 
anaphylaxis. Since the lungs contain a I5-0H-prostaglandin 
dehydrogenase, our results suggest that l5-keto-HT is the metabolite 
resulting from the activity of this enzyme on HHT. This product was 
recently reported to be formed by the action of purified kidney 
l5-hydroxy-prostaglandin dehydrogenase on HHTI9. 

Our results also extended previous studies of the effects of aspirin and 
indomethacin on the release of arachidonic acid metabolites from 
anaphylactic lungs. Using novel sensitive EIA techniques which allowed 
the measure of PGE2 and TxB2 in tiny amounts of lung effluents, it 
has been possible to carefully analyse the time-course of release of a 
few media tors from the same aliquots. The time course of release of 
cyclooxygenase products as measured with the EIA techniques was the same 
as that measured with RP-HPLC. 
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The two cyclooxygenase inhibitors produced concentration-dependent 
inhibition of the release of PGE2 and TxB2 but did not modify the 
release of LTB4 and LTD4' The results on PGE2 and TxB2 are in 
agreement with previous studies. However inhibition of prostaglandin 
synthesis in anaphylaxis was shown by various groups to potentiate 
leukotriene release11 • Our present results do not support this 
finding. Further studies will clarify this question. 

Our results also showed that BW755C and ETYA, two inhibitors of 
arachidonic acid metabolism, inhibited the release of PGE2, TxB2, 
LTB4 and LTD4 from the perfused anaphylactic lungs. These findings 
confirm previous studies using isolated cell preparations20 • The 
inhibition produced by ETYA was different from that of BW755C which was 
concentration-dependent. Low concentrations of ETYA appeared to 
potentiate TxB2 release whereas it was inhibitory on PGE2 and on 
leukotrienes. 

The inhibition of the release of icosanoids from the anaphylactic 
lungs by FPL-55712 is interesting and raises a number of questions. 
FPL-55712 was described in 1973 as a selective SRS-A antagonist 21 and 
various groups have shown that FPL-55712 was an inhibitor of lung cycloo­
xygenase22 • More recently this antagonist was also shown to inhibit 
the formation of leukotrienes. Our data confirm that FPL-55712 is a 
relatively potent inhibitor of both pathways of metabolism of arachidonic 
acid and may suggest that there are structural similarities between 
leukotriene receptors and the binding and/or catalytic sites of 
arachidonic acid on both the C-5 lipoxygenase and the cyclooxygenase. 

In summary, this study analyses the time-course of release of 
PGE2, TxB2, LTB4 and LTD4 from the anaphylactic guinea pig lungs 
using novel specific and sensitive methods. The effects of selected 
inhibitors are also studied. The results presented confirm the major 
role of leukotrienes in lung anaphylaxis. The possible significance of 
the high amounts of LTB4 detected in lung effluent is also emphasized. 

REFERENCES 

1.- Hammarstrom S, Murphy RC, Samuelsson B, Clark DA, Mioskowski C, 
Corey EJ. Biochem. Biophys. Res. Commun, 91: 1266 (1979). 

2.- Murphy RC, Hammarstrom S, Samuelsson B. 
~, 76: 4279 (1979). 

Proc. Natl. Acad. Sci., 

3.- Morris fIR, Taylor GW, Piper PJ, Samhoun MN, Tippins JR. 
Prostaglandins, 19: 185 (1980). 

4.- Kellaway CR, Trethewie ER. Q. J. Exp. Physiol., 30: 185 (1980). 

5.- Brocklehurst WE. In: P Kallos, BH Waksman. Progress in Allergy, 
Basel, Karger, p: 539 (1962). 

6.- Piper PJ, Vane JR. Nature, Lond. 223: 29 (1969). 

7.- Drazen JM, Austen KF, Lewis RA, Clark DA, Goto G, Marfat A, Corey 
EJ. Proc. Natl. Acad. Sci. U.S.A., 77: 4354 (1980). 

8.- Woodrow Weiss J, Drazen JM, Coles N, McFadden RR, Weller PF, Corey 
EJ, Lewis RA, Austen KF. Science, 216: 196 (1982). 

195 



9.- Borgeat P, Fruteau de Laclos B, Rabinovitch H, Picard S, Braquet P, 
Hebert J, Laviolette M. J. All. Clin. Immunol., 74: 310 (1984). 

10 •. - Pradelles P, Grassi J, Maclouf, J. Anal. Chem. 57: 1170 (1985). 

11.- Engineer DM, Niederhauser U, Piper PJ, Sirois P. Br. J. Pharmacol., 
62: 61 (1978). 

12.- Salari H, Borgeat P, Braquet P and Sirois P. J. All. Clin. 
Immunol., 77: 720 (1986). 

13.- Sirois P, Brousseau Y, Chagnon M, Gentile J, Gladu M, Salari Hand 
Borgeat P. Exp. Lung Res. 9: 17 (1985). 

14.- Harczy M, Maclouf P, Pradelles P, Braquet P, Borgeat P and Sirois P. 
Pharmacol. Res. Commun. (in press). 

15.- Sirois P, Roy S, Borgeat P, Picard S, Corey EJ. Biochem. Biophys. 
Res. Commun., 99: 385 (1981). 

16.- Sirois P, Roy S, Tetrault JP, Borgeat P, Picard S, Corey EJ. 
Prostaglandins and Med., 7: 327 (1981). 

17.- Sirois P, Harczy M, Braquet P, Borgeat P, Maclouf J and Pradelles P. 
Advances in Prostaglandin, Thromboxane and Leukotriene Research 
(submitted) 

18.- Malik AB, Noonan TC, Selig WM and Garcia JGN. IN: Leukotrienes in 
Cardiovascular and Pulmonary function. AM Lefer and MH Gee. Alan R 
Liss, Inc., New York, p: 221 (1985). 

19.- Liu Y, Yoden K, Shen RF, Tai RH. Biochem. Biophys. Res. Commun., 
129: 268 (1985). 

20.- Salari H, Braquet P and Borgeat P. Prostagl. Leukotr. and Med., 13: 
53 (1984). 

21.- Krell RD, Osborn R, Falcone K, Vickery L. Prostaglandins, 22: 423 
(1981) • 

196 



A ROLE FOR PLATELET ACTIVATING FACTOR IN SHOCK 
AND ACUTE LUNG INJURY 

C.P. Page and D.N. Robertson 
Dept. of Pharmacology, King's College, London University 
Chelsea Campus, Mansera Road, London SW3 

Acute lung InJury is associated with a number of clinical 
conditions including endotoxic and septic shock, acute respiratory 
distress syndrome (ARDS) and pulmonary embolism. Despite improved 
therapy with steroids, aprotinin and dobutamine, mortality figures still 
remain high, being between 50 and 75% in patients with ARDS (1). The 
pathophysiology of shock and acute lung injury is very complex and still 
remains to be elucidated. The clinical symptoms characterising shock and 
acute lung injury are profound haemodynamic disturbances, in particular 
systemic hypotension associated with a fall in peripheral vascular 
resistance, pulmonary hypertension, bronchoconstriction and pulmonary 
oedema. Additionally, there are major alterations in circulating blood 
elements such as thrombocytopenia, leukopenia and systemic vascular 
permeability. Several animal models have been utilised in attempts to 
further understand the pathogenesis of lung injury. These models include 
exposure of animals to thrombin or fibrin derived peptides (2), hypoxia 
(3), and more commonly, endotoxin shock (4). In particular, infusion of 
Escherichia Coli into unanaesthetised sheep is a widely used model of 
endotoxic shock which reproduces several features of the human clinical 
syndrome. There is an early transient phase of pulmonary hypertension 
and increased resistence to air flow, followed by a prolonged phase with 
high flow of protein-rich lung lymph indicating increased permeability 
and pulmonary oedema (5). Following infusion of endotoxin there is an 
increased reactivity of the airways to inhaled bronchoconstrictor 
stimuli (6), and increased airway reactivity has also been reported in 
patients with ARDS (7). Accompanying these changes is accumulation and 
disruption of lymphocytes and granulocytes in the pulmonary 
microcirculation, followed by migration into the interstitium (8). A 
massive influx of neutrophils into the lungs has also been found in 
patients with ARDS (9), which is thought to be due to the presence of 
extravascular chemotactic factors (10). Leukocytes have therefore been 
implicated in the pathogenesis of acute lung injury. This is further 
supported by the observation that neutrophil depletion in sheep 
significantly reduces the increase in pulmonary vascular permeability 
seen after endotoxin infusion (11). The exact role of these inflammatory 
cells in the sequence of lung injury is unclear, but the release of 
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their toxic contents undoubtedly is involved. Platelet activation and 
subsequent thrombocytopenia is also a feature of shock and acute lung 
injury clinically. In some animal species, such as dogs and monkeys, 
infusion of endotoxin results in thrombocytopenia (12,13), but in the 
sheep, platelets do not seem to participate in the response to 
endotoxin, as thrombocytopenic sheep respond identically to sheep with 
normal circulating platelet counts (14). 

Many chemical mediators are released during shock including 
prostanoids (IS), complement-derived peptides (4), histamine, SHT (16), 
kinins and endorphins (17,18). There has been a considerable amount of 
interest in the possible contribution of arachidonic acid metabolites to 
acute lung injury and shock. During the early phase of pulmonary 
hypertension, increased concentrations of the metabolites of both 
thrornboxane and prostacyclin (TXB2 and 6ketoPGFl~) have been 
observed in both the lung lymph and plasma (19,20). Cyclooxygenase 
inhibitors inhibit both the pulmonary hypertension and the increase in 
thromboxane B (21), and both thrornboxane synthetase inhibitors (22), 
and thrornboxafte receptor antagonists (23), have been shown to afford 
protection against the acute pulmonary vascular response to endotoxin. 
Kubo & Kobashi (24), however, have shown that the late phase of 
increased vascular permeability is unaffected by inhibition of 
thrornboxane synthesis. These results suggest that thramboxane plays a 
crucial role in the early transient pulmonary hypertension induced by 
endotoxin in sheep, but does not mediate the late permeability changes. 
The source of thromboxane synthesis during endotoxemia is unknown. 
Platelets are generally thought to be the major source, but this seems 
unlikely in the sheep in light of the inability of thrombocytopenia 
affording protection against endotoxin-induced lung injury. The role of 
thrornboxane however remains controversial as infusion of thrornboxane 
mimetics does not increase lung vascular permeability (2S), and 
inhibition of thrornboxane has no effect upon the sustained pulmonary 
hypertension that accompanies the increased vascular permeability. This 
has led to the investigation of the involvement of other vasoactive 
agents. 

Several products of the lipoxygenase pathway of arachidonic acid 
metabolism, namely S-HETE and 12-HETE, have been found to be released 
later in the endotoxin response during the period of increased vascular 
permeability (26,27). The peptidoleukotrienes (LTC,4' D4, E4 ) which 
are products of S-lipoxygenase metabolism, exert a variety of biological 
actions that could contribute to shock, including bronchoconstriction 
and vasoconstriction. '!he precise role of lipoxygenase products of 
arachidonic acid metabolism awaits the availability of good lipoxygenase 
inhibitors and antagonists of leukotrienes. 

SHT is another material that is released from platelets which can 
produce bronchoconstriction and vasoconstriction and which may play a 
role in a number of forms of acute respiratory failure (28,29). The 
S~2 antagonist, ketanserin, resulted in a decrease in the degree of 
pulmOnary hypertension in patients with sepsis-induced ARDS (28). 
Dernling et al. (16) found increased SHT levels in lung lymph but not 
plasma in the late phase of endotoxin-induced lung ~nJury, and 
ketanserin attenuated both the pulmonary hypertension and hypoxia, but 
did not influence the lung vascular permeability. The increased vascular 
permeability is thought to be largely due to endothelial cell damage 
from activated neutrophils. These cells release toxic oxygen radicals 
which have also been implicated in endotoxin-induced lung injury (4). 
N-acetylcysteine, a free radical scavenger, reduces both the early and 
late phase changes induced by endotoxin, when given in large doses to 
sheep. 
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The many studies of endotoxin-induced shock in animals has 
resulted in major advances in the understanding of mechanisms of lung 
lnJury, but has not led to novei therapeutic advances or an explanation 
of existing treatments for these clinical conditions. The inability of 
classical mediators to fully account for the pathology of shock and 
acute lung injury has prompted investigation into other mediators. 

Platelet activating factor (PAP) is an ether linked phospholipid 
having the structure 1-0-alkyl-2-acetyl-sn-glyceryl-3-phosphorylcholine 
(30,31,32), and has a number of synonyms: paf-acether, AGEPC and APm.. 
PAP was first identified as a product of IgE sensitised rabbit basophils 
that was able to elicit platelet activation (33). It is now recognised 
as being a product of a variety of cell types including platelets (34), 
neutrophils (35), macrophages (36), eosinophils (37) and endothelial 
cells (38). 

In 1983 Myers et al.,(39) reported that i.v. administration of PAP 
to mice induced a lethal shock-like response which could be blocked by 
glucocorticoids but not by cyclooxygenase inhibitors, thus having a 
pharmacological sensitivity reminiscent of the clinical condition. This 

Table 1. Evidence for PAP as a mediator of shock and acute 
lung injury 

1) PAP can mimic the major features of shock and lung injury 

systemic hypotension 
pulmonary hypertension 
thrombocytopenia 
neutropenia 
bronchoconstriction and increased bronchial reactivity 
pulmonary oedema 

2) PAP is released in models of shock and acute lung injury 

3) PAP antagonists inhibit and in some cases reverse shock and 
acute lung injury in animal models. 

has led to considerable interest in PAP as a possible mediator of shock 
and lung injury. This review examines the evidence supporting a role for 
PAP as a mediator of shock and lung injury adopted from the criteria for 
identification of a mediator proposed by Dale in 1933 (40). Table 1 
summarises this evidence. 
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FEA'IURES OF SHOCK AND AaJTE LUNG INJURY MIMICKED BY PAF 

I.v. administration of PAF to experimental animals produces a 
range of biological effects that are similar to that observed following 
administration of endotoxin or gram negative bacteria and accompanying 
ARDS or trauma. 

Haemodynamic disturbances 

PAF will induce a pronounced arrl often fatal systemic hypotension 
in experimental animals (31,41,42) which has also been observed in human 
subjects with brain stem death (43). In experimental animals, 
hypotension can be induced following either Lv. or oral administration 
indicating that PAF generated extravascularlY is able to enter the 
circulation and exert its hypotensive effects (44). This seems to occur 
in man as well, since a recent report has indicated that inhalation of 
small concentrations of PAF, by normal healthy volunteers, can result in 
facial flushing and a fall in systemic blood pressure indicative of PAF 
exerting an action on the cardiovascular system (45). The mechanism of 
PAF-induced hypotension seems likely to be due to a direct action on 
vascular smooth muscle since it cannot be abrogated by prior depletion 
of circulating blood elements such as the platelet (46,47). Futhermore, 
PAF is able to induce systemic hypotension in the rat, an animal species 
whose platelets are totally insensitive to PAF (48,49). In the dog, 
systemic hypotension induced by PAF cannot be significantly affected by 
theophylline, indomethacin, 8W755c or following sympathetic denervation, 
suggesting that this particular cardiovascular parameter is not 
secondary to adenosine acting via purogenic (PI) receptors, 
cyclooxygenase or lipoxygenase products of arachidonic acid metabolism 
or any involvement of the sympathetic nervous system (50). Direct 
administration of PAF into the lateral ventricles of the CNS is without 
effect on systemic hypotension indicating that this phenomenon does not 
involve central nervous pathways (51). Systemic hypotension is 
associated with a fall in blood flow to a number of vital organs 
including the brain, the liver and the kidney, and this may well 
contribute to the fall in total peripheral resistance following PAF 
administration (52). 

In a variety of experimental animals, PAF induces an increase in 
pulmonary vascular resistance associated with an increase in pulmonary 
wedge pressure. Such changes are concomitant with the fall in systemic 
blood pressure. 

Changes in blood elements 

Another striking feature associated with systemic administration 
of PAF is the marked change in blood and plasma volume. There is a 
dose-related decrease in both plasma and blood volume associated with an 
increase in red cell volume and haematocrit (53,49). Plasma loss can be 
detected throughout the vasculature reflecting the capacity of PAF to 
increase vascular permeability (54). A variety of plasma proteins can 
be shown to leave the blood following systemic administration of PAF 
including albumin, low density lipoproteins and very low density 
lipoproteins (55). utilising blue dye as a marker for plasma 
proteins, increased vascular permeability can be visualised throughout 
the systemic and pulmonary vasculature following PAF administration, a 
phenomenon also observed following systemic administation of endotoxin 
(56). 

The systemic administration of endotoxin or PAF to experimental 
animals is associated with a variety of changes in other circulating 
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blood elements. There is both thrombocytopenia and leukopenia with 
subsequent accumulation of microemboli of activated blood elements in a 
variety of organs. In particular the pulmonary, renal and hepatic 
circulations have evidence of microembolisation. 

Gamma imaging has allowed detection of platelet accumulation 
within the pulmonary vasculature following systemic administration of 
PAP (57) or endotoxin (58) in animals receiving autologous Ill-indium 
labelled platelets. Histopathologically, lung tissue removed from PAP 
treated animals reveals aggregates of platelets in close association 
with polymorphonuclear leukocytes at all levels of the pulmonary 
v~culature (59,60). 

Pulmonary oedema 

One of the major clinical features of acute lung injury 
complicting sepsis or shock is pulmonary oedema. Lungs taken from 
PAP-treated animals reveal oedematous changes both by an increase in the 
wet:dry ratio and by evidence of accumulation of plasma markers such as 
Evans blue dye or radiolabelled plasma proteins (61,62). In isolated 
perfused lungs, oedema formation can be induced by PAP in the absence of 
circulating blood elements (22), although at least in the rabbit, the 
addition of platelets to the perfusate increases both the pulmonary 
pressure and the extent of oedemaformation (63). In other tissues, 
including human skin, PAP has been shown to be one of the most potent 
mediators eliciting increased vascular permeability with associated 
oedema formation which seems to be in a large part due to a direct 
action of PAP on vascular endothelium (64). Histopathologically, lungs 
taken from PAP treated animals also reveal frank endothelial cell damage 
in addition to evidence of vascular permeability (66). 

Bronchospasm and increased bronchial hyperreactivity 

Bronchoconstriction is often a feature of shock syndromes, 
particularly anaphylaxis and acute respiratory distress syndrome. PAP 
is now recognised as the most potent endogenous spasmogenic agent yet 
identified in both experimental animals and man (67,45). As little as 
10 ng/kg i. v. will induce changes in airways resistance and dynamic 
compliance indicative of changes in both large and peripheral airways. 
PAP is interesting in that it does not cause the contraction of airway 
smooth muscle directly, but only in the presence of platelets suggesting 
the release of secondary mediators from activated platelets. In vivo in 
rabbits and guinea pigs, selective platelet depletion will inhibit PAP 
induced bronchoconstriction supporting a platelet dependent process 
(47,67). Furthermore, a number of anti-platelet agents have been shown 
to reduce PAP-induced bronchoconstriction in vivo, secondary to an 
inhibitory effect on the platelet release reaction (46). PAP-induced 
bronchoconstriction is associated with an accumulation of platelet 
aggregates in the pulmonary vasculature but kinetic studies monitoring 
the accumulation of radiolabelled platelets in the pulmonary vasculature 
reveal that the platelet embolisation is maximal after the peak 
bronchoconstriction, again suggestive of some other aspect of platelet 
activation than aggregation contributing to the airways obstruction 
(57). As yet the spasmogen(s) derived from activated platelets 
resposible for PAP-induced bronchospasm remain to be identified. 
Although some investigators have suggested that arachidonic acid 
metabolites of both cyclooxygenase (65) and lipoxygenase metabolism (68) 
may playa role, this view is by no means supported by all investigators 
(46). 
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Altered bronchial reactivity to other spasm:>gens (both endogenous 
and exogenous) can be a clinical feature accompanying acute lung injury 
and shock. It is therefore of considerable interest that PAF is one of 
the only chemically defined endogenous substances capable of eliciting a 
non-specific increase in bronchial reactivity in both experimental 
animals and man (69,70,45). 

EVIDENCE FOR PAF RELEASE IN SHOCK 

The important question as to whether PAF is released in any given 
clinical or experimental situation has been hampered by the lack of a 
reliable specific radioimmunoassay. It had been demonstrated by a 
number of groups that exposure of platelets to PAF render them 
specifically desensitised to futher stimulation by PAF (71,72,73). This 
desensitisation bioassay has been utilised to detect the release of PAF 
as an alternative to radioimmunoassay in a variety of circumstances. 
Henson &Pinckard (74) first utilised this technique to demonstrate the 
release of PAF during IgE-induced anaphylaxis in-sensitised rabbits and 
recently PAF release has been detected in this way in human allergic 
asthma (75). Very recently PAF has been demonstrated to be released 
into the blood of animals undergoing endotoxic shock (76), and in the 
lavage fluid obtained from experimental animals following acute lung 
injury induced by hypoxia (77,78). In the latter circumstance, PAF 
release has been shown to be demonstrated by chromatographic analysis of 
samples. 

The PAF receptor has now been isolated and this has been 
utilised successfully as the basis of a radioreceptor assay for 
detecting PAF in biological fluids (79,80,81,82). 

EFFECT OF' SELECI'IVE PAF ANTAGCNISTS IN MODELS OF AClJTE LUNG INJURY AND 
SHOCK 

In the last few years a number of selective PAF receptor 
antagonists have been described derived from both natural and synthetic 
orlglns (83,84,85). All of these PAF antagonists have been demonstrated 
to inhibit the wide range of biological activities induced by PAF in 
vitro and in vivo. It is now recognised that there may be at least 2 
distinct PAF receptor sub-types and that the existing PAF antagonists 
may have preferential activity on one particular receptor sub-type. For 
example, the PAF antagonist kadsurenone has been shown to inhibit the 
PAF receptor 1 found on platelets and neutrophils preferentially to the 
PAF receptor 2 found on macrophages (86). This classification of the 
PAF receptor into distinct populations will hopefully lead to more 
selective compounds and allow a better understanding of the role of PAF 
in pathophysiological mechanisms. 

A number of PAF antagonists have recently been observed to 
inhibit endotoxic shock in experimental animals, both the cardiovascular 
complications and the acute lung injury (87,88,89,90). Of particular 
note is the ability of PAF antagonists to reverse the cardiovascular 
changes induced by endotoxin once they have become established offering 
the possibility of this class of drugs being both preventive and 
curative therapy for shock related disorders (89). PAF antagonists have 
been successfully utilised to prevent ischaemic bowel necrosis secondary 
to an endotoxin induced hypotension in the mesenteric circulation and to 
prevent the respiratory changes associated with anaphylactic shock 
(91,92,93). It remains to be seen whether such PAF antagonists will be 
useful in the treatment of acute lung injury and cardiovascular 
complications of shock clinically, but the preliminary animal 
experiments look encouraging. 
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Dale (40) originally proposed a number of criteria for 
establishing the validity of a substance as a mediator of nervous 
transmission and the same criteria have been utilised to assess mediators 
of other processes. The cells and organs implicated in endotoxic shock 
have been shown to release PAF and release of this phospholipid has now 
been demonstrated in vivo in a model of endotoxin-induced lung injury. 
PAF is able to mdmic all the. features of shock and lung injury following 
systemic administration to experimental animals making it aplausible 
candidate as a mediator for these pathological conditions. Furthenoore, 
the ability of a number of PAF antagonists to prevent and reverse 
certain aspects of endotoxin induced pathology in experimental animals 
suggests that PAF satisfies the criteria established by Dale (40) for 
serving the role of a mediator. It is hoped that the availability of 
PAF antagonists will allow a better understanding and in time provide a 
novel therapeutic approach to the treatment of this important clinical 
problem. 
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MORPHOLOGICAL AND PHARMACOLOGICAL EVIDENCES 
FOR THE PARTICIPATION OF PAF-ACETHER IN ANAPHYLACTIC 
SHOCK IN THE GUINEA-PIG 

INTRODUCTION 

A. Lellouch-Tubiana*, J. Lefort, V. Lagente, M. Cirino, 
M. and B.B. Vargaftig 
Institut Pasteur, Unite associee Institut Pasteur IINSERM 285 
* Faculte de Medecine Necker-Enfants Malades Paris, 25 rue du 
Dr. Roux, 75015 Paris, France. 

Anaphylaxis in the guinea-pig is.widely used as a model for human 
asthma. Nevertheless, no ultrastructural morphological studies of the ana­
phylactic shock in this animal were reported until now. Beside histamine, 
alternative mediators accounting for asthma have been incriminated, the 
peptido-Ieukotrienes first, and, more recently, PAF-acether was added to 
the list (Braquet et aI, 1985; Page and Morley, 1986). This ether-linked 
phospholipid is known to induce various biological actions. It is also 
released during allergic reactions (Benveniste et al., 1972; Pinckard et 
al., 1979). PAF-acether administrated i.v. to the guinea-pig induces 
bronchoconstriction, which is histamine and cyclooxygenase-independent and 
platelet-dependent (Vargaftig et al., 1980). This is consistent with the 
fact that non-steroIdal anti-inflammatory drugs are ineffective in 
clinical asthma. 

I.v. administration of PAF-acether induces effects similar to those 
of anaphylaxis, including bronchoconstriction, systemic hypotension, 
thrombocytopenia, neutropenia and vasopermeation. 

We previously described the ultrastructural effects induced by i.v. 
PAF-acether in the guinea-pig lungs (Lellouch-Tubiana et aI, 1985). The 
analogy between PAF-acether and anaphylactic shock effects led us now 
to compare the histological alterations induced by both anaphylactic shock 
and PAF-acether in the guinea-pig lungs. 

MATERIALS AND METHODS 

Drugs employed 

Pentobarbitone (Nembutal, Lathevet, France); ovalbumin (antigen) 
(Worthington, New Jersey); Al (OH)3; pancuronium (Pavulon, Organon, 
France); mepyramine maleate (Rh6ne-Poulenc, France); FPL 55712 (a gift 
from Dr. M. Sheard, from Fisons, U.K.); aspirin (lysine acetylsalicylate; 
Egic Laboratories, France); PAF-acether (Platelet-Activating-Factor, PAF), 
a gift from Prof.J.J. Godfroid (Universite de Paris VII). 
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Sensitization procedure 

30 Hartley guinea-pigs of both sexes (300-500 g) were injected s.c. 
with 0.5 ml of 0.9 % NaCl (saline) containing 10fg of ovalbumin and 1 mg 
of Al (OR)3 (Andersson and Bergstrand, 1981). This injection was repeated 
14 days later and 7 days after the 2nd_injection,theanimals .. were bled to 
provide serum for passive sensitization. 1 ml of a pooled serum was in­
jected i.p. to nalve animals, which were used 10-14 days later. 

In vivo studies 

Passively sensitized guinea-pigs were anaesthesized with 30 mg/kg 
i.p. of pentobarbitone, treated with the neuro-muscular blocking agent 
pancuronium (2mg/kg i.v.) and prepared for the recording of bronchial 
resistance to inflation (Lefort and Vargaftig, 1978). After controlling 
bronchial reactivity with serotonin (5RT, 1-3 g/kg i.v.), shock was 
triggered with a 1 minute i.v. infusion of 1 mg/kg of ovalbumin. For 
comparison purpose 66 ng/kg of PAF-acether was injected i.v. to separate 
animals. The potential antagonists were given i.v. 5 minutes before 
antigen. In separate experiments, ovalbumine or PAF-acether were ad­
ministered by aerosol as described (Cirino et al., in press; Lefort et 
al., 1984). 

Histological techniques 

Lungs were removed 1 minute and 1 hour after the end of ovalbumin or 
PAF-acether administration. For light microscopy, they were fixed by 10% 
formalin, embedded in parafin and stained with hematoxylin-eosin-safranin. 
For electron microscopic study, 1 mm3 fragments of lungs were fixed with 
2.5% glutaraldehyde in phosphate buffer, at 4°C during 24 hours. The lung 
samples were then rinsed in the same buffer, post-fixed in 1% osmic acid, 
dehydrated and embedded in Epon. Semi-thin sections of 1~m thickness 
stained with toluidine blue were examined by light microscopy. Ultra­
thin sections were then prepared with a LKB ultramicrotome, stained with 
uranyl acetate and lead citrate, and examined with a Philips EM 300 
electron microscope. 

RESULTS 

Systemic passive anaphylaxis (ovalbumin i.v.) 

1 minute after the end of the intravenous infusion of ovalbumin, lung 
parenchyma showed: congested alveolar capillaries, constricted bronchi, 
bronchioles and arterioles. Massive platelet aggregates obstructed the 
lumen of small pulmonary arteries, peri-bronchial veins and veinules and 
occasionally alveolar capillaries (Figure la). These aggregates, which 
contained neutrophils, were formed by platelets partially or totally de­
granulated (Figure 2). Unlike what was observed after i.v. PAF-acether, 
platelet aggregates were seldom found in the capillaries and were less 
disseminated during shock. (Figure Ib). Marked lesions of the vascular 
walls were seen in the aggregated vessels: endothelial disruption and 
dissociation of the basement membrane. Neutrophils remained attached to 
adjacent areas of damaged endothelium (Figure 3). A peri-vascular oedema 
dissociated the collagen fibers in the bronchial submucosa. 

Images of platelet diapedesis were also observed. At the vicinity of 
the bronchial smooth muscle, degranulated platelets were noted containing 
tubules and glycogen granules (Figure 4). Neutrophils accumulated in the 
vessels and migrated in broncho-vascular spaces and in the septa intersti­
tium. 
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Fig. lao Light micrograph of the lung parenchyma 1 min after the i.v. 
injection of ovalbumin showing large platelet thrombi in 
pulmonary veinules . X200 

Fig. lb. 1 min after i.v. PAF-acether, similar platelets thrombi 
obstruct alveolar capillaries lumens and some veinules. 
X200 

Fig. 2. Electron micrograph (EM) of an arterial lumen 1 min 
after ovalbumin i.v. The endothelium (En) is ruptured at 
several points. Neutrophils (Pmn) are attached to adjacent 
areas of damage endothelium. Xl7 000. 

Eosinophils were present in the bronchial walls, in the septa and in 
the respiratory alveoli. Isolated eosinophilic granules were found i~ the 
bronchial submucosa, at the vicinity of the smooth muscle. The same in­
filtration of eosinophils was observed after injection of PAF-acether. 

One hour after the end of the i.v. perfusion of ovalbumin, broncho­
constriction was over and platelet aggregates had disappeared. The res­
piratory epithelium was denuded and necrosed cells accumulated in the 
bronchial lumen. Numerous inflammatory cells (mastocytes, plasmocytes, 
eosinophils and macrophages) were found in the bronchial mucosa and 
sub-mucosa. 

Antigen and PAF-acether aerosolization 

Two minutes after the end of ovalbumin aerosolization bronchocons­
triction and arterial vasoconstriction were observed. 

Sequestration of neutrophilsoccurredin the alveolar capillaries and 
free neutrophils granules were noted in the capillaries lumen (Figure 5 
and 6). Another important finding was the presence of activated macro­
phages, showing numerous pseudopods in the process of phagocytosis of 
surfactant in the alveolar lumen, associated with abundant oodematous 

211 



alveolitis (figure 6). Septal and peribronchial mast cells were also seen, 
sometimes degranulated.No platelet aggregates were present. 

Fig . 3. EM of a submucosal bronchial veinule 1 min after ovalbumin 
i.v. The endothelium (En) is ruptured at several points. 
Neutrophils (Pmn) are attached to adjacent areas of damage 
endothelium. X17 000. 

Fig. 4. EM of a bronchiolar submucosa showing degranulated platelets 
containing glycogen granules (P) in contact with the bron­
chial smooth muscle (Sm). X5600. 

One hour after the ovalbumin aerosolization, the bronchial wall was 
infiltrated by numerous inflammatory cells, including plasma cells, eosi­
nophils, mast cells and macrophages. Neutrophils remained accumulated in 
vascular lumens. An important finding was the presence of eosinophils in 
the different layers of the bronchial wall; in the epithelium, in the 
lamina propria and in the submucosa (Figure 7). PAF-acether inhalation 
induced similar effects: neutrophils accumulated in and beyond the vessels 
whereas no platelet aggregates were observed. One hour after PAF-acether 
aerosolization, neutrophils aggregptes persisted. In analogy with shock, 
eosinophils and macrophages were present in the bronchial submucosa. 

Pharmacological modulation of shock 

Pre-treatment of the animals by various antagonists (the anti-hista­
mine mepyramine, the selective leukotriene antagonist FPL 55712, the cyclo­
oxygenase inhibitor aspirin) failed to prevent the appearance of the des­
cribed histological alterations. 
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Fig. 5. EM of an alveolar wall illustrating the accumulation of 
neutrophils in the capillary lumen 1 min after the 
challenge with ovalbumin by aerosol. X3920 

Fig. 6. EM of lung parenchyma 1 min after ovalbumin aerosoli­
zation. The alveolar lumen is oedematous and contains 
an activated macrophage with numerous pseudopods. Note 
the presence in the alveolar capillaries lumen of free 
neutrophil granules. X27900 

DISCUSSION 

In this study, we found out that the pulmonary histological altera­
tions induced by passive anaphylactic shock in the guinea-pig bear a 
striking resemblance to those observed after PAF-acether administration. 
Indeed, in both cases, were observed BC, platelet aggregates and neutro­
phis accumulation, eosinophils infiltration, inflammatory cells dia­
pedesiS and vascular lesions. 

Arterial vasoconstriction following ovalbumin i.v. was also present 
after PAF-acether (Lellouch-Tubiana et al., 1985), confirming the find­
ings of Basran et al. (11). Bronchoconstriction, which is a major feature 
of shock and i.v. PAF-acether (Vargaftig et al., 1980) was clearly seen 
in our experiments 1 minute after ovalbumin injection or aerosolization, 
and resolved one hour later. Bronchial epithelium damage was also found 
after i.v. ovalbumin and PAF-acether, and the presence of free eosino­
philic granules containing major basic protein in the bronchial wall 
suggest that they account for these lesions. Infiltration of eosinophils 
in the brochial wall was also noted after antigen and PAF-acether inha­
lation, which highlights the role of these cells in passive anaphylatic 
shock. Here again, the analogy with the effects of PAF-acether is stri­
king. Indeed, infiltration of eosinophils is a well known feature of 
asthma (Kallos and Kallos, 1984; Frigas and Gleich, 1986; Page and Morley, 
1986). The presence of large intravascular platelet aggregates in systemic 
passive anaphylaxis contrasts with the absence of platelet activation 
after antigen aerosolization. The intravascular distribution of platelet 
aggregates differs in passive systemic shock and after PAF-acether i.v. 

213 



Fig. 7. EM of a bronchial wall 1 hour after the challenge with 
ovalbumin by aerosol showing the presence of eosinophils 
(E) in the submucosa. X4800 

administration since in the former case, the aggregates were mostly located 
in small arteries and arterioles, as well as in bronchial veinules. In 
contrast, when PAF-acether was used, the aggregates were mostly dissemi­
nated in alveolar capillaries. One possible explanation accounting for 
these differences is that, with PAF-acether, platelets are a very early 
target and aggregates are formed in the pulmonary microvasculature as soon 
as PAF-acether is injected. This is clearly demonstrated by thrombocyto­
penia which follows in 10 seconds this injection (Vargaftig et al., 1980). 
On the other hand, in systemic passive anaphylactic shock, thrombocytopenia 
is less pronounced and develops in a few minutes . Thus, the hypothesis of 
a primary platelet target is unlikely . In this case, platelet aggregation 
may result from a secondary effect, initiated by the damaged pulmonary 
endothelium and/or leukocytes. 

Endothelial disruption in the pulmonary veinules were observed after 
i.v. ovalbumin, but not after aerosol. Leukocytes were attached to adjacent 
areas of damaged endothelium, suggesting their involvement with those 
lesions, specially since free neutrophils granules were present in vascular 
lumens. Endothelial lesions were also reported after superfusion of PAF­
acether onto the guinea-pig exposed mesentery (Bourgain et al., 1985). 

Activation and clumping of alveolar macrophages was found after anti­
gen aerosolization. Here again, the analogy with PAF-acether is striking 
(Maridonneau-Parini et al . , 1985). 

CONCLUSION 

The analogies observed between the bronchopulmonary lesions induced 
by passive anaphylactiC shock in the guinea-pig and those caused by PAF­
acether are in favour of the suggestion that PAF-acether is involved in 
anaphylaxis and specially in asthma . The role of eosinophils is highlight­
ed in our study, since they were found at all levels of the bronchial wall. 
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Eosinophils present IgE receptors and may possibly act as effector cells 
in immediate hypersensitivity reactions (Capron et al., 1985). Furthermore, 
they are very sensitive to the chemotactic effect of PAF-acether in vitro 
(Wardlaw and Kay, 1986) and in vivo (Henocq and Vargaftig, 1986). Acti­
vated eosinophils release different substances, including the Major Basic 
Protein, leukotrienes and PAF-acether (Spry, 1985). The former is found 
in asthma and may be toxic for the bronchial epithelium (Kay et al. in 
press). The lesions observed by us agree with this hypothesis. 
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BIOGENIC AMINES : MICROCIRCULATORY ASPECTS IN SHOCK, 
SEPSIS AND TRAUMA 

INTRODUCTION 

D. H. Lewis 
Clinical Research Center, University Hospital 
S-581 85 Linkoping, Sweden 

The purpose of this communication is to give a concise over­
view of the effect of shock, sepsis and trauma on the handling of 
biogenic amines in the body and also how these substances affect 
the organism exposed to these pathophysiologies. I will deal 
primarily with some of the microcirculatory phenomena and their 
mechanisms, and will not deal with the use of biogenic amines or 
their blockers in the therapy of these disorders. Further, I will 
consider only the monoamines, i.e. catecholamines (including epi­
nephrine, norepinephrine and dopamine), serotonin (i.e.5-hydroxy­
tryptamine) and histamine. To my knowledge, the effect of shock, 
sepsis and trauma on polyamines has not been studied. These 
substances are involved in cell differentiation and growth, and it 
is conceivable that disorders here could have long-term effects. 
For a review of these substances see Heby (1986). Since much more 
is known about the reactions of catecholamines than about serotonin 
and histamine, most emphasis will be placed on catecholamines. 

NORMAL FUNCTION 

Catecholamines serve as nerve transmitters and hormones, both 
local and general. They have important normal functions, relating 
to regulation of microvascular tone, blood flow distribution, 
distribution of fluid volume amongst the various bodily compart­
ments and regulation of myocardial activity. Their actions depend 
on a great many factors, including, the balance between a1 and a2 

receptor activity(Alabaster and Davey, 1984) and the receptor dens­
ity of the series-coupled microvessels (Burnstock et aI, 1984) .For 
serotonin and histamine physiological functions have been more 
difficult to establish. In the lung, serotonin increases vascular 
pressures, probably more post-capillary than precapillary, without 
appearing to alter vascular permeability (Brigham and Owen, 1975a), 
while histamine has a major effect on vascular permeability with 
less of an effect on vascular pressures (Brigham and Owen, 1975b). 

Improvements in measuring techniques have meant a great deal 
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for research in this area. At present high-performance liquid 
chromatography with electro-chemical detection appears to be the 
method of choice for catecholamine determinations (Allenmark, 1986; 
Oka et al, 1984). For all biogenic amines, the availability of 
specific blockers has also led to rapid advancement in our under­
standing of the actions in both animals and man. 

An additional complication is the probable interplay between 
the actions of the various biogenic amines as well as interactions 
with other mediators. Thus, serotonin and histamine may well be 
involved in feed-back regulation of, among other things, sympath­
etic nerve transmission and histamine is involved in catecholamine 
release from the adrenal medulla (Fahmy et al, 1983). For a review 
of the actions of serotonin on blood vessels see Vanhoutte et al, 
(1984). Adenosine 5'-triphosphate (ATP) is a co-transmitter with 
norepinephrine (Burnstock and Kennedy, 1986) and prostaglandins of 
the E series inhibit norepinephrine release from nerve terminals. 
"It is reasonable to asume that NE release from the adrenergic 
terminals is controlled by a local PGE-mediated feedback mechanism, 
which operates through restriction of availability of calcium for 
the NE release process, and which seems to be particularly effic­
ient within the 'physiological' frequency range of nerve impulses." 
(Hedqvist, 1977). Kopin (1985) has recently reviewed catecholamine 
metabolism and the importance of aging on adrenergic mechanisms was 
the subject of a symposium led by Roberts and Steinberg (1986). 

EFFECTS OF ANESTHESIA 

This important subject, especially for the experimentalist, 
has been reviewed in detail by Longnecker and Harris (1980) . Studies 
both ,in vivo and in vitro indicate that anesthetics in general 
cause a vasodilatation. Altura et al, (1980) suggest that this is 
due to inhibition of normal vasomotion of vascular smooth muscle as 
well as a depression of the contractile responses to those endogen­
ous neurohumoral substances that play a role in maintaining vasc~ 
ular tone. This may be due to interference with calcium ion move­
ment. "This may help to explain why some of the commonly used 
anesthetics, in particular, compromise the control of the cardio­
vascular system, produce hypotension and venous pooling, and 
exacerbate the effects of'circulatory shock." (Altura et al, 1980). 

A number of studies have investigated in detail the effect of 
pentobarbital on the circulation both with and without shock. "In 
the absence of anesthesia, hemorrhage activates mainly the cardiac 
sympathetics (and possibly also the sympathetics innervating the 
capacitance vessels) with little sympathetic modifications of the 
overall vascular resistance. Under pentobarbital, however, 
hemorrhage cannot further increase the discharge of the cardiac 
sympathetics and the major sympathetic response is to elicit 
constriction of the resistance vessels." (Chien, 1971) .Pentobarb­
ital depresses norepinephrine output from sympathetic nerves 
(Gothert and Rieckesmann, 1978). It depresses the catecholamine 
response to hemorrhage (Farnebo et al, 1979; Adamicza et al, 1985) 
and has a central depressant action (Carrier and Holland, 1966). 

EFFECT OF SHOCK AND TRAUMA ON BIOGENIC AMINES 

Chien and Simchon (1983) have reviewed the effects on the 
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sympathetic and central nervous systems and Parratt (1983) has 
reviewed the release of neurohumoral agents.The normal action of 
the sympatho-adrenal system is essential for survival in shock and 
trauma, at least in the early stage, but may well contribute to 
demise of the organism in the late phase. Thus, we showed both 
with reduced skeletal muscle blood flow (Lewis and Mellander, 1962) 
and hemorrhagic shock (Mellander and Lewis, 1963) that the early 
action of the sympathetics was to transfer fluid from the 
extravascular space to the intravascular space, but that this was 
just the opposite later on, due to the more rapid falloff of 
pre-capillary responsiveness than post-capillary responsiveness. 
In trauma there was an immediate, marked vasodilatation (Sandegard, 
1974) as well as a decreased responsiveness to sympatho-adrenal 
s.timulation (Lewis and Lim, 1970; Lewis and Kerstein, 1970). 

Vital microscopic studies have shown that the hallmark of 
irreversibility is the hyposensitivity of the arterioles (Zhao et 
al, 1985). One important factor here could be the membrane depol­
arizing action of catecholamines, as shown for epinephrine (Clemens 
et al, 1985). Even before irreversibility is reached, there is a 
difference in the sensitivity of arterioles depending on their 
size. Thus, in hemorrhagic shock Flint et al, (1984) have shown 
that larger arterioles become less sensitive to topically applied 
norepinephrine, while smaller arterioles do not. Here again, inter­
relationships with other mediators make the picture very complex. 
PGE2 stimulates release of catecholamines (Feuerstein et al, 1981) 
and steroids potentiate them (Hellman, 1980). Tyrosine, a 
catecholamine precursor, can stimulate catecholamine synthesis 
(Conlay et al, 1985), thus possibly acting in a compensatory 
manner, but the synthetic pathway can lead instead to tyramine and 
may then contribute to sympathetic nerve system exhaustion 
(Hamburger and Henry, 1986). In the brain, both catecholamines and 
serotonin show an early decrease followed by a subsequent partial 
recovery (Laborit et al, 1984a), and the situation can be improved 
with a combination of tyrosine, glucose, insulin and vitamin C 
(Laborit et al, 1984b). 

In Table 1, are summarized some of the important microcirc­
ulatory aspects of the early, compensatory actions of the sympatho­
adrenal system to hemorrhage and shock. Note that all of these 
actions are compensatory in nature and are truly essential for a 
proper response to the injurious stimulus. It can be suggested that 
one important function of vasoconstriction is to keep the micro­
circulatory hematocrit at its normal low level. Insulin resistance, 
which develops in this state, has often been looked upon as an 
inappropriate response. Ware (1982) has, however, pointed out that 
this allows the body to use the sympathoadrenally-induced hyper­
glycemia to pull water out of the cell, thus aiding in the refill­
ing of both the extra- and intra-vascular spaces, at the expense of 
the much larger intracellular space. 

One of the major differences between shock and trauma is that 
the traumatized tissue has a depressed reactivity to catechol­
amines, which means that the involved tissue cannot take part in 
the compensatory reactions. Catecholamines are also released into 
the injured tissues, and at least for the nervous system have been 
shown to participate in the injury, possibly by the production of 
oxygen free radicals (Kurihara, 1985). The possible importance of 
this for the patient has been emphasized by Young and Becker(1982) : 
"The fact remains that the spinal cord is often not transected by 
trauma and that a delayed detrimental pathophysiological event 
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Table 1. Acute Response of Microcirculation to Hemorrhage & Shock 

vascular Response 

generalized vaso­
constriction, both 
pre- and post­
capillary 

increased tone of 
capacitance vessels 

greater increase in 
precapillary resist­
ance than in post­
capillary resistance 

opening up of "pre­
capillary sphincters" 

metabolic response 
sympatho-adrenal 
effect on liver, 
pancreas and adrenal 
medulla 

Physiological Effect 

increased peripheral 
vascular resistance 

decreased (or main­
tained) microcircul­
atory hematocrit 

venoconstriction with 
decrease of blood in 
peripheral veins 

decrease in capillary 
hydrostatic pressure 
with net inward move­
ment of extravascular 
fluid 

increase in size of 
capillary bed avail­
able for fluid 
exchange 

release of glucose 
from liver--> hyper­
glycemia--> increased 
osmolality of plasma 
and extravascular space 

Significance for 
Homeostasis 

maintained arterial 
blood pressure in 
the face of low 
cardiac output 

decreased (or main­
tained) microcirc­
ulatory blood 
viscosity 

adjusted size of 
vascular bed to re­
duced blood volume; 
movement of blood 
volume centrally 

restoration of 
circulating blood 
volume 

restoration of circ­
ulating blood volume 

more even distrib­
ution of available 
capillary blood flow 

restoration of 
circulating blood 
volume and extra­
vascular volume 

occurs that can be reversed. It is possible that a secondary 
injury of the spinal cord may be prevented by proper immobil­
ization, manipUlation of blood pressure and alteration of biogenic 
amines or other metabolites at the trauma site." (Italics are 
mine) . 

Serotonin appears to be involved in the hypoxia-induced pulm­
onary vasoconstriction (Lauweryns and Cokelaere, 1973), possibly 
mediated by the serotonin found in the pulmonary neuroepithelial 
bodies (Lauweryns et aI, 1986). This response is important in pre­
venting blood from traversing unoxygenated alveoli. In the peri­
pheral vessels, anoxia potentiates the constricting action of sero­
tonin (Shepherd and Vanhoutte, 1985). The puzzling array of both 
constrictor and dilator actions of serotonin can perhaps be 
explained in part by the possibility that it modifies adrenergic 
transmission (Vanhoutte etal, 1984). Finally, of interest clin­
ically is the observation that serotonin constricts collateral 
blood vessels (Verheyen et aI, 1984). 
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Histamine, coming mainly from mast cells, has a major action 
on vascular permeability. The original proposal by Majno et al, 
(1967), that this is accomplished by endothelial cell contraction 
with opening up of the interendothelial junction is still the sub­
ject qf debate. Histamine also plays a role in the hyperglycemia 
seen with shock. It stimulates release of catecholamines from the 
adrenal medulla by a H1-receptor mechanism (Dimlich, 1985). 

EFFECT OF ENDOTOXIN AND SEPSIS ON BIOGENIC AMINES 

Nagler (1980) has reviewed the effects of endotoxin on the 
circulation and microcirculation and Schrauwen's doctoral thesis 
(1986) explores in detail effects on the mesenteric circulation of 
the pig. The effect of endotoxin on the microcirculation has been 
studied by vital microscopy (Urbaschek and Urbaschek, 1975; Baker 
and Wilmoth, 1984). Table 2 taken from the data of Baker and Wil­
moth (1984) shows that in rats given endotoxin intravenously, there 
is a marked depression in the ability of both arterioles and ven­
ules of all sizes of the cremaster muscle to respond to norepi­
nephrine applied topically. Similarly, McKenna et al (1985) have 
observed that sepsis decreases vascular contractility to norepi­
nephrine. The explanation for these observations is not clear, but 
there are changes in receptor density (Shepherd et al, 1986) and in 
receptor sub-types (Winbery et al, 1986) on exposure of tissue to 
endotoxin. In addition, septic plasma affects the ability of rat 
myocytes in vitro to produce cAMP upon stimulation by epinephrine 
(Carmona et al, 1985). . 

Endotoxin causes marked elevations of plasma catecholamines in 
conscious rats. "It would appear that the elevation in plasma 
catecholamines may be a direct indication of the severity of endo-

Table 2. videomicroscopy of rat cremaster muscle. Endotoxin: 6 mg/ 
kg iv during a 1 hr period. Norepinephrine applied topically to 
muscle. Threshold dose (-log molar conc) necessary to produce vaso­
constriction. Data from Baker and Wilmoth (1984) 

Type of 
microyessel 

Approx. diam 
in LLm 

large order 
arteriole 

first order 
branch arteriole 

second order 
branch arteriole 

large order 
venule 

first order 
branch venule 

second order 
branch venule 

140 

80 

55 

170 

80 

60 

Post-endotoxin 
Control max. change at time,min 

8.5 4.1 120 

8.4 4.1 120 

8.8 5.2 120 

8.2 4.0 120 

7.9 4.5 90 

8.1 4.7 90 
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toxicosis and under certain conditions have potential as a pre­
dictor of ultimate shock and death." (Jones and Romano, 1984). 
The observations of Benedict and Grahame-Smith (1978) indicate that 
the same is true for humans. They found higher and longer lasting 
levels of catecholamines in non-survivors than in survivors. 

The studies of McKechnie et al, (1985) .confirmed the data of 
Jones and Romano (1984) and explored in more detail the role of the 
sympatho-adrenal system in this response. In addition to studying 
the effect of endotoxin on intact rats, they noted the effects of 
"sympathectomy" with guanethidine and/or adrenal demedullation. It 
was shown that "sympathectomy" had some effect on the levels of 
plasma catecholamines and on mortality, while adrenal demedullation 
blocked both the catecholamine and hyperglycemic responses and had 
a devastating effect on mortality, as shown in Table 3. 

Studies in sepsis and septic models have revealed myocardial 
dysfunction (Spitzer et al, 1986) as well as dysfunction of the 
peripheral vasculature in septic patients. Thus, Siegel et al 
(1967) found a decreased peripheral vascular resistance independent 
of the flow level in patients in septic shock as compared to those 
suffering from shock of other etiologies. This picture resembles 
the peripheral vascular status seen in hepatic failure, suggesting 
the possible production of false transmitters (Siegel, 1986), as 
suggested by Fischer and Baldessarini (1971). They reasoned that 
amines absorbed from the gut, normally metabolized in the liver, 
would not be in the presence of hepatic failure. These amines 
would then overflow into the circulation and accumulate in nerves. 
The same could well be true in shock, in view of the decreased 
barrier function of the gut in this situation. This would then be 
a slight modification of the original hypothesis put forward by 
Fine and colleagues as to the mechanism of irreversibility in shock 
(see Fine, 1970). 

Table 3. Effect of "Sympathectomy" (SY) and/or Adrenal Demedull­
ation (AD) on plasma catecholamines and glucose, and on mortality 
in rats. Data taken from McKechnie et al, 1985. 

Endotoxin-induced 
pl;;!sm;;! inCI:e;;!ses SJ: 

Epinephrine early-no effect 
late-reduced 

Norepinephrine early-no effect 
late-reduced 

Glucose no effect 

Endotoxin 
MOI:t;;!lit~ ;;!lone 

1 hr 0/10 0/7 

4 hr 0/10 1/7 

8 hr 3/10 3/7 
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bJ:l 

blocked 

reduced 

blocked 

0/8 

6/8 

8/8 

SJ:+bJ:l 

blocked 

markedly reduced 

blocked 

0/8 

7/8 

8/8 



As Thijs et aI, (1984) have pointed out, the hemodynamic 
problems in patients with septic shock involve 4 main factors. 
These include peripheral pooling, peripheral vascular failure, 
increased permeability and myocardial failure. It is not difficult 
to see that most of these items can be related to alterations in 
the reactivity to catecholamines and the excess presence of the 
other biogenic amines, as well as other mediators. 

Serotonin and histamine are undoubtedly involved in the patho­
physiological changes seen in endotoxemia and sepsis, but their 
exact roles have been difficult to establish. Since there are great 
species variations in these substances, care must be taken in 
interpreting experimental data. In sheep, Emau et aI, (1984) found 
elevated serotonin levels with endotoxin, and no change in 
histamine levels. In rats, Schauer (1975) found elevated histamine 
levels upon exposure to endotoxin, higher in non-survivors than in 
survivors. Serotonin, coming to a large extent from platelets and 
from the gut may (Stein and Thomas, 1967) or may not (Allison et 
aI, 1981) playa role in the pulmonary changes seen with endotoxin. 
In dogs, Murphy et aI, (1981) concluded that endotoxin did not 
cause immediate, marked platelet aggregation and that serotonin 
from these cells did not seem to play a major role in the immediate 
pulmonary response. Using the H1-blocking agent, diphenhydramine, 
Brigham et aI, (1980) concluded that endogenous histamine was 
responsible only in part for the increase in pulmonary vascular 
permeability seen with endotoxin and was not involved in the pulm­
onary hypertension. 

ROLE OF ENDOTHELIUM 

The metabolism of biogenic amines by the endothelium has 
recently been reviewed by Shepro and Dunham (1986). It is becoming 
increasingly clear that the endothelial cells play a major role in 
many important metabolic processes, not the least involving bio­
genic amines. Of great importance for the control of the microcirc­
ulation is the realization of the role of the endothelium in 
mediating vasodilator responses (Furchgott et aI, 1984). For a long 
list of vasoactive substances, including for example, serotonin, 
the ability of the substance to produce vasodilatation depends on a 
functioning endothelium, which via an endothelial-derived relaxant 
factor (or factors) causes the smooth muscle to relax. In the 
absence of a properly functioning endothelium, or if the substance 
reaches the smooth muscle directly from the outside of the vessel, 
there will then be vasoconstriction. Shepherd and Vanhoutte (1985) 
point out how this may well be one of the explanations for coronary 
artery vasospasm. It is not necessarily the only mechanism for the 
production of vasospasm, however, as Svendgaard et aI, (1985) have 
shown that cerebral vasospasm after subarachnoid hemorrhage in the 
rat is mediated via intracerebral catecholamine pathways. 

Since much of the endothelium is found in the lung, which 
receives all of the venous drainage before blood is delivered to 
the systemic circulation, the function of the pulmonary endothelium 
is of paramount importance. It can be considered to protect the 
body from an overflow of local hormones, by removing them from the 
circulating blood. Thus, epinephrine, a general hormone, is not 
metabolized by pulmonary endothelium, whereas norepinephrine, a 
local hormone, is removed. We have suggested (Post and Lewis, 
1979)that failure of this function could result in toxic actions by 
the body's own mediators. Thus, cardiac arrhythmias could be due 
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in part to failure of the pulmonary endothelium to remove norepi­
nephrine from the venous return. The role of endothelium in the 
metabolism of serotonin and the problems that can arise when this 
function fails has been described in detail by Vanhoutte et aI, 
(1984) . 

FINAL COMMENTS 

Catecholamines, functioning as nerve transmitters and both 
local and general hormones, playa central role in the effects of 
shock, sepsis and trauma on the microcirculation. They are vital 
for survival in the early state, but may contribute to death in the 
later stages. When and how this about-face occurs is not clear. It 
may well be that many of the other mediators also important in 
these pathophysiological states have their effect by modulating 
catecholamine effects. The reverse is also a very good possibility. 

Since the normal functions of serotonin and histamine are not 
really understood, it is unclear how these are altered in shock, 
sepsis and trauma. What is clear is that they are produced in 
excess and appear to have, in general, detrimental effects, since 
blockade of their effects does not worsen the organism's status, as 
is'the case for catecholamines. In some cases there is an improve­
ment. 

What we know about the biogenic amines in these states is much 
less than what we do not know. Much work remains to be done. 
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A variety of insults (such as trauma, burns, acute pancreatitis and 
so on ••• ) are accompanied by shock and often lead to the development of 
Adult Respiratory Distress Syndrome (ARDS) which defines a clinical and 
physiological sydrome characterized by an increase in pulmonary permeabi­
lity with interstitial edema, subsequent hypoxemia and severe respiratory 
failure and by a high rate of mortality (50 to 70 % of patients) (1,2). 

Sepsis is largely involved in either the etiology or the complication 
of shock and ARDS. It appears more and more that "respiratory failure is 
not the major reason for death" (3) and that "most of the deaths occuring 
more than 72 hours after the events or illness that resulted in ARDS are 
related to sepsis syndrome" (4). 

Shock and ARDS also result in multi-organ system failure. Like the 
kidney, the pancreas is highly vulnerable during shock, particularly when 
pancreatic ischemia is possible due to hypoperfusion. This could be a 
critical factor leading to pancreatitis with proteinases release (5). 

Thes~ enzymes are able to activate complement leading to polymorpho~riu­
clea:r cells activation llIith production of activated oxygen species. They can 
destroy proteins and membranes and activate many other zymogens such as 
prek&llikrein, prothrombin, plasminogene, and so on ••• (6,7). One of these 
proteinases is known as particularly dangerous : it is trypsin. In acute 
pancreatitis patients, shock and adult respiratory distress syndrome are 
frequent (8). But, until now, the presence of this enzyme in blood has 
never been described except for acute pancreatitis. 

We have previously reported the results of trypsin measurements in 
ARDS patients : a significant correlation appeared between ARDS and 
abnormal immunoreactive trypsin (IRT) and more particularly between sepsis 
and IRT (9,10). These results were confirmed by Nicod et al. who found a 
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19-fold increase in IRT in ARDS patients after a mean of six days evolution 
(ll) • 

Further studies were pursued in multiple injured patients, in patients 
who underwent major surgical procedure and in severely burned patients, at 
the admission to the Intensive Care Unit (ICU) and during several days of 
hospitalisation. We studied the evolution of trypsin release in blood in 
parallel with amylase and lipase and tried to correlate our observations 
with the development of ARDS and sepsis. 

MATERIEL AND METHODS 

Patients 

123 patients admitted to the Intensive Care Unit (ICU) of the Univer­
sity Hospital of Liege have been studied (Table I). They were divided in 
three groups : the first group consisted of B9 patients : 65 multiple 
injured patients with at least three major injuries (head, chest, pelvis 
or limbs) leading to severe shock and 24 patients who underwent major 
abdominal surgical procedures on digestive tract or abdominal aorta and 
needed long duration intensive care post-operatively. 53 (59,5%) of these 
patients presented septic phenomena. 4B (54~~) patients of this group 
developed ARDS. 

The second group included 13 multiple injured patients who were 
studied immediately after their arrival in the emergency unit. Diagnosis 
of shock was established in 11 out of these patients. Eight of them 
developed ARDS and 7 presented septic phenomena. 

The third group of patients consisted of 21 burned patients classified 
in heavy and benign burned patiBnts according to the measurements of the 
Burn Skin Area (BSA) and the Units of Burned Skin (UBS) as proposed by 
Sachs and Watson (12). The 13 heavy burned patients had more than 30% 
BSA and more than 40% UBS. Cause of burn was essentially flam (16 patients). 
Out of these 21 patients, 10 developed ARDS generally with sepsis. 

Table I : Classification of the 123 studied patients (pts). 

Groul2 1 65 multiple injured 24 abdominal surgery 
patients patients 

n=B9 with sepsis : 35 pts with sepsis : IB pts 

Groul2 2 13 multiple injured patients 

n=13 \IIith shock : II pts with ShOCk} 8 pts 
and ARDS 

Groul2 3 21 burned patients 

n=21 heavy burns : 8 pts benign burns : 13 pts 

Sepsis and ARDS criteria 

Sepsis was considered as present when there \IIere fever, white blood 
cells count· greater than 12.000 cells/mm3 and local signs of infection. 
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The criteria for ARDS were a non cardiogenic edema without an asso­
ciated increase in capillary wedge pressure and severe arterial hypoxemia 
requiring mechanicalventiljation as previously described (9,10). The 
severity of this syndrome was estimated by using the respiratory failure 
scqre established by Morel et ale (13). In the ARDS patients, this respi­
ratory failure score remained above 2 during four to five consecutive days. 

Sampling procedure 

Blood sampling started within 24 hours of admission to the leU for 
all the patients of the first group. Arterial or venous samples were 
drawn twice daily, until the patient died or left the leU. 

In group 2, the first blood sample was taken immediately after 
arrival in the leU. The following samples were taken every 6 hours during 
the first 30 hours after injury, twice a day the second and third days and 
once a day during 10 days. 

In group 3, the first blood sample was taken within the first six 
hours after thermal injury and the second between the 6th and 16th hours. 
After this period, blood samples were taken twice a day, in the morning 
and in the afternoon. Some patients were studied over a twelve days 
period. 

Blood was drawn form short catheters in polystyrene tubes containing 
heparin for trypsin determination. For amylase, lipase, al proteinase 
inhibitor ( a IPI) and a.2 macroglobulin «(l, 2M) determinations, serum was 
used. After centrifugation (10 min.,1500xg), plasma or serum samples were 
stored at _30 0 C until assay. 

Plasma or serum assay 

Immunoreactive trypsin (free trypsin, trypsinogen and the complex 
trypsin - (l,l-proteinase inhibitor) was measured by radio-immunoassay tech­
nique using a rabbit antiserum to human cathodic trypsin, non labelled 
human cathodic trypsin as standards. and 125I-labelled human cathodic 
trypsin as tracer. 

The lower limit of sensitivity is 5 F9/L and the mean normal value 
33.0 ~ 12.3 ~g/L. The value of 70 F9/L (mean value plus three standard 
deviations) was taken as the upper limit of normal. Enzymatic methods 
were used for lipase and amylase measurements and laser nephelometry for 
a'l PI and (l,2M. Upper normal values for amylase and lipase were respec­
tively 140 and 290 U/L. Mean normal values was 2.6 gil for (l,lPI and 2.4 
gIL for (l,2M. 

RESULTS 

1. Correlation between immunoreactive trypsin and sepsis in multiple 
injured and abdominal surgery patients 

Fig. 1 presents the mean of highest IRT values measured in the 89 
patients of group 1. The mean values are high in septic as well as in 
non septic patients when compared to the normal mean value of 33 pg/L. 
In non septic patients, the mean of highest IRT values was 96 pg/L of 
plasma. Eleven patients presented value above 70 ~g/L (upper normal 
value), but IRTvalues higher than 500 fJgIL were never measured. In 25 
patients, IRT always remained within the normal range. 
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Fig. 2. Evidence of pancreatic 
failure in an abdominal surgery 
male patient. (---) : mean normal 
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High IRT values were correlated with the presence of septic phenomena 
(p < 0.01). In septic patients, the mean IRT value reached 476 pg/L and 
only two patients always remained below the upper limit of normal; 
Values higher than 500 pg/L were found in 13 patients. These high IRT 
values lUere measured during several consecutive days and lUere thus not a 
transitory phenomenon. Plasmatic IRT started rising one or tlUo days before 
the clinical signs of sepsis became evident and reached its maximal value 
when sepsis lUas lUell established. Then it slolUly declined lUith improvement 
of patient or remained high until death. 

ARDS,occurred on days 1 to 2 in multiple injured patients and in 
abdominal vascular surgery patients. It occurred on days 2 to 5 for the 
digestive tract operation patients. In accord lUith previous studies, 
mortality lUas higher in patients IUho developed ARDS (2,4). IRT rises were 
concomitant or occurred one or two days after the onset of ARDS. 

Fig. 2 illustrates these observations in a male patient who underlUent 
a surgical procedure on digestive tract. On day 2, ARDS lUas present. 
Septic phenomena were evident in the afternoon of the same day. At this 
moment, IRT was already high (200 pg/L). It continued rising the following 
day and remained high until death. Amylase and lipase presented a similar 
but delayed evolution. 
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2. Simultaneous release of IRT. amylase and lipase. 

In 13 multiple injured patients with major lnJuries and severe shock 
(group 2) IRT, amylase and lipase were measured on blood samples taken at 
well defined times after injury. 

Fig. 3 shows the mean values obtained for IRT, amylase and lipase at 
each sampling time. Until day 5th, these mean values were obtained on the 
13 patients; from day 6th to day 13th, the mean values were established on 
7 remaining patients with sepsis and ARDS (one patient died and the five 
otherslhac left the leU, after improvement). The mean IRT value was abnormal 
on day 4th and always remained high in the following days, reaching a 
maximal mean value on day 11th. Amylase and lipase presented a similar 
evolution. The drop of mean values observed on day 13th accompanied an 
improvement of patients. 
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Fig. 3. Simultaneous release of IRT, amylase and 
lipase in the 13 multiple injured patients of 
group 2. 

mean normal value for IRT 

upper normal value for amylase 

-.-. upper normal value for lipase 

3. Pancreatic failure in burned patients 

The mean value for IRT, amylase and lipase were calculated for each 
sampling time. As shown on fig. 4, all along the study, the means of the 
three measured substances were found normal. However, mean IRT and mean 
amylase raised slowly in the last days particularly when compared to the 
values obtained on day one. On day 7th, the mean amylase value reached 
the upper limit of normal. 
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It seemed thus that burned patients, unlike multiple injured and 
abdominal surgery patients, did not developed a pancreatic failure. 
However, surprisingly, in four heavy cases with ARDS and sepsis, the 
markers of a pancreatic suffering were present: IRT, amylase and lipase 
became abnormal on day 3th, and remained high for several days. Two of 
these heavy burned patients died on day 7th with IRT values above 500 ~g/L. 

Fig. 5 illustrates one of these particular cases. On fig. 5A, are 
presented the evolution of IRT, amylase and lipase and on fig. 58, the 
evolution of the two anti-proteinases (aIPI and a 2M) in the same patient. 
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Trypsin, amylase and lipase were abnormal from day 3th; the curves 
drawn for these three substances presented a parallel evolution; however, 
lipase quickly returned to normal value (day 4th) while trypsin and 
amylase remained either abnormal or at limit of the upper normal value. 
Curiously, we observed abnormally low values for the three measured sub­
stances on the first day, 6 to 24 hours after thermal injury. 
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Fig. 5B Evolution of the two main plasmatic 
proteinase-inhibitors in the same patient 
as fig. 5A. 
a 1 PI a 1 proteinase inhibitor 

mean normal value for alPI 
a 2M a 2 macroglobulin 

mean normal value for a2M 

As concerned alPI and a2M, their evolution was similar to what had 
been previously observed in patients at risk of developing ARDS (14). 
a:2M dropped dramatically after 24 hours and remained very low (below 1 
gIL) all along the study; alPI behaved as an acute phase protein, reaching 
aroung 8 gIL on day 4th remaining above 4 g/L until the end of blood 
sampling. 

DISCUSSION 

1. Pancreatic failure in critically ill patients 

We observed very important releases of immunoreactive trypsin (reaching 
10 to 50 - fold the mean normal value of 33 pg/L) in multiple injured and 
abdominal surgery patients in correlation with sepsis. In burned patients, 
we observed moderarereleases of the same enzyme. At this point, it is 
important to note that our technique measured trypsinogen, potential free 
trypsin and trypsin bound to alPI,but not the trypsin bound to a2M. In 
complex with this large molecule, trypsin remains enzymatically active and 
thus very dangerous. So, by our radioimmunological technique, we do not 
obtain any information about the presence of trypsin- a2 macroglobulin 
complexes which represent the most important part of trypsin complexes in 
plasma (15,16). When immunoreactive trypsin was measured in patients 
plasma, it appeared late after injury (4 to 5 days) but persisted for 
several days. Its appearance was generally concomitant or a little delayed 
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to the .onset .of ARDS : trypsin can thus not be censidered as a marker .of 
ARDS useful fer an early diagnesis .of this syndreme. On the centrary, 
the release .of trypsin in plasma always preceded (by at least 24 haurs) 
the clinical signs .of sepsis; se, this enzyme appears as an early marker 
.of sepsis syndreme which is a frequent cause .of death in ARDS and burned 
patients (4). 

We alse .observed a release .of amylase and lipase in plasma .of .our 
patients. In mast cases, this release accempanied the release .of trypsin; 
this simultaneaus increase .of IRT, lipase and amylase is classically 
assaciated with the diagnesis .of pancreatic disarder. It seems thus that 
pancreatic failure is fr.equent after severe injury and ShDCk despite the 
fact that a diagnasis .of pancreatitis was never established in .our patients. 
In a previDus paper, we already mentiDned the simultaneDus release .of 
trypsin and amylase in ARDS and septic patients (9); hDwever, the .origin 
.of amylase may be extra-pancreatic and Weaver et ale have underlined the 
presence .of nan pancreatic amylase in critically ill patients plasma (17). 

With .our new abservatiDns abaut the simultaneous release of the three 
substances (trypsin, amylase and lipase), we are now able tD cDnfirm that 
pancreatic failure .occurs during shock. 

2. What are the ways .of penetratiDn .of trypsin in blDDd and haw cauld 
it accumulate in plasma? 

During shack, there is a circulatDry stagnatiDn : trypsin can be 
absDrbed frDm gastraintestinal tract. During shock, a pancreatic ischemia 
is pDssible due te hypDperfusiDn (5) : this is a critical factor leading 
to pancreatitis as w~ have .observed in our patients. During this pancreatic 
failure, trypsin and trypsinogen escaping from pancreas accunulate in 
abdDminal cavity. From there, these pro-enzyme and enzyme can flows .out 
in blood via the lymph .of thoracic duct. 

In plasma, it seems that trypsin daes nDt remain free : it is quickly 
baund by the two main antiproteinases, alP! and a~M. However, in our 
patients, an unbalance between prDteinases and ant1proteinases cannat 
be excluded : alP! levels were elevated, but it appears mare and mare 
that this antiproteinase is rapidly inactivated (at level of a methionine 
residue) by taxic ferms .of .oxygen and the chlDrinated derivatives which 
are produced by activated leucDcytes during ARDS and shock (18,19). On 
the contrary, plasma levels .of a7M wexelow (belDw 50% of nDrmal value) in 
.our patients. A similar fall in u2M plasmatic levels was alsa .observed in 
septic sheck patients by Witte et a1. (20). a2M is normally present in 
high concentration in plasma and is able to entrap nearly all known pro­
teinases, particularly serine proteinases, facilitating their removal via 
reticulo endDthelial system. 

Our observatiDns in severely ill patients suggest that there ar'e a 
cDnsumption and ,clearance .of this inhibitor indicating a saturation by 
prateinases released not only by leucocytes but also by pancreas. 

3. What are the cDnsequencES.of this pancreatic failure in severely ill 
patients ? 

The main consequence of this pancreatic failure will be a release .of 
numerous enzymes such as phosphelipases, elastase, lipase ••• (22). 
Amang all these enzymes, trypsin appears as the most dangerous. 

TrypsinDgen, released frem pancreas and appearing in bleDd is inactive. 
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However, it will be rapidly activated to trypsin by autoactivation or by 
action of other proteinases released, for example, by activated polymor­
phonuclear leucocytes (21). This active trypsin is able to activate all 
the other zymogens of pancreatic origin such as prophospholipases, pro­
kallikrein. It can also activate plasmatic prothrombin and plasminogen 
leading to coagulation, fibrinolysis disorders and bradykinin release 
(7,10). It activates complement with a degradation of comp.lement fraction 
C3 (6). This complement activation will entertain the granulocytes acti­
vation in patients. Trypsin also destroys proteins and tissues, and when 
bound to ~2M, remains a potent endopeptidase. In this way, pancreas 
failure may contribute to the occurence and to the degree of severity of 
shock and acute respiratory failure. The released enzymes will be secondary 
mediators enhancing tissues and membranes destruction and increasing the 
endothelial permeability responsible for lung dysfunction. 

CONCLUSIONS 

Trypsin-like activity was detected in critically ill patients, parti­
cularly in correlation with sepsis. Trypsin release in plasma was 
accompanied by abnormal levels of amylase and lipase, suggesting a pancre­
atic failure in these patients. This pancreatic failure may contribute to 
the degree of severity of shock and acute respiratory failure. 
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INTRODUCTION 

Bradykinin and related kin ins have been shown to produce 
all four of the cardinal signs of the inflammatory response, 
vasodilatation, increased vascular permeability, pain and, 
in higher doses, accumulation of leucocytes (1). Some obser­
vations have described the appearance of kin ins in inflamma­
tory exudates induced by thermal injury. Roche e Silva and 
Antonio (2) observed that immersing rat paw in hot water in­
duced the appearance of a kinin-like activity in the perfu­
sate of the subcutaneous spaces. This observation was con­
firmed several times by the same group (3, 4, 5). Edery and 
Lewis (6) detected a kinin-forming activity in the lymph 
draining the burned limb of the dog. Kinins could thus par­
ticipate in the inflammatory response to burn. 

Kinins are released from plasma proteins, the kininogens 
by several specific (plasma or tissuekallikreins) or non­
specific (e.g. trypsin) enzymes. Human plasma contains two 
kininogens, low molecular weight (LMW) and high molecular 
weight (HMW) kininogens. Both kininogens are formed by two 
chains surrounding bradykinin. The heavy chain is similar 
for both kininogens, while the light chain is characteristic 
for each kininogen. The light chain of HMW-kininogen is a 
cofactor for the initiation of the contact system of blood 
coagulation, and exists in complexes with plosma prokalli­
krein and coagulation factor XI. HMW-kininogen is the prefe­
rential kinin-forming substrate for plasma kallikroin (7, m. 
Recently, the heavy chain of both kininogens was shown to 
contain two potential roactive site sequences, Gln-Val-Val­
Ala-Cly, that inhibit thiol-proteinases (9, 10). Kininogens 
thus apparently have two functions: they release pro-inflam­
matory kin ins and are anti-inflammatory a2-cysteine protei­
nase inhibitors. 
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The Plasma Kinin System in Burned Patients 

We have developed specific radioimmunoassays for the heavy 
chain of kininogens and for the light chain of HMW-kininogen 
(11).These assays can be used to estimate the plasma content 
in total kininogens and in HMW-kininogen directly. The diffe­
rence between total kininogen and HMW-kininogen gives the le­
vel of LMW-kininogen (11).Whe showed that "in vitro",a relea­
se of kinins accompanies a decrease of the level of kinino­
gens estimated by radioimmunoassays (12). Moreover, we deve­
loped an automated method for the measurement of plasma pre­
kallikrein enzyme activity (13). For both kinds of assays, we 
established reference values in a large population of normal 
subjects (11, 13). We showed that the plasma level in kinino­
gens and prekallikrein is similar whatever the sex or the age 
of the subject (11, 13). 

Very few results about the in~ol~ement of kin ins in man af­
ter thermal injury have been reported (14). Thus in the first 
place, we quantified the plasma levels of prekallikrein and 
kininogens in 36 severely burned patients admitted to the 
"Centre des BrOlds", of Herriot Hospital in Lyon. Upon admis­
sion to the intensive care unit, the plasma level of proteins 
in the patients was reduced by 13,5 %, that of HMW-kininogen 
was diminished in the same range ~ 14 %), while the plasma 
levels of prekallikrein (- 26 %) and of total kininogens 
(-26 %) were more drastica~reduced. The plasma content in 
kininogens and in prekallikrein stayed at these low values 
during the first three days following thermal injury (15). 

We have shown (15) that reduction in total kininogens is di­
rectly proportional to the extent of the burn injury estimated 
by the Burn Skin Area (BSA) or by the Burn Unit Skin (BSU) of 
Sachs and Watson (16). We have also observed, as others (17), 
a reduction in complement plasma level. In our patients, there 
was a positive correlation between the plasma level in total 
kininogens on the one hand and on the other hand the plasma 
level in C3c and C4 (15). 

A decrease of prekallikrein activity in plasma suggests that 
this enzyme is activated by the injured surface and bradykinin 
released from HMW-kininogen. However HMW-kininogen was slight­
ly reduced in our patients. This apparent discrepancy could be 
explained by the protection of the immunogenicity of the light 
chain of this kininogen in s~ite of the release of kinins as 
we have shown "in vitro" (12). 

The Kinin System in Bli ster Fluids 

The decrease of total kininogens can be explained, at least, 
in part by an extravasation through the burned skin. Indeed, 
in six other patients, we were able to obtained blister fluids 
(1S). These fluids contained 23 ± 4.1 g.L-1 of proteins, or 
30 % plasma level. They also contained prekallikrein and kini­
nogens. Prekallikrein was present in the same proportion as 
plasma proteins while total kininoQen level was relatively 2.5 
times higher than plasma proteins {1S). Jacobsen and Waaler 
(19) previously observed large increase of kininogens in lymph 
after thermal injury. Like ourselves, they showed that scald-
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ing limbs of the dog or of the rabbit did not induce the ap­
pearance of active kallikrein in lymph (19). Similarly, 
Armstrong et ale (20) found no active kallikrein but prekalli­
krein in blister fluid induced by other means. Thus, on the 
surface of the skin, there is no activation of kinins but a 
loss of prekallikrein and mainly of kininogens.This loss would 
explain part of the decrease of the plasma level. 

The Inflammatory Response to Burn in Kininogen-Deficient 
Animals 

To estimate the importance of the involvement of kinins in 
the inflammatory response to burn, we compared the edemas in­
duced by heating (30 sec; 60 De) the paw of normal Wistar rats 
and of kininogen-deficient Brown Norway rats. The plasma of 
our Brown Norway rats from the strain BN/May Pfd f contains 
only T-kininogen but not the two usual kininogens and does 
not form kinins by the usual ways (21, 22). T-kininogen is not 
a kinin-forming substrate for kallikreins and releases kinins 
with very large concentrations of trypsin (23). It is an acute 
phase plasma protein and is identical with ~1-cysteine protei­
nase inhibitor (10). We observed that this inflammatory res­
ponse induced by heating the paw has similar pattern and ex­
tent in both strains of rats (24). Other factors would thus be 
responsible for the inflammatory response. Indeed, Green (25) 
has described some differences between the exudates induced by 
bradykinin and by thermal injury. In the experiments of Rocha 
e Silva and his collaborators (2, 4, 5), the thermal insult 
was m~lder than in our experiments. 

CONCLUSIONS 

Following thermal injury, there is an activation of the ki~ 
nin system as demonstrated by the decrease of plasma prekalli­
krein level. The role of kinins in the inflammatory response 
is apparently minor as the edema induced by heating is not mo­
dified by the lack of these polypeptides, as shown in a speci­
fic strain of rats. There is also an accumulation of kinino­
gens on the skin and in blister fluids. In blister fluids, ki­
ninogens could inhibit cysteine proteinases. 
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THE ROLE OF LIPID MEDIATORS IN BLOOD FIBRINOLYSIS 

J.J. Emeis 
Gaubius Institute for Cardiovascular Research Herenstraat 5d 
2313 AD Leiden, The Netherlands 

INTRODUCTION : THE FIBRINOLYTIC SYSTEM 

The fibrinolytic system is the physiological counterpart of the 
coagulation system. Formed from fibrinogen by thrombin after activation of 
the coagulation cascade, fibrin is not meant to be a permanent structure 
in the body, but a temporary one bound to be removed by proteolytic 
enzymes. The most important of these enzymes is plasmin that, by limited 
proteolytic cleavage, degrades the insoluble polymer fibrin into soluble 
fragments, the fibrin degradation products. As plasmin is a broad spectrum 
protease and can degrade many plasma proteins, it will not normally be 
present in the blood in its active form, but as an inactive pro-enzyme 
(plasminogen). Plasminogen is activated into plasmin by other specific 
proteases : the plasminogen activators. Of the three types of plasminogen 
activators present in the blood, tissue-type plasminogen activator (t-PA) 
is considered to be the most important for intravascular fibrinolysis. The 
role of the other two plasma plasminogen activators in intravascular 
fibrinolysis (plasma pro-urokinase, and the Factor XII-dependent 
plasminogen pro-activator, both circulating in blood as pro-enzymes) is 
still obscure. Not only is fibrin the substrate for plasmin, but it also 
dramatically accelerates plasminogen activation by t-PA, thus virtually 
limiting plasmin formation to the surface of its substrate fibrin. 
Moreover, fibrin protects plasmin from inactivation by protease inhibitor 
a: 2 -antiplasmin, which rapidly inactivates plasmin in the fluid phase. 
Plasminogen activator activity is regulated by other specific protease 
inhibitors, the plasminogen activator inhibitors (PA inhibitors). The 
fibrinolytic system is schematically depicted in Fig. 1. For more detailed 
descriptions of the fibrinolytic system, the reader is referred to recent 
reviews (1-5). 

In the present paper the -relatively few - data regarding the role 
of lipid mediators (especially the eicosanoids and platelet-activating 
factor) in fibrinolysis will be reviewed. Also, a brief survey will be 
given of the changes in the fibrinolytic system in trauma and sepsis. 

LIPID MEDIATORS AND CELLULAR PLASMINOGEN ACTIVATOR SYNTHESIS 

The cellular sources of the plasma plasminogen activators (PA) are 
only partly defined. Tissue-type PA, the major plasma PA involved in 
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OUTLINE OF THE FIBRINOLYTIC SYSTEM 
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Abbreviations used: 

PA :plasminogen activator 

tPA :tissue-type plasminogen activator 

u-PA :urokinase-type plasminogen activator 

pro-uPA :pro-urokinase (single-chain urokinase) 

FXlI-dep :coagulation factor XII-dependent 

PAl :plasminogen activator inhibitor(s) 

Fig. 1 
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fibrinolysis, is synthesized .by vascular endothelial cells in vitro (6,7) 
and is present in endothelial cells in vivo, as determined by 
histochemical (8, 9) and immunohistochemical ( 10) techniques. From said 
cells it is released into the blood (II). At present, no data are 
available on the possible effects of lipid mediators on endothelial cell 
t-PA synthesis, either in vivo or in vitro. 

Urokinase-type PA immunoreactivity is widely distributed in many 
cell types throughout the body (12) ; which of these contribute to the 
level of circulating plasma u-PA is unknown. 

Many cell types synthesize and secrete PA' s in vitro (for recent 
reviews, see 13,14) depending on the type of cell, the activator 
synthesized can be either u-PA (generally as its inactive precursor 
pro-uPA), t-PA, or both activators. Since methods to differentiate between 
these two types of activators have only recently become available, the 
interpretation of previously reported data on the effects of lipid 
mediators on PA synthesis is in many cases hampered by incomplete 
knowledge of the type of activator studied. Moreover, in may studies PA 
activity in cell extracts or conditioned media was assayed, and as many 
cells are now known to produce PA inhibitors, activity data should be 
interpreted with caution since changes in PA inhibitor synthesis will also 
lead to changes in the PA activity measured. 

In HeLa cells (which produce t-PA, ref. 15,16) Crutchley and 
co-workers (17,18) showed that phorbol myristate acetate (PHA) induced 
increased synthesis of both E- and F-type prostaglandins, and of t-PA 
(17). As increased prostaglandin synthesis preceded increased t-PA 
synthesis by some hours, these authors hypothesized that prostaglandins 
might mediate the increase in t-PA synthesis. The cyclo-oxygenase 
inhibitor indomethacin abolished prostaglandin production in these cells, 
but had no effect on the induction of increased t-PA synthesis (17). 
However, two inhibitors of arachidonate metabolism via the lipoxygenase 
pathway, eicosatetraynoic acid (ETYA) and nor-dihydroguaiaretic acid 
(NDGA), dose-dependently inhibited t-PA induction by PHA (18). Also, 
5-hydroxyeicosatetraynoic acid directly stimulated t-PA synthesis in HeLa 
cells (18). Similarly, in rat RBL-l basophilic leukemia cells, calcium 
ionophore-induced increase in PA-synthesis proved insensitive to 
indomethacin, but was abolished by ETYA and by NDGA (18). The inhibitors 
had little effect on basal rates of PA synthesis in these cells. As PG's 
E1, E2 and 12 induce increased PA activity (19), prostaglandins, in human 
skin fibroblasts, are involved in the modulation of PA synthesis (likely 
t-PA). The mechanism of this induction presumably involves activation of 
adenyl cyclase, as the effect of PGE 1 was potentiated by phosphodiesterase 
inhibitors. Nevertheless, the PHA-induced increase in PA activity in these 
fibroblasts was not influenced by indomethacin (19). 

Increased PA activity was also induced by PGE 1 and PGE 2 in mouse 
C1300 neuroblastoma cells (20) - the activator in this cell line being 
predominantly t-PA (21) -, by PGE 1 in human embryonic long cells (22), and 
by PGE 2 in rat osteoblasts (23). In cultured rat granulosa cells, which 
produce t - PA as the sole activator (24 ), again PGE 1 and PGE 2 induced 
increased PA activity whereas PGF1a: and PGE2a: had no effect (25). In 
cultured macrophages (which produce pro-uPA, ref. 26) PGE1 and PGE 2 
reduced PA activity PGF1a: and PGF2a: proved inactive, as well as 
indomethacin and aspirin (27 ,28). In both granulosa cells, human lung 
cells and macrophages cAMP had similar effects as PGE 1 and E2. 

In human synovial fibroblasts, cyclo-endogenous oxygenase products 
could enhance PA activity in cells treated with supernatants of activated 
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mononuclear cells (possibly interleukin-1), but did not enhance 
PA-activity in retinoic acid-treated cells (28). Prostanoids by themselves 
were poor activators of basal synovial cell PA activity (29, see also 30). 

The above data strongly suggest that eicosanoids are involved in the 
regulation of the fibrinolytic activity of cells, especially after PA 
synthesis stimulation. The mechanisms involved are still poorly 
understood, but might be related to changes in cAMP metabolism 
(19,20,22,25,27,29). It is also clear that the effects of prostanoids on 
cellular fibrinolytic activity vary with the cell type, and possibly with 
the activator type, studied. As already mentioned above, possible 
concomitant changes in PA inhibitor synthesis have to be taken into 
account before changes in fibrinolytic (plasminogen activator) activity 
can be interpreted as changes in PA synthesis. To date, no studies on the 
effects of eicosanoids on PA inhibitor synthesis are available, except for 
one study in macrophages (31). 

RELEASE OF TISSUE-TYPE PLASMINOGEN ACTIVATOR FROM ENDOTHELIAL CELLS 

The fibrinolytic activity of blood is to a large extent determined 
by the plasma level of t-PA. This t-PA is synthesized and stored by 
vascular endothelial cells, and can be acutely released from these cells 
into the circulation. As the half-life of t-PA in the circulation is very 
short (5-7 min in man, ref. 32), the plasma level of t-PA is highly 
variable, and can be subject to rapid, short-term changes (see refs. 
11,33,34 for recent reviews). Lipid mediators are involved in the t-PA 
release reaction, both as inducers of the release reaction, and as 
mediators of said release. Experimental studies demonstrated that 
platelet-activating factor (PAF-acether) was a very potent inducer of t-PA 
release in the rat in vivo (35). Studies in isolated perfused vascular 
beds in rats (35) and pigs (36) showed that PAF-acether induced the 
release of t-PA by a direct effect on vascular endothelial cells. Compared 
to other compounds that induce the release of t-PA, such as acetylcholine, 
histamine, calcium ionophore A-23187, bradykinin, eledoisin and thrombin, 
PAF-acether proved equipotent to thrombin, and more potent than other 
inducing agents (11,35,37). (A recent report suggests that PAF-acether may 
be less potent in mice, ref. 38). Studies on the mechanism of 
PAF-acether- induced t - PA release in perfused vascular beds then 
demonstrated that the release reaction was calcium-dependent, and could be 
inhibited by the phospholipase inhibitors mepacrine and 
p-bromophenacylbromide, by the lipoxygenase inhibitors NDGA, AA-861 and 
ETYA, and by the leukotriene synthesis inhibitor diethylcarbamazine 
(35,36,39). In the rat system, the cyclo-oxygenase inhibitors 
acetylsalicylic acid and indomethacin were unable to inhibit PAF-acether 
induced t-PA release (35), though in the pig system acetylsalicylic acid 
was inhibitory (36). A similar inhibitory profile was found in the rat 
perfusion system when A-23187, bradykinin, carbachol or thrombin was used 
to induce the release of t-PA, and when mepacrine, NDGA or calcium-free 
solution was used to inhibit (39). The data suggest that t-PA release 
involves the (calcium-dependent) activation of phospholipase(s), resulting 
in increased availability of arachidonic acid for further metabolization 
to eicosanoids. The metabolite involved might be a lipoxygenase product, 
although a cytochrome P450 -dependent reaction cannot be excluded (11,40). 
Still in the perfused rat vascular system, leukotriene D4 was able to 
directly induce the release of t-PA (39). 

Whether this same reaction sequence is also involved in t-PA release 
in vivo is still under investigation. 
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Although, as mentioned, PAF-acether is a potent inducer of the 
release reaction in vivo, it is not indispensible : in rats, t-PA release 
induced by bradykinin or by venous occlusion was not 'inhibited by the 
PAF-antagonist BN 52021, which would inhibit the t-PA release, in vivo as 
well as in perfused vascular beds, induced by PAF-acether (39). 

Lipid mediators therefore in two different ways may be involved in 
the acute release of t-PA from endothelial cells into the circulation : as 
inducer of the release reaction (PAF-acether and leukotriene D4), and as 
intracellular mediators ( a still non identified arachidonate metabolite). 

ASPIRIN, PROSTACYCLIN AND FIBRINOLYSIS 

The widespread use of aspirin and related cyclo-oxygenase inhibitors 
in the prevention and treatment of thromboembolic disease has led to a 
number of studies on the effects of aspirin on blood fibrinolytic 
activity. High-dose aspirin not only inhibits thromboxane synthesis by 
platelets, but also prostacyclin synthesis by endothelial cells (41), and 
prostacyclin has been reported to increase fibrinolytic activity in 
patients with ischemic arterial disease (42-45), and to increase t-PA 
synthesis in fibroblasts (see above). High-dose aspirin, by decreasing 
fibrinolysis, might influence the balance between coagulation and 
fibrinolysis unfavourably. The first studies, however, reported a 
favourable effect of aspirin on humoral (46) and blood leukocyte (47) 
fibrinolytic activity. Subsequently, Levin et al. (48) reported that 
aspirin (650 mg/day x 2) reduced the increase in t-PA activity in plasma 
obtained after venous occlusion, even though it did not change plasma t-PA 
activity under resting conditions. (Venous occlusion for 10-20 min, at a 
pressure halfway between systolic and diastolic pressure, results in the 
release of t-PA from the endothelium into the blood vessels of the 
occluded limb, and is widely used in fibrinolysis studies to assess the 
fibrinolytic capacity of patients). The data of Levin et al. therefore 
suggested that high-dose aspirin reduced the t-PA release capacity of 
endothelial cells. These observations were not confirmed by Bounameaux et 
al. (49), who found no effect on plasma t-PA activity, t-PA antigen or PA 
inhibitor levels of aspirin, indomethacin or dazoxiben (a thromboxane 
synthase inhitor), either before or after venous occlusion. Similarly, 
Keber and Keber (50) found no effects of chronic aspirin treatment on 
blood fibrinolytic activity, either before or after venous occlusion. 
Indeed, Hammouda and Moroz (51) and Korninger et al. (52) noted increased 
t-PA release after venous occlusion in aspirin-treated volunteers. 

Mussoni et al. (53,54) found no effect of low-dose aspirin (20 
mg/day x 7), but confirmed Levin's observation that high-dose aspirin and 
indobufen (200 mg/day x 2) significantly reduced the t-PA activity 
increase after venous occlusion, without however influencing the t-PA 
antigen increase. Similar data, using similar asplrln dosages, were 
reported by Keber et al. for venous occlusion-induced changes, but not for 
exercise-induced increases in t-PA antigen or activity (55). Besides, 
Brommer et al. (56) reported that aspirin did not affect the release of 
t-PA induced by Desmopressin (a vasopressin derivative) infusion. 

In combination with the observations that prostacyclin infusion 
results in a (transient) increase in blood fibrinolytic activity (42-45), 
these studies suggest that in some situations (e. g . venous occlusion) 
cyclo-oxygenase products may favourably affect plasma fibrinolytic 
activity by a mechanism, as yet unexplained, that is not operative during 
exercise - or Desmopressin - induced t-PA release, and presumably does not 
involve t-PA synthesis rate or the endothelial release mechanism. 
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SEPSIS, TRAUMA AND FIBRINOLYSIS 

Trauma and sepsis are associated with profound changes in the 
fibrinolytic system (for reviews, see 57-60). A well-known example of such 
a change is the post-operative fibrinolytic shut-down, Le. decreased 
plasma fibrinolytic activity during the immediate post-operative period. 
Before the discovery of plasma PA inhibitors, it was generally thought 
that decreased plasma fibrinolytic activity was due to decreased plasma 
levels of t-PA. However, it soon became clear that fibrinolytic activity 
was the result of both t-PA and PA inhibitor (PAl) activities, and that 
decreased plasma fibrinolytic activity could be present in the face of 
increased t-PA antigen levels, provided the PAl level was even more 
increased. 

Increased levels of PAl are found after, and even already during, 
surgery (61-64). Despite the concomitant increase in t-PA antigen in the 
same period, the plasma fibrinolytic activity drops, resulting in the 
post-operative (or even per-operative) fibrinolytic shut-down. A similar 
increase in PAl is seen in traumatized patients (63). In all these cases 
the increased PAl levels rapidly revert to normal (even faster than the 
acute-phase protein C-reactive protein, ref. 65) suggesting that PAl 
behaves like a (very) acute phase-type reacting protein. The mechanisms 
leading to increased plasma levels of PAl are still unknown. Recently, we 
could demonstrate that the infusion of interleukin-1 into rats resulted in 
increased plasma levels of PAl (65). Trauma-induced increases in plasma 
interleukin-1 may thus be one of the causes leading to increased PAl 
levels, probably by an effect of interleukin-1 on vascular endothelial 
cells, since these cells, in vitro, respond to interleukin-1 by increased 
synthesis of PAl (65-67). Moreover, the PAl increasing after interleukin-1 
infusion is of the same type as the PAl produced by endothelial cells 
(65). 

A second component that induces increased levels of (endothelial 
cell-type) PAl is endotoxin, as first reported by Colucci et al. (68). 
Even minute amounts of endotoxin gave rise to large increases in plasma 
PAl levels wi thin a few, hours in experimental animals (65,68) and 
endotoxin induced increased PAl synthesis in cultured endothelial cells 
(65,68-70). Very high levels of PAl were found in septic patients (68) and 
in patients with meningococcal disease (71). In the latter group of 
patients, PAl levels normalized parallel with plasma endotoxin levels 
during penicillin treatment (71). 

Whether lipid mediators are in any way involved in the regulation of 
plasma PAl levels is unknown ; in rats, in any case, the increase in PAl 
level after endotoxin injection was not influenced by pre-treating the 
animals with aspirin, indomethacin, or the PAF-antagonist BN 52021 (39). 

CONCLUSION 

Lipid mediators are in various ways involved in fibrinolysis. 
Eicosanoids can, in vitro, influence the synthesis of plasminogen 
activators (and possibly plasminogen activator inhibitors) by cultured 
cells. The release of t-PA from endothelial cells into.the blood stream is 
induced both by PAF-acether and leukotriene D4 , which activate an 
endothelial release mechanism presumably involving a lipoxygenase 
metaboli te. The role of lipid mediators ( if any) in the induction of 
plasminogen activator inhibitor synthesis induced by interleukin-1 or 
endotoxin, remains to be defined. 
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FIBRINOLYSIS IN ENDOTOXEMIA 

INTRODUCTION 

A-M. Dosne, F. Dubor and L. Chedid 
UA-579 Immunotherapie Experimentale, Institut Pasteur 
Paris, France 

The fibrinolytic process includes plasminogen cleavage by different 
types of plasminogen activators leading to plasmin formation. Plasmin 
degrades fibrin but also cartilage proteoglycan 1 and activates latent 
collagenase2 . Besides its role in hemostasis, fibrinolysis may playa role 
in tissue remodeling and metastasis of tumor cells3 ,4. The fibrinolytic 
process is controlled by inhibitors acting either at the plasminogen 
activation step or by antiplasmins. An alteration in fibrinolysis was first 
observed following the injection of certain vaccines S. These changes were 
reproducible with purified lipopolysaccharides (LPS) from the walls of gram­
negative bacteria. After experimental endotoxemia there is first an 
acceleration of fibrinolysis followed by a late depression. Some of the 
mechanisms underlying these sequential modifications have been recently 
clarified by the identification of mediators induced by endotoxin and the 
ability to study the responses of isolated cells'. 

ACTIVATION OF FIBRINOLYSIS FOLLOWING ENDOTOXIN INJECTION 

Thirty years ago, it was observed that blood clots dissolved 
spontaneously in 60 min when blood was collected 100 min after injection of 
small doses of LPS from Salmonella abortus equi in humans6 . Fibrinolytic 
activity was more easily detected in the plasma euglobulin fraction, which 
lysed in about 6 min7. The acceleration of fibrinolysis declined rapidly 
and was no longer observed 4 hr after endotoxin injection. A parallel 
between activation of fibrinolysis and fever rise was reported but a causal 
relationship was excluded since pretreatment with antipyretics suppressed 
fever but not the fibrinolytic react.ion7 . At that time, these results led 
to the proposal that purified LPS could be used as thrombolytic therapy. 

Several mechanisms could produce increase in blood fibrinolytic 
activity. Activation of Hageman factor was reported, as reflected by 
decrease in prekallicrein8 ,9 and generation of bradykinin 10 during endo­
toxemia in man. In vitro studies provided evidence for a direct interaction 
between the Lipid A moiety of the endotoxin and Hageman factor leading to 
its activation11 • A Hageman factor-dependent plasminogen activator has 
been demonstrated in blood but its function is not well defined12 . 
Activation of the Hageman factor-kinin system during endotoxemia has been 
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mainly studied with respect to coagulation activation and hypotension and 
its role in fibrinolysis activation was not established. 'The release of 
plasminogen activator from vascular endothelium has received much attention 
since endothelial cells contain and produce tissue plasminogen activator13J4. 
As LPS does not directly induce plasminogen activator release from cultured 
endothelial cells, mediators are likely to be involved. Adrenalin release 
subsequent to endotoxin injection could play a role since catecholamines 
induce in vivo a certain but weak fibrinolytic reaction15 • The fact that 
adrenalectomy suppresses the fibrinolytic response to LPS in the rat 
supports the role of adrenals16 . Release of vasopressin from pituitary 
gland might be an important factor since this hormone is a powerful inducer 
of plasminogen activator release in vivo17 and in perfused vessels 18 • A 
peak in vasopressin activity occurs in blood 1-2 hr after endotoxin injectio~ 
This appears to be independent of known physiological stimuli such as hypo­
tension and hypovolaemia19 . As the blood brain barrier does not allow the 
penetration of endotoxin, further investigations are needed to understand 
the mechanism of this vasopressin release. In addition to these factors, 
platelet aggregating factor could be also involved. Some data suggest that 
this lipid mediator plays a role in endotoxe~ia20 and this factor is endowed 
with a potent tissue plasminogen activator releasing activity21 

Besides endothelial cell production of tissue-type plasminogen activator, 
in vitro findings suggest that lymphokines produced by T cells exposed to 
LPS, increase the expression in macrophages of a urokinase-type plasminogen 
activator which is partly membrane-bound22 ,23,24. The importance of this 
phenomenon during endotoxemia is presently unknown. 

The biological importance of this transient hyperfibrinolysis has been 
generally evaluated in relation with the activation of coagulation and the 
occurrence of intravascular coagulation after endotoxin injection. 
Administration of fibrinolytic inhibitors favorizes fibrin deposition in the 
kidneys25,26 and treatment with the plasminogen activator streptokinase 
prevents the lesions of the generalized Shwartzman reactions27 . These data 
would suggest that the hyperfibrinolytic response to endotoxin has a 
protective effect in the pathogenesis of Shwartzman reaction. 

Table 1. Decreased Fibrinolytic Activity in Blood Collected 4 hr after 
Endotoxin Injection in the Rat 

Endotoxin (~g/kg) 0 .03 .3 3 30 

Euglobulin clot lysis 52 137 193 231 > 240 
time (min) 

Plasma inhibitor anti- 1.2 4.7 12 21 41 
urokinase (U/ml) 

Wistar rats (5-10 per group) received i.v. injection of LPS from 
S.enteritidis and were bled 4 hr later. Plasma euglobulin were precipitated 
at pH 5.9 with 0.01 % acetic acid. Plasma inhibitor was estimated by adding 
0.15-10 U of urokinase to 100 ~l of plasma followed by euglobulin 
precipitation. Residual lytic activity of urokinase was determined on 
fibrin plate rich in plasminogen. One unit of inhibitor was defined as the 
amount neutralizing one unit of urokinase. 
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LATE INHIBITION OF THE FIBRINOLYTIC ACTIVITY AFTER ENDOTOXIN INJECTION> 

It has been observed in humans that hyperfibrinolytic state is 
followed by a decreased blood fibrinolytic activity which could last up to 
24 hr7. In rats which receive 30 ng to 30 ~g endotoxin per kg we have 
noticed a prolongation of the euglobulin clot lysis time which is depedent 
upon doses of endotoxin (Table 1). 
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Fig. 1. Fibrinoenzymatographic pattern of rat plasma euglobulin 4 hr after 
injection of LPS (30 ~g/kg). Euglobulins (15 ~l) from control (C) or LPS­
treated rats were submitted to SDS-PAGE in the presence or absence of 90 mU 
of urokinase (UK). Acrylamide gel was applied on a fibrin agarose gel rich 
in plasminogen. Lysis areas (clear zones) correspond to the different 
enzymatic activities whose molecular weight were calculated by reference to 
calibrated proteins. Without UK supplementation enzymatic profiles of 
control or post-LPS samples were not very different. When UK (34 and 54 kd) 
was added to control sample, these lytic bands were not reduced but a 80 kd 
lytic area increased. When UK was added to post-LPS sample, activities 
corresponding to 34 and 54 kd were decreased and a major lytic area extended 
from 80 to 105 kd. This shift in the molecular weight of UK indicates the 
presence of PAl wh~ch binds to UK and forms higher molecular weight 
complexes. 

Recent findings have shown that a plasminogen activator inhibitor (PAl) 
increases in ~lasma with a peak between 3 and 6 hr after endotoxin 
injection28 ,2 . When plasma from endotoxin-treated rabbits is passed on a 
gel filtration column the relative molecular weight of tissue plasminogen 
activator-related antigen is 100 kd as opposed to 66 kd when normal rabbit 
plasma is used28 • This study concluded that PAl binds to plasminogen 
activator yielding high molecular complexes devoid of enzymatic activity. 
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Such complexes could be also detected when plasma supplemented with 
plasminogen activator was submitted to polyacrylamide gel electrophoresis 
in the presence of sodium dodecylsulfate (SDS-PAGE) since this detergent 
renders the complexes fibrinolytically active30 . Utilizing this method, we 
have found that the molecular weight of urokinase added to post-endotoxin 
rat plasma is augmented about 50 kd. This increase in relative molecular 
weight is an estimation of the molecular weight of PAl (Fig. 1). 

Several mechanisms are involved in PAl generation induced by bacterial 
lipopolysaccharides. In vitro experiments have demonstrated that cultured 
endothelial cells produce PAI14,31,32 and that endotoxin stimulates this 
synthesis28 ,33,34. Figure 2 shows that supernatant from human endothelial 
cells exposed to LPS neutralizes urokinase and forms higher molecular weight 
complexes. 
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Fig. 2. Fibrinoenzymatographic analysis of urokinase neutralization by 
endothelial cell supernatants. Urokinase (25 ~l of 6 U/ml) was mixed with 
25 ~l of unconditioned medium (lane A) or supernatants from control 
endothelial cells (lane B) or from cells incubated with LPS (1 ~g/ml) for 
24 hr (lane C). SDS-PAGE and development of fibrinolytic activities were 
performed. Control supernatant decreased the 35 and 53 kd lytic bands of 
urokinase and led to the formation of 93 and 107 kd complexes. Supernatant 
from LPS-treated cells suppressed the 35 kd lytic band and further reduced 
the 53 kd band. 

Pulmonary macrophages also generate PAl in response to endotoxin35 ,36. 
These reactions could be amplified in vivo by interleukin-l which is a 
potent inflammatory and immunological mediator released by macrophages37 
and also a powerful PAl inducer in endothelial cells and in vivo29 ,38 • 
Although PAl secreted by different cells shows a molecular weight in the 
range of 50 kd, this inhbitory activity might be supported by various 
proteins whose specificity towards different types of plasminogen activators 
has to be established. Such information would help to clarify the 
biological role of PAI(s). The inactivation of tissue plasminogen activator 
which was demonstrated in vivo28 might contribute to the development of 
intravascular coagulation which is frequently observed in septicemic 
patients. On the other hand, PAl has been reported to inhibit Hageman 
factor 39 • The consequence of the neutralization of urokinase-type 
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plasminogen activators expressed by inflammatory macrophages40 ,41 or tumoral 
cells42 is still speculative. 

~ 
0 .. .. 

0 
c:: 
:i 
0 
L 
::l 

'0 
c:: 
.~ 
:c 
:c 
c:: 

~ 
!... .. .. 
o 
c:: 
:i 
o 

100 

50 

° 

10 

~ 50 

c:: 
.!! 

o 

I I 

8 ",0 80 

A 
• LPS 1~g Iml + Polymyxin B 

o POlymYltIO B 

-~---

200 
Polymyxin B U/ml 

B 
• LPS 1t'g/ml + Colimycin 

o COlimycin 

",00 

:r"~-;--------:---------: -----r 
8 80 200 320 .(00 

Colimycin U/ml 

Fig. 3. Prevention by polymyxin Band colimycin of the LPS-induced 
inhibition of urokinase in endothelial cell cultures. 

Some attempts at preventing generation of LPS-induced PAl have been 
done with the help of polymyxin B since this antibiotic binds to the 
Lipid A moiety43 and blocks several LPS reactions44 ,45,46. In cultured 
endothelial cells; polymyxin B and colimycin suppress PAl generation 
induced by LPSCtFig. 3). When assessed in vivo in the rat, we have found 
these compounds to be effective only after low doses of LPS. 

In conclusion, alteration in blood fibrinolysis induced by endotoxemia 
consists of transient increase in plasminogen activator(s) followed by 
generation of plasminogen activator inhibitor(s). Some of these reactions 
are due to direct effect of endotoxin on endothelial cells and macrophages 
and others appear to be regulated by endotoxin-induced mediators. These 
alterations are probably relevant to the risk of intravascular coagulation. 
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Chapter 3 

The immune response 
• In 

critically ill patients 



ORIGINS OF IMMUNOLOGICAL IMPAIRMENTS IN BURNS 

M. Braquet 
Unite de Recherche Clinique, Centre de Traitement des BrOles 
Hopital d'instruction des Armees Percy, F-92141 Clamart, France 

One of the best examples of the immunodepressed host is afforded by 
burn patients since the natural protection barriers are broken and the 
host -defenses are no longer operative. In this respect a frequent 
complication of serious burn injury is sepsis that leads to death in a 
large percentage of patients surviving the shock phase of such injury (1). 
In the 1940s, Gram-positive cocci were the main source of the infections 
but with the discovery of antimicrobial therapy longer the case. 
Infections are now caused mainly by gram-negative bacilli such as 
pseudomonas (2) and methicillin-resistant Staphylococcus aureus, 
Aspergillus Mucor, Herpes virus and Candida (3-5). Pneumonia is also 
extremely frequent in patients with inhalation injury or shock lung (6). 
Burn patients may furthermore present suppurative chondritis and thrombo­
phlebitis, pyelonephritis and endocarditis (2,7). 

The total body surface area affected (TBSA) and depth of burn are the 
factors influencing the extent of abnormality in immunologic functions. 
Prolonged skin allograft survival may be noted after burn (8). The 
immunological impairments in thermal injury and the suspected mechanisms 
of immunosuppression are reviewed in this paper. 

IMMUNOLOGIC ALTERATIONS IN BURN PATIENTS 

Delayed hypersensitivity skin tests point to the occurrence of anergy 
in burn patients. There is a high survival rate in patients displaying a 
consistent positive reaction or in those who regain reactivity in the 
second phase. On the contrary, there are high mortality rates in 
individuals with continuously negative skin reactions (9). This fall in 
the skin immune response is often linked with the activities of the T cell 
system which are reduced to a greater extent than those of the B cell 
system (10-13). Table 1 presents a summary of the principal T cell 
impairments. 

Burn patients often develop T cell lymphopenia as evidenced by the 
early fall in OKT3+ cells. This disorder becomes clearly apparent at 48 
hours after thermal injury. OKT3+ cell number then slowly falls until D17 
when it attains the minimal value. A slow rise towards normal values then 
occurs. The alteration of helper T cells (OKT4+) is the main cause of this 
biphasic pattern ( 10). On the contrary, the number of suppressor cells 
(OKT8+) remains appreciably the same. The OKT4/0KT8 ratio is thus 
decreased and reaches a minimal value between DI0 and DIS (10). After D20 
after severe burn two types of response have been observed as a general 
rule : (a) the OKT4/0KT8 ratio stayed low_ in patients who were critically 
ill and died ; and (b) the OKT4/0KT8 ratio rose slowly in patients who 
recovered (10,12). Antonacci et al. (14) explains the fall in OKT4/0KT8+ 
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ratio by a "sequestration" phenomenon, perhaps triggered by 
corticosteroids, in which OKT4 cells in particular would be sequestered to 
lymphoid compartments other than the peripheral blood. 

Table 1. Abnormalities of T-cell functions after severe thermal injury 

• OKT3 + cell number decreased 

• OKT4 + cell number decreased 
• OKT8 + cell slightly or not impaired 

• Decreased OKT4 + /OKT8 + ratio 

• Reduced in vitro cytotoxicity 
• Decreased Iymphoproliferative responses in vitro to 

nonspecific mitogens. soluble antigens. and 

allogenic cells 

• Cutaneous anergy displayed by negative delayed 
hypersensitivity skin reactivity 

• Prolonged survival of skin allograft 

Although the possibility exists that impaired OKT4/0KT8 ratio may 
denote a relative predominance of suppressor cells, when mixed lymphocyte 
responses are analyzed it appears that the fundamental alteration of 
significance is deficient T cell "help" characterized by a fall in the 
number of IL2-producing cells and/or a concomitant dysfunction of these 
cells (13). 

T cells are also affected by qualitative impairments in addition to the 
above-mentioned quantitative alterations. Their cytotoxicity is lowered in 
burn patients, possibily deriving from lower release of lymphokines (15). 
In addition, T cell proliferative responses to nonspecific mitogens, 
specific antigens, and histoincompatible cells (mixed lymphocyte 
reactions) are lowered after burn injury (16-20). The T cell impairments 
are summarized in Table 1. 

As for the B cell system, no alteration was noted in the total number 
of circulating cells (12). There was a transient fall in immunoglobulin 
concentration early after thermal injury with the lowest point being 
situated around 05. Generally, immunoglobulin G(IgG) levels are weakened 
the most, with little early change in immunoglobulin M (IgM) levels 
(21-23). Burn blister fluid contains all the serum immunoglobulins, one 
cause of the fall in immunoglobulin levels possibily being the 
extravasation of previously intravascular IgG into tissue through the 
increasingly permeable capillary endothelium. Some works also report a 
higher tissue levels of IgG in deeper layers of burned skin (24). 

In general the lower serum antibody concentrations and the incidence of 
infection are not correlated (25). 

Burn injury significantly affects natural killer (NK) cells too. These 
cells trigger a cell-mediated cytotoxic reaction, are IgG-Fc receptor 
positive and have been reported to be a key mechanism in host anti-viral 
defense. After burn injury NK-dependent cytotoxicity is lowered (26,27). 
In addition, NK activity in burn patients was not increased by either 
interferon, (IFN)-y or ex: (27). This lack of effect may add to burn 
patients' susceptibilities to viral infections, especially cytomegalovirus 
and herpes simplex. 

Apart from alterations in T cells and NK activity, a set of disorders 
act upon the nonspecific cellular immunity in patients with severe thermal 
~nJury, leading to abnormalities of phagocytic cells (macrophages and 
neutrophils), as shown in Table 2. Burn patients thus present highly 
altered monocyte and neutrophil functions. 
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Neutrophils display a lower microbicidal activity (28-30), impaired 
chemotaxis (31-34), a fall in lysosomal enzyme content (34-35), oxygen 
consumption (36), nitroblue tetrazolium reduction (37), chemiluminescence 
(38) and glucose oxidation (39), and impaired NADH-NADPH oxidase activity 
(40) . Neutrophils may be degranulated and present pseudopodes. Lower 
inflammatory responsiveness has been reported, as measured by skin windows 
(41). Thermal injury also alters A 23187-stimulated arachidonic acid (AA) 
metabolism, a biphasic sequential release of the different metabolites 
(5-HETE, LTB 4 , 20-0H LTB 4 ) being recorded (see accompanying paper) (10). 
The capacity for AA metabolite production is highly altered after an early 
but transient rise, the fall being associated with the clinical outcome of 
the patients. After the third week, two patterns were generally noted : 
(a) there was an extremely low calcimycine-stimulated AA metabolism in 
patients who died ; (b) on the contrary, the stimulated release rose 
progressively back to normal in patients who recovered. These functional 
al terations are correlated with lower superoxide production (10), and a 
higher susceptibility to severe infection by various microorganisms. 
Pulmonary alveolar phagocytes (42) and the reticuloendothelial system 
(RES) have also been reported to present similar alterations. 

Table 2. Impairments of phagocytic cells after severe thermal injury 

• Diminished chemotactic responsiveness 

• Diminished superoxide and hydrogen peroxide release 

• Diminished arachidonate metabolite production 

• Impairment of bacterial activity 

• Granulocytopenia (early phase) 

• Partial degranulation 

• PM N leukocyte aggregation 

• Decreased serum opsonic activity 

Phagocytic depression of neutrophils from burn patients is 

usually not seen until more than 5 days following injury. 

A variety of cells are comprised in the RES including noncirculating 
phagocytic cells located close to the vascular system throughout the body. 
The RES takes part in the action of host-defense phagocyting bacteria, 
cellular debris ... A considerable depression of RES has been noted after 
thermal injury, apparently in relation with a deficit of fibronectin (43). 
This glycoprotein is able to bind to a variety of materials leading to 
their phagocytosis mainly by Kupffer cells in the liver. 

Abnormal activation of the complement system is another potential 
dysfunction of the host defense. Lowbury and Ricketts (44) were the first 
to report a defect in the alternative complement pathway in 1957 (44). 
Many researchers have since reported serious alterations of complement 
functions and levels after burn injury. A pronounced fall in hemolytic 
serum complement activity (CH50) has been observed, mainly in septic burn 
patients with burn injury over more than 30 % of the TBSA (45-48). Falls 
in CH50 units were accompanied by falls in C3 activity (45) and in 
concentrations of C3 and C4 (49). Sepsis or a potential risk of sepsis 
appear to be reflected by very low levels of hemolytic complement 
activity. Complement titers remain decreased until death in fatally burn 
injured patients (50). CH 50 titers and protein concentrations of 
individual complement components (C4, C2, C3) are found to be normal or 
raised in minor thermal injuries (45,47,51). To date the only complement 
components that have been decreased, whatever the size and severity of the 
thermal injury, are C1 esterase activity and C1 y protein (46,51). At 
present researchers have only a poor understanding of the cause or 
consequences of depressed C1 activity and the mechanism of hemolytic 
complement activation in thermal injury. Sera from burn injured patients 

259 



has consistently presented depressed complement activity of the alternate 
activation pathway, as assessed by the C3 conversion assays (52,53). The 
depression was seen in both bacteremic and nonseptic burn patients and 
correlated with TBSA. Some evidence was presented by Bjornson et al. 
(46,52) suggesting that sera from burn injured patients contain an unknown 
inhibi tor of C3 conversion. Holder and Ahlin (54) have also reported 
inhibitory serum activity of the alternative complement pathway ; on the 
basis of their findings, they suggest that an inhibitor of the C3 
proactivator may have been produced as a result of burn injury. While 
classic pathway activity is normal or supranormal, the alternative pathway 
depletion continues for at least a week (55). Complement activation 
results in the formation of various components (C5a, C3a, C4a) that 
promote various pathologic events (e.g. chemotaxis, release of lysosomal 
enzymes, superoxide production, T/B cell interactions, histamine release, 
immune adherence). 

MECHANISMS OF IMMUNOSUPPRESSION IN BURN PATIENTS 

The exact mechanisms underlying anergy in the burn patient are still 
not yet assessed. The first possible hypothesis may involve an increase in 
suppressive cells. An enhancement in the relative suppressor activity of T 
cells has been proposed (10). In addition, the involvement of inhibitory 
macrophages has been advanced (56,57) the suppressor activity resulting in 
this case form exaggerated production of prostaglandins (58). On the other 
hand, it has been proposed that the major defect in cellular immunity is 
the failure of lymphocytes from burn patients to produce adequate 
quantities of IL 2 in response to standard stimuli (59). Failure of IL 2 
production is correlated early after injury with a marked reduction in the 
percentage of circulating T lymphocytes of the helper/inducer phenotype. 
Late after injury, diminished IL 2 production persists, despite recovery 
of the helper T cell subset (59). 

Detection of immunoregulatory factors has been increasingly 
reported in serum of patients with thermal or traumatic ~nJuries, as 
detailed in Table 3 ; the second hypothesis takes account of this fact. 
The nature of these suppressive factors is not yet elucidated, although 
various hypotheses have been advanced (Table 3). These factors affect both 
the specific and nonspecific host defense mechanisms. Thus, soluble plasma 
factors from burn patients have been reported to inhibit chemotaxis of 
normal, polymorphonuclear (PMN) leukocytes (61,62). This inhibitor is 
heat-stable and nondialyzable (61). The binding of abnormal proteins in 
the leukocyte membrane has been evidenced by the appearance of 
antileukocytic autoantibodies (63). The incubation of normal PMN with 
plasma from recently burned patients suppresses or at least depresses A 
23187-stimulated AA metabolite synthesis and phorbol myristate 
acetate-activated superoxide production (10). This phenomenon was observed 
with plasma at 02 and 03 and lasts for about 20 days, although it varies 
among patients. The suppressive activity disappears after the plasma is 
heated, and the use of FPLC showed that the molecular weight of this 
factor was lower than 50,000 daltons (D) (10). 

Similar findings were obtained by Baxter's group (44), which isolated 
two circulating protein moieties exhibiting superoxide inhibitory activity 
(mol wt 26,000 0 and 52,000 D). Inhibition produced by the large mol wt 
protein can be blocked by anti-C3D antibodies, while the lesser inhibition 
exhibited by low mol wt protein cannot (64). 

Bjornson et al. (65) demonstrated an inhibitory effect of sera from 
septic burn patients on the phagocytosis of Staphylococcus aureus and 
Escherichia coli by normal neutrophils. Inhibition of phagocytosis by sera 
from burn patients was neither due to cytotoxic effects on neutrophils nor 
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Table 3. Possible plasmatic factors related to immunodepression 
in thermal injury 

Nature 

Acute phase proteins 

Protein(s) 

Proteins 

Nondialyzable 

Fluid phase C3b 

Nondialyzable, heat stable 
SAp· 

Nondialyzable 

Mol/wt IDI 

<50,000 

26,000 

52,000 

>12,000 

3,654 

5,000 

Suppressive Effect 

Decreased' PMN arachidonate and su­

peroxide release 
Decreases PMN arachidonate metabo­

lism 

Decreases PM N superoxide poduction 

Decreases PMN phagocytosis 

Decreases PMN phagocytosis and kill-

ing 

Decreases chemotactism 

Suppresses PHA response 

Suppresses IL2 production 

The suppressive factors are generally not present in the normal serum. 

·Suppressor active factor comprising peptide, carbohydrate, and fatty acid components 

Reference 

21,11 

11 

64 

65 

66 

61 

60,68 

59 

to defective opsonization but was caused by a direct and irreversible 
interaction of the sera with the neutrophils. Further studies by the same 
authors revealed the presence in sera from bacteremic burn patients of an 
inhibitor of phagocytosis that was nondialyzable, suggesting a substance 
with a mol wt of more than 12,000 D. 

Ogle et al. (66) demonstrated that fluid phase C3b, a degradation 
product of C3 from normal human serum, inhibits phagocytosis and killing 
of E coli by neutrophils. At a concentration that is similar to the C3 
concentration in normal human serum, over 99 % inhibition of neutrophil 
function could be observed. Although the exact mechanism of the inhibition 
of neutrophil function is not yet known, fluid phase C3b may play an 
important role in thermal injury, which is accompanied by intravascular 
complement activation. The correlation of the appearance of the 
phagocytosis inhibitor after D5 following thermal ~n]ury with the 
appearance in the circulation of C5a can be seen as an indicator of 
complement activation. Whether fluid phase C3b also has an inhibitory 
effect on neutrophil locomotion deserves further investigation. 

The suppressive factors also impair lymphocyte function. The first 
demonstration was provided by Ninnemann et al. (60) and Ninnemann and 
Stein (67) who showed that burn patient serum suppresses the PHA response 
of normal human lymphocytes. The suppressive factors are not present in 
the normal serum ; are heat stable ; pH stable ; unaffected by trypsin, 
proteinase K, DNase or RNase and are related to the presence of 
endotoxin and cutaneous burn toxin (68,69). After a complex procedure 
including Amicon ultrafiltration, ion-exchange chromatography, and 
Sephadex C-25 gel filtration, a suppressor active factor (SAP) was 
isolated (68,69). The mol wt of SAP was estimated to be 3,654 D and its 
isolectric point between 3.2 and 3.6. Characterization of SAP revealed a 
complex structure comprised of (a) a peptide component rich in glycine, 
serine, and alanine ; (b) a carbohydrate component containing sialic acid; 
and (c) a fatty acid component tentatively identified as prostaglandin E. 
In addition to the immunosuppressive activity on lymphocytes, SAP also 
causes inhibition of PMN chemotaxis and hemolytic activity. 

Circulating factor ( s) suppressing IL 2 production and IL 2 activity 
are found in the serum of burn patients and may play a role in the 
protracted impairment of IL 2 production by lymphocytes from these 
individuals. A major portion of this serum suppressive activity appears 
once again to reside in a low mol wt (5000 D) polypeptide fraction (59). 
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Interestingly, the presence of plasmatic suppressive factors has also 
been reported in other pathologic states, including cancer and acquired 
iJmIunodeficiency syndrome (AIDS). In cancer, macrophage cytotoxicity is 
inhibited by plasma (70), and the nature of these factors has been 
reported to be immune complex (71) or low mol wt factors (1,400 D) that 
inhibit proliferation of mitogen-stimulated T cells as a function of the 
concentration of cAMP (72). Concerning AIDS, plasmapheresis and selective 
immunoadsorption have been proposed as a treatment, suggesting the 
involvement of plasma suppressive activity (73). 

CONCLUSION 

The main risk of death in burn patients is still sepsis deriving 
from anergy. Appearance in the plasma of potent suppressive factors may 
account for the immune depression. Some therapeutic modalities may 
therefore be used in combating these negative effects (a) plasma 
exchange that provides a significant beneficial effect in restoring 
lymphocyte function in burn patients (74) and at the same time improves 
allograft survival times (75) (b) drugs inhibiting or at least 
controlling the early massive inflammatory phase, such as leukotrienes or 
platelet-activating factor (PAF) antagonists. Products of lipoxygenase 
pathways and PAF (see accompanying papers) are indeed important modulators 
of lymphocyte functions (76). Above all LTB4 activates cytotoxic effector 
cells of NK type by through increased lytic efficiency. LTB4 also 
stimulates IL 1 production by large granular lymphocyte and suppressor 
cells that may need the participation of monocytes and cyclooxygenase 
products. LTB4 may furthermore induce the appearance of T8+ cells from 
T8-depleted lymphocyte cultures. Since PAF produces LTB4 in various cell 
models it could have similar effects as LTB4• Any drug that could control 
and decrease the first phase may thus reduce the relative intense negative 
feed back and, as a consequence, anergy. This assumption is at present 
being investigated in our laboratory. 
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IMPORTANCE OF IMMUNE FUNCTION IN TRAUMA FOR SURVIVAL 

INTRODUCTION 

J. L. Meakins 
Professor of Surgery and Microbiology Mc Gill University 
Montreal, Quebec, Canada 

Trauma may manifest itself in a number of different 
ways, including thermal injury, blunt injury, and the injury 
associated with elective surgery. Each of these forms of 
trauma has been demonstrated to produce important changes in 
the immune response which are clearly secondary and which in 
the absence of compounding variables such as the complicat{ons 
of infection, shock, malnutrition etc. have a recovery period 
which is a function of the magnitude of the injury and the age 
of the patient. This chapter will review data on the immune 
system following trauma and integrate these acquired immune 
defects with the increased likelihood of developing infection 
as well as the influence of compounding variables on the 
evolution of these defects. 

THE EffECT Of SURGERY 

Surgery is a controlled form of trauma and as such 
stratification of its magnitude permits an evaluation of its 
influence upon the immune response. While there have been 
many studies done in this area, the first comprehensive 
approach was that of Slade et al. l who found that a standard 
donor nephrectomy, lasting approximately three hours and 
twenty minutes, led to depression of the delayed 
hypersensitivity skin response in the immediate post-operative 
period, which could last up to two weeks. In vitro tests of 
T and B lymphocyte function were also depressed, following 
induction of anesthesia and stayed depressed up to five days. 
Correlation of different parameters was difficult to confirm 
but there was overall decreased immune function following the 
donor nephrectomy. McLouglin et ale demonstrated an excellent 
correlation between the appearance of immuno-suppressive 
activity in the serum to PHA and skin test anergy in patients 
following major vascular surgical procedures specifically 
those on the aorta. 2 It is of interest that those patients 
who demonstrated the altered skin test responses and the 
presence of the immuno-suppressive serum were that group of 
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patients who developed an increased incidence of infectious 
complications following surgery. 

Our initial studies of the influence of surgery failed to 
demonstrate any influence of surgery upon skin testing} but the 
timing was incorrectly selected and subsequent studies4 have 
demonstrated clearly that skin testing, neutrophil chemotaxis 
and neutrophil adherence may be altered by any surgical 
procedure. Furthermore, the magnitude of the operation was an 
important contributing factor to the degree of abnormality of 
the immune parameter measured. Most functions we studied had 
returned to normal by seven days • 
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Fig.l. The effect of surgery on neutrophil chemotaxis. 

Figure I demonstrates the influence of surgery upon neutrophil 
chemotaxis and in addition reinforces the idea that the 
magnitude of the procedure influences the degree of 
abnormality of neutrophil chemotaxis. 

As part of an attempt to correct these abnormalities 
following surgery, a ~reviouslydemonstrated protein-sparing 
nutritional regimen, was instituted on the hypothesis that 
the neuroendocrine response which produced the changes in body 
composition would be that same response which influenced the 
immune system. a study of 85 patients randomly allocated 
to an isocal~ric protein-sparing regimen versus a regular IO~ 
glucose solution/demonstrated there were no differences in 
either outcome or benefit to the immune system. In both 
groups of patients the cell-mediated and neutrophil functions 
measured were equivalently decreased. Serum albumin was, 
however, higher in those patients receiving the protein­
sparing regimen. There is a study confirming this result from 
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O'Mahony and his collegues who looked at PHA responsiveness 
and a descriptive review of T-lymphocytes and their subsets. 6 
They demonstrated no influence upon the immune changes 
following surger~ of a similar protein-sparing regimen. It 
therefore seems ~lear that the alterations produced by pure 
injury following surgery are not mediated by any of the 
factors related to nutritional or body composition measures 
may be mediated by some factors unrelated to the neuroendocrine 
response. 

Neutrophil Mobility in Patients Undergoing Donor Nephri!ctomy 
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This is demonstrated in figure 2 where the influence of donor 
nephrectomy starts to produce abnormal chemotaxis extremely 
early in the procedure. The complexity of these issues is 
demonstrated by Mochizuki et al. who ablated the 
neuroendocrine response in 9urned guinea pigs with enteral 
but not parenteral feeding. 

THE INFLUENCE OF TRAUMA 

burn injury has been demonstrated to affect all 
aspects of the immune response. 8 ,9 These abnormalities occur 
shortly after burn injury and are initially caused by the 
trauma but in this setting compounding factors such as 
complications, the state of the patient's health, patient age, 
infection and other uncertain factors contribute to the 
persistance of the acquired immunodefiency. The importance of 
humoral mediators is perhaps best seen in Warden's approach to 
the use of plasma pheresifoin the infected and failing 
thermally injured patient. 
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Blunt injury has important influences upon the immune 
response. Our data ll,12demonstrate that skin test 
abnormalities occur promptly after the injury and appear to be 
a function of the age of the patient and the magnitude of the 
injury. 

In addition , to the abnormalities of \skin tests there are clear 
changes in neutrophil chemotaxis and neutrophil adherence. 
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Figure 4 demonstrates the influence of trauma on three sub­
groups of injured patients. Those patients whose neutrophil 
chemotaxis remains normal throughout their course in hospital 
have a minor injury of no greater magnitude than a fracture. 
Those patients who have more than one system injured have an 
initial decrease in their neutrophil chemotaxis but their 
injury, not being sufficient to alter skin te s t reactivity, is 
associated with a rapid return to normal of neutrophil 
chemotaxis. The third group are those patients who had 
multiple injuries sufficient to alter skin test reactivity and 
in this population at least four weeks are required before 
skin test returns to normal . Neutrophil adherence is 
similarly abnormal and there is a close correlation between 
the presence of abnormal chemotaxis and abnormal adherence 12 . 
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Fig . 5. Neutrophil chemotaxis studied upon arrival in emergency 
following trauma. 

The patients who became anergic following injury had a higher 
incidence of infection; however some did not have any 
infectious complication. Determination of time at risk, that 
is the period of time during which patients were immuno­
compromised demonstrated a substantially higher rate of 
infection and septicemia, which increased with duration of 
risk. The altered immune responses were always associated 
with increased mortality from all causes but particularly 
those of an infectious nature. 

The timing of these abnormalities is almost instantly 
following the injury . 
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Patients studied two hours after trauma can be seen to have 
altered PMN chemotaxis with serum inhibitors of cell 
migration. figure 6 showing four peaks of serum inhibitors of 
neutrophil chemotaxis is from a patient who was studied five 
hours after their injury. 

These data suggest the instantaneous production of 
mediators which can influence the immune response. The four 
peaks of chemotactic inhibitors seen in figure 6 are 
remarkably similar to those abnormalities found by Ninnemann 
in his burn population.14 Because of technical difficulties 
with the chemotaxis assay we have been unable to further 
fractionate or identify these peaks of inhibitory activity. 

Christou's data in trauma patients suggest strongly that 
the immune response and nutritional factors and body 
composition are separate in the trauma patient. Immune 
measures (skin test reactivity and chemotaxis) have returned 
to normal in patients whose anthropometric studies (tricep's 
skin-fold thickness, mid-aI~ circumference and serum albumin) 
are increasingly abnormal. 

COMPOUNDING fACTORS 

The normal course of the changes following trauma or 
surgery is one of recovery, and is a function of the magnitude 
of the trauma. However, when compounding factors such as 
complications of the injury itself, the development of 
infection, or other factors intervene in the recovery 
following trauma, the abnormal host defense mechanisms persist 
as a result of the compounding variable,at the level to which 
they had been depressed by the initial injury. It goes 
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without saying that this is an extremely complex and difficult 
area to unravel particularly in a patient population where 
clinical investigation is controlled more by the evolution of 
the patient than by other factors. It is only in animal 
models that a truly controlled situation can be created and 
permits the possibility of dissecting out the various factors 
that are involved in the development of these abnormalities. 

The development of intraabdominal sepsis following either 
surgery or basic intraabdominal disease is very much 
associated with abnormalities of host defense. It is also 
apparent that the drainage of the last abscess, that is 
control of the intraperitoneal infection surgically, does lead 
to improvement in host defenses. Our own studies in drainage 
of abscesses point this out15• Solomkin et ale in studies 
of neutrophil chemiluminescence and chemotaxis has 
demonstrated exactly the same thing, in particular, that it is 
the drainage of the last abscess that is of most importance.16 
His neutrophil chemotaxis and chemiluminescence can be seen to 
improve temporarily following drainage but never ,ompletel y to 
normal until infection is controlled. Heideman l looking at 
complement levels (C-3, C-4, and C-5) has shown that resection 
of necrotic tissue, drainage of abscesses, control of trauma 
are all clearly associated with the return to normal of 
circulating complement factors. The failure to correct these 
basic disease processes is similarily associated with the 
persistance of their abnormality. In the same ~ein Richards 
et al.18 have demonstrated with regard to fibronectin that 
those patients whose intraabdominal abscess is drained without 
accompanying multiple organ failure. have a routine return to 
normal of fibronectin levels (along/the same course that would 
be expected following recovery following intraabdominal 
surgery). Those patients with a more complex course, that is 
multiple organ failure, do not have the same return to normal; 
their fibronectin levels remain remarkably abnormal. 

Chrohn's disease and its complications have been 
associated with abnormalities of the immune response 19• 
In an attempt to determine whether this was an intrinsic 
defect associated with Crohn's disease itself and therefore 
present in all patient~ or a function of the patient's illnes~ 
we utilized the Crohn's disease activity index (CDAI~ and 
correlated with a variety of immune parameters. 0 
It is apparent that while not all of these measures go 
perfectly with the Crohn's disease activity index that the 
symptomatic patients with a high CDAI had abnormalities of 
their skin test reactivity, neutrophil chemotaxis and the 
ability to deliver neutrophils to an inflammatory focus. 

PMN Deliver:i ( xlO§.l 
~ CTX(u)* CDAI* 6H* 24H* 

Normal HD All N 126.6±.2.3 63.7±.23.1 11. 4±.2. 0 l44.4±.23.1 
2 N 

Abnormal HO 7RA lO3.7:t}.2 341. 2±.33 • ° O.5±.O.2 25.2±.12.5 

The correlation of both the CDAI and neutrophil chemotaxis and 
cell delivery into skin windows was statistically significant. 
When in the same patients their COAl returned to lower levels 
and their disease was in a state of remission all of their 
immune measures were normal. The patients still had Crohn's 
disease but it was quiescent suggesting strongly that it is 
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the state of the patient's illness in this setting that is 
creating the abnormalities of the immune response rather than 
the specific disease itself. 

The implications are such that one can imagine a 
traumatized patient having the same abnormalities with the 
complications of his trauma once the influence of the injury 
itself had passed. As an extension of these ideas Tchervenkov 
et a1. 21 working .with rats has demonstrated th·at there is a 
marked decrease in skin test reactivity following burn injury 
which starts to return to normal on day 5 following the burn. 
These burns universally became infected on about the 12th 
post-burn day at which time the skin tests again deteriorated 
markedly. This second drop in skin test reactivity was a 
result of the infection of the burn wound as the animals had 
already demonstrated that they were partially recovered from 
the burn injury itself. The response to KLH remained abnormal 
for the remainder of the experiment, fig.7. The complexity of 
cause and effect is apparent and its resolution will only be 
managed in burn models such as this. 

THE EFFECT OF THERMAL INJURY ON OTH (LONG TERM FOLLOW-UP) 
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fig.7. DTH response following a 30% burn in the rat. 

Utilizing the Staphylococcus abscess model of Miles, Miles 
and Burke 22 , the DTH response to KLH and size of the 
staphylococcal abscess were correlated. Throughout the 
evolution of the burned rat model described above the skin 
test reaction predicted the size of the abscess: the smaller 
the DTH response, the larger the abscess (fig.B) and vice­
versa. 
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-Linear regression correlation curve showing negative cor­
relation between skin test score (delayed-type hypersensitivity 
response) and abscess size (bacterial lesions). Abscess size'" 
[12.07 - (0.87 x skin test score)); ,= .73 (P< .001). Smaller delayed­
type hypersensitivity response corresponded to larger bacterial 
lesion. 

Fig.B. Correlation of abscess size with DTH response. 

The relationship between a cell mediated immune response and a 
bacterial infection is striking and suggests that 
compartmentalization of the immune response and control of 
infection may not be as clear as previously thought. McPhee 
et al. 23 have shown that the product of a mixed lymphocyte 
culture reaction is effective in markedly reducing mortality 
in intra abdominal infection in rats. 

SUMMARY 

All forms of injury and perhaps even stress lead to 
changes in the immune system. It is likely that age has an 
influence Qn the degree of these abnormalities. These changes 
almost certainly have important influences on outcome. In the 
absence of compounding factors the natural history of these 
changes is recovery which is related to the initial injury and 
the changes in physiology. 

Development of any complications will lead to prolongation 
of this state of acquired immuno-deficiency. Compounding 
factors such as infection, malnutrition or organ failure 
create their own problems and become so intertwined with the 
effects of the initial injury that they are inseparable in 
their effects upon the immune system and consequent 
susceptibility to infections. 
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ANERGY IN CRITICALLY ILL PATIENTS 

INTRODUCTION 

A. Engquist and S. H. Johansen 
Department of ICU and Anesthesia 
Bispebjerg and Herlev Hospitals Copenhagen, Denmark 

The failure of delayed hypersensitivity skin responses 
to recall antigens or anergy has been widely used in order to 
document a possible correlation to the incidence of postoperative 
sepsis and. mortality. Patients with anergy developed significin21y 
more infectious complications postoperatively than the others ' . 
Additionally, the degree of surgical trauma determined the extent 
of the postopera3ive decrease of skin test responses. In contrast, 
Bancewicz et al. found that delayed hypersensitivity skin 
testing was not of general value as a predictive test in surgical 
patients, since their data demonstrated an increasing incidence 
of anergy with age. Furthermore, abnormal skin tests followed 
clinical detection of sepsis, and therefore did not contribute 
to management. 

Factors implicated as causes of anergy are sepsis, shock, 
major trauma, malnutrition and high age. All these factors are 
commonly found in patients treated in the intensive care unit 
and these patients carry a high mortality. 

The purpose of the present study was to evaluate the 
usefulnes of intradermal tests of immunity for determining 
survival in critically ill medical or su~gical patients 
admitted to an intensive care department . 

MATERIAL AND METHODS 

Out of a total of 952 patients admitted to the intensive 
care unit (ICU) at Herlev Hospital during a 3 year period, 
290 conse~utive patients were tested by intradermal injection 
of 4 antigens: candida, ~~TPs, tuberculin and streptokinase -
streptodornase (Varidase ) and a con;rol solution containing 
solvents as described by Meakins et al . 

The skin testing was performed within the fi~st 24 h 
after admission to the ICU as described previously. The 
induration was measured 48 h after injection. A positive 
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reaction was defined as a diameter of at least 5 mm. Two or 
more positive reactions represent normal immunity. One positive 
reaction indicates relative anergy. If no positive reactions are 
present, anergy exists. Sequential testing was performed at 
weekly intervals. 

The 290 patients were representative concerning distr ibution 
of age, sex, diagnoses and mortality rates. 

The definition of sepsis was a quickly rising core 
temperature and shivering, the presence of a well-known 
focus or a suspicion hereof with or without a positive blood 
culture. In no case was the treatment altered as a consequence 
of the skin test response, since the results were excluded from 
the patient's chart and, therefore, unknown to the clinicians. 

RESULTS 

Table 1 shows the distribution of the main diagnoses in 
the total group of 290 patients, consisting of 165 surgical and 
125 medical patients, respectively. 

Table 1. Main diagnoses 

Diagnoses 

Respiratory failure 
Cardiovascular failure 
Gastrointestinal disease 
Renal failure 
Endocrine disease 
Other a 

No. 

161 
42 
21 
11 

8 
47 

% 

55.5 
14.5 

7.2 
3.8 
2.8 

16.2 

apoisoning, sepsis of unknown origin, fluid-electrolyte disorders. 

Twenty-seven of the patients died within 24 h after 
skin testing or were transferred to other hospitals. The 
results from these patients are excluded which leaves 263 
patients. In Table 2, the distribution of the 263 patients 
and their responses to skin testing are shown including 
mortality rates. 
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Of the 263 patients, 55.1% were anergic, 23.6% were 
relative anergic, and 21.2% showed normal responses. The 
difference in skin test responses between surgibal and 
medical patients was insignificant. The mortality rate was 
45.5% in all anergic patients, being significantly higher 
in anergic surgical patients (50.0%) as compared to anergic 

Table 2. Skin test responses and mortality 

Response 
No. 

Surgical patients n = 148 

Anergic 
Relative anergic 
Normal 

82 
35 
31 

Medical patients n = 115 

Anergic 
Relative anergic 
Normal 

Total n.= 263 

63 
27 
25 

Anergic 145 
Relative anergic 62 
Normal 56 

a 

% 

55.4 
23.6 
20.9 

54.8 
23.5 
21.7 

55.1 
23.6 
21.2 

Death 

No. % 

50.0 
25.7 
22.5 

39.7 
22.2 
12.0 

45.5 
24.2 
17.9 

t-'Iortality rate was significantly higher in anergic patients 
as compared to relative anergic and normal patients, 
respectively (p < 0.001). 

medical patients (39.7%) (p < 0.001). In relative anergic 
patients the total mortality rate was 24.2%. In patients 
showing normal skin test responses the total mortality 
rate was 17.9% (surgical patients 22.5%; medical patients 
12.0%). The total mortality rate in anergic patients was 
significantly higher (p < 0.001) than the mortality rates 
in relative anergic and normal patients. The difference 
between the latter two groups of patients differed 
ins ign if ican tly. 
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a 

b 

Table 3. Sepsis rates and mortality in septic patients 

Response 
No. 

Surgical patients n = 148 

Anergic 
Relative anergic 
Normal 

24 
11 

3 

Medical patients n = 115 

Anergic 
Relative anergic 
Normal 

Total n = 263 

Anergic 
Relative anergic 
Normal 

16 
3 
3 

Sepsis 

% 

29.3 
31.4 

9.7 

25.4 
11.1 
12.0 

27.6 
22.6 
10.7 

No. 

15 
3 
2 

7 
2 
o 

22 
5 
2 

Death 

% 

62.5 
27.3 
66.6 

43.8 
66.6 
0.0 

55.0a 
35.7 
33.3 

Mortality rate was significantly higher in anergic patients 
as compared to relative anergic and normal patients, 
respectively (p < 0.001). 

Sepsis rate was significantly higher in anergic and relative 
anergic patients (p < 0.001). 

The total group of anergic and relative anergic patients 
showed sepsis rates of 27.6% and 22.6%, respectively, which 
were significantly higher than the sepsis rate in normal 
patients (10.7%) ( p < 0.001). The sepsis rates between 
surgical and medical patients differed insignificantly. 

In the total group of 40 anergic septic patients the 
mortality rate was 55.0% as compared to 35.7% in relative 
anergic and 33~3% in normal patients, respectively, being 
significantly higher (p < 0.001). The total group of 
anergic patients thus showed significantly higher mortality 
and sepsis rates. Additionally, the mortality rate in anergic 
septic patients was significantly higher as compared to 
mortality in septic patients with relative anergy or normal 
skin test responses. 
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Table 4. Sequential skin testing 

Response Unaltered Improved Worse 

No. Mortality% No. Mortality% No. Mortalitz% 

Anergic 19 89.5a 20 25.0 
Relative anergic 5 60.0 3 33.3 9 55.5 
Normal 6 33.3 0 a 

a 
Mortality rate is significantly higher in patients who remain 
anergic as compared to anergic patients with improved 
responses (p < 0.001). 

Table 4 shows the results from sequential skin testing 
in 62 patients. 19 patients remained anergic and 17 of these 
died. In contrast, 20 patients showed improved skin test 
responses. Of these patients only 6 patients died. This 
difference in mortality rates was significant (p < 0.001). 

Table 5. Distribution of skin test responses and mortality 
rates in patients with or without cancer 

Cancer (n = 57) Non-cancer (n = 206) 
Response 

No. (%) Mortality (%) No. (%) Mortality(%) 

Anergic 61.4 a 
Relative anergic 22.8 
Normal 15.8a 

a 

b 68.6 b 
30.8b 
33.3 

53.4 
23.8 
22.8 

38.2 
22.4 
14.9 

Patients with cancer showed a higher rate of anergy (p < 0.001) 
and a lower rate of normal skin test response (p < 0.001). 

b 
All patients with cancer showed higher mortality rates 
(p < 0.001). 

Table 5 shows the distribution of skin test responses 
and percentage of mortality in anergic, relative anergic and 
normal patients with (n = 57) or without (n = 206) cancer. 
Patients with cancer showed a significantly higher rate of 
anergy (61.4%) than patients without cancer (53.4%) (p < 0.001). 
The percentage of normal skin test responses was significantly 
lower in the cancer group of patients (15.8%) as compared to 
22.8% in patients without cancer (p < 0.001). The percentage 
of relative anergy differed insignificantly in the two groups 
of patients. All cancer patients had significantly higher 
mortality rates (p < 0.001) compared with patients without 
cancer, regardles of skin test responses. 
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DISCUSSION 

Cell-mediated immunity was assessed in 148 surgical and 
115 medical patients, all critically ill, within 48 h after 
admission to the intensive care unit. The distribution of 
skin test responses showed approximately 55% anergic, 24% 
relative anergic responses and 21% normal reaction to four 
recall antigens. A distribution of skin test responses. 6 
approximately that70f our study was found by Meakins et al. 
and Pietsch et al •. 

They found roughly 63% anergic, 22% relative anergic 
responses and ~5% normal reactions. In preoperative patients 
Meakins et al. found a majority of normal reactions, about 
70%. 21% showed anergic and 9% relative anergic responses. 
Our data indicate that critically ill patients react to 
recall antigens in much the same way as patients after major 
surgery or trauma, although almost half of the patients in 
our study were medical patients. The skin test responses 
thus suggest a correlation between severity of disease and 
immunological competence. Our rejults thus contrast with 
the findings of Bancewicz et al. , who did not find 
increased mortality and sepsis rates in patients with 
abnormal skin test responses. The reason for this is obscure. 
Sequential skin testing provided even more prognostic 
information, since the group of anergic patients with 
unaltered responses showed a mortality rate of almost 90%, 
whereas patients with improved skin test reactions showed 
a mortality rate of only 25%. 

Sepsis was found in 27.6% of the anergic patients 
with a mortality rate of 55.0%. In contrast, only 10.7% of 
the normal responders were septic and the mortality rate 
was only 33.3% in this group of patients. By examining all 
952 patients admitted to the intensive care unit during a 
three year period, the overall sepsis rate was found to 
be 15.9% and the mortality rate was 41.1%. 

The higher rates of anergy and mortality found in 
patients with cancer do not essentially alter ahe results 
for the total group of patients. Eilber et al. also found 
higher rates of anergY9and mortality in pa7ients with cancer, 
whereas Johnson et al. and Pietsch et al. found equal 
distributions of skin test responses between patients with 
or without cancer. The higher mortality rates in cancer 
patients could be due to the progression of malignancy 
per se. 

Since the majority of patients received either 
enteral or parenteral nutrition, it was not possible to 
relate the skin test responses to the nutritional status 
of our patients. 

In conclusion, our findings show that the responses 
to skin testing with recall antigens in critically ill 
patients provide prognostic information on sepsis and 
mortality rate~ in good agreement ~ith those found by 
Meakins et al. and Pietsch et al .. However, our results 
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do not clarify whether changes in immunocompetence precede 
and cause infectious complications and higher mortality 
rates or whether they are secondary responses to organ failure 
in critical illness. Furthermore, the present study does not 
answer, whether anergy reflects .defective T helBer cell 
function, increase~lT suppressor cell activity , or a T cell 
suppressive factor . Assessment of cellmediated immunity by 
skin testing with recall antigens cannot be recommended for 
general use. However, this method can be used in monitoring 
immunocompetence during future attempts to reverse acquired 
defects in host-defence mechanisms. 
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NEURAL RELEASE MECHANISMS OF THE INJURY RESPONSE 

INTRODUCTION 

H. Kehlet, C. Lund and S. Schulze 
Department of Surgical Gastroenterology 
Hvidovre University Hospital, DK-2650 Hvidovre, Denmark 

The body reacts to injury both locally and generally. The inflamma­
tory reaction contributes to the local response, which is considered to 
be important for healing and defense against infection. The general re­
sponse is characterized by hypermetabolism, substrate mobilization, fluid 
retention, changes in coagulation and fibrinolysis, and various immuno­
functions. 

In contrast to our detailed knowledge on the changes in various hor­
monal, metabolic, and immunological components of the stress response, in­
formation of the exact nature and relative role(s) of the various signals, 
which may initiate and potentiate the response is limited and not fully 
understood. This chapter is a short updated review of current knowledge 
on neural release mechanisms of the injury response. For a detailed in­
formation the reader is referred to recent reviews (1,2,3). 

ACTIVATION OF AFFERENT NEURAL PATHWAYS TO INJURY 

Following an injury, the nociceptive signal(s) to the central nervous 
system is transmitted primarily by small myelinated (Ad) and unmyelinated 
(C) sensory afferent fibers to the substantia gelatinosa in the dorsal 
horn, with further rostrad spread to the thalamus (1). The relative role 
of various nociceptive stimuli (pressure, vibration, chemical, thermal, 
intense mechanical) in arousing the stress response remains to be deter­
mined as do the exact nature of the peripheral substrates (transmitters) 
involved. However, local synthesis in the traumatized area of histamine, 
serotonine, kin ins , prostaglandins, and substance P has been shown to ini­
tiate or facilitate. afferent neural stimuli (1). Concomittantly, noradre­
naline released by efferent neural reflexes potentiates the effect of the 
above mentioned factors on firing of afferent nerve fibers. 

NEURAL RELEASE OF THE LOCAL INFLAMMATORY REACTION 

SWelling and hyperalgesia, two characteristic signs of acute inflam­
mation continue to occur in totally denervated tissues following injury 
(4), but the intensity of the response may be modulated by neural influen­
ces. Thus, denervation surgically or by local anaesthetics, as well as 
capsaicin, and immunosympathectomy reduces swelling, hyperalgesia, as well 
as accumulation of leucocytes following an experimental thermal or chemical 
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injury (5,6). Data from clinical studies are limited, although they sug­
gest a reduced flare response to different stimuli in patients with cord 
transections (4). 

THE ROLE OF AFFERENT NEURAL STIMULI IN RELEASING THE GENERAL RESPONSE TO 
INJURY 

It is well documented that afferent neural stimuli are a major re­
lease mechanism of the classical endocrine metabolic response to surgi-
cal injury. Thus, neural blockade with local anaesthetics (epidural/spi­
nal) prevents the pituitary response, the adrenocortical and sympathetic 
response to lower abdominal (gynecological) procedures as well as proce­
dures in the lower extremities (2,3). However, changes in thyroid hormo­
nes are unaffected. Likewise, during these minor procedures, neural blocka­
de prevents or re.duces the metabolic response since changes in blood glu­
cose, free fatty acids, glycerol are small or negligible (2,3). Hyperme­
tabolism is reduced and protein economy is improved, as assessed by nitro­
gen balance. Recent experimental studies have failed to demonstrate any 
effect of epidural analgesia during laparotomy on urinary nitrogen loss, 
leg glutamine efflux, and decrease in muscle glutamine, although hind­
quarter nitrogen efflux was diminished (7). In contrast, epidural anal­
gesia in patients undergoing hip replacement prevented the usual post­
operative changes in intracellular muscle amino acid concentrations, in­
cluding the decrease in glutamine, corresponding to an inhibition of the 
glucose and cortisol response (8). 

It is well document~d that despite the blockade of the sympathe-
tic, pituitary, and adrenocortical response to surgery, neural blockade 
has no influence on the acute phase protein response as well as only a 
very minor effect on postoperative granulocytosis (2,3). 

Neural stimuli may be of some importance in releasing the immunologi­
cal changes following surgical injury although only few responses are mo­
dified by neural blockade. A single dose epidural analgesia has no effect 
on postoperative leucocyte migration (9), and continuous epidural analge­
sia is without effect on complement (10) and immunoglobulin (11) changes 
postoperatively. During hip surgery epidural analgesia led to an impro­
ved monocyte function (spreading and lysis) (12) as well as the usual de­
crease in blastogenic response of circulating lymphocytes to non-specific 
and specific mitogens was reduced (13). However, neural blockade had no 
effect on T-cell subpopulation changes during hip surgery (14). In studi­
es during abdominal surgery where epidural analgesia is less efficient 
in reducing the stress response (see below) postoperative changes in NK­
cell activity (15) as well as postoperative impairment in delayed hyper­
sensitivity (16) was unaltered by neural blockade. 

The effect of neural blockade on the stress response to major sur­
gical procedures is well documented to be less pronounced than during 
minor clean surgery in the lower part of the body (2,3). The explanation 
hereto is probably dual. Firstly, the currently used epidural techniques 
do not provide a total and sufficient afferent neural block of the tho­
racic segments. This has been demonstrated during additional coeliac 
blockade (2,3) as well as in recent studies using evoked potentials (17). 
The role of the unmodulated afferent vagal pathway is probably negligible 
(2,3). Secondly, during major injury other factors than neural stimuli may 
be of importance. 

SelectiVe nociceptive blockade with epidural intrathecal opiates 
has in several studies been demonstrated to provide only a minor or no 
alteration of the injury response, despite sufficient pain relief 
(2,3) • 

The influence of nociceptive blockade with drugs inhibiting sensiti­
zation of peripheral nerve endings/spinal cord using prostaglandin synthe­
tase inhibitors, substance-P antagonists, antihistamines, etc. has not 
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been completely elucidated. Recent clinical studies suggest that a combi­
nation of neural blockade and indometacin may reduce the hyperthermic re­
Sponse to both herniotomy and cholecystectomy, but without influence on 
postoperative granulocytosis, acute phase protein response, despite 
total pain alleviation (18,19). Preliminary studies furthermore suggest 
that even combination of neural blockade with indometacin, histamine 1 
and 2 receptor antagonists, serotonine antagonism (ketaserin) as well 
as inhibition of fibrinolysis (tranexam acid) do not reduce the granu­
locytosis response to inguinal herniotomy (20). 

CONCLUSION 

The available data have demonstrated that minor clean surgical injury 
activates afferent neural pathways, which secondarily leads to activation 
of the classical endocrine metabolic response to surgery as well as some 
immunological changes. Neural:blocking techniques may inhibit the endo­
crine metabolic response to a major degree during such minor surgical 
trauma, although only a few components of the immunological response may 
be modified. The acute phase protein response and granulocytosis are un­
affected. The role of the nervous system in releasing the different stress 
responses to major injury can not be answered at present, since the bloc­
king techniques are insufficient during such procedures. However, humo­
ral factors may probably be of more importance in such situations (21,22, 
23,24). Recent studies with combined neural blockade and nociceptive 
blockade with drugs inhibiting sensitization of peripheral nerve endings 
leading to total pain relief following surgery have also failed to modu­
late the acute phase response and granulocytosis. 

Although, modulation of the stress response to injury has not been 
documented to improve survival, the available data from controlled studi­
es on neural blockade in surgical patients (3,25) suggest a benefit on 
various morbidity parameters. However, a major reservation should be made 
to consider the stress response a one major response, thereby neglecting 
possible differences in physiological significance of the various compo­
nents. Further understanding of the release mechanisms of the components 
of the injury response is of major importance and may hold potential bene­
fit for the injured and critically ill patient. 
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SURGERY AND THE IMMUNE RESPONSE 

M. Salo 
Depa~ments of Anaesthesiology and Medical Microbiology 
University of Turku, SF-20520 Turku, Finland 

In the last few decades the treatment of surgical patients has continu­
ously advanced. Anaesthetic and surgical techniques have greatly improved. 
The treatment of hypovolemia is nowadays better mastered. Great progress has 
been made in the maintenance of renal and pulmonary function. The advances 
have reduced the numbers of immediate and early deaths after surgery. At 
present, many of the patients with a fatal outcome die later from infectious 
complications which are still the major hazard during convalescence. 
Increasiqg attention and research is therefore directed to changes during 
and after operation in the immune response. As a result, our understanding 
of immunological events is constantly improving and we are better equipped 
to control immune responses in patients at risk and thus reduce morbidity 
and mortality from infections. 

IMMUNE RESPONSE TO SURGERY 

During surgery a local inflammatory reaction arises at the site of 
tissue injury, possibly with systemic effects and the specific immune 
response is affected. The distinction of changes in the inflammatory 
reaction and the immune response is rather an academic than a practical 
question in surgical patients since both mechanisms interact to ensure 
survival of the body. 

The immune response to surgery is characterized by temporary decreases 
in neutrophil functions and in the phagocytic capacity of the mononuclear 
phagocyte system (MPS,RES), activation of the complement and overall 
decreases in cell-mediated immunity and lesser decreases in humoral immunity. 
These changes are progressive, depending on the extent of the operation. 

Neutrophil Functions 

Neutrophils are the first cells to appear at the site of bacterial 
invasion and tissue inj~r¥, but their mobilization to skin abrasions is 
depressed after surgery' • This has also been shown in vitro3tests. 
Neutrophil ad~erence is decreased for a 2a~ after nephrectomy and open­
heart surgery , but increased thereafter ' • Neutrophil motility towards 
chemotactic attractants (chemotaxis) and spontaneous1~~g5ation are depressed 
in vitro for some hours to some days after operation '. The extent of the 
depression is related to the extent of surgery and it may be due to an 
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intrinsic defect in rieutrophil chemotaxis, serum inhibitors or abnormalities 
in chemotactic factor generation. 

Serum opsonic capacity for facilitation of ingestion of particles to 
be phagocytosed is slightly depressed after surgery. A decrease6in serum 
opsonic capacity 5an be observed in vitpo after cholecystectomy and major 
abdominal surgery 'but only at high serum dilutions, which makes th~ signifi­
cance of the decrease clinically less important. By contrast, an opsonization 
defect may be of practical importance in inflamed and poorly perfused tissues 
and in serum in patients with major postoperative complications, burns or 
severe infections. 

No changes in neutfophil ingesti~e capacity have been obserged after 
major abdominal surgery , nephrectomy or abdominal hysterectomy • The bac­
tericidal c3pacity of neutrophilsis unaltered for ~taph. QUpeus after 
nephrectomy and increased after opeg-heart surgery but decreased for 
candida after abdominal hysterectomy • Several studies have measured various 
microbicidal-related neutrophil variables such as oxygen consumption, nitro­
blue tetrazolium (NBT) reduction, iodination, chemiluminescence and different 
enzyme activities. The chemiluminescence responses of granulocytes in phago­
cytosis of zymosan are dePSessed for less than one day after nephrectomy 
and abdominal hysterectomy and are on preoperative levels on the first 
postoperative day in phagocyto,i~Oof zymosan, Staph. aupeus and E. coZi 
after major a~~ominal surgery , but depressed for 3-4 days after open­
heart sur,ery • A postoperative decrease has aSso been observed in NBT 
reduction , neutrophil myeloperoxidase activity and in the activities of 
the intraneutroV2ilic granule proteins S-glucuronidase, lysozyme and B1Z-
binding protein ,but no changes were observed in myeloperoxidase-med~ated 
iodinatt~n or hexose monophosphate shunt activity after elective general 
surgery 

Anaesthesia in itself produces changes in neutrophil functions. 
Halothane anaesthesia produces in man a reversible conce~~ration-dependent 
depression in neutrophil random migration and chemotaxis , which is also 
observed in pati~~ts under enflurane and morphine anaesthesia before the 
start of surgery , bY6 inhalation of 60 % v/v nitrous oxide increased 
neutrophil chemotaxis • Halothane + NZO + 02 and thiopentone + N20 + 0z 
anaesthesia1~ecrease ingestion of latex part~cles and NBT reduction by 
neutrophils . When separated neutrophils are exposed in tissue culture to 
increasing concentrations of inhalational, intravenous or local anaesthetics, 
a ,dose-dependent inhibition of random and directe~8~Tility, ingestion and 
microbicidal functions of neutrophils is observed • 

Mononuclear Phagocyte System Functions 

Both parts of the mononuclear phagocyte system (MPS,RES), monocytes and 
tissue macrophages, are affected by surgery. The numbers of monocytes in 
blood circulation increase postoperatively. Their chemotactic motility, 
ingestive capacity, chemiluminescence responses and lysozyme production have 
been observed to be increased in vitpo for ~20~§ a day after abdominal 
surgery and decreased thereafter for a week ' • By contrast, the spreading 
of monocytes on plastic surfaces, which is thought to reflect their phago­
cytic capacity, is decreased after hip24eplacement under general anaesthesia 
and increased under epidural analgesia . Mon~~yte-mediated cytolysis is 
decreased after hipZSeplacement under general and combined epidural a2~ 
general anaesthesia , but not after operation under epidural analgesia • 
This decrease is mediated by serum factors. By contrast, monocyte-mediated 
haemolytic activity ~as increased after open-heart surgery in the immediate 
postoperative period • 

The number of monocytes which phagocytose latex particles or reduce NBT 
is dec17ased after halothane + N20 + O2 and thiopentone + N20 + O2 anaes­
thesia . In in vitpo exposure to '1.7 % v/v enflurane, 0.8 % v/v lialothane, 
O.Z % v/v methoxyflurfge and 70 % v/v nitrous oxide decreases monocyte 
chemotactic responses • In vitpo exposure to thiopentone of monocytes 
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depresses their cytolytic capacity in a dose-dependent way but no such 
depression occurs when monocytes are exposed to a wide range of c2gcentra­
tions of fentanyl, morphine, diazepam, pancuronium or bupivacaine • 

The total MPS phagocytic capacity, for which the fixed macrophages in 
the liver (Kupffer cells) and spleen are largely responsible, is depres~7d 
after traumas of various origins. This can also be seen after surg§ry • 
The depression is only slight even after uncomplicated major surgery , it 
is seen in the immediate postoperative period and it is followed by a period 
of hyperfunction. Anaesthesia in itself with cyclopropane, diethyl ether, 
halothane; neurolepts and e~~dural analgesia may also cause an impairment 
in MPS phagocytic functions • The impairment may be greater when surgery 
is performed ~§der halothane instead of combined anaesthesia with the use 
of neurolepts • 

The decrease in MPS phagocytic functions is thought to be associated 
with decreased concentrations of plasma fibronectin which acts as a MPS 
opsonin. Fibron36tin concentrations are decreased for ~9me hours after 
cholecystectomy and for 1-2 days after major surgery • Other suggested 
mechanisms for postoperatively decreased MPS functions are decreased blood 
flow of MPS organs and various inhibitory effects. 

Complement 

The complement, which is necessary for the inflammatory reaction, 
neutrophil functions, lysis of cells, bacteria and viruses and participation 
in many effector system~! is activated in a c~~trolled way in connection 34 
with various operations including abdominal and cardiovascular surgery • 
This activation has been shown in decreased haemolytic complement (CHSO) 
values, decreased concentrations of complement components and as the 
appearance of complement split. products into the blood circulation. Many 
complement components are acute phase reactive and increase unspecifically 
during the inflammatory reaction. The profiles of complement activation are 
slightly different in different studies, but the activation of alternate and 
also of the classic pathways has been suggested to occur during surgery. 

A high degree of complement activation can be o~~e~ed during extra­
corporeal circulation in open-heart surgery patients ' . The conversion 
rate of C3 which in normal health is less than 5 % of total plasma C337 38 
protein increases during extracorporeal circulation to mor3Sthan 30 % ' 
and plasma C3 concentrations may be increased severalfold . Cs is also 
thought to beareleased in parallel with C3 ' but Cs is readily ~ttached 
to neutrophil receptors and therefore cann~t be in ~qual concentrations 
measured in plasma samples. Complement activation during extracorporeal 
circulation may be som3~hat slighter when membrane oxygenators are used 
instead of bubble ones • Besides extracorporeal circulation, protamine 
administration during card~~vascular and open-heart surgery may also result 
in high C3 concentrations . The high levels of activated complement compo­
nents dur1~g open-heart surgery are, however, usually without harmful clini­
cal sequelae. 

No differences in complement activation were seen when the patients 
were anaesthetized wi3~ neurolept, halothane or epidural anaesthesia for 
aortofemoreal surgery . Studies in trauma patients show that the extent 
of trauma and the presence of nonvital tissue or abscesses affects complement 
activation. In minor trauma, complement concentrations increase above refer­
ence values over ~Oweek, but in major trauma they may remain at low levels 
for a longer time • 

Cell-mediated Immunity 

The effects of an operation on cell-mediated immunity have been well­
documented, since cell-mediated immunity responses have a central role in 
host defences and modern immunological methods were first available for the 
study of these variables of the immune response. These studies include 
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quantification of effector cell numbers and measurement of their functional 
variables. 

Quantification of Lymphocytes and Their Subsets. Leucocytosis in 
peripheral blood, an increase in the proportions of neutrophils and mono­
cytes and a decrease in the proportions of eosinophils and lymphocytes 
occur during and after operation. The numbers of lymphocytes in peripheral 
blood remain. however unaltered during surgery of mild to moderate trauma 
a~d ~ecrease after majo41s~2gery. The values return to preoperative levels 
W1th1n one or two weeks ' • 

In minor surgery no changes are observed in the proportions or numbers 
of T and B lymphocytes, effector cells of cell-mediated and humoral immunity, 
respectively. As the extent of surgery increases, the numbers of T and B 
lymphocytes in peripheral blood tend to de~2~~ge and their proportions 
simultaneously change in favour of B cells • The numbers of T lympho-
cyte subpopulations T helper/inducer and T suppressor/cytotoxic cells also 
decrease, but their proportions either remain unchanged or change in f~~~~8 
of T suppressor cells after operations with increasing trauma severity 

Changes in Functional in vitro Test Values. Most studies of the immune 
response in surgery deal with in vitro measurement of lymphocyte prolifer­
ative responses to mitogens, antigens and allogenic cells in peripheral 
blood samples from patients undergoing an operation. An impairment of T 
lymphocyte proliferati~3 49~g~nses has been observed after operations from 
minor to major surgery' • Responses to phytohaemagglutinin (PHA) and 
concanavalin A (Con A), the widely used T lymphocyte mitogens, already 
start to decrease during operation. They are lowest at the end of surgery 
and usually return to preoperative values after uncomplicated surgery over 
a period of 1 to 10-14 days. Similar decreases in lymphocytic responses 
have been observed to antigens such as purified protein derivative of 
tuberculin (PPD), streptokinase-streptodornase, mumps and candida and to 
allogenic cells in a mixed lymphocyte culture. The decreases maY5~e5§reater 
in neonates and young children than in older children and adults ' • 
A decrease in lymphocytic responses can be observed after operations done 
under general or regional anaesthesia. Some studies show smaller changes 
in lymphocyte proliferative responses after operations dO~2 ~~der regional 
analgesia than after those done under general anaesthesia ' ,but this 
depends on how well afferent neurogenic impulses from the area of surgery 
can be blocked and perhaps also on how general anaesthesia is performed. 
However, what is considered more important than anaesthesia in determining 
the ~ostoperati~T 5~phocyte proliferative responses is the extent of 
surg1cal trauma ' . 

Other functional cell-mediated immunity test values are also depressed 
postoperatively. Such changes have been found when the effects of lympho­
kines, effects of lymphocytes on tar~3t cells and antibody-dependent 
cellular cytotoxicity were measured • The sS8sitivity of lymphocytes to 
prostaglandin E2 is increased postoperatively and the amount of serum 
needed to halv~8PPD-induced lymphocytic responses is smaller after operation 
than before it . Natural killer (NK) cell activity is increased during 
operation but decreasS~ after operation up to a ~8ek. This has been obserggd 
after hip replacement ,major abdominal surgery and open-heart surgery • 
NK cell ac7ivity ma~ fa~l e~On to undetectable values in patients with 
postoperat1ve compl1cat10ns • 

Delayed Hypersensitivity Skin Test. In studies of the effects'of an 
operation on delayed hypersensitivity skin test results, two basically 
different ways to express the results are used: measurement of reaction 
diameters/areas induced by recall antigens or grading of patients into 
reactive, relatively anergic and anergic ones on the basis of to how many 
antigens they react with an induration of at least 5 mm in diameter. The 
two types of studies give slightly different results. 
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Those studies measuring the diameters or areas of the indurations sg9w 
decreased delayed hypersens~~ig~ty skin test reactions after nephrectomy 
and major abdominal surgery , • By contrast, those studies grading patients 
into reactive, relatively anergic or anergic ones show no effects of minor 
or uncomplic6~eg5major abdominal surgery on delayed hypersensitivity skin 
test results ' • Even af6Sr major cardiovascular surgery less than half 
of patients became anergic • 

Humoral Immunity 

A general consensus is that humoral immunity is less affected by 
surgery than cell-mediated immunity, but, on the other hand, humoral 
immunity variables have been studied much less. As shown above, the numbers 
of B lymphocytes decrease in peripheral blood postoperatively as the extent 
of surgical trauma increases, although less than the numbers of T lympho­
cytes. Lymphocyte proliferative responses to Staph. aUP8US strain Cowan I 
(StaCw I), which mainly stimulates B lymphocytes to transform, are decreased 
on the first day after minor orthopaedic surgery and hip replacement and 
recover by the 3-4th postoperative day (Salo, unpublished). Several studies 
also show a postoperative decrease in lymphocytic respon~~s to pokeweed 
mitogen (PWM), which stimulates both T and B lymphocytes • 

Serum immunoglobulin concentrations decrease postoperatively, especially 
after major surgery. However, such changes are more likely to be due to 
haemodilution and loss of protein into extravascular tissues than to disturb­
ances in immunoglobulin production. In vit~o studies show that the numbers 
of immunoglobulin synthetizing ang6secreting cells in peripheral blood 
decrease after open-heart surgery and there is a simultaneous decrease in 
the synthesis and secretion of IgG, IgM and IgA into the culture supernatants 
after PWM stimulation. However, such decreases in immunoglobulin production 
cannot be observed after hip replacement or minor orthopaedic surgery (Salo, 
unpublished). 

The opinion that humoral immunity is less affected by anaesthesia and 
surgery is partly based on animal studies measuring specific antibody 
responses. These studies show that IgG and IgM antibody production is well 
maintained in response against different types of antigens during anae~3 
thesia and that antibody responses may even be enhanced during surgery 
However, recent studies show that the level of IgG anti-tetanus toxoid 
antibody production is lower in surgical patients than ~~ controls. The 
impairment is greater in anergic than reactive patients 6SDepressed anti­
body production has also been observed in burned patients but no general 
agreement exists on postoperative antibody responses. 

CHANGES IN PATIENTS WITH MALIGNANT DISEASE 

Basically similar changes in the immune response are found in patients 
with malignant and benign disease. Some differences have been found in 
changes reported below but there is no evidence that the general patterns 
of postoperative immune response changes differ in these patients. During 
major abdominal surgery, the patients~ nutritional state unlike the malig69 
nancy of the disease had an effect on postoperative lymphocytic responses 
However, when a tumour has been an i~unologic burden to the patient, its 
removal may improve immune responses • 

The postoperative increase in monocyte numbers and in their phagocytic 
capacity in patie~3s7yith benign disease was not observed in patients with 
malignant disease ' • Lymphocytic proliferative responses to mitogens and 
bacterial antigens decrease postoperatively but in patients with malignant 
disease lymphocyte responses to tumour antigens may also be depressed. 
Depressed lymphocyte cytotoxicity to tumour ce~2s has been meas~3ed post­
operatively in pat~~nts with mammary carcinoma ,Wilms~ tumour and 
malignant melanoma and depressed leucocyte migration inhibition in 
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patients with malignant melanoma and breast cancer75 These responses 
usually return to preoperative values within a week. 

Generation of cytotoxic cells is depressed after m,~or abdominal sur­
gery in patients both with malignant and benign disease . No such increases 
in NK cell activity was found during surgery in patients with disseminated 
malignancy as w,~ observed in patients with benign disease or localized 
primary tumours and the postoperative decrease in ~4c7S1 activity was 
of longer duration in patients with malignant disease ' . However, NK 
cells were equally unaffected by 2 % v/v halothane ,~d 66 % v/v nitrous 
oxide in patients with benign and malignant disease . 

Another difference between patients with malignant and benign disease 
is found in postoperative antibody-dependent cellular cytotoxicity (ADCC, 
killer (K) cell function) reactions. ADCC responses decrease postoperatively 
in patients with advanced malignancy and in septic and §ochetic patients 
but not in patients with benign disease or early cancer . This difference 
like that found in NK cell activity may, however, be due to other reasons, 
e.g. the nutritional state, than malignancy. Accordingly, in another study 
K cell activity was e§vally depressed after surgery in patients with benign 
and malignant disease . 

Halothane anaesthesia depresses mitogen8~nduced lymphocytic responses 
more in tumour-bearing mice than in controls . However, halothane anaes­
thesia in patients decreased cytotoxicity a~4much as balanced anaesthesia 
without the use of halogenated anaesthetics . 

ETIOLOGY OF THE CHANGES 

Anaesthesia 

In general, anaesthesia is considered to have a smaller role than 
surgery in decreasing immune responses during operation. The effects of 
anaesthesia on the immune response are twofold. Self-evident is the protec­
tive role of anaesthesia as it makes the operation painless and reduces 
responses to surgery. The immune depressing effects of anaesthesia may 
manifest through its direct effects on host defences but also through its 
indirect effects on the endocrine and metabolic balance, oxygenation, 
ventilation and tissue perfusion, i.e. through its effects on the internal 
milieu of the cells. 

Most intravenous, inhalational and local anaesthetics depress mitogen­
induced lymphocytic responses, when separated lymphoc~3es are exposed in 
vitpo to increasing concentrations of the anaesthetic . Similar observations 
have been made on cytotoxicity, NK cell activity and immunoglobulin produc­
tion by lymphocytes and on granulocyte functions. 

Animal studies show decreasing effects of anaesthesia on several 
variables of the immune response. Most studies deal with the effec~~ §~ 
halothane but effects of other anaesthetics have also been studied ' • 
Although most studies are carefully conducted the risk always remains, 
especially in handling small animals, that disturbances in homeostasis may 
contribute to the extent of changes. 

Few studies have been made of the effects of clinical anaesthesia on 
man. During balanced anaesthesia with thiopentone + N20 + analgesics + 
muscle relaxants before the start of surgery no changes were observed o~3r 
1-2 hrs in the PHA- or Con A-induced lymphocyte proliferative responses . 
5-7 hrs~ anaesthesia with halothanS4or enflurane did not affect PHA-induced 
lymphocyte responses in volunteers but another study found a decre~~e in 
PHA-induced lymphocytic responses after 3 hrs~ halothane anaesthesia . 
More changes in the immune response due to anaesthesia may arise in patients 
with disturbed homeostasis and in those with marginal immunocompetence. 
Anaesthesia may alsg have other effects on host defences, such as those 
on cilial function and on thoracic duct lymph flow and bacterial clearance 
when high positive end-expiratory airway pressures (PEEP) are used during 
controlled ventilation87 • 

294 



The immune response during surgery may be modified to some extent by 
blocking afferent impulses from the operation area with regional analgesia. 
which is possible at lower abdominal and lower extremity surgery. where 
granulocyte and lymphocyte numbers. mitogen- and antigen-induced lympho­
cyte proliferative responses, monocyte functions and serum suppressive 
acti~i2~ 52a~§e88e~§ by high epidural a~algesia th~n gene~al anaes-
thes1a • • • • • By contrast. no d1fferences 1n the 1mmune response 
were observed when minor surgery was performed under halothane anaesthesia 
with spontaneous ventila7i~8' balanced anaesthesia with mechanical ventila­
tion or regional analges1a • 

Operative Trauma 

The degree and extent of operative trauma are considered to be crucial 
in the postoperative changes of the immune response but not exclusively. 
Surgical trauma is basically different from accidental trauma in producing 
changes in the immune response since during surgery the anaesthetist and 
surgeon are able to minimize by prophylactic and therapeutic measures 
homeostatic disturbances. Therefore. the changes in the immune response 
produced by a surgical trauma can be expected to be slighter than those 
after an equal accidental trauma. 

Correlations have been observed between the extent of surgical trauma 
and the changes in leucocyte and differential counts. numbers of lymphocytes 
in periph~,a56blood and mitogen- and antigen-induced lymphocyte proliferative 
responses • • A similar correlation has been found between the extent of 
surgery and T lymphocyte. their subtype and NK cell numb~8s and the plasma 
volume needed to halve PPD-induced lymphocytic responses • 

Other Factors 

The effects of blood transfusion depend on the situation in which blood 
is needed and on the blood preparation used. Blood transfusion may sometimes 
further deteriorate trauma-decreased immune responses but in some cases it 
may improve immune responses. since the maintenance of sufficient oxygen­
ation and tissue perfusion is of primary importance for the patient and 
the adequacy of his immune response. The clinically significant deleterious 
effects of blood transfusion are suggested by reports on a worse prognosis 
in patients with colorectal or some ~Ther cancer who received blood trans­
fusion compared to those who did not • 

Several drugs including many antibiotics. cytostatics and cortico­
steroids are known to disturb immune responses. Severe malnutrition with 
its immunosuppressive effects is deleterious to the patient undergoing 
surgery. Psychological factors may be important in postoperative immuno­
suppression. but immobilization. disturbed diurnal rhythm and preoperative 
fasting are less important. 

MECHANISMS OF THE CHANGES 

The main mechanisms of the postoperative decrease of cell-mediated and 
humoral immunity consist of the neuroendocrine response induced by surgery 
and ~~aesthesia. immunosuppressive factors liberated from the surgical 
area and pharmacologic effects of drugs given during and after the 
operation. Among the mediator mechanisms can be distinguished the effects 
of corticosteroids. catecholamine§! prostaglandins and the imbalance between 
prot eases and protease inhibitors • 

These mechanisms lead to postoperative redistribution of neutrophils 
and lymphocytes and to functional changes in effector cells. Intravascular 
leucocyte populations are not equal during and after the operation to what 
they were before it. Moreover, these cells represent only a small fraction 
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of cells which part1c1pate in the immune response. The effector cells in 
the tissues might theref9re react in other ways than the cells found free 
in the blood circulation • 

Activation of suppressor cells is currently under active investigation. 
Incre~~edsuppressor T lymphocyte function has been observed in man after 
burns and, after surgery, ,gnocytes have been observed to be suppressive 
in the cytotoxicity reaction • By contrast, decreased Con A-ind~sed 
suppressor cell fu~§tion has been found after open-heart surgery and 
after hysterectomy • The suppressor system thus seems to be very complex 
and maximumgguppression may be observed with a combination of different 
suppressors • The lymphocytes may moreover be postoperatively increasingly 
sensitive to endogenous suppressors, sUsH as prostaglandin E, as shown in 
connection with coronary bypass surgery • 

The leucocyte transmitters, interleukins 1 and 2, may also have a role 
in the changes. The ability of leucocyte suspensions in vitro to produce 
interleukin 1 which is an initiator of the immune response, an inducer of 
the acute phase response and a factor in pr~7ein catabolism is at preoperat­
ive levels on the fifth day after operation • However, the kinetics of its 
production during surgery is not known in more detail. By contrast, the 
capacity of T helper cells to produce interleukin 2, which causes rapid 
proliferation of effector cells to adequate numbers'9~s depressed after 
major surgery for a week but not after minor surgery • Removal of adherent 
cells abolished the decrease in interleukin 2 production which suggests 
a monocyte-mediated mechanism in the decrease. 

CLINICAL SIGNIFICANCE OF THE ALTERATIONS 

The inflammatory reaction and immune response are part of the general 
physiological response to surgery and occur in interaction with other 
homeostatic mechanisms. The inflammatory reaction is not only important in 
defence against microbes but also in wound healing and repair of damaged 
tissue. The postoperatively depressed immune response is considered to be 
beneficial to the patient in preventing the body from reacting against its 
own antigenic structures exposed and released during operation. However, 
autoantibodies appear in spite of Posto~9ratively depressed immune responses 
after noncardiac and open-heart surgery • During open-heart 'Bogery, lympho­
cytes may become sensitized to cardiac mitochondrial antigens • The levels 
of various anti-heart antibodies and the degree of migration inhibition 
correlate with the frequency of the postpericardiotomy syndrome suggesting 
the clinical importance of these autoimmune phenomena. 

The changes in the immune balance during surgery may also impair 
resistance to infections. To what extent the changes in the immune response 
contribute to the rise of postoperative infections depends on the situation 
as a whole, since changes also occur in outer host defences and the degree 
of bacterial contamination varies. Unfavourable location of the surgical 
trauma, presence of traumatized tissue with haematoma and poor oxygenation 
and tissue perfusion of the local area may also favour the rise of infection. 
Surgically broken epithelial barriers and the presence of the intubation 
tube, intravenous and other canules and catheters all give access to the 
microbes into the interior. Moreover, changes occur in the mucociliary 
clearance, secretions and in the natural microbial flora. The functions of 
complement, granulocytes and MPS, which react first in the blood and tissues 
against invading organisms, are only slightly affected by uncomplicated 
surgery causing minor or medium trauma. The complement is capable of 
mounting an inflammatory reaction and generating chemotactic and opsonic 
substances, and immunoglobulins are available. 

Thus, changes in the immune response are not exclusively responsible 
for postoperative infections but may contribute to their rise. This is 
especially true if the disturbances in the immune response are severe and 
prolonged or the patient is preoperatively immunocompromised. Decreases in 
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the postopera7ive.immun~ re'8~nse may thus manifest as i~creas~d s'8~itivity 
to postoperat1ve 1nfect1ons • recrudescence of t6§ent 1nfect10ns • 
reactivation of a virus without causing infection· or as a rise of an 
opportunist infection. The correlation between postoperatively decreased 
immune responses and frequency of postoperative septic complications and 
mortality has been best documented by the delayed hypersensitivity skin 
test. Those patients who are anergic or be~Bwe anergic postoperatively 
are at most risk to develop sepsis and die • 

Another suggested deleterious consequence of postoperatively decreased 
immune responses is the spread of malignant disease. Although surgery is 
certainly the most effective method of treating cancer. there are reports 
of rapid dissemination of cancer shortly after radical surgery and 
exacrogation of cancer after surgery for an independent or related condi­
tion • Although these observations cannot be generalized and the proof 
of a possible connection is not conclusive. this may point to decreased 
host defences of clinical importance when large amounts of malignant cells 
may be free in the blood circulation during surgery. Significantly. there 
is an abundance of animal studies showing connecttsgs between anaesthesia. 
surgery. immune response and spread of malignancy • 

Massive complement activation in itself may be harmful to the'~67ient. 
Massive activation in bacteremia may result in shock during surgery • and 
in endotoxemia it is with other activated mediator systems a majoc mechan­
ism in the induction of septic shock. Cs in excessive amounts may lead to 
leucostasis and endothelial damage. and ~ontributes to the rise of adult 
respiratory distress syndrome (ARDS). Massive stimulation of neutrophils 
by complement and other chemotactic factors may result in their inability 
to respond to chemotactic stimuli and to move to the site of.microbial 
invasion. 

RECOMMENDATIONS FOR PATIENT CARE 

The maintenance of homeostasis is of primary importance for the immune 
response. The body is able to correct even severe alterations in the immune 
response if failures in the vital functions can be corrected and the under­
lying disease can be treated. 

High age. malnutrition. certain drugs and diseases are known to 
affect immune responses preoperatively. These factors should always be 
taken into account. The best results in the correction of malnutrition 
have been obtained in severely malnourished patients with preoperative 
nutrition of at least a week~s duration. The use of drugs known to be 
immunosuppressive must be considered on an individual basis. 

In anaesthesia its general performance is more important than the 
selection of some special anaesthetic agent or method. This means good 
anaesthetic management and careful maintenance of homeostasis. Halothane 
with its well-documented immunosuppressive effects cannot be recommended 
in patients with severe infections. The need to modify operation-induced 
responses by high analgesic doses or epidural analgesia must primarily be 
considered from other viewpoints than that of the immune response. 

Since the extent of operative trauma is crucial for the postoperative 
immune response. an atraumatic approach to operation with minimal blood 
loss is also recommendable from the immunological viewpoint. An open 
question is what the most suitable time is to make the final reconstructions 
in the multiple trauma patient. This also concerns patients with postoperat­
ively decreased immune responses before further elective operations. In view 
of endocrine and metabolic alterations, a stabilization period has been 
recommended after the primary operations. It might also be beneficial for 
the immune response. By contrast. in patients with nonvita1 tissue. 
abscesses or other toxic processes, immediate operation is a prerequisite 
for restoration of the immune response although the immune response may 
transiently be further compromised by the operation. 
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In experimental work several possibilities already exist t88the modifi­
cation of 1~e immune res~8~se by specific and1Y8specific means . Ibuprofen, 
cimetidine ,levamisole and interleukin 2 can prevent changes in 
postoperative immune responses. In the future, these and other immunomodula­
tors may be given prophylactically or per- and postoperatively to high-risk 
surgical patients to improve their immune responses. This, however, requires 
a good understanding of the basic immune mechanisms by the operative team 
and laboratory services available for measurement. 
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IMMUNE FUNCTION AND SEVERE INFECTION 

v. Andersen 
Laboratory of Medical Immunology, Department of Medicine ITA 
Rigshospitalet, University Hospital, Copenhagen, Denmark 

The general immunosuppression during acute bacterial infection 

In patients with an acute bacterial infection such as meningococcal 

meningitis, lymphocyte proliferative responses in vitro are depressed 

soon after the onset of symptomsl • Responses to-~i~;~~~al antigens are 

more sensitive than the responses to mitogens such as phytohemaggluti­

nin (PHA) and are as a rule completely suppressed during the acute 

stage. The response to suboptimal concentrations of PHA may be a more 

sensitive indicator of depressed lymphocyte function than when the 

usual dose is employed2• 

In uncomplicated cases, lymphocyte responsiveness normalizes with­

in 14 days. The increasing responses obtained when the offending micro­

organism is employed for stimulation !~ Y!~£2 are similar to those ob­
served with unrelated microbial antigens. However, if dose-response 

studies are carried out, a shift in the optimal concentration is seen 

for the offending microorganism, providing evidence for development of 

increased lymphocyte sensitivity to the causative microorganisml • 

In case of a complicated clinical course, lymphocyte proliferative 

responses fluctuate corresponding to the febrile periods. Again, the 

course of the response to the causative microorganism does not differ 

from the responses to other microbial preparations. 

When the infection has subsided, and recirculating memory cells 

are established, separation of sensitized and non-sensitized persons 
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in the lymphocyte proliferation assay is best obtained at low antigen 

concentrations giving submaximal stimulation3• 

'!he polyclonal stimulation of lymphocytes following infection 

Serum antibodies rise fast following acute bacterial infection, 

whereas a more prolonged increase is seen in total immunoglobulin con­

centrationsl • (be factor to consider is polyclonal activation of lympho­

cytes by microbial products4• In some cases the factor responsible is 

well characterized, e.g. the T lymphocyte mitogen LPF (Lynphocytosis 

Promoting Factor), from ~!:~~!:~g2 ~!:!:!!~~!~5 and the B lymphocyte mi­

togen Protein A, from e!:~.JC~£!!~ 2!!!:~!!~. However, many polyclonal 
activators are still inoampletely known, and one microbial species may 

produce several; thus, polyclonal B lymphocyte activation .may be induced 

by a strain of e!:2e~!~£!!~ 2!!!:~~ that is deficient in Protein A6• 
O! importance for the late rise in immunoglobulins following infec­

tion is the emergence of immunoregulatory antibodies such as anti-idio­

typic antibodies and antibodies against immunoglobulin and complement 

corcponents. 

Detection of pre-existing immune deficiency in patients with infection 

'!he impact of infection on the immune system makes laboratory in­

vestigation for underlying immune deficiency difficult. Studies on lym­
phocytes and other cells must be interpreted with special caution if 

carried out during or shortly after infection. A careful history should 

always be obtained as soon as possible, concerning predisposing factors 

and previous infections. However, studies of lymphocyte and phagocyte 

function are best postponed until after recovery. 
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INTERLEUKINS AN OVERVIEW 

S. K. Durum 
Laboratory of Molecular Immunoregulation, Biological Response 
Modifiers Program, Division of Cancer Treatment 
National Cancer Institute, NIH, Frederick Cancer Research 
Facility, Frederick, MD 21701-1013 

Immune responses are in the beginning, specific in that a given lympho­
cyte is initially triggered via its membrane receptors for a specific 
antigen. But following the initial antigen trigger, a specific T lympho­
cyte elaborates a number of nonspecific soluble mediators with a wide 
range of effects on other cells, both proximal and distal, both within 
the immune system and outside it. A complex network develops in which 
these immune cytokines exert positive and negative feedback effects on 
one another. Immune cytokines include: interleukin 1 (produced by macro­
phages and other cells, with actions on many cell types), interleukin 2 
(produced by T cells, with actions on T and B cells), interleukin 3 
(produced by T cells, with actions on hematopoietic stem cells), inter­
feron-y (produced by T cells, with actions on many cell types), ~ cell 
stimulating factor or BSF] (produced by T cells, with actions on Rand T 
cells), lymphotoxin (produced by T cells, actions on tumor cells and 
various normal cell types) and tumor necrosis factor also termed 
cachectin (produced by macrophages and various other cell types, with 
actions on fat cells, macrophages and other cells. 

INTRODUCTION: 

The immune system can be divided into two broad categories of components: 
specific elements that engage foreign antigens (lymphocytes and anti­
bodies) and nonspecific elements that mediate and amplify defense mech­
anisms. Lymphokines are a part of the latter category of non-specific 
mediators and amplifiers. The term "lymphokine" is used to encompass 
those extracellular products that are elaborated by lymphocytes. Recent 
years have witnessed gr~at advances in the characterization of these 
molecules and the focus of this brief review will be those lymphokines 
that have been cloned and are thereby the best characterized. 

Figure 1 illustrates the spectrum of lymphokines that emanate from the 
interaction of a helper T lymphocyte engaging its specific antigen on 
the surface of an antigen-presenting macrophage (M~). All the lympho­
kines shown are polypeptides of 15-19 Kd and none are constitutive cell 
products: they are produced only following cell activation. They occur 
in nanomolar to picomolar concentrations in extracellular fluids. All 
probably mediate their effects on target cells via high affinity membrane 
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receptors. The target cells can be as proximal as the producing cell 
itself or as distal as the central nervous system. The following dis­
cussion will analyze each of the lymphokines in further detail. 

Figure 1. The Lymphokine Spectrum 

IL 1 and the T-M~ interaction 

Figure 2 depicts the earliest events in the T-M~ interaction. Antigens 
are taken up by M~, and in the case of peptide antigens, partly cata­
bolized and then presented on the plasma membrane. T cells employ anti­
gen receptors to recognize the antigen (for which the T cell is specific) 
and simultaneously engage Ia molecules on the M~. T cells are initially 
activated through the antigen receptor but require interleukin 1 (IL 1) 
(1,2) from the M~ to become further activated. IL 1 can be induced by T 
cells via two mechanisms. The first mechanism requires T-M~ cell contact 
and appears to involve Ia molecules which may transduce a signal to 
release IL 1 (3). A second type of signal can also be delivered from T 
cells, a lymphokine that has not been fully characterized but is distinct 
from other known M6-activating lymphokines (such as IFN-y or CSFl) (4). 
In the absence of T cells, a number of microbial products can also 
stimulate M~ to produce IL 1. IL 1 so generated then acts on T cells but 
also has a wide range of biological effects as indicated in Figure 2. 
The T cell itself is thought to require IL 1 as a stimulus to produce 
interleukin 2 (IL 2) or in the case of some T cells, to express IL 2 
receptors. 
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Inlerleukln 1 (Ill) 

Produce" M</>, many other cell. (e.g., keratlnocy1es, aslrocy1es) 

Molecule: Ill" Precursor-33 kd, no signal peptide 
-- Mature-17 kd, pi 5 
Ill~ Precursor-33 kd, no signal peptide 
- Malure-17 kd, pi 7 

Receptor: 80 kd, 50-3,OOOlcell, 1010,M 

T cells - Il 2 .ecretlon, Il 2 receptor expression 
B cells - cofactor for proliferation 
Hypothalamus - fever 
liver - acute phase reaclants, many targets and 

acute inflammatory effects 

Figure 2. Interleukin 1 

IL 2 and BSF1: lymphocyte growth 

Following the initial activation stages involving antigen, Ia and IL 1, 
T cells produce and utilize growth factors as shown in Figure 3. IL 2 
(5) is a growth factor for T cells and can, under some conditions stimu­
late B cell growth and also promote growth and activation of lymphokine­
activated killer cells and natural killer cells. The receptor for 
IL 2 has also been cloned and is the best characterized lymphokine re­
ceptor (6). T cell clones that produce IL 2 have been designated TH1, 
and appear to be a subset distinct from that designated TH2, which pro­
duce B cell stimulating factor (BSF1) (7). BSF1 (also termed "IL 4") (8) 
activates resting B cells to enlarge, increase Ia expression, and become 
receptive to other signals, such as cross~linking of surface immuno­
globulin. BSF1 also promotes switching from IgM to IgG. Proliferation 
of B cells requires an additional lymphokine, BCGF2, which has not been 
cloned as of this writing. BSF1 also supports the growth of some T cell 
and mast cell lines, and supports the growth of other hematopoietic 
lineages as well. 
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Inlerleuk;n 2 (IL 2) 

Producer: TH, 

Molecule: Precursor-17 kd, signal peptide 

Receplor: 55 kd, 10,OOO/cell, "T ac" 

T.fgels: T cells - growth 

a cells - cofactor for growth 

a Cell Stimulating Faclor (aSF,) 
"IL 4" 

TH2 

Precursor-Ie kd signal peptide 

? 

a-cells - competence 'or 
growth 

- la-Induction 
- IgM -lgG, switch 

T cell lines - growlh 
Mast cell lines - growth 

Figure 3. Interleukin 2 and B Cell Stimulating Factor 

IL 3 and GM-CSF: hematopoiesis 

In addition to producing the growth factors for differentiated lympho­
cytes (IL 2 and BSFl), T cells also produce growth factors (IL 3 and 
GM-CSF) for cells at early stages of hematopoiesis, as shown in Figure 4. 
Interleukin 3 (IL 3, also termed multi-CSF) (9) induces several lineages 
to develop from cultures of bone marow stem cells, mast cells are the 
longest lived of the cells arising in these cultures. Granulocyte-mono­
cyte colony stimulating factor (GMCSF) (10) also has growth effects for 
multiple lineages, as shown. Although IL 3 and GMCSF have overlapping 
activities, they act via different cell receptors. 
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Pfoducer. T cells 

Inlerleukln 3 
(IL 3, Muill-CSF) 

Precursor-17 kd, slgn.1 pepUde 
Mature-15 kd core 

28 kd glycosyla,ed 

80 kd, 3,OOO-5,OOO/cell 
10·2/M 

HematopoleUc .tem cells 
(granulocyte, monocyte, 
eosinophil, magakaryocy1e, 
erythroid) 

Hemalo­
poleUc 
Slem 
C.ll. 

Granulocyle-Monocyl. 
Colony-SUmulallng Faclor (GMCSF) 

T cells, yerlely of U •• ue. 

Precursor-17 kd, signal peptide 
Meture-15 kd core 

25 kd glycosyl.ted 

70 kd, 3OO-1,OOO/cell 
109/M 

Hematopoietic stem cells 
(granulocyte, monocyte, 
eoslnophll, magakaryocyte, 
+ erythropoietin _ ery1hrold) 

Figure 4. Interleukin 3 and Granulocyte-Monocyte-Colony-Stimulating 
Factor 

TNF and LT: inflammation and anti-neoplasia 

Tumor necrosis factor (TNF) and lymphotoxin (LT), shown in Figure 5, are 
distinct molecules (28% homology) and are produced by different cells, 
yet they share a common target cell receptor and thus should have similar 
activities. Actions of TNF (11) have been studied more extensively than 
LT (12) and include the dramatic cachexia (wasting) effect which was dis­
covered quite independently of the antitumor effect. 
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Receplor. 

Tar".,s: 

Tumor Necrosis Faclor 
(TNF, TNFa, Cacheclln) 

Precursor-25 kd (16 aa-pro) 
Malure-17 kd, multlmerlc 
Chromosome 8 (man), MHC-lInk 

T cells 

Lympholoxln 
(LT, TNF/l) 

Precursor-22 kd (signal peptide) 
Malure-19 kd core 

25 kd glycosylaled 
muilimeric 

Chromosome 8 (man), MHC-lInk 

- 28% Homology_ 

Same receplor 

Tumor cells 
Adlpocyles (lipolysis) 
M., (IL I Inducllon) 
Hypolhalamus (lever) 
Flbroblasl. (PGE2) 

Tumor cells 

Figure 5. Tumor Necrosis Factor and Lymphotoxin 

Interferon: anti-virus and immunoregulation 

Interferon-a (IFN-a) is produced by activated M~ (as well as many other 
cells) (13) whereas IFN-y is released from activated T cells (14) as 
shown in Figure 6. Both interferons have antiviral actions and are anti­
mitotic. IFN-y has powerful M0-activating properties, arming them to 
kill intracellular pathogens and tumor cells - a dramatic increase in M~ 
Ia expression is also elicited by IFN-y. Cellular receptors for IFN-y .are 
known to be distinct from those for IFN-a. 
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Producer. 

Molecule: 

Targ8ls: 

Interferon-a 
(IFN-a) 

M.p, most cells 

Precursor-20 kd (signal peptide) 
Mature-18 kd 

120 kd, 200-7000/cell 
10·o/M 

Most cells (anti-Viral \ 
anti-proillerative) 

T cells 

Interferon-",( 
(IFN-", Immune IFN) 

Precursor-17 kd (signal peptide + ) 
Mature-17 kd 

20 and 25 kd glycosylated 
dimerlc 

100 kd, 500-10,000 slteslcell 
5 x 10"/M 

Most cells (anti-viral ) 
anti-proliferative 

M.p (activation, la-induction) 
NK (activation) 
Immune response ('OW doses augment) 

high doses Inhibit 

Figure 6. Interferon-~ and Interferon-y 

In conclusion, lymphokines are non-antigen specific mediators and ampli­
fiers of the immune response. Although the lymphokines are similar in 
certain physical characteristics, such as molecular weight, they are the 
products of unrelated genes, rather than a gene family like the immuno­
globulin genes. The best studied lymphokines have now been cloned but 
we can expect more lymphokines to be cloned, considerable impetus coming 
from the potential use of lymphokines as therapeutics. For each lympho­
kine in its post-cloning phase, the future will bring studies of regula­
tion of its gene, structure-function studies of the biologically active 
peptide, determinations of the full spectrum of biological actions and 
analyses of the receptor. 
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CELLULAR IMMUNE FUNCTION AND INJURY 

J. A. Mannick 

Department of Surgery, Brigham & Women's Hospital and Harvard 
Medical School, Boston, MA. 

Defects in cellular immune responsiveness have been f~~aated1y 
described in patients after serious injury or major burns • The exact 
relationship between impairment of cellular immunity and septic 
complications in such injured patients is unknown. Nevertheless, there 
are several reports which indicate that clinical anergy in patients with 
major burns, for example, is signif!cgnrOY1Iorre1ated with mortality, 
particularly with death from sepsis " I • A number of years ago, we 
reported anergy in patients after major burn injury was associated both 
with failure of circulating lymphocytes from such patients to respond 
normally to the T cell mitogens phytohemagglutinin (PHA) and Concanavalin 
A (Con A), and with the presence in the patients' serum of circu1a4ing 
substances suppressive of activation of normal human T lymphocytes • 

In order to investigate the apparently abnormal T lymphocyte 
function in injured patients and burn patients, we investigated 
circulating T lymphocyte subsets with monoclonal antibodies in patients 
with burns of greater r2an 30% body surface area and those with lesser 
degrees of burn injury • We showed that patients after major burn 
injury had a significant early alteration in the ratio of circulating 
helper-inducer to cytotoxic-suppressor T cell phenotypes. This reduction 
tended to return towards normal several weeks after burn injury, and it 
was again altered in association with the appearance of systemic sepsis. 
We a1s£3found similar changes in patients suffering from major traumatic 
injury • More recent studies have indicated that patients with severe 
burns have an early and persistent reduction in the percentage of 
circulating T cells (Figure 1), and that the reversal of the ratio of T 
helper-inducer to cytotoxic-suppressor subsets is caused chief1!4by an 
absolute diminution in the number of circulating T helper cells • This 
diminution was not found consistently in trauma patients. As a correlary 
to these studies, we also found that patients after serious thermal injury 
often had circulating lymphocytes of immature phenotypes not normally seen 
in the circulf5ing blood, including lymphocytes expressing the OKT6 and 
OKT9 antigens • 

We and others have examined the question of whether or not increas­
ed circulating suppressor cell activity could account for the impat~ig!18 
of T lymphocyte activation seen in patients following major injury , 
In patients with major burns, we found that circulating peripheral blood 
mononuclear cells (PBMC) were on some occasions capable of inhibiting 
proliferation of lymphocytes from normal 2uman volunteers in response to 
T cell mitogens or al10antigens in vitrol. However, because of 
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Fig. 1. OKT3 positive cells (total circulating T cells) 
following burns. 17 patients with burns, 30% 
total body surface area or greater (.) are 
compared to 8 with burns less than 30% total body 
surface area (0) and shown as the mean±1SEM. The 
control range is shown. (*p .(.0 . 05 patients versus 
controls, fp <: 0.05 burns greater than 30% versus 
burns less than 30%). (Reprinted from Annals of 
Surgery) 

potentially factitious results inherent in assays which involve the 
simultaneous culture of multiple allogeneic cell populations, these 
results and similar results reported from other laboratories clearly must 
be interpreted with caution. Experiments to demonstrate suppressor cell 
activity in autologous culture systems by subtracting and re-adding 
appropriate cell types have proved difficult and so far have not produced 
sufficiently consistent results to permit firm conclusions. 

One assay used in many laboratories for the detection of suppressor 
cell activity in an autologous system, namely the inhibition of poly­
clonal immunoglobulin (Ig) production by T lymphocytes in response to 
pokeweed mitogen (PWM) has not yielded positive results in seriously 
injured patients (Figure 2). In fact, patients with major burns, for 
example, often have background polyclonal Ig production by circulating B 
cells that is in excess of PWM !~imulated Ig production by similar cells 
from normal control individuals • Thus, circulating suppressor T cells 
in burn patients, if present, are clearly not effective in inhibiting PWM 
stimulated B cell Ig production, a finding consistent with the 
observation that there is not an increased percentage of cells bearing 
the cytotoxic-suppressor phenotype in the PBMC of these patients. 

Because of the persistent impairment of T lymphocyte activation seen 
in seriously injured and burn patients, we have more recently studied the 
ability of PBMC from such individuals to produce the cytokines necessary 
for the initiation of the immune response. Adherent cells from the PBMC 
popUlation of seriously injured patients and patients with major burns 
were studied for their ability to produce interleukin 1 (IL 1) in 
response to endotoxin and the PBMC of the same individuals were studied 
for their ability t028roduce interleukin 2 (IL 2) in response to PHA 
stimulation in vitro • We have found that IL 1 production by the 
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12 S;tnthesis in 11 Eatients after thermal injurx 
IgG(ug/mL) 

Mean ± SEt1 

Controls 7.57 ± 1.1 
Days after burn 
0-2 4.01 ± 1.6 
3-6 13.7 ± 3.4 
7-10 21.1 ± 6.08 
11-15 35.6 ± 2.2 
16-20 27 .. 1 ± 3.9 
21-25 24.7 :t 6.6 
26-30 17.4 i. 5.17 
31-40 17.98 ± 4.1 
41-50 11. 2 ± 2.76 
51+ 8.1 = 4.1 

*Statistics, patients vs. controls; Mann-Whitney U test; 
NS = P greater than 0.05 

Fig. 2. 

p* 

NS 
0.04 
0.017 
0.0004 
0.0003 
0.007 
0.048 
0.016 

NS 
NS 

adherent cells of seriously injured patients is not inhibited at any time 
in the post-injury or post-burn course. An initial increase in 1L 1 
production is the customary finding (Figure 3). On the other hand, there 
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~--¥---------~----- -2SEM 

25~~7-~~--~--~--~~ o 15 30 45 60 75 
Days Posl Burn 

Fig. 3. Serial measurements of 1L-l in 23 burn patients 
expressed as mean±lSEM. Control values show~ as the 
mean±2SEMs. * indicates p(0.05 patients versus 
controls. (Reprinted from Annals of Surgery) 

is a profound and persistent depression in the ability of circulating 
lymphocytes from the same seriously injured patients to produce IL 2 
(Figure 4). This impairment of 1L 2 production, as might be expected, 
parallels the inhibition of lymphocyte activation seen in the same group 
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Fig. 4. Serial measurement of , IL-2 production in 13 
patients with burns, 30% total body surface area 
or greater compared to 10 patients with burns, 29% 
total body surface area or less. Values are mean± 
1SEM. The mean±SEM of IL-2 measurements in the 
control group is shown. * indicates p<O.05 compared 
to controls, ** indicates p<0.05 when the groups 
were compared with one another. (Reprinted from 
Annals of Surgery) 

of patients and recovers on recovery from the burn wound or traumatic 
1nJury. The degree of impairment of IL 2 production is clearly 
associated with the degree of injury and with the appearance of systemic 
sepsis. Impairment of IL 2 production by the PBMC of seriously injured 
patients parallels the reduction in the percentage of circulating T cells 
with the helper phenotype early after injury. Later on in the 
post-injury course, impairment of the IL 2 production persists after 
recovery of the helper T cell population suggesting that the reduction in 
circulating helper T cells, known to be the chief source of IL 2 
synthesis, does not completely aC28unt for the depression in IL 2 
production seen in these patients • 

Because of the known dependence of antibody formation against a 
variety of bacteria and bacterial antigens on the participation of helper 
T cells, and the more recent demonstration of the role of IL 2 in 
initiating and maintaining the antibody response, it seemed appropriate 
to study antibody formation in seriously injured patients despite the 
fact that earlier work by other investigators ~!d suggested that antibody 
formation was not impaired in such individuals • We therefore studied 
the ability of patients with major burns to make ~2secondary antibody 
response to a booster injection of tetanus toxoid • We found that as a 
group these patients were impaired in their ability to make an initial 
antibody response as compared with normal control individuals (Figure 5), 
and that those patients who did make an initial response failed to 
maintain antibody production. A subgroup of these patients was 
simultaneously studied for the ability of their lymphocytes to produce IL 
2. It was found that the failure to make an appropriate anti-tetanus 
toxoid antibody response was cl~~ely correlated with deficient IL 2 
production in the same patients • 
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Fig. 5. Propagation of anti-tetanus toxoid antibody 
response measured by hemagglutination in 14 burn 
patients studied for more than 3 weeks, and in 5 
controls. Closed symbols indicate mean±SEM7 open 
symbols, median; and * p<D.05 patients versus 
controls. (Reprinted from Archives of Surgery) 

We have also evaluate~3natural killer (NK) cell activity in 
seriously injured patients • We have found that patients with severe 
burns had significantly depressed NK activity for a 40-day period 
following injury. Patients with lesser burns had reduced NK function for 
an initial 10-days post- burn, after which NK activity slowly returned to 
the normal range. Traumatically injured patients had depressed NK 
function in the 3-6 day range post-injury. All the above changes occured 
in the presence of normal n~3rs of circulating cells being phenotypic 
markers for NK effector cells • 

Suppression of lymphocyte activation by serum or serum fractions 
from seriously injured patients has also been repeatedly reported. OUr 
group was perhaps the first to suggest that serum factors play a2iole 
in the cellular immune deficiency seen in trauma and burn patients • 
The serum suppressive activity is apparently concentrated in a low 
molecular weight polypeptide-containing fraction. This fraction, which 
is non-toxic, is inhibitory of normal T lymphocyte activation by 
mitogens, and also of T cell-dependent antibody formation in vitro. 
These suppressive serum fractions from trauma and burn patients are also 
inhibitory of IL 2 production by normal human PBMC, thus suggesting at 
least one additional mechanism underlying2She marked deficiency of IL 2 
production by cells from such individuals • Moreover, suppressive serum 
fractions 9~ve been found to inhibit the effect of IL 2 on IL 2-dependent 
cell lines • The source of the serum suppressive peptide fraction 
remains unknown. 

Circulating suppressor substances have been described by other 
investigators in a variety of disease states. However, the low molecular, 
weight su¥~ressor peptide material found in burn patient serum by Ozkan and 
Ninnemann clearly resembles the material purified from a similar source 
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in our own laboratory. Ozkan and Ninnemann have attributed the activity 
of this peptide fraction to its ability to bind prostag1~9dins, 
particularly prostaglandin EZ (PGEZ)' Kato and Askenase have also 
described an antigen- specif~c suppressor factor found in the mouse which 
requires bound PGE2 for its activity. The low mo1~§u1ar weight 
suppressor factor recovered by webb and associates from prostag1andin­
treated T lymphocytes also clearly resembles the suppressive material 
recovered from trauma patients' serum in our laboratory. 

Prostaglandins of the E series have long been known to suppress 
lymphocyte activation. It was at first believed that this was entirely 
the result of elevation of intracellular cyc1~S AMP levels, but ~ge 
recent studies, including those of Webb et a1 and Fischer et a1 , 
indicate that PGE's also may act through stimulation of a subset of T 
suppressor lymphocytes which in turn may release suppressor factors. 
Kunkel et a1 have more recen30y shown that PGE's act as endogenous 
mediators of IL 1 production • The latter findings reinforce the 
concept that PGE's may be important in in vivo immunoregu1ation, since 
the relevance of in vitro observed PGE effects for the in vivo situation 
has been questioned on the grounds that PGE(s) do not accumulate in vivo 
because of diffusion and catabolism. 

Recent experiments from our laboratory have shown that PBMC from 
seriously injured patients, particularly patients with major burns, are 
much more sensitive to inhib~rion by low concentrations of P§~2 than_gre 
PBMC from normal individuals • Very low concentrations (10 or 10 M) 
of PGE2 added to cultures of patient cells markedly inhibit their 
response to a range of dosages of PHA. This finding is particularly true 
in patients whose PBMC are inhibited in their PHA response in the absence 
of PGE. The suppression of the PHA response to patients' PBMC can be 
partially reversed by the addition of Indomethacin to the cell cultures. 
These results suggest that one mechanism for the inhibition of T 
lymphocyte activation seen in seriously injured patients is PGE2 
production by the adherent cells in the PBMC population. These 
observations are supported by animal experiments which point to PGE 
production by adherent cells as an im~r3~nt mechanism inhibiting immune 
responses after trauma or burn injury , 

In summary, it appears that after serious injury in man cellular 
immune responses are inhibited. The mechanism underlying this inhibition 
appears to be chiefly a failure of production of IL 2 by T lymphocytes. 
This results not only in an impairment of cellular immunity against 
certain micro-organisms, but also in impairment of antibody formation 
against bacterial products. In turn, the mechanism underlying the 
impairment of IL2 production by T lymphocytes in these patients may be 
inhibition by PGE2 produced by activated cells of the monocyte/macrophage 
lineage. 
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METABOLIC MEDIATORS IN INJURY 

D. W. Wilmore 

Harvard Medical School, Brigham and Women's Hospital, 75 
Francis Street, Boston, Massachusetts 

Physiologic responses following injury are initiated by signals 
arising locally from the wound or inflammatory focus. Both neural and 
circulatory pathways are utilized in the transmission of these signals. 
The pathways to and integration of the signals in the central nervous 
system are essential for many of the responses to occur. For this reason, 
the myriad of mediators and physiologic mechanisms which are activated 
can be considered as part of a "reflex arc" with mediators and response 
pathways serving as afferent or efferent "limbs" in relation to the central 
nervous system. In addition, local or circulatory mediators may bypass the 
central nervous system and initiate responses directly. (Figure 1) Our 
understanding of these regulators and pathways is incomplete; some 
responses, for example synthesis of actue phase proteins, may occur without 
mediation via the central nervous system. 

AFFERENT SIGNALS 

Neural Afferents 

One of the most important initiators of the injury response, at least 
in the early period following trauma, is the stimulation of peripheral 
nerve endings in the damaged tissue. This neural pathway is the most 
rapid route by which to signal the brain that tissue injury has occurred, 
and it is primarily manifest as pain. Egdahl and Richards demonstrated 
that stimulation of the femoral nerve in the anesthetized dog resulted 
in an immediate rise in l7-hydroxycorticoid output from the adrenal gland! 
When all tissues of the canine hindlimb had been severed except the femoral 
nerve, artery, and vein, a similar response was obtained to a burn injury 
on the limb? This immediate rise in cortisol secretion was prevented or 
abolished if the nerve was transsected before or following the burn injury, 
demonstrating that an intact afferent nerve supply from the area of injury 
was essential for the normal adrenocortical response to occur. In this 
model, circulating factors did not appear to mediate responses. In further 
dog studies, the spinal cord or medulla oblongata was transsected, the 
median eminence of the hypothalamus was ablated or the anterior hypothalamus 
or pituitary removed~ These studies demonstrated the necessity for each 
of these structures to be intact in order for a normal adrenocortical 
response to trauma to occur. Removal of the cerebral cortex and thalamus 
did not alter the ability of the animals to respond appropriately. 
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These experiments are consistent with the observations in humans that the 
cortisol response to operative injury is absent in patients with spinal 
cord transsection above the level of injury. Spinal and epidural 
anesthesia appear to have similar effects with respect to operative 
stimuli, although cephalad transmission of nervous signals may not be 
blocked as completely as with cord transsection, and co-existing afferent 
pathways, such as splanchnic and vagus nerves, may be present. 

Afferent pain pathways are not the sole route for nervous stimulation 
of the hypothalamus and anterior pituitary gland. Conscious appreciation 
of pain is not necessary for the adrenocortical response to injury or 
operation, although it may be a sufficient stimulus. The animal experi­
ments described above were carried out under barbiturate anesthesia, 
and active cortisol responses were documented when the integrity of the 
neuroendocrine axis was maintained. In patients underoing abdominal 
hysterectomy, administration of epidural morphine, which inhibits noci­
ceptive pathways without concomitant sympathetic blockade, had minimal 
effects on intraoperative elevations of plasma cortisol and glucose, but 
blocked the usual postoperative rises . 4 These responses were totally 
prevented by the use of epidural bupivicaine which does interrupt afferent 
sympathetic pathways. 

330 

Alferenl 
Neurol 
Signols 

MAJOR PATHWAYS MEDIATING METABOLIC RESPONSES 
TO TRAUMA AND SEPSIS 

-.................. 

BONE 
MARROW 

~ SKELETAL 
~ MUSCLE 

Piluilory Hormones; 

PANCREAS 

• Glucogon 
• Minerolocorlico.ds • Insulin 
• Calecholamines 

Figure 1 



Afferent nervous signals from the area of injury are transmitted 
rapidly via the spinal cord to the hypothalamus and pituitary. These 
signals are fundamental in initiating adrenocortical responses following 
operation and injury. Nonetheless, there is abundant evidence that humoral 
substances serve, in addition to neural signals, as afferent mediators. 
Denervation of burn wounds by the application of topical anesthetic or 
interruption of neural afferents to the brain by spinal anesthesia fails to 
alter the hypermetabo1ic response to burn injury.5 Synthesis of acute phase 
proteins is unaffected in quadriplegic burn patients. Operative injury in 
denervated areas of paraplegic patients resulted in altered albumin 
metabolism, ~z globulin concentrations, and erythrocyte sedimentation rates 
comparable to responses observed in non-paralyzed patients. 6 Epidural 
anesthesia blocks afferent sympathetic impulses and hormonal responses to 
lower. abdominal surgery, but does not affect changes in coagulation, fibrin­
olysis or acute phase proteins. 7 Regulatory systems distinct from the neuro­
endocrine axis must also mediate host responses to injury and sepsis. 

Inter1eukin-1 (Endogenous Pyrogen and Other Lymphokines) 

Fever is a universally recognized sign of disease processes, whether 
they are infectious, traumatic, inflammatory or immunologic in nature. In 
1948 Beeson and Bennett demonstrated that sterile inflammation in the rabbit 
peritoneal cavity and canine pleural cavity induced host white blood cells 
to produce a substance termed "endogenous pyrogen," which caused fever when 
injected intravenously into rabbits. 8 This pyrogenic activity is only one 
of numerous biologic effects attributed to the protein molecule (or 
closely related family of molecules) now referred to as inter1eukin-1 (IL-1). 
Inter1eukin-1 is synthesized by macrophages, both circulating and fixed, in 
response to a wide variety of stimuli; bacteria and their products appear to 
be among the most potent stimulators of IL-1 production. Because of its 
multiple biologic effects, inter1eukin-1 has been referred to variously as 
endogenous pyrogen (EP), leukocytic pyrogen (LP), lymphocyte activating 
factor (LAF), leukocyte endogenous mediator (LEM), and mononuclear cell 
factor ~MCF). Its activities include induction of fever, neutrophilia, and 
synthesis of acute phase proteins and depression of plasma iron and zinc, all 
of which are characteristic responses observed following injury and infec­
tion. In addition, it has been shown to have a role in activation of B- and 
T-1ymphocytes, augmentation of natural killer cell activity, and stimulation 
of fibroblast proliferation in vitro. Iso1ation(ofinter1eukin-1 or active 
fragments from the blood of patients following injury and during sepsis 
has been achieved only recently, and its precise amino acid structure has only 
recently been determined. Our knowledge of its biologic effects in humans is 
incomplete. Nonetheless, IL-1 appears to be a key mediator of physiologic 
responses with important host defense and wound healing functions. 

Inter1eukin-1 is absent in unstimulated macrophages or present only in 
very small quantities. It must be synthesized de novo in response to a 
specific stimulus, requiring a number of hours. The biologic effects of 
inter1eukin-1 likely result from nonspecific increases in membrane phospho­
lipase activity.9 Arachidonic acid is released and serves as substrate for 
either the cyc1o-oxygenase or 1ipoxygenase pathway, depending on the 
specific cell type, and yielding prostaglandins, or 1eukotrienes. 
The proposed mechanism by which IL-l induces fever is the stimulation of 
prostaglandin E2 synthesis in the thermoregulatory center of the hypothal­
amus, resulting in elevation. of body temperature setpoint. Induction of 
fever by IL-l, but not all of its other activities, can be blocked by 
inhibitors of the cyclo-oxygenase pathway of prostaglanding metabolism such 
as aspirin, indomethacin, and ibuprofen. The mechanism(s) by which IL-1 
achieves its other effects is unknown, but does not appear to be mediated 
by cyclo-oxygenase inhibitors. IL-l may act directly on tissues and cells, 
for instance activating T- and B-lymphocytes and inducing hepatic acute 
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phase protein synthesis, without the central nervous system playing a role. 
Other "serum" factors may be required to mediate these cpanges. These 
circulating factors, such as tumor necrosis factor (TNF) and the interferons, 
are elaborated by macrophages following injury. The role of these substances 
following trauma is yet to be determined. 

Exogenous pyrogens 

Microorganisms and their products are powerful inducers of host IL-l 
synthesis, but endotoxin, a lipopolysaccharide moiety of gram-negative 
bacterial cell walls, also acts independently of IL-l as a circulating 
factor capable of initiating a variety of host responsesJD,11 Egdahl 
demonstrated that endotoxin acts directly in the central nervous system, 
causing fever and accelerated adrenal release of cortisol and epinephrine 
via ACTH and efferent sympathetic pathways, respectively.12 Circulating 
endotoxin has profound systemic effects, particularly on the cardiovascular 
system, causing hypotension, and may account, along with other mediators 
such as IL-l,and TN~for the qualitative differences in host responses to 
sepsis compared to accidental injury uncomplicated by infection. There has 
long been speculation about the role of endotoxin in shock states and pro­
longed critical illness. Although gram-positive bacteria are not thought 
to yield endotoxin, these organisms still have pyrogenic activity. Enteric 
organism may trans locate across the gastrointestinal tract following injury 
and thus mediate many of the responses observed. 

Other Humoral Mediators 

The prostaglandins are oxygenated fatty acids derived from membrane 
phospholipids, which serve as potent biological regulators. Elevated levels 
of prostaglandins have been demonstrated in the lymph fluid draining burn 
wounds, and in the blood of patients during shock. Prostaglandins have also 
been proposed as regulators of a variety of cell and organ functions, and 
their local production can be stimulated by bradykinin, thrombin, hypoxia, 
and hypotension. Thus, local regulation of metabolic pathways may occur. 
One such effect may be the initiation of skeletal muscle proteolysis via 
prostaglandin E2 (PGE2), which appears to be a locally mediated event 
causing increased degradation of skeletal muscle protein and release of 
amino acids. 13 There are undoubtedly many substances, such as the plasma 
kinins, superoxide radicals, leukotrienes, and others, which are 
synthesized or released as a result of local tissue injury. Their roles in 
systemic responses are not clearly defined. 

EFFERENT SIGNALS 

The Role of the Catabolic Hormone 

The catabolic hormones epinephrine, glucagon, and cortisol are all 
generally elevated following critical illness but their exact role was not 
established until Sherwin and associates described their syn/ergistic inter­
action in a series of animal and human experiments. 14 The separate infusion 
of cortisol, glucagon, and epinephrine each resulted in a transient increase 
in hepatic glucose production. When the three hormones were infused 
together, a synergistic effect was noted, and glucos~ production was 
consistently elevated during the 6 hour period of infusion. 

These studies were continued and expanded by Bessey and colleagues, who 
administered the three catabolic hormones intravenously, alone or in combina­
tion, to normal subjects for 72 hours. A variety of metabolic measurements 
were performed to determine the metabolic effects of these hormones. IS 
Combined hormonal infusion resulted in hyperglycemia, hyperinsulinemia, 
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Table 1. Some Metabolic Effects Which Occur with Infusion 
of Glucagon, Epinephrine, and Hydrocortisone 

Control Hormonal Infusiona 

Metabolic Rate 
(kcal/hr·m2) 32.24±l.OS 38.42±l.3l 
Urinary Nitrogen 
(g/day) ll.8±O.7 l4.8±O.9 
Nitrogen Balance 
(g/day) -O.2±O.4 -3.S±O.4 
Sodium Excretion 
(mEq/day) 237±l7 132±l4 
Potassium Excretion 
(mEq/day) 93±2 122±S 
Basal Glucose 
(mg/dl) 94±2 133±4 
Basal Insulin 
(~U/ml) 8±l 22±3 

aAll values different, p<O.OS. 

diminished whole body insulin-mediated glucose disposal, and reduced forearm 
glucose uptake. At the end of the 72 hour infusion, hepatic glucose produc­
tion was significantly elevated in comparison with controls who received 
only normal saline. When endogenous glucose and/or insulin was given, 
endogenous glucose production was not completely suppressed, in contrast to 
total suppression observed during the control study. In addition, hyper­
metabolism occurred throughout the period of hormonal infusion, and meta­
bolic rates increased approximately 207. (Table 1). The patients maintained 
nitrogen equilibrium during the control arm of the study, but increased 
their urinary excretion of nitrogen during hormonal infusion and excreted 
approximately 17 g of nitrogen per day. Because food intake was fixed at 
approximately 14 g protein per day, negative nitrogen balance of approxi­
mately 3 g per day occurred in all subjects during hormonal infusion. 

Isotopic studies demonstrated that the hormonal environment increased 
protein turnover and was particularly associated with increased protein 
catabolism. 

The Hormonal Environment and Inflammatory Mediators 

The infusion of catabolic hormones into healthy, normal subjects, in 
part, mimics the endocrine environment of critically ill patients. As a 
result of hormonal infusion, there is an increase in metabolic rate, hyper­
glycemia, hyperinsulinemia, skeletal muscle insulin resistance, accelerated 
nitrogen turnover, and negative nitrogen balance. However, a variety of 
alterations commonly observed in critically ill patients was not seenj in 
particular, hormonal infusion did not induce fever, marked leukocytosis, 
hypoferremia or alterations in circulating concentrations of acute phase 
proteins. To induce tissue inflammation and evaluate the systemic responses 
which occur following inflammation, we injected etiocholanolone, a naturally 
occurring pyrogenic steroid, intramuscularly in normal volunteers. Some 
subjects received only etiocholanolone injections16 , while others received 
the injections along with an infusion of catabolic hormones17. Etiocholano­
lone injection resulted in fever, leukocytosis, elevation in C-reactive 
protein, and hypoferremia. However, concentrations of the catabolic hor­
mones remained at normal levels and blood glucose and protein metabolism 
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Table 2. The Induction of Interleukin-l by the 
Intramuscular Injectionof Etiocholanolone 
and its Metabolic Effects (Mean±SEM) 

Peak Rectal 
Temperature (OF) 
WBC (cells x 103/mm3) 
C-Reactive protein 
(mg/dl) 
Serum Iron (~g/dl) 
Urinary Nitrogen 
Excretion (g/day) 
Nitrogen Balance 
(g/day) 
Plasma Glucose 
(mg/dl) 
Serum Insulin 
(~U/ml) 

Control 

99.3±O.1 
6.9±O.4 

0.6 
72±13 

ll.9±0.4 

-0.5±0.3 

94±2 

B±l 

ap<0.05, when compared to controls 

Etiocholanolone 
Injection 

lOO.9±0.3a 
ll.2±0.5a 

3.6±0.7a 
30±4a 

12.1±O.6 

-0.2±0.5 

96±2 

was no different than in control studies. The fed subjects remained in 
nitrogen balance (Table 2). 

When etiocholanolone was given in conjunction with hormonal infusion 
the entire spectrum of responses commonly observed in critically ill 
patients occurred. Some of these responses could be ascribed solely to the 
hormonal infusion, others to the inflammatory mediators; and finally, some 
responses were a result of interaction between the two stimuli. Hyper­
metabolism and hyperglycemia, insulin resistance, and negative nitrogen 
balance were predominantly mediated by the infusion of the counter-regula­
tory hormones. Etiocholanolone injection resulted in fever, acute phase 
protein synthesis, and hypoferremia. Leukocytosis, temperature, and 
C-reactive protein response were reflected in interaction between the two 
stimuli. Because of this interaction, we hypothesize that both inflammatory 
and endocrine mediators are important stimuli of the metabolic response to 
critical illness. Both sets of mediators are necessary for a complete 
manifestation of the host response, although in our model system the 
predominant catabolic features of the response were attributable to the 
hormonal mediators, while 'acute phase' responses were mediated primarily 
by the presence of the inflammatory mediators. 
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The Defence & Civil Institute of Environmental Medicine 
Downsview, Ontario, Canada 
1 Department of Surgery, University of Toronto, 2 The Ross Tilley 
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INTRODUCTION 

Thermal injury induces the most complex array of physiological dysfunction 
known. Extensive research effort has led to an understanding of some of the 
changes occurring following a major burn, yet early pathological changes have 
been documented to be different from those of later phases and great difficulties 
have arisen in determining cause-and-effect relationships in these changes. For 
example, intensive first treatment using specific, systemic and local therapy suc­
cessfully delays mortality in the early phase of very severe burns but has little 
relationship to the outcome. This was observed where burn victims, treated early, 
survived initially in greater numbers than those devoid of early treatment (48% 
greater at day 4, 32% at day 12), whereas the difference was only 7.3% at 2 
months 1. The fatal outcome of the late phase is ascribed to multiple organ sys­
tem failure (MOSF) but not always to concomitant sepsis, for often bacteria can­
not be detected in up to half the patients who die 2. Where sepsis had been well 
controlled and was not confirmed at death, it had been surmised that infection 
was not the primary cause of death. In this situation, devitalized tissue and/or 
circulating endotoxin have been thought to perpetuate some mediator-induced 
response which lead to MOSF2. Evidence in animal models suggests, however, 
that endotoxic shock and burn shock are two different pathologies. Whereas 

endotoxin mediates its effects through lipid peroxidation via the production of 

oxygen free radicals, and catalase and superoxide dismutase can reverse these 

effects, burn shock is not protected by these enzymes 3. Thus endotoxin, when 
present, may not be the main mediator of late death in burns. 
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One significant system which can undergo failure is the immune system, 
specifically the T cell system (anergy). It was shown that the degree of T cell 
failure correlated well with mortality rates 4, but in the debate on whether 
anergy causes sepsis or is caused by sepsis, arguments are offered for both 
interpretations. Early studies on T cell function in burn injury 5,6 ascribed the 
failure to an activation of non-specific suppressor cells, as cocultures of normal 
lymphocytes with burn patients' lymphocytes gave lower than nor!Ilal responses. 
Again bacterial endotoxin was claimed as the mediator which activated suppres­
sor cells 7, as it was known that polyclonal B cell activators could lead to genera­
tion of suppressor lymphocytes 8. In particular, suppression was claimed to 
involve the macrophage which releases prostaglandin E (PGE) and interleukin-1 
(ILlb upon stimulation with endotoxin. PGE would then induce the suppressor T 
cell . However in burn patients' circulating cells ILl levels proved to be more or 
less in the normal range up to 50 days post burn, and PGE levels in plasma did 
not correlate with immune suppression 10. Thus, the question of endotoxin­
mediated suppressor cell activation in burn trauma may be factitious, especially 
as a result of direct measurements of the suppressor lymphocyte marker OKT8. 
After the first week, numbers of post burn OKT8-positive cells were shown to be 
normal, and the low T4/T8 ratio was due to a decrease in number of T4 helper 
lymphocytes 11,12. 

Our analysis of burn patient's humoral and cellular immune status revealed 
an abnormally high immunoglobulin (Ig) production in vitro in the first few 
weeks, followed by a depressed response which was either transient in survivors, 
or permanent in non-survivors. These changes did not correlate well with the 
proliferative responses to conventional mitogens 13 but were well correlated with 
the allogenic responses in the mixed lymphocyte reaction (MLR) 14,15 suggesting 
T helper cell functional failure. 

We observed further, that production of both IL2 and its receptor (IL2R) in 
burn patient's lymphocytes was markedly s'lffressed during or shortly before the 
functionally observed immunosuppression 1 , 7. IL2R levels decreased over the 
post burn period, but if they remained above 50% of the first day level they 
increased again leading to survival. Once below 50% of the first day level, expres­
sion of IL2R continued to drop until death. Addition of IL2 to survivors' cell cul­
tures increased both the number of IL2R and the MLR response. In non­
survivors' cells, IL2 also raised the IL2R levels, but did not reverse the low MLR 
functional response. Thus, terminal burn injury appears to affect the expression 
of IL2 functional receptors 18 

This report deals with our preliminary examination of IL2 function and fac­
tors implicated in post burn immunosuppression, such as post burn serum, PGE2, 
and a very well characterized lipid-protein complex induced in skin by burning 
(Cutaneous Burn Toxin, CBT). This toxin is known to depress the in vivo 
immune response to Pseudomonas 19 and the in vitro lymphocyte proliferative 
response 20 
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MATERIALS & METHODS 

Preparation of peripheral blood mononuclear cells (PBMC), culture condi­
tions and enumeration of IL2R-expressing cells by flow cytometry, were per­
formed as described in detail elsewhere 17. Assessment of Ig production in 
fokeweed mitogen stimulated PBMC cultures was performed as described before 

5. Post burn sera were tested at a concentration of 10% (v/v), IL2 (Biogen 
Corp.) was used at 20U/ml, PGE2 (Sigma Co.) at 10-6 to 1O-8M and indometha­
cin (Sigma Co.) at a concentration of 1J.lg/ml. CNBr-activated Sepharose 4B 
(Pharmacia) and monospecific anti-PGE2 serum (Sigma Co.) were utilized for the 
affinity chromatography adsorption of post-burn sera. CBT was isolated and 
purified from burned human skin following the procedures of Dr. G. Schoenen­
berger 21 in his laboratory. Antiserum to CBT was produced in sheep and the 
immune globulin fraction was the gift of Dr. G. Schoenenberger. The human 
IL2-dependent cell line 22 was generously provided by Dr. R. M. Corczynski of 
the Ontario Cancer Institute, Princess Margaret Hospital, Toronto. These cells 
were cultured at 105/ml in microwell plates in volumes of 0.1 ml with tritiated 
thymidine (lJ.lCi in 50J.ll) added at the 48th hour. Plates were harvested at the 
64 th hour. Standard IL2, when added in 50J.ll, was in a dilution calculated to pro­
mote proliferation registering about 4000 cpm. 

RESULTS 

IL2-bearing cells were enumerated in ConA-stimulated PBMC from normal 
controls and from burn patients at day 1 and at the time of maximal immu­
nosuppression which varied from day 10 to day 40. IL2 added to these cultures 
increased the percentage of IL2R-positive cells in all cultures (Table 1). The addi­
tion of indomethacin (1M) to cultures had no effect on normal receptor levels or 
on receptor expression at the time of immunosuppression; but it did increase the 
expression on cells isolated on the first day of the injury. 

When PGE2 was added to cultures of normal PBMC in the presence of nor­
mal human serum (NBS), there was a drop in percentage of IL2R-positive cells. 
IL2 in these cultures reversed the inhibition caused by PGE2 (Table 2). Post burn 
(PB) serum isolated on day 1 was not suppressive of IL2R expression, but serum 
isolated at the time of immunosuppression (days 10 to 40) was. Removal of 
PGE2 from immunosuppressive serum, using antibody to PGE2 did not com­
pletely reverse the inhibition. These results suggested that immunosuppressive 
sera contain factors other than PGE2 which affect IL2 receptor expression. 

The toxin from burned skin is known to appear in patient plasma increas­
ingly after thermal injury 23. To study the viability of PBMC in the presence of 
CBT, cultures of 106 cells/ml were established with CBT ranging from 0.25 to 10 
J.lg/ml. The percent viable cells after 48 hours was enumerated by trypan blue 
staining and the numbers of cells per ml were counted using the Coulter Counter. 
CBT had no effect on the viability of PBMC (Table 3). As a test for it::; effect on 
immunoglobulin production, CBT was incubated in vitro with 5 x 105 PBMC/ml 
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and pokeweed mitogen at 1Oltg/ml. From 0.15 to 0.5 Itg/ml, CBT did not inhibit 
IgG production but 1.25 and 2.5 tg/ml concentrations were suppressive (Fig 1). 
Supernatants from cultures of 10 cells/ml incubated in the presence of 5ltg/ml 
phytohemagglutinin, and with CBT ranging from 0.12 to 1OItg/ml, produced 
decreasing amounts of IL2. The IL2 was assayed by the growth of an IL2-
dependent human T cell line (data not shown). The direct effect of CBT on proli­
feration of this IL2-dependent cell line, in the presence of a standard amount of 
IL2, was to inhibit the growth increasingly as the concentration of CBT increased 
(Fig 2). Fifty percent of the optimal growth occurred in the presence of about 
1.01tg/ml CBT in this system. 

DISCUSSION 

Some laboratories have recently focused on the failure of IL-2 function in T 
lymphocytes of severely burned patients 10,11,17. Since it is known that PGE 

inhibits the production of human IL2 9, we tested the sensitivity of lymphocytes 

from the burn patients, to induction of receptors for IL2, in the presence of 
indomethacin. At the time of the patients' immunosuppression (days 10 to 40), 
the decreased percentage of IL2R-bearing cells was not augmented by 1M. On the 
first day, however, 1M did augment the percentage of IL2R-positive cells. This 
indicated that endogenous PG production in PBMC was active on the first day 

but not at the time of immunosuppression. A biphasic release of eicosanoid meta­
bolites in burn patients was reported 24 to be very high on day 1 and was then 
exhausted. Our findings are consistent with this pattern. Thus, the immu­
nosuppression of the later period, characterized by reduction in helper cell 
numbers and in IL2 function, was not dependent on endogenous eicosanoid meta­
bolism. 

When PGE2 was added to cell cultures of normal subjects, in concentrations 
known to be immunosuppressive in vitro, it reduced the percentage of IL2R­
positive cells. However, this reduction was reversed in the presence of IL2. Serum 
from patients on the first post-burn day did not suppress levels of IL2R expres­
sion, but at the time of immunosuppression burn serum did lower the percentage 
of IL2R-positive cells. However added IL2, and the removal of PGE2 both 
brought the percentages of IL2R-positive lymphocytes up to similar levels, but 
not completely to the normal control level. This suggested that factors affecting 
IL2R, other than PGE2, might exist in the immunosuppressive serum. 

In recent years, immunosuppressive serum factors have been gaining atten­
tion and are reported to be of a variety of molecular sizes 10, 24, 25, 25. The 

lipid-protein complex from burned skin, CBT, was known to have immu­
nosuppressive properties 19,20. It appears in the plasma of burn patients at con­

centrations ranging from 10 to 100 Itg/ml 23, with a peak at about the sixth day 
post-burn 27. When it was incubated with PBMC, to observe its effect on cell 

viability, no deleterious effects were noted in vitro in 48 hours. However in 

assays of immune function, CBT at 1.25 and 2.5 Itg/ml caused a marked 
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Table 3. Effect of CBT on growth and viability of PBMC 

cultured at 37 0 C for 48 Hrs. 

CBT concentration (JIg/ml) 

0 0.25 0.5 1.0 2.5 5 10 

Cell concentration 

(X 1O-6/ml) Mean 

o Hrs: 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

48 hrs: 1.73 1.76 1.63 1.86 1.68 1.87 1.80 1.77±O.lO 

Viability 

% 

o Hrs: 94.8 94.8 94.8 94.8 94.8 94.8 94.8 

48 Hrs: 93.2 91.5 86.9 90.5 9004 86.3 87.0 88.8±2.3 
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inhibiton of PWM-induced IgG production by PBMC at 5 x 105/m!. As well, 
PHA-induced IL2 production was arrested. The complex, at about 1.0 {lg/ml, 
directly inhibited 50% of the 15roliferative response of a human IL2-dependent 
cell line cultured initially at 10 cells/ml in the presence of IL2. It is yet unk­
nown whether CBT exerted its effect by binding IL2, or had a direct effect on the 
membrane IL2R. 

Proper'IL2 function now appears to be critical to the late burn mortality, as 
non-survivors' lymphocytes cannot functionally respond to exogenous IL2 18. 
CBT had earlier been implicated in late burn mortality 28, because CBT plasma 
levels correlated with patient death, to a highly significant degree, by probit 
analysis HI . It is significant therefore, that CBT interferes with a mechanism so 

critical to recovery from thermal injury. Curiously, early eschar excision and 
wound closure, involving extensive surgery and multiple anaesthesics, are pro­
cedures which themselves should be immunosuppressive. Yet they are known to 
improve the immunologic depression profoundly 2g. This is supported in animal 
models 30,31. Thus, evidence exists which links thermal injury of skin to an 
immune failure in severe burns. Skin has an immunological function 32 and CBT 
may be a complex of some immunoreactive material in skin perhaps reacting with 
IL2 or its receptor. However, immunosuppression mediated by CBT will have to 
be weighed in consideration with other immunosuppressive factors. 
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EFFECT OF THE ACUTE * STRESS RESPONSE 

S.E. Calvano, J.D. Albert, A. Legaspi, B. Organ, K.J.Tracey, S.F. 
Lowry, G.T. Shires, A.C. Antonacci 
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DJ'DODUCTIOH 

In his now famous treatise of 1897, "Adaptation in Pathological 
Processes," Doctor Will iam WeI ch discussed the dynamic physiologic and 
evol utionary mechanisms at work in an organism's adaptive response to 
various 1 ife-threatening pathologic processes. In his paper, Doctor 
Welch aptly suggested: 

that the adaptability of this mechanism to bring about 
useful adjustments has been in large part determined by the 
factors of organic evolution, but that in only relatively few 
cases can we suppose these evolutionary factors to have 
intervened on behalf of morbid states. For the most part, the 
agencies employed are such as exist primarily for physiologic 
uses. and while these may be all that are required to secure a 
good pathologic adjustment. often they have no special -fitness 
for this purpose-

In any discussion of the adaptive responses to the pathologic 
processes induced by trauma, the al terations observed in host defense 
mechanisms are among the most important to the survival of the organism 
in the morbid state. Whether a good pathologic adjustment is secured 
depends, in 1 arge part, on a successful "series" of pathologic 
adjustments to the recurrent threats of immune deficiency and septic 
infection. However, these threats often arise as the final "coup de 
grace" in an organism's frequently unsuccessful struggle to adapt to the 
complex phenomenon of trauma. As such, trauma must be viewed as a 
dynamic insult, extending and increasing in complexity well beyond the 
initial encounter with host as a series of interactions among adaptive 
responses, and including the pathophysiologic sequelae of adaptation and 
the introduction of new infl uences. Indeed, host defense must not be 
viewed as an isolated entity, but rather as an integral element of the 
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clinical .didactic, sensitive to the effects of organ system change and 

capable of exerting its own beneficial and deleterious effects on other 

organ systems. Successful immunologic adaptation, therefore, is more 

accurately determined by how significantly immunologic homeostatic 

balance is affected by the complex phenomenology of trauma, i.e., the 

immunologic effects of (a) the acute stress (adrenocortical response), 

(b) neuroendocrine influences, (c) nutritional deficiency, (d) the 

infection itself, or (e) medical intervention, and others. 

This paper will concentrate on the immunologic effects of the acute 

stress response to burn induced immunodeficiency. 

BACKGROUND 

Severe injury be it from surgery, trauma, or burn, represents a 

monumental challenge to homeostasis. Indeed, it has long been assumed 

that during the response to injury, homeostasis, in the strict sense, is 

foregone as regulatory systems coordinate to maintain vital functions at 

the expense of less vital ones. However, following the most severe 

injuries it is clear that physiologic regulation often does not occur in 

a coordinated and adaptive fashion. This should not be suprising since 

prior to modern clinical intervention, such severe injuries were 

invariably fatal, with survival past the shock phase a rare occurrence. 

Thus, from an evolutionary perspective, adaptive mechanisms to cope with 

post-shock injury could not have been selected and, as a result, 
disordered and inappropriate regulatory system responses following 
recovery from shock would be the rule rather than the exception. 

Thermal injury represents such a condition of severe stress, both 

physiologically and psychologically. Intuitively, one would therefore 

expect that stress-associated hormones such as corticosteroids and 

catecholamines would be elevated following injury. Indeed, this is the 

case with many of the deleterious physiologic sequelae of injury being 

attributed to chronic activation of "stress hormone" systems. 

Corticosteroids have long been employed as effective 

immunosuppressive agents (Gabrielsen and Good, 1967 1; Makinodan et al., 

19702 ). Al though species differences exist, administration of 

corticosteroids or their derivatives generally produces a consistent 

pattern of hematologic and immunologic change. This includes rapid 

lymphopenia, monocytopenia, eosinopenia and granulocytosis (Dougherty 

and White, 19443 ). These cellular changes have been considered to be 

due either to lysis (Dougherty and White, 19454 ; Claman, 1972 5 ), or 

redistribution of cells to an extravascular compartment (Claman, 19725 ; 

Cohen, 19726 ; Berney, 19747; Fauci, 19748.) Immunologic changes include 
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thymic involution (Dougherty and White, 19454 . Claesson and Ropke 
9 " 1969 ), depressed cell-mediated immune responses reflected by decreases 

in: T kill er and natural kill er functions (Fernandes et al., 197510; 
Parrillo and Fauci, 197811; Oshimi et al., 198012), T cell blastogenesis 
(Webel et al., 197413 ; Blomgren and Andersson, 1976 14 ; Neifeld and 
Tormey, 197915), mixed lymphocyte responsiveness (Ilfeld et al., 197716; 
Katx ana Fauci, 1979 17 ), graft versus host reactions (Medawar and 
Sparrow, 195618), and delayed hypersensitivity responses (Derbes et al., 
1950 19 ; Gabrielsen and Good, 1967 1). Humoral immunity has been 
reportedl y enhanced (Fauci et al., 197820 ) or attenuated (Ell iott and 
St.C. Sinclair, 1968 21 ) by corticosteroids while phagocytic cell 
functions are uniformly inhibited (Rhinehart et al., 1974; 197522,23). 

When administered in pharmacological doses to normal human 

subjects, corticosteroids induce a profound lymphopenia (Dale et al., 
197424 ; Fauci ana Dale, 197425 ; Yu et al., 197426 .) However, this 
lymphopenia does not reflect a generalized reduction in numbers of all 
lymphocytes. Onl y T cel I s are affected and, specificall y, onl y T cel Is 
with helper/inducer function (T cells bearing the T4 or Leu3 cell­

surface markers). Numbers of cel I s with suppressor/cytotoxic function 
(T cells bearing the T8 or Leu2 cell-surface markers) remain constant or 
decrease only slightly. This effect of corticosteroids has been 
documented by Fauci and co-workers (Haynes and Fauci, 197827 ; Cupps et 
al., 198428) using both rossetting and immunofluorescence analyses. In 

the rossetting studies, numbers of circulating Tmu cells (T cells with 
hel per activity) decreased by approximate 1 y 1000/mm3 with onl y sl ight 

reduction in Tgamma cel Is (T cel I s with suppressor activity). When 
similar studies were performed using immunofluorescence techniques, 
identical results were obtained. T4 positive cells were specifically 
depleted from the circulation following corticosteroid administration 

while T8 positive cells were affected only slightly. It should be noted 
that these changes in numbers of T cel Is belonging to the two subsets 
reversed within 24 hours following termination of corticosteroid 

treatment. Further, it seems likely that this quantitative decrease in 
helper/inducer cells and the corresponding relative increase in 
suppressor/cytotoxic cells in the blood is responsible, at least in 
part, for the immunosuppressive effects of corticosteroids. 

On the basis of these studies, the question that immediately arises 

is, where do the T cel I s disappear to during corticosteroid treatment 
and where do they return from following termination of treatment? 
Animal studies (Levine and Claman, 197029 ; Cohen, 19726; Fauci, 19748) 
have indicated that corticosteroids induce sequestration of T cells in 
the bone marrow where they are not normally found in significant 

numbers. Data reported by Antonacci et al. (1982 30 ; 1984b31 ) have 
demonstrated that, following burn injury, an identical pattern of change 
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occurs in peripheral blood lymphocytes as observed following 
corticosteroid administration. Thus, thermal injury was shown to induce 
I ymphopenia that was I imited to T cells bearing receptors for the F c 
fragment if IgM (Tmu cells) or cells bearing the T4 marker. As was the 
case following corticosteroid treatment, numbers of peripheral blood 
Tgamma or T8 positive cells were little affected by burn injury. 
Normalization of these cel I numbers occurred during recovery from the 
injury. 

In contrast to the approximate 3-fol d increase in total cortisol 
observed in most studies, Calvano et al. (1984a32) demonstrated a 10-
fold increase in free cortisol relative to normal controls. This was 
due to the increase in total cortisol along with significant decreases 
in the cortisol-binding proteins, transcortin and albumin. Since 
endocrine dogma asserts that only unbound or free cortisol exhibits 
biological activity, this 10-fold increase reflects the amount of 
bioactive cortisol actually present. It would seem that this dramatic 
increase in free cortisol following burn injury represents a large 
enough increment to account for the same peripheral T cell subset 
changes as observed following exogenous administration of 
corticosteroids. 

Corticosteroids also have direct suppressive effects on lymphoid 
cell activties, as opposed to modulating numbers of cells available to 
participate in and regulate immune responses. T 1 ymphocytes are much 
more strongly affected than are B lymphocytes (Fauci et al., 197425). 

Inhibition of T cell proliferation is the most commonly observed effect 
when corticosteroids are administered in vivo (Fauci and Dale, 197425; 
Webel et al., 1974 13 ) or added to mitogen- or antigen-stimul ated 
mononucl ear cell s in vitro (Blomgren and Andersson, 197614; Crabtree et 
al., 197933 ; Neifeld and Tormey, 197915 .) However, under proper 
conditions, attenuation of cytolytic T cell activity has also been 
reported (Gillis et al., 1979b34; Schleimer et al., 198435). It has now 
been established that inhibition of T cell proliferation by 
corticosteroids is, in turn, due to inhibition of interleukin-2 (IL-2) 
or T cell growth factor production (Crabtree et al., 197933; Gillis et 
al., 1979a36 ; Larsson, 198037 ). Exogenous administration of IL-2 to 
cultures treated with corticosteroids restores proliferation to normal 
indicating that the T cells are primed to respond (i.e., express 
receptors for IL-2) but simply lack a sufficient amount of IL-2 in order 
to do so (Crabtree et al., 197933 ; Gillis et al., 1979b34 ; Larsson, 
198037 ). It is not known if inhibition of IL-2 secretion by 
corticosteroids is in turn mediated by increased 1 eukocyte cycl ic AMP 
levels (Coffey and Hadden, 198538). 
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Most assay systems for quantifying cortisol (as opposed to 

synthetic corticosteroid) -induced inhibition of T cell proliferation 
require substantial (>5 x 10-7M) concentrations of steroid for an effect 
to be observed (Ilfeld et al., 197716; Katz and Fauci, 197917; Neifeld 
and Tormey, 197915). However, one assay that is approximately an order 
of magnitude more sensitive is the autologous mixed lymphocyte reaction 
(Ilfeld et al., 1977 16 ; Katz and Fauci, 197917 ). In this system, an 
individual's purified T cells are induced to proliferate when co­
cultured with their own irradiated (or mitomycin C treated) non-T cells. 
Data reported by Antonacci et a1. (1984a 39 ) demonstrated marked 
inhibition of proliferation in autologous mixed lymphocyte culture 
following burn injury. Further, and perhaps most important, addition of 
exogenous IL-2 to burn patient autologous mixed lymphocyte cultures 
restored proliferation to levels observed in normal control cuI tures. 
As pointed out, corticosteroids inhibit T cell proliferation in vitro by 
decreasing lymphocyte production of IL-2, and addition of exogenous IL-2 
to corticosteroid-treated cultures can restore proliferation to normal. 
These results suggest that injury-induced elevations of corticosteroids 
may, in addition to influencing numbers of circulating leukocytes, 
directly· affect T cell activity by inhibiting the production of IL-2. 
Further support for this hypothesis is provided by the work of Wood et 
ale (198440), who directly measured IL-2 production in cultures of 
mitogen-stimulated mononuclear cells from burn patients and normal 
controls. IL-2, but not IL-1, production was found to be significantly 
reduced in the cultures of cells from thermally-injured subjects. 

The obvious similarity between corticosteroid administration and 
burn injury on changes in numbers of peripheral blood T cells belonging 
to the helper/inducer and suppressor/cytotoxic subsets strongly suggests 
that increased output of endogenous corticosteroids following thermal 

injury is responsible for the specific T4 lymphopenia in the blood of 
patients sustaining this type of injury. Whether these T cells are 
sequestered in the bone marrow as happens during corticosteroid 
treatment remains to be demonstrated definitively, but preliminary 
experiments in a rat model of thermal injury indicate a significant 
increase in helper/inducer T cells in the bone marrow on day two post­
injury (Cal vano et a!., 1984b41). 

RESULTS 

In the present study, the relationship between increased 
corticosteroids and immunologic changes following thermal injury was 
elucidated further by administration of a constant infusion of 
hydrocortisone (cortisol) to normal human subjects at a rate designed to 
produce steady-state plasma concentrations which mimic those observed 
after burn. 

353 



Infusion of hydrocortisone was carried out over a 6 hour period. 
Prior to infusion, during infusion at 4, 4.5, 5, 5.5 and 6 hours, and at 
16 hours following termination of infusion, blood samples were obtained 
and the plasma assayed for hydrocortisone by radioimmunoassay. Pre- and 
post-infusion pl asma concentrations of hydrocortisone were within the 
expected normal range, averaging 9.3 and 11.1 ug/dl, respectively. 
However, during infusion, plasma levels of hydrocortisone reached a 
steady-state of 35-40 ug/dl. These plasma concentrations were 
pathophysiological, not pharmacological. A group of 24 thermally­
injured human subjects had a mean hydrocortisone concentration of 47.5 
ug/dl at 24-48 hours post-injury, a level only slightly higher than that 
achieved during hydrocortisone infusion. These data indicate that the 
infusion rate employed was abl e to incre.ase pI asma hydrocortisone in 
normal subjects to an extent that mimics levels observed during severe 
physiologic stress. 

Prior to infusion, subjects were slightly lymphopenic as evidenced 
by an average lymphocyte count of 1139/mm3 (Normal Range = 1500-
3500/mm3). The reason for this is not known, but may be related to 
prior manipulation of the subjects for placement of central venous and 
arterial lines. Nonetheless, during infusion, significant lymphopenia 
ensued with the lowest number (534/mm3 ) of circulating lymphocytes 
observed after 6 hours of infusion. However, by 16 hours post 
infusion, lymphocyte counts had normalized to 2171/mm3 and the pre­
existing slight lymphopenia was no longer present. Hydrocortisone 
infusion al so induced a significant monocytopenia with a time course 
very similar to that of the lymphopenia. 

A group of thermally-injured subjects (N = 26) showed only slight 
lymphopenia at 24 hours post-injury, and completely unlike the response 
to hydrocortisone infusion, these patients manifested dramatic 
monocytosis. These differences between hydrocortisone infusion subjects 
and burn patients may be due to the high rate of catecholamine secretion 
known to occur after severe injury. 

Corticosteroids cause granulocytosis, and during hydrocortisone 
infusion, numbers of granulocytes were significantly elevated by 4 hours 
and had approximately doubled by 6 hours of infusion. Unlike lymphocyte 
counts, numbers of granulocytes were completely normal prior to 
infusion, and there was no difference between pre-infusion and 16 hour 
post-infusion numbers. 

Thermally-injured patients also manifested granulocytosis, but to a 
greater degree than did the infusion subjects. Again, this may have 
been due toa burn-induced catecholamine response since catecholamines, 
like corticosteroids, cause granulocytosis. These data suggest that the 
two hormones may be additive in their effect on granulocyte numbers. 
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T cells, expressed as the percent T3+ or T11+ of total lymphocytes, 
declined gradually during the course of hydrocortisone infusion with 
statistically significant decreases observed at 5.5 and 6 hours of 
infusion. Sixteen hours after infusion, the percentage of T cells had 
returned to pre-infusion levels. 

The decl ine in the percentage of T cell s coul d be accounted for 
almost entirely by a similar decline in the percentage of cells 
comprising the T4 subset. Thus, the percentage of T4+ lymphocytes went 
from 45% prior to infusion to 31% by 6 hours of infusion. Foll~wing 

infusion, the percentage of T4+ cells rose, reaching 48% at 16 hours. 
Since in peripheral blood T4 and T8 are mutually exclusive T cell 
subsets, a decrease in the percentage of T4+ cells should be associated 
with an increase in the percentage of T8+ cells if, as suggested above, 
T4+ rather than T8+ cells left the blood during hydrocortisone infusion. 
The percentage of T8+ lymphocytes did increase during infusion, but at 
no time were these changes statistically significant relative to the 
pre-infusion percentage of T8+ cells. 

At 24-48 hours post-injury, thermal I y-injured subjects showed a 
pattern of change in the percentage of T cells and T cell subsets 
simil ar to that of normal individual s undergoing hydrocortisone 
infusion. Thus, following burn, percentages of T3+ and T4+ cells were 
dramatically decreased while the percentage of T8+ lymphocytes increased 
slightly. It is to be noted that the percentage of T3+ cells decreased 
to a greater extent in the burn patients than in the infusion subjects, 
but the percentages of T4+ and T8+ cells were quite similar in burn and 
infusion subjects. Although burn patients actually manifested an 
inversion in the T4:T8 ratiO, this ratio also was close to 1 after 6 
hours of hydrocortisone infusion. In the thermally-traumatized subjects 
percentages of T3+ and T4+ lymphocytes normalized during recovery from 
injury. 

Following burn injury, the percentage of B cells (identified by 
monoclonal anti-Ia) in burn patients was remarkably similar to that 
found for HLA-DR+ lymphocytes during hydrocortisone infusion. 

Numerical changes in lymphocyte subsets during hydrocortisone 
infusion were dominated by the profound lymphopenia. The T cell 
lymphopenia brought about by hydrocortisone infusion was mostly limited 
to the T4 subset. Thus, while numbers of T4+ cells decreased to an 
extent similar to T3+ cells, numbers of T8+ cells declined only 
slightly. The increase in all T cells following infusion was most 
likely due to the previously mentioned compensation for the slight 
lymphopenia that was present prior to initiating infusion. 
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Burn patients showed decreased numbers of T3+ and T4+ cells, but 

this decrease was not as great as that during infusion. This was 

because lymphopenia in the burn subjects at 24 hours post-injury was not 

nearly as great in magnitude as was the lymphopenia in the infusion 

subjects. In contrast, numbers of T8+ lymphocytes in thermally-injured 

subjects were not different from normal. However, the data does 

indicate that during hydrocortisone infusion the numbers of T8+ ce] Is 

did drop lower than observed in the burn patients. Again, this can be 

attributed to the more profound lymphopenia during hydrocortisone 

infusion. 

Numbers of B cells (HLA-DR+) and LGLs (Leu7+) did not change during 

hydrocortisone infusion. However, at 16 hours post-infusion, there was 

a significant increase in B cells but not LGLs. This suggests that the 

sl ight I ymphopenia observed prior to infusion can be attributed to a 

decrease in both Band T cells, but not LGLs, since these cells did not 

increase in number by 16 hours post-infusion. 

In thermally-traumatized subjects, numbers of B cells (Ia+) were 

higher than seen during hydrocortisone infusion, almost identical to 

pre-infusion numbers, and lower than those observed following infusion. 

The conclusion therefore is that B cells are decreased only slightly or 

not at all following burn injury, a pattern similar to that observed 

during hydrocortisone infusion. 

DISCUSSION 

Previous reports have shown that exogenous administration of 

corticosteroids produces the effects documented here: lymphopenia, 

monocytopenia, granulocytosis, a specific decrease in T4+ lymphocytes, 

and inhibition of lymphocyte proliferation to mitogens. However, these 

previous studies employed either oral dosing or bolus intravenous 
injection of glucocorticoids. Such routes of hormone administration 

prevented precise control of plasma steroid concentrations. Thus, peak 

concentrations of corticosteroids attained were we] 1 above the normal 

range and must therefore be considered "pharmacologic", not 

"physiologic." 

The present study differs from the above-described reports in that 

plasma hydrocortisone concentrations were controlled by means of a 

constant infusion and were never allowed to rise above levels which the 

adrenal glands normally are capable of achieving. This was confirmed by 

comparing the steady-state infusion plasma hydrocortisone concentrations 

to those observed for a group of 24 thermally-injured patients and 
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noting that both groups had mean hydrocortisone levels of approximately 

40-50 ug/dl. Interestingly, however, the hematologic/immunologic 

effects of generating these pathophysiological hydrocortisone 

concentrations in normal subjects were similar to those documented in 

previous studies in which pharmacologic levels of corticosteroids were 

employed. This suggests that the threshold for a corticosteroid effect 

is actually quite low and may be relevant in less severe states of 

stress than thermal injury. Alternatively, it may be that the total 

mass of corticosteroid administered is a relevant variable since, in the 

present study, a 60 kg subject would have received 65 mg of 

hydrocortisone over the 6 hour infusion period. 

·Considering these injury-induced changes, one at a time, as 

resulting from the combined effects of elevations in corticosteroids and 

catechol amines, the fol lowing can be predicted. First, injury­

associated lymphopenia produced by elevated corticosteroias may be 

attenuated by the lymphocytosis induced by catecholamines. It is to be 

noted that this is supported by the fact that burn patients had 

hydrocortisone concentrations similar to those of the infusion subjects, 

but only a slight/moderate lymphopenia compared to that observed during 

infusion. Second, monocytosis is observed following burn injury 

suggesting a predominant catechol amine inf 1 uence on these cel 1 s since 

hydrocortisone infusion alone produces monocytopenia. However, at this 

time it is not known if the magnitude of thermal injury-induced 

monocytosis woul d be much greater if there were not concomitant 

elevation of corticosteroids. Finally, it appears that granulocytosis 

following burn injury might be the result of an additive effect of 

corticosteroids and catecholamines since both hormones act to increase 

plasma granulocyte numbers, and granulocytosis after burn injury is 

greater than that produced by hydrocortisone infusion alone. 

As has been suggested previously, the specific decrease in T4+, as 

well as T.mu' lymphocytes may be related to immune dysfunction commonly 

observed following burn injury. However, it has become clear recently 

that the T4 subset further can be resolved into two sub-subsets, helper­

effector and suppressor-inducer. Two-color immunofluorescence analyses 

employing anti-T4 along with either anti-Leu8, anti-2H4, or anti-4B4 can 

be employed to identify these subsets of T4+ cells. Such analyses need 

to be performed following thermal injury as well as after corticosteroid 

administration. But, based on an immunodeficiency hypothesis of thermal 

injury-induced immune dysfunction, the prediction is that the decline in 

T4+ cells in both injury and corticosteroid conditions will be largely 

I imited to the hel per-effector subset of T4. In addition, it appears 

that elevations of plasma hydrocortisone to levels that mimic those 

observed following burn injury are sufficient to produce a functional 

immunologic deficit. 
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The data presented here as well as previous data from this 
laboratory and others thus lend support to the hypothesis that elevated 
corticosteroids are intimately involved in the immunologic changes 
occurring in the early period following thermal injury. Further, since 
immune regulation is a temporal process orchestrated by complex 
interactions among the individual elements comprising the immune system, 
it is suggested that these corticosteroid-induced early events may "set 
the stage" for others, incl uding acti ve immunosuppression, occurring 
later in the post-burn course. 

* Data presented in this paper has been previously presented in the 

following publications 

1. Calvano, S.E., et ale 
Surgery, Gynaecology and Obstetrics, January, 1987, in press. 

2. Calvano, P.E. 
Advances in Host Defence Mechanism. 
Edited by G. T. Shires and J.M. Davis, Raven Press: New York, 
Chapter 6, 1986. 
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NATURAL KILLER CELL ACTIVITY AND LYMPHOCYTE FUNCTION 
DURING AND AFTER OPEN-HEART SURGERY IN RELATION TO 
THE ENDOCRINE STRESS RESPONSE 

E. Tonnesen, M. M. Brinklov and N. J. Christensen 
Department of Anaesthesia, Odense University Hospital, DK-SOOO 
Odense C, Denmark 

The effect of elective open-heart surgery on natural killer (NK) cell 
activity was studied in 20 patients allocated to two different anaesthetic 
techniques. To clarify the mechanisms behind changes in NK cell activity I 
the distribution of lymphocyte subpopulations and lymphocyte blastogenesis 
to PHA were determined. The endocrine response to surgery was measured 
as serum cortisol and plasma catecholamines. 

ANAESTHETIC DATA 

Premedication consisted of diazepam 0.25 mg/kg b.w., morphine 0.25 
mg/kg b.w. and scopolamine 0.003 mg/kg b.w. 

Group I received high dose fentanyl(75-125;ug/kg b.w.) maintained 
with etomidate-fentanyl infusion. Ventilation: oxygen/air. 

Group II received a balanced anaesthesia consisting of fentanyl 
(~ 20),Ug/kg b.w.) maintained with midazolam infusion. Ventilation: 
oxygen7nitrous oxide/halothane. 

METHODS 

51 NK cell cytotoxicity was measured in a 6 hours Cr-release assay 
against K562 target cells (1). 

Circulating lymphocyte subpopulations were determined using mono­
clonal antibodies against the T-cell population (OKT3), the T-hetper cell 
(OKT4), the T-suppressor cell (OKTa), the B-cell population (Bl) and NK 
cells (Leull). Conventional fluorescence microscopy was used. 

Plasma epinephrine and norepinephrine were measured by a single 
isotope-derivative assay (2) and serum cortisol was measured by a compe­
titive protein binding technique (3). 

SAMPLE TIMES 

From each patient 12-14 consecutive blood samples were drawn from an 
arterial line: 

Sample 1: 
Sample 2: 
Sample 3: 
Sample 4: 
Sample 5: 

The day before operation 
Before induction (after cannulation of the radial artery) 
10 min after intubation 
10 min after sternotomy 
Before cardiopulmonary by-pass 
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Sample 6a: After 10 min on by-pass 
Sample 6b: After 40 min on by-pass 
Sample 6c: After 70 min on by-pass or 2 min after initiation of partial 

by-pass 
Sample 6d: After 100 min on by-pass or 2 min after initiation of 

partial by-pass 
Sample 7: 15 min after termination of by-pass 
Sample 8: During skin suture 
Sample 9: First postoperative day 
Sample 10: Third postoperative day 
Sample 11: Sixth postoperative day 

"'l~YI£S 

If 

" 

Changes in leucocyte count, the per­
centage of segmented neutrophils and 
lymphocytes before, during and after 
open-heart surgery. Asterix indica­
tes significant differences (P < 
0.05) between preoperative value 
(Sample 1) and the indicated value. 
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RESULTS AND DISCUSSION 

With respect to sex, age, weight and duration of surgery the two 
groups were comparable. 

NK cell activity fluctuated in the same way in the two groups. After 
a transient increase just before induction of anaesthesia the activity, 
decreased significantly until start of extracorporeal circulation (ECC) 
which was accompanied by a gradual increase. Postoperatively, NK cell 
activity and the lymphocyte response to PHA were significantly depressed 
for 3-6 days. These changes were accompanied with severe lymphopenia af­
fecting the T-lymphocytes (OKT3) with a selective loss of the helper cell 
(OKT4) subset (data not shown). 

The immunological parameters showed only minor differences between 
the groups, whereas the endocrine response differed with a delayed corti­
sol response in Group I. A steep rise in plasma catecholamines occurred 
in both groups during EEC and plasma epinephrine remained significantly 
elevated, although at a lower level, until the sixth postoperative day. 

The results suggest that coronary by-pass surgery is associated with 
two periods, pre-bypass and postoperatively, of marked immunosuppression, 
probably mediated by different mechanisms. Finally, the study suggests a 
correlation between NK cell activity and plasma epinephrines durIng ECC. 
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NATURAL KILLER CELL ACTIVITY DURING EPINEPHRINE 
AND CORTISOL INFUSION IN HEALTHY VOLUNTEERS 

E. T16nnesen, M.M. Brinkl16v, N.J. Christensen 
Department of Anaesthesia, Odense University Hospital 
DK-5000 Odense C, Denmark 

Using a continuous intravenous infusion pattern to simulate some of 
the hormonal changes induced by major surgery the effect of epinephrine 
and cortisol on natural killer (NK) cell activity and circulating lympho­
cyte subpopulations were investlgated. 

MATERIAL 

Twenty healthy fasting volunteers, aged 25-40 years, were allocated 
to receive either a continuous intravenous infusion of cortisol 5 pg/kg 
b.w./min for five hours (Group I), epinephrine 0.05 pg/kg b.w./min for 
one hour (Group II), cortisol for five hours with simultaneous infuslon 
of epinephrine during the last hour (Group III) or saline for five hours 
wlth simultaneous infusion of saline during the last hour (Group IV). 

BLOOD SAMPLING 

The first sample was taken immediately before start of infusion 
(0 hour) after a rest period of 30 min. Subsequently, in Group I, III, and 
IV, blood was drawn every 60 min during the first four hours of infusion 
followed by sampling every 15 min in the fifth hour. The last blood 
sample was drawn 15 min after completing the infusions. 

In Group II blood was drawn every 15 min during epinephrine infusion 
and finally 15 min after infusion_ 

METHODS 

NK cell cytotoxicity was measured in a 6 hours 51Cr-release assay 
against K562 target cells. 

Circulating lymphocyte subpopulations were determined using mono­
clonal antibodies against the entire T-cell population (OKT3), the T­
helper cell (OKT4), the T-suppressor cell (OKT8), the B-cell population 
(Bl) and NK cells (Leu 11). Conventional flouroscence microscopy was used. 

Total leucocyte count was determined by a Coulter Counter S and the 
differential count was performed automatically. 

Serum cortisol was measured by a competitive protein binding techni­
que. Plasma epinephrine and norepinephrine were measured by a single iso­
tope-derivative assay. 
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RESULTS 

Compared with preinfusion levels cortisol did not induce changes 
either in activity or fraction of NK cells (Leu 11). 

Increasing leucocytosis, neutrophilia and lymphopenia could be demon­
strated after two hours infusion. The lymphopenia was accompanied by a 
significant reduction of the T-cell fraction (OKT3 and OKT4) (Data not 
shown) . 

During epinephrine infusion the fraction of NK cells (Leu 11) increas­
ed significantly (Data not shown). The increase in number of NK cells was 
accompanied by a simultaneous increase in NK cell activity followed by a 
return to pre-infusion levels after termination of infusion. 

Significant leucocytosis occurred without changes in the percentages 
of segmented neutrophils and lymphocytes. 

The T-cell (OKT3) fraction decreased significantly with a selective 
loss of T-helper (OKT4) cells (Data not shown). 

During simultaneous infusion of cortisol and epinephrine NK cell ac­
tivity as well as the number of NK cells (Leu 11) in peripheral blood in­
creased to the same level as during epinephrine infusion alone. 

Leucocytosis and neutrophilia equal to the additive response to the 
two hormones seperately could be demonstrated, whereas the cortisol-indu­
ced lymphopenia was abolished by the addition of epinephrine. 

Infuslon of saline 0.9% for five hours did not induce any changes in 
the resting level or activity of any cell type analyzed (Data not shown). 
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CONCLUSION 

Our results confirm the role of epinephrine as a potent inducer of 
NK cell activity in vivo, whereas no effect of cortisol on NK cell acti­
vity could be demonstrated in the actual infusion design. 
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A LONGITUDINAL STUDY OF THE INFLUENCE OF ACUTE 
MYOCARDIAL INFARCTION ON NATURAL KILLER CELLS. 

INTRODUCTION 

K. Klarlung, B. K. Pedersen, T. G. Theander and V. Andersen 
Department of Cardiology, Copenhagen County Hospital, Gentofte 
Copenhagen, Denmark. Laboratory of Medical Immunology 
Rigshospitalet, University Hospital, Denmark 
Lymphocyte Laboratory, Department of Infectious Diseases 
Rigshospitalet, University Hospital, Copenhagen, Denmark 

Natural killer (NK) cells are thought to play an important role in 
immune surveillance against cancer and certain infections (1). NK cells 
are augmented by interferon (IF) and interleukin 2 (11-2) and inhibited 
by certain prostaglandins (PG), e.g. PGE1, PGE2, PGA1 and PGA2, by 
activated PMNs and by physical stress. The acute myocardial infarction 
represents a condition with the involvement of cellular necrosis and 
severe physical stress. In this study we measured baseline, IF- and 
Il-2-enhanced NK cell activity within 24 hours after clinical symptoms of 
AMI and regularly thereafter for 6 weeks. Furthermore NK cells were 
quantitated by counting large granular lymphocytes (LGL). 

PATIENTS AND METHODS 

Ten patients with AMI, (8 males, 2 females), mean age 58 years, and 62 
sex and age matched healthy controls were studied. Blood samples were 
collected wi thin 24 hours after the AMI and then on days 3,7 and 14 and 
at 6 weeks. NK cell activity of mononuclear cells, isolated by Ficoll 
Isopaque gradient centrifugation was measured against K 562 target cells 
in a Cr-release assay, as previously described in details (2). NK cell 
activity was measured in triplicates at effector/target (E/T) cell 
ratios=80/1, 40/1 and 20/1, only E/T cell ratio=80/1 is given below. In 
vitro incubation of mononuclear cells with IFN_a and 11-2 was 
performed as described (2). LGLs were enumerated by identification of 
medium to large-sized lymphocytes with a relatively high ratio of 
cytoplasma to nucleus, azurophilic cytoplasmic granules and often an 
indented nucleus in cytocentrifuged preparations, stained with 
May-GrUnwald (2). 

RESULTS. 

Baseline NK cell activity on days 1,3,7,14 and at 6 weeks was 
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significantly lower than that of controls (p<0.01 on day 1,3,7, p<0.05 on 
day 14, p=O.05 at 6 weeks). The NK cell activity of the patients on day 1 
was 10.9~6.1% versus 31.1±11.3% in the control group (mean+SD), Fig.1. IF 
as well as 11-2 significantly enhanced the NK cell activity (p<0.01) on 
all five days tested, Fig.2, but neither IF nor 11-2 restored the 
suppressed NK cell activity, except when measured at six weeks. The NK 
cell activity (mean+SEM) of the patients measured at 6 weeks was after 
exposure to IF 47.9±2.9% versus 53.2~2.2% in controls (NS), and after 
exposure to 11-2 36.7~2.2% versus 41.3+~.8% (NS). NK cells were 
quantitated by counting LGLs. The proportion and concentration of LGLs on 
days 1,3,14 and at 6 weeks did not differ from the values observed in 
controls and LGLs did not differ significantly between the days measured, 
except on day 7, where LGLs were increased when compared to day 1 and to 
6 weeks, P<0.01. Similarly a slight, but statistically not significant 
increase in Leu 11 positive cells on day 7 was found. Serum-cortisol 
concentration (mean±SEM) measured day 1 was 0.62~0.10 umol/l versus 
0.44+0.4 umol/l at 6 weeks (NS) (normal range 0.0-0.83). We were not able 
to demonstrate any correlation between maximum ASAT levels, maximum LDH 
levels, leukocyte count,body temperature, plasma cortisol concentration 
and NK cell activity. Furthermore we did not find any correlation between 
medical treatment and NK cell activity. 
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DISCUSSION 

This report demonstrates significantly reduced NK cell activity 
after AMI, which could not be restored by addition of IF or 11-2, 
indicating that the NK cell activity was not suppressed because of low 
production of these compounds. We were not able to demonstrate any 
correlation between serum-cortisol and NK cell activity, and the low NK 
cell activity is thus not likely to be due to a corticosteroid effect. 
The proportion and concentration of LGLs and Leu 11 positive cells were 
normal in the patients. The NK cell defect in patients with AMI is thus 
functional. 
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IMMUNE DEPRESSION AND SEPSIS FOLLOWING INJURY 
THE ROLE AND IDENTITY OF CIRCULATING MEDIATORS 

INTRODUCTION 

J. L. Ninnemann 
Department of Surgery, University of California, San Diego 
La Jolla, CA 92093 

It is well known that profound immunological disturbances often occur 
as a result of thermal or traumatic injuries (1,2). These changes, which 
include serum protein alterations (e.g. complement activation, fibronectin 
depletion, and the generation of immune complexes) as well as compromise 
of cellular functions (e.g. depressed neutrophil chemotaxis and intracellu­
lar killing, suppressor T-cell activation and depression of lymphocyte 
blastogenesis), have been summarized elsewhere (3). Immune problems in 
patients are so far reaching that it has been cynically suggested that the 
study of ~ immunologic parameter following injury is sure to reveal de­
fects of potential clinical importance. Unfortunately, this statement is 
basically true. In general, the greater the extent of the injury, the 
greater the likelihood that clinically significant immunological depression 
will occur. In burn patients, this means that all patients with a greater 
than 40% body surface area injury can be expected to have serious, multiple 
immunological problems and, therefore, be at high risk to sepsis. 

Two clinical manipulations seem critical to reversing the immune 
changes observed in burn patients: removal of the dead or injured tissue 
and restoration of the surface barrier to wound colonization through wound 
closure. Immunological perturbations will persist in burn patients as long 
as these two conditions have not been met. With closure of the burn wound 
often comes rapid restoration of immunological competence and, frequently, 
full recovery of the patient. The earlier each of these clinical manipu­
lations can be accomplished, the earlier immunological restoration will be 
achieved, thereby decreasing the septic threat and increasing patient 
chances for survival. This has become the dominant surgical philosophy 
for treating major thermal injuries (4). 

The question of how immunologic depression in the burn patient is 
mediated, has received a great deal of attention. Experimental studies 
have shown that the general circulation of patients after injury, a major 
operation, or the onset of disease often contains factors affecting vas­
cular permeability, causing hemolytic changes in red blood cells, depress­
ing cardiac output and renal function, causing profound immunosuppression, 
and, in some cases, precipitating mUltiple organ failure. Especially 
interesting have been cross-perfusion experiments in which it has been 
found that the transfer of blood from one animal after thermal injury, 
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can produce these effects in another, normal animal (5). Our own in vitro 
experiments to study lymphocyte competence following injury have shown that 
the response of normal cells placed in burn patient serum is often pro­
foundly impaired (6). On the other hand, the response of burn patient 
lymphocytes removed from the "burn environment" and placed in normal serum, 
returns toward normal following a period of incubation (7). Warden et al. 
have made similar observations using neutrophil chemotaxis as the test 
system (8). It is clear, therefore, that post-injury serum contains medi­
ators which dictate the behavior of, at the very least, lymphocytes and 
neutrophils. In addition, cell behavior appears to be controlled by medi­
ator induced, nonspecific suppressor T cells. The activity of these cells 
is usually mitomycin-resistant, and appears to be short lived since it can 
be abrogated by a short period of cell culture, which may explain the re­
turn to normal of cellular immune response upon removal from the "burn 
environment". 

Typical suppressive activity of sequential serum samples drawn from 
patients with major thermal injuries is summarized in Figure 1, which plots 
post-injury day vs the suppressive activity of patient serum as measured in 
mixed lymphocyte culture. Such studies reveal the presence of immunosup­
pressive substances in the serum of almost all patients with major thermal 
injuries. These substances appear very quickly following injury, and in 
fact can often be detected within 4-6 hours. Suppressive serum activity 
can persist for weeks to months, depending on the severity of the injury. 
As suggested earlier, patient serum loses its suppressive nature as the 
wound is surgically closed and the patient approaches hospital discharge. 
Patients who do not survive have suppressive serum to the very end, and 
suppressive activity often reaches a dramatic peak in terminally injured 
patients shortly before death (10). 
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SOURCES OF SUPPRESSIVE MEDIATORS 

Four potential sources have been the focus of investigations concern­
ing the mediators of injury-induced immune depression: (a) the products of 
the injury itself, which are released into the circulation from the wound; 
(b) endogenous immunoregulatory molecules such as the prostaglandins; 
(c) immunologically active substances from exogenous sources, such as bac­
terial endotoxin; and (d) iatrogenic suppressors, such as derivatives of 
topical agents used for burn therapy. It seems likely that all four 
categories of mediators play clinically significant roles. 

Suppressive Products of Injury: SAP 

Various unique products of burn injury have been proposed to have 
immunologic activity. Perhaps the best known of these is the controversial 
burn-toxin molecule of Allgower and Schoenenberger (11). These researchers 
reported the isolation and biochemical characterization of a high molecular 
weight lipid-protein complex with cell membrane affinity and a nonspecific, 
noncytotoxic immunosuppressive activity. The formation and release of this 
complex appeared to be blocked by the topical application of cerium nitrate 
to the burn wound. In 1977, Hakim reported the isolation and partial puri­
fication of an immunosuppressive peptide from fractionated burn serum, which 
had a molecular weight of 10,000, an ability to inhibit guinea pig peri­
toneal macrophage migration, and suppressive activity vs mitogen-induced 
blastogenesis of normal human peripheral blood lymphocytes (12). A similar 
factor was reported by Garner et al. (13) who isolated a 5-10 kilodalton 
peptide which suppressed the transformation of mitogen-stimulated T and B 
lymphocytes. We have reported the isolation and characterization of a low 
molecular weight glycopeptide in patients with 40% body surface area burns. 
This isolate, given the acronym SAP (suppressor active peptide) has been 
found to suppress T lymphocyte blastogenesis in mixed lymphocyte cultures 
through the generation of a suppressor T-cell population, to inhibit neu­
trophil chemotaxis in a receptor mediated yet nonspecific manner, and to 
hemolyze human erythrocytes by increasing membrane fragility (14-16). Bio­
chemical analysis of SAP has revealed a complex structure, comprised of a 
4000 dalton peptide component rich in glycine and serine and containing 
hydroxylysine and hydroxyproline, and a carbohydrate component containing 
sialic acid (hexose to protein ratio of 1:9 w/w). That SAP can be isolated 
within hours of injury indicates an etiology other than drug, topical or 
treatment related, and suggests an origin other than bacterial. We feel, 
instead, that SAP may be generated as a result of the inflammatory process, 
and our results suggest that the proteolytic degradation of a normal tissue 
component may produce this immunologically active byproduct. The prelim­
inary amino acid analysis of the peptide portion of SAP reveals a charac­
teristic structure related to collagen. It is interesting to note that 
burn toxin isolates of Schoenenberger contained collagen-like material, 
and that attempts to remove this "contaminant" also eliminated biological 
activity (GA Schoenenberger, unpublished observation). Such collagen­
related material could be released by the proteolytic degradation of tissue 
collagen which is known to occur during inflammation (17), or by the break­
down of the collagen-like portion of serum Clq. Since Clq participates in 
the inflammatory response and contains a collagen-like sequence, we have 
tested in vitro, the putative generation and immunological activity of Clq 
peptide fragments under physical conditions present in the burn patient 
(18). Nanogram quantities of heat or enzyme generated fragments of Clq 
were clearly shown to be suppressive in vitro to neutrophil chemotaxis and 
mixed lymphocyte response (MLR). The addition of lymphocytes pre-treated 
with Clq fragments suppressed ongoing MLR indicating the activation of 
suppressor cells by the peptides. Finally, anti-Clq globulin was found to 
reduce the suppressive activity of collagen-like SAP, isolated from human 
burn sera (18). 
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Endogenous Immunoregulatory Molecules. Prostaglandin E 

The products of the arachidonic acid cascade are among the "normal" 
mediators which maintain immunological homeostasis in the healthy host. 
It is now clear that prostaglandins are potent lymphokines (22-24) which 
along with the leukotrienes, have immunoregulatory properties (25,26). 
They have also received increasing attention as potentially important 
"abnormal" mediators following injury. Heggers et al. described the direct 
release of large quantities of prostaglandins from skin cells as a result 
of thermal injuries (19), and prostaglandins appear to be involved in the 
generation of many burn injury-related vascular and tissue viability prob­
lems (20,21). In our own work, we could readily demonstrate the suppres­
sive activity of prostaglandins (particularly PGE2) using an in vitro, one 
way mixed lymphocyte response as the test assay system. However, we found 
that the quantity of PGE demonstrated in burn patient whole sera by RIA, 
while generally quite elevated, was not correlated directly with the sup­
pressive activity of the sera in lymphocyte cultures. While cortisol 
quantities were also generally quite elevated, the additional consideration 
of cortisol and its possible synergistic activity with PGE (27) did not im­
prove the correlation. We feel that the lack of correlation between serum 
PGE levels and patient immunologic depression was due to a) the presence of 
additional suppressive substances in patient sera (indeed, the net effect 
of many of these substances upon lymphocyte response appears to be the 
same); and b) the fact that suppressor cell activity will continue to be 
expressed even after the disappearance of PGE (and possibly other suppres­
sors) from the system. We have been able to demonstrate this fact in our 
culture system by the preincubation of responder lymphocytes in PGE2 (or 
burned patient serum) for 16 hr, followed by washing, and the addit~on of 
stimulator cells. Therefore, clinically, the activity of suppressor cells 
may well be present long after the decline in concentration of serum-borne 
suppressors. 

That PGE is indeed responsible for at least some of the immunological 
disturbances observed in burn patients is indicated by our early work with 
crude fractions of burn sera, and by our more recent work with SAP as re­
viewed above. Both delipidation (the removal of fatty acids, including 
the prostaglandins) and the addition of rabbit anti-PGE significantly re­
duced the suppressive activity of low molecular weight serum fractions. 
The suppressive activity of PGE2 , added directly to cultures, could also be 
blocked by the addition of anti-PGE2 • The antiserum was not suppressive to 
the stimulation levels in control cultures (28). Higher molecular weight, 
prostaglandin-containing serum fractions were incapable of suppressing the 
in vitro lymphocyte response. The suppressive activity of PGE therefore 
appears to depend upon its lack of association with albumin, a common 
prostinoid carrier in the serum, and an association with a specific low 
molecular weight serum component. The immunologic activity of this com­
plex is abrogated by delipidation, or blocked by the addition of antiserum. 

When tritium-labeled PGE2 (in buffer) was applied to our Sephadex 
G-200 column, radioactivity was not detected in any of the protein-contain­
ing fractions collected. This is consistent with the low molecular weight 
of the prostaglandin (352 daltons), and its probable retention on the 
column. When tritium-labeled PGE2 was applied to our Sephadex G-200 
column after overnight preincubat~on in normal serum, however, radio­
activity eluted clearly in two regions which corresponded to the presence 
of PGE in a mw 68,000 fraction (consisting primarily of albumin), and a 
mw 5,0~0 fraction (consisting primarily of low molecular weight peptide 
material). Since fractions from each of the two regions eluted in iden­
tical positions upon rechromatography, we felt that we were indeed ob­
serving stable, PGE-containing molecular complexes of 68,000 daltons and 
5,000 daltons, respectively. 
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When we first reported this work in 1984. we hypothesized that it 
might be possible that the carrier allows persistence of PGE in the cir­
culation beyond its usual clearance in the lungs (29). The function of 
the lungs in clearing prostaglandins may be further compromised by respi­
ratory injuries which often accompany major thermal injuries. The parti­
cipation of carrier molecules in the physiologic effects of the prosta­
glandins is not a new concept. It is generally believed that the transport 
of prostaglandin across biologic membranes (such as is required for the 
generation of suppressor cells) is carrier mediated. since prostaglandin 
cannot freely diffuse through membrane structures (39). The peptide 
fraction we have designated SAP therefore, may confer suppressive activity 
to PGE by facilitating the transport of this compound across the lymphocyte 
membrane. 

Exogenous Mediators: Bacterial Endotoxin 

Certain bacterial products are clearly recognized to possess immuno­
logic activity. For example. bacterial lipopolysaccharide (LPS) has a 
profound effect upon the induction and expression of cell-mediated immunity. 
Lagrange et al. have described a depression in T cell activity, measured 
by relative levels of delayed type hypersensitivity in normal and LPS treat­
ed mice, at the same time that antibody production was enhanced (31). 
They speculated that the opposing effects of LPS on T and B cell responses 
were due to suppressor T cell generation. Immunosuppressive properties 
of endotoxin have been observed by others as well (32,33). including 
Garrido, who studied the suppressive properties of products of Pseudomonas 
aeruginosa, a common burn wound pathogen (33). 

Our own work led us to consider bacterial endotoxin as a contributor 
to serum-mediated post-injury immunosuppression. We recognized very early 
that suppression is closely tied to the occurrence of bacterial invasion 
of the burn wound. Organisms involved are most often Gram negative, and, 
we have concluded, opportunistic of an impaired cell-mediated immune re­
sponse (34-36). Production of endotoxin is associated with this same group 
of organisms. In addition, the physiochemical behavior of some of the 
suppressive sera suggested endotoxin involvement. Immunosuppressive serum 
obtained from burn patients slowly lost its activity when stored in the 
cold (even at -80 degrees C), yet does not lose its activity when heated 
to 100 degrees C for 30 min. All patient sera, demonstrated to contain 
bacterial endotoxin by the Limulus test, were profoundly immunosuppressive 
(37). However less than one third of immunosuppressive sera could be de­
monstrated to contain endotoxin. While this observation may simply reflect 
the well known limitations of the Limulus test, it is also likely that 
endotoxin may initiate the suppressive sequence without circulation in the 
blood stream. Two recent studies support these findings and suggest that 
prostaglandin E , released by macrophages in response to exposure to endo­
toxin, may be t~e agent which circulates and acts directly in the suppres­
sion of lymphocyte response. Ellner and Spagnuolo report that the addition 
of 2.0 to 20.0 ug/ml of LPS suppressed normal lymphocyte response to both 
PHA and SKSD (38). When they depleted their cultures of adherent cells, 
the lymphocytes were no longer suppressible. The mechanism they have pro­
posed to explain these observations includes the activation of monocytes 
and subsequent release of prostaglandin E2 , which is the molecule which 
suppresses the in vitro lymphocyte response. Indeed, the suppression they 
observed could be blocked by the addition of indomethacin to the cultures, 
a drug known to block PGE2 production by macrophages. They also found that 
culture supernatants produced by macrophages exposed to LPS were suppres­
sive, implicating PGE2 in the suppressive sequence. These findings are 
particularly relevant to our observation of B cell involvement in the 
suppressive sequence, and in view of a recent study by Wilton et al. (39) 
which outlines clearcut evidence that B lymphocytes are required both for 
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macrophage activation and for the release of mediators including PGE2 • 
Thus endotoxin containing organisms need not leave the burn wound to exert 
a profound influence on patient immune reactivity. 

We have demonstrated that additions of as little as 1.0 ng of chroma­
tographically purified endotoxin from Escherichia coli 055:B5,E.co1i 
01ll:B4, Pseudomonas aeruginosa (Fisher-Devlin immunotype 1), Serratia 
marcescens, or Salmonella minnesota to human mixed lymphocyte or to mitogen­
stimulated cultures produced statistically significant suppression (40). 
In each case, endotoxin was most suppressive when present in the culture 
system prior to the introduction of the al10antigen or mitogen. Suppres­
sive effects were dependent upon the participation of peripheral blood 
monocytes and could be blocked by the addition of the prostaglandin syn­
thetase inhibitor indomethacin or meclofenamate sodium. Prostaglandin pro­
duction by monocytes appeared to induce a population of "short lived" sup­
pressor cells, identified by the immediate and delayed addition of lympho­
cyte cocultures to endotoxin-pre incubated cells. The suppressive behavior 
of endotoxin-primed lymphocytes was identical to the behavior of burn 
patient serum-primed lymphocytes or to lymphocyte populations derived from 
a subpopulation of burn patients whose serum was Limu1us positive. We, 
therefore, feel that endotoxin plays a significant immunologic role in some 
patients (40). 

Iatrogenic suppressors: povidone-iodine 

Finally, it should be mentioned that not all post-burn immunosuppres­
sion results from natural causes. Some is inadvertently produced as a re­
sult of the clinical treatment the patients must necessarily receive. It 
is now known that many antibiotics (41), multiple anesthesia (42), the use 
of topical agents (43), multiple surgeries with the administration of blood 
products (44,45) can all be non-specifically immunosuppressive. 

We have found that the addition of povidone (PVP)-iodine, marketed in 
the United States as the topical agent Betadine by Purdue-Frederick Inc, 
to in vitro cultures of normal human lymphocytes is profoundly suppressive 
to both MLC-and PHA-induced blastogenesis (40). Evidence suggests that it 
is the iodine component and not the PVP component of these additions that 
produces the suppressive effec!4 Concentrations of PVP-iodine, equivalent 
to iodine concentrations of 10 M are capable of suppressing the response 
of normal lymphocytes when 1) in vitro cultures are supplemented directly, 
or 2) when lymphocytes are pre incubated in the presence of PVP-iodine for 
24 h, washed, then stimulated with PHA or allogeneic lymphocytes. 

Our data show that this suppression of normal lymphocyte response is 
mediated by the generation of suppressor cells as the result of exposure 
to PVP-iodine. These suppressor cells exert their influence even after 
treatment with mitomycin-C, and thus closely resemble recently reported 
suppressor T cells, generated as the result of lymphocyte exposure to 
sodium periodate (46). The activity of such suppressor cells can be ab­
rogated by their brief treatment with sodium borohydride, a powerful re­
ducing agent acting upon aldehyde groups at the cell surface (47). 

Finally, the clinical significance of our data is clear. Betadine 
is in common use as a topical antibacterial in the treatment of burn 
patients. We have shown that the sera of patients with large body surface 
injuries often contain high levels of iodine, absorbed as the result of 
Betadine treatment. These same sera are profoundly suppressive to the 
in vitro responsiveness of normal lymphocytes. Iodine appears to be 
selectively absorbed to serum albumin; this serum fraction was found to 
contain the suppressive activity. 
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CONCLUSION 

The treatment of thermal injuries requires correction of profound 
biomechanical, biochemical, physiological, and immunological abnormalities, 
all of which put the patient at very high risk to sepsis. Indeed, it is 
recognized that sepsis is probably the most significant remaining barrier 
to the successful treatment of major thermal injuries, and septic risk 
appears to be directly related to the degree of immunological depression 
of the patient. The immune deficiencies acquired as a consequence of in­
jury are complex, and, it is now clear, are due to the activation of a 
variety of mediator systems. That these mediators have systemic activity 
can be demonstrated by in vitro treatment of normal immune cells with burn 
serum or isolated burn serum components. Alternately, at least partial 
correction of burn cellular defects can be accomplished by in vitro patient 
cell incubation in a normal serum environment. 

The possible systemic mediators which may account for these observa­
tions are multiple, and it is likely that more than one mediator system 
is important in a single patient at various post-burn times. Many of these 
mediator systems are interrelated, introducing the hope that initial, key 
mediators can be distinguished from secondary sequelae, and manipulated to 
patient advantage. Ability to finally identify the key mediators will lie 
in the study of early post-burn events, and in manipulating the immune 
system of injured subjects with monospecific antibodies, and such pharma­
cologic agents as polymyxin B, nonsteroidal antiinflammatory agents, and 
cymetidine. 
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INTRODUCTION 

The anergy which is associated with trauma, burn injury and 
sepsis shares similarities with the pharmacologically induced 
immunosuppression of organ transplant patients. These patients have 
the same high risk of infections which also causes mortality as in the 
trauma and burn patients. The increased risk of infection in 
transplant patients is mainly due to prednisone, although both 
azathioprine, an inhibitor of DNA replication, and cyclosporin A, an 
inhibitor of interleukin 2 (IL-2) formation, may play some role in the 
increased incidence of infection. The immunodeficiency characteristic 
of burn patient~ has been suggested to be mediated by a deficiency in 
IL-2 production • This may however only be a partial explanation since 
patients treated with CsA do not seem to have a substantial increased 
risk of infections although they are immunosuppressed. 

The corticosteroids are the first drug of choice for treating 
acute allograft rejection. The corticosteroids exert part of the 
immunosuP2ession by inhibiting interleukin 1 (IL-l) and IL-2 
formation • §sA inhibits IL-2 formation through inhibiting messenger 
RNA for IL-2 • CsA does not seem to increase the incidence of 
bacterial infections. Thus the increased risk of infections associated 
with corticosteroids is likely to be through the inhibition of IL-l. 
This monokine is a chemo-attractant for polymorphonucleocytes (PMN's), 
therefore the use of corticosteroids result in decreased chemotaxis of 
PMN's. Leukotriene B4 (LTB4) is another chemo-attractant factor which 
is deriv2d from PMN's. Decreased release of LTB4 is seen in burn 
patients , and this too may relate to increased risk of infection. A 
further aspect of corticosteroid effects which is different from those 
expressed by CsA is its effect in inhibiting macrophage functionS. The 
response of macrophages to IL-l includes chemo-attraction, activation 
of tumor cell killing and release of arachidonate metabolites. 

In the absence of convincing data on peripheral blood T4/T8 
ratios the only measurement of too little or too much 
immunosuppression is graft rejection and infection, respectively. 
However in patients the measurements of urine immunoreactive 
thromboxane B2 (i-TXB2) can be used as an indicator of allograft 
rejection6 ,7. Our longitudinal studies of kidney transplant patients 
suggest that urine i-TXB2 may be a suitable indicator of the degree of 
immunosupression in the transplant patient. 
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In an experimental cardiac rat transplant model, we have 
investigated the possibility of replacing corticosteroids wigh drugs 
interfering with eicosanoids and platelet activating factor • These 
drugs are ~ither cyclooxygenise inhibitors, 5-lipoxygenase 
inhibitors , PAF antagonists ,thromboxane synthase inhibitors, and 
thromboxane antagonists l • 

EFFECT OF IMMUNOSUPPRESSIVE DRUGS ON ARACHIDONATE METABOLISM 

The immunosuppressive drugs, azathioprine and corticosteroids 
may affect arachidonic acid metabolism as illustrated in figure I. 
Corticosteroids inhibit phy~pholipase activity through formation of 
polypeptides, lipocortins, which block arachidonate release and 
subsequent formation of leukotrienes, prostaglandins, and thromboxane. 
Azathioprine is 6-mercaptopurine coupled to an imidazole. The latter 
permits oral administration of 6-mercaptopurine. Following ingestion, 
azathioprine is cleaved to 6-mercaptopurine and imidazole. 
Interestingly, imidazole is a thromboxane synthase inhibitor although 
not very potent and rather non-specific. Inhibition of thromboxane 
synthesis may relate to the finding that intravenous azathioprine 
improves kidney i3lograft survival in dogs better than 
6-mercaptopurine • 

The effect of CsA on arachidonate metabolism is not well 
documented. Inhibition of arachidonate metabolism has been 
demonsty&ted as a decrease in prostacyclin formation in rat blood 
vessels 'f~d as inhibition of prostaglandin synthesis in rat 
macrophages • However such inhibition may relate to CsA toxicity. 

MODULATION OF LYMPHOCYTE PROLIFERATION BY LIPID MEDIATORS 

The initiation of the clonal expansion of T-Iymphocytes 
requires two signals from the macrophage; one signal is IL-I and the 
other is foreign antigen presentation. The eicosanoids affect this 
interaction by modulating both formation and action of monokines and 
lymphokines as well as antigen expression (fig. 2). Prostaglandin E2 
(PGE2) and corticosteroids inhibit ILl and IL2 formation whereas 
leukotrienes hgVy been shown both directly and indirectly to promote 
ILl formation! - 9. The ~ofect of LTB4 on lymphocyte ~roliferation has 
been explored by Goodwin and by Rola-Pleszczinski l who found LTB4 
to promote lymphocyte proliferation. Initially, LTB4 was found to 
inhibit both ~itogen and antigen-induced T4 lymphocyte 
proliferation • However, further studies indicated that LTB4 also 
facilitates proliferation of T4 lym~~ocytes when endogenous PGE2 
synthesis is blocked by indomethacin • Recent studies introduced a 
new concept namely that T4 lymphocytes ~~dergo phenotypic conversion 
to T8 without de novo protein synthesis and moreover that this 
conversion is enhanced by LTB4• Another aspect of immune enhancement 
is promotion of lym~~ocyte migration which is also reported to be 
facilitated by LTB4 • 

Thromboxane A2 (TXA2) synthase inhibitors have been shown to 
inhibit lymphocyte prolif2iation which infers that TXA2 promotes 
lymphocyte proliferation. This effect could however als~ be 
explained by shunting of endoperoxides into PGE2 and PGI2 5. More 
recently a TXA2 agonist was shown to promote mitogen induced 
lymphocyte proliferation, and to reverse the inhibiti~~ of lymphocyte 
proliferation obtained with a TXA2 synthase inhibitor • In order for 
the lymphocyte to undergo clonal expansion in response to foreign 
antigen and IL-I, the lymphocyte needs to recognize DR antigen on the 
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Figure 1. Arachidonic acid cascade showing the anti-rejection and 
pro-rejection metabolites. The possible sites of interference of the 
cascade by immunosuppressive drugs are indicated. 
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Figure 2. Modulation of macrophage-T-lymphocyte interaction by 
corticosteroids and eicosanoids. 
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antigen presenting macrophage. The DR antigen expression can be 
modulated by the CYClo-oxygenase products and also by 
gamma-interferon27 ,Z8. Unanue and coworkers 2,29 showed in vitro that 
PGE2 , PGI2 and corticosteroids decrease Ia or DR antigen expression on 
macrophages. Stable TXA2 agonists may promote antigen expression but 
this has not been described yet. Gamma-interferon, enhances the 
immune response by increasing DR antigen expression by macrophages and 
endothelial cells. Leukotriene C4 and D4 both increase the release of 
gamma-interferon from lymphocytes 27 • Since corticosteroids and CsA 
exert their effects through inhibition of ILl and IL2 it might be 
possible to replace corticosteroids or decrease the dose of CsA or 
azathioprine in the immunosuppressive regimen with drugs that prevent 
the formation of the pro-rejection eicosanoids (TXA2, LTB4 , LTC4 , 
LTD4 , and LTE4) or promote the synthesis of the anti-rejection 
compounds (PGE2, PGD2 , 6-keto PGE1 and PGI2 or their analogues 30 ,31 

In addition to the effect of the dihydroxyeicosanoids such as LTB4 , 
further studies have demonstrated synthesis of trihydroxy eicosanoids, 
the lipoxins, which are derived from the 15 as well as the 5 
lipoxygenase pathway. These li~~xins are reported to inhibit the 
action of natural killer cel~~ , and in lower doses to promote 
natural killer cell activity • A biological role for the lipoxins is 
disputed since meaurable amounts of lipoxins can only be formed by 
adding 15-HPETE to granulocytes. The eosinophils are the most likely 
cell to produce biological important amounts of lipoxins due to the 
activity of its 15-lipoxygenase but lipoxins have not yet been 
demonstrated to be released from eosinophils. 

Recently PAi has been implicated as one of the mediators of 
allograft rejection 0. The mechanisms are unknown. PAF has direct 
effects on cells and tissues but it also stimulates arachidonic acid 
release. Depending on the cell type this latter effect of PAF leads to 
leukotrienes, prostaglandins or thromboxane synthesis. A stimulatory 
effect of PAF on lymphocyte proliferation would be expected. This is 
not the c~~e with in vitro experiments, where inhibition has been 
described • This inhibition is attenuated in vitro with indomathacin 
indicating that the inhibitory effect of PAF on lymphocyte 
proliferation may be indirect through PGE2• 

IN VIVO EXPERIMENTAL STUDIES OF INVOLVEMENT OF LIPID MEDIATORS IN CELL 
MEDIATED REJECTION 

Thromboxane A2 

Experimental studies in our laboratory have already revealed 
that thromboxane may have a causal role in allograft rejection. 
Interdiction of TXA2 synthesis and expression significantly improved 
allograft survival in the rat heterotopic cardiac transplant model 
where Lewis rats are recipients and Lewis x Brown-Norway F1 are 
donors9. We have obtained similar results with another thromboxane 
antagonist (BM 13,505, Boehringer-Mannheim, West-Germany, 15 mg/kg/day 
i.m.). As in previous experiments the animals were treated with 
low-dose of CsA (0.5 mg/kg/day i.m.). This low dose does not prolong 
allograft survival significantly. Treatment with BM 13,505 prolonged 
cardiac allograft survival (fig. 3). These data imply that 
thromboxane contributes in part to rejection. Furthermore the results 
support the proposition that thromboxane is an indicator with a causal 
role. 
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Figure 3. The effect of azathioprine and azathioprine + a thromboxane 
A2 antagonist (BM 13505) on cardiac allograft survival in rats 
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Figure 4. Urine i-TXB2 values in three groups of kidney transplant 
patients treated with either azathioprine and prednisone (AZA+PRED) or 
cyclosporin A and prednisone (CsA+PRED) or azathioprine, cyclosporin A 
and prednisone (AZA+CsA+PRED). S.E.M. is indicated on the top of the 
bars. 
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Leukotrienes 

The in vitro studies showing that leukotrienes promote ILl and 
IL2 formation as well as IL2 receptor expression, support the thesis 
that drugs which prevent the formation of leukotrienes (5-lipoxygenase 
inhibitors) might have the same effect as corticosteroids. The 
vascular properties of the leukotrienes, namely increased vascular 
permeability suggest that these products may playa role in the edema 
linked to rejection. We have found that three different 5-lipoxygenase 
inhibitors in combination with either low dose CsA or azathioprine 
will prolong al~ggraft survival to the same extent as the combination 
with prednisone • In animal models corticosteroid administered alone 
does not prolong organ ~~lograft survival, nor does non-steroidal 
anti-inflammatory drugs with the exception of aspirin, which 
probably acts by other mechanisms. 

Prostaglandins 

PGE2 , PGD2 and PGI2 all have properties which attenuate cell 
mediated rejection. Numerous studies have shown attenuation of immune 
responses. A common mechanism whereby prostaglandins may exert their 
effect is by increasing intracellular cyclic adenosine monophosphate 
(cAMP) and thereby lowering intracellular calcium. 

One of the first descriptions of the use of eicosanoids in 
transplant rejection was in 1972 by Quagliata et a137 who showed that 
PGE treatment prolonged skin allograft survival i~ mice. This finding 
was confirmed four years later by Anderson et al. 8. Then the first 
studies emerged suggesting the pOSSibilit!90f manipulating transplant 
survival with polyunsaturated fatty acids • These early experimental 
studies were performed with skin allografts which are different to 
organ allografts in that the former requires growth of a capillary 
network before the tissue is exposed to the blood elements of the host 
whereas in organ allografts a large vascular bed of the foreign tissue 
is perfused immediately. The first implication of eicosanoid 
association with organ transplant rejection was published 15 years ago 
and since than only a limited number of studies "have been performed. 

The first suggestion of a mechanism for the effect of 
proZ8aglandins on the immune system was in 1971 when Franks et 
al. showed that the PGE's increase cAMP in thymic lymphocytes 
and thereby inhibit lymphocyte proliferation. This was confirmed 
by other investigators. PGI2 is more potent than PGE2, but PGE2 
may be more relevan4 since the human macrophages produce much 
more PGE2 than PGI2 1. Few studies have been carried out with 
PGD2, which is however synthesized by macrophages in substantial 
amounts. t further property of PGE2 is inhibition of lymphocyte 
migration 2. The non-immune related effect, vasodilation may be 
important in maintaining allograft function during rejection. The 
platelet anti-aggregatory activity of these prostaglandins may 
also become important during rejection, when platelets accumul~ge 
in the organ. Prolongation of skin al12§raft survival by PGE1 
has been extended to organ allografts • PGI2 reverses rejection 
in kidney transplant patients. Further a PGI2 analogue, iloprost, 
exerttz a synergistic effect with CsA in a rat cardiac transplant 
model • 

Platelet Activating Factor 

The implication of PAF in transplant rejection is a 
recent discovery. The first association was found in hyperacute 
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rejection in rabbits 45 • Hyperacute rejection is a 
humoral-mediated event caused by preformed antibodies and 
involves complement activation. Histologically, hyperacute 
rejection is dominated by intravascular platelet aggregation. 
This type of rejection is now rarely seen in patients receiving 
organ transplants. Most patients experience acute cell mediated 
rejection. 

This hyperacute study was followed by experiments in 
cell mediated rejection where a PAF antagonist (BN52021, Beaufour 
Institute, Plessis-Robinson, France) acted synergistically with 
CsA and azathioprine in prolonging cardiac allograft survival in 
a rat transplant model of acute rejection10 • PAF antagonists, L 
652,731 (Merck, Sharp and Dohme, Rahway, New Jersey, USA), and RP 
48740 (Rhone-Poulenc, France) also exerted synergistic effects 
with a low dose of CsA, but not with azathioprine. The mechanisms 
are unknown but likely to be similar to CsA due to the consistant 
finding of a synergistic effect with this compound. These latter 
experiments tend to confirm the conclusion that BN 52021 was 
prolonging graft survival by blocking PAF expression. 

Urinary i-TXB2 as an Indicator of Rejection 

The primary clinical thrust of our work has been directed 
to the use of urinary immunoreactive TXBg ae a~ indicator of 
renal and cardiac allograft rejection.6,~,11,40,47. Urinary 
i-TXB2 ig ,n early indicator of rejection in renal transplant 
patients ' • The false positive urine i-TXB2 values observed in 
kidney transplant pa6ients are due to gross hem~~uria, surgery, 
deep vein thrombosis and myocardial infarction • Pneumonia and 
urinary tract infection do not cause an increase in urine i-TXB2• 

URINE I-TXB2 MAY INDICATE DEGREE OF IMMUNOSUPPRESSION IN 
TRANSPLANT PATIENTS 

The effect of immunosuppressants on urine i-TXB2 of 
kidney transplant patients was evaluated in a recent study 49 by 
following daily urine i-TXB2 values from the second 
post-transplant day. Urinary i-TXB2 was determined in 23 kidney 
transplant patients treated with either CsA and prednisone 
(N=10), or with azathioprine and prednisone (N=15) or therapy 
with all three drugs (triple therapy) (N=9). The patients were 
all within 6 weeks following transplantation and were not 
undergoing rejection. No difference was seen in urine i-TXB2 
values between the group treated with azathioprine and prednisone 
and the group treated with CsA and prednisone (fig 4). However 
the patients receiving triple therapy exhibited a significantly 
(p < 0.05) lower urine i-TXB2• The lower i-TXB2 value was not 
caused by corticosteroids since all three groups received the 
same amount of corticosteroids. Furthermore in the triple therapy 
group the doses of azathioprine and CsA were less than the doses 
used in the groups receiving either azathiprine and prednisone or 
CsA and prednisone. 

The lower urine i-TXB2 of the patients on triple th~rapy 
may reflect the degree of immunosupression and offer an objective 
measurement of the state of immunosuppression in each individual 
patient. 

Studies in rats revealed that eV58 moderate doses of CsA 
increase the excretion of urinary i-TXB2 • This is not the case 
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in kidney transplant patients where ateroids may be suppressing 
the increased i-TXB2 excretion seen in in the rat. 

CONCLUSION 

The elective immunosuppression of transplant patients and 
the side effects occuring from such a treatment relate to some of 
the findings in trauma and burn patients. The experimental models 
for transplantation have been used to explore The 
immunomodulatory role of the lipid mediators in the rejection 
process. These findings as well as in vitro data support the 
suggestions that prostaglandins which elevate cyclic AMP 
attenuate rejection by inhibiting the immune response. In 
contrast, TXA2 and the leukotrienes act as pro-rejection 
compounds in promoting both mediator release and initiating 
lymphocyte proliferation by increasing cytosolic calcium and 
preventing an increase in cAMP. In addition these products have 
vascular effects which are similar to rejection related events 
such as edema and decreased blood flow to the allograft. 

Several strategies may be used to decrease the immune response 
of transplant recipients and thereby promote graft survival. 
Firstly PGE2, PGD2 & PGI2 synthesis or expression may be 
increased, secondly, TXA2 synthesis or expression may be 
inhibited, thirdly, inhibition of leukotriene synthesis and 
expression may also be inhibited. Finally, attenuation of 
thromboxane and leukotrienes may be obtained with use of PAF 
antagonists since PAF releases arachidonate. Our studies in both 
experimental cardiac allograft models and renal and cardiac 
transplant patients a.re in accord with this hypothesis. 
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CHARACTERIZATION OF THE INDUCTION OF HUMAN 
INTERLEUKIN 1 BY ENDOTOXINS 

J-M. Cavaillon and N. Haeffner-Cavaillon 
Unite d'immuno-Allergie, Institut Pasteur, 28 rue du Dr. Roux 
75624 Paris Cedex 15, France. INSERM U28, Hopital Broussais 
96 rue Didot, 75674 Paris Cedex 14, France 

INTRODUCTION 

Endotoxins isolated from Gram negative bacteria can induce profound 
physiological modifications and trigger the immune system. Endotoxins are 
lipopolysaccharides (LPS) which consist of a polysaccharide chain (PS) co­
valently linked to a hydrophobic moiety (Lipid A) via a 2-keto-3-deoxy-octonic 
acid residue(s) (KDO). The classical endotoxic activities (e.g. local Shwart­
zman reaction, pyrogenicity, lethality •.. ) as well as the immunological 
effects of endotoxins (adjuvanticity, mitogenicity, polyclonal activation 
of immunoglobulin secreting cells .•• ) are mediated by the Lipid A (1,2). 
However, it has also been shown that the polysaccharide moiety of some LPS 
act as an adjuvant (3,4); protect mice.against lethal irradiation (5,6); 
induce the production of colony stimulating factors (5-8); induce a "trans­
fer tumor resistance" in serum of BCG-infected mice (9); and mediate B-cell 
proliferation (10). LPS can also stimulate complex positive and negative 
immunoregulatory circuits in which monocytes/macrophages playa central 
role (10-14). 

We have previously shown (15) that Bordetella pertussis endotoxin, as 
well as its isolated polysaccharide chain (PS), induces a polyclonal acti­
vation of rabbit immunoglobulin-secreting cells and we have established that 
such polyclonal activation was dependent upon the presence of macrophages. 
We have also reported that the same endotoxin binds to rabbit macrophages 
(16). The binding was saturable, specific, dose-dependent and reversible 
on peritoneal macrophages, whereas only non-specific binding was detected 
on rabbit alveolar macrophages. The specific binding was mediated by the 
polysaccharide moiety. Extension of this work to human monocytes and mouse 
macrophages using radiolabeled ~. pertussis and Neisseria meningitidis LPS 
led to similar conclusions (17,18). Since interleukin 1 (IL 1), originally 
described in 1972 by Gery and Waksman (19) as Lymphocyte Activating Factor 
(LAF), is involved in many of the activities mediated by endotoxin-stimulated 
macrophages (20-22), we have investigated the interactions between LPS and 
monocytes which lead to IL 1 release. 

PARAMETERS OF INTERLEUKIN 1 INDUCTION BY ENDOTOXINS 

The presence of IL 1 was assessed in the supernatants of human periphe­
ral blood mononuclear adherent cells which were purified, cultured and sti­
mulated with various LPS in the absence of serum. These conditions permit 
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FIGURE 1. Dose-dependent effect of Neisseria meningitidis and Bordetella 
pertussis endotoxins on the induction of IL 1 secretion by human monocytes. 
Each experimental point represents the mean of values obtained from 10 to 
22 differents donors I SEe A suspension of peripheral blood mononuclear cells 
(0.5ml) containing 106 NSE+ cells/ml were led to adhere in 24 wells plastic 
dishes in the absence of serum for 1 h at 37°C. After washing, the adherent 
cells were cultured in 0.5 ml RPMI for 24 h in the absence of serum, and in 
the absence or in the presence of IL 1 inducers. Cell supernatants were har­
vested, centrifuged and tested for their capacity to induce C3H/HeJ thymocytes 
proliferation in the presence of suboptimal doses of Con A ; 1:10 diluted 
supernatants were added to 0.75 x 106 thymocytes, in the presence of 4% FCS, 
5 x 10-5 M 2-mercaptoethanol and 0.075 ~g Con A per well. The cultures were 
maintained 72 h at 37°C and (3H)-thymidine was added 7 h before the end of 
the culture. 

one to avoid the secretion of "spontaneous" or "constitutive" IL 1 which 
has been reported by various authors (23,24). The IL 1 activity was detected 
by the conventional co-mitogenic assay on C3H/HeJ mice thymocytes in the pre­
sence of suboptimal doses of concanavalin A (25). We noticed that the capaci­
ty of endotoxins to induce IL 1 secretim by hUffi3I1 mmocytes was dependent upon the ori­
gin of the LPS. The most characteristic example can be observed when compa­
ring the dose-response relationship of IL 1 secretion induced by!. meningi­
tidis LPS and~. pertussis LPS (Figure 1). Similar observations were reported 
by Newton (26) with different LPS. Furthemore, individual variations exist 
in monocyte sensitivity to LPS depending upon the donors. 

Maximal IL 1 secretion was detected in supernatants of adherent cells 
maintained 12 to 24 h in culture in the presence of endotoxin (Figure 2). 
However, the presence of lipopolysaccharide throughout the culture period 
is not required since IL 1 activity was present in 24 h-supernatants when 
LPS was removed after two hours of culture (Table 1). Human monocytes lose 
their capacity to secrete IL 1 when maintained in culture more than 24 h 
prior to LPS stimulation (Table 1). It was shown by several authors (27-29) 
that the capacity of 24 h-cultured monocytes to secrete IL 1 upon further 
LPS stimulation can be restored by the addition of interferon. Interferon 
acts also by itself (30) or synergistically with LPS (31,32) in the induction 
of IL 1 secretion by human monocytes and alveolar macrophages. 
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FIGURE 2. Kinetics of the induction of IL 1 secretion (extra-ceLLuLar IL 1 
activity) and IL 1 synthesis (IL 1 activity in ceLL Lysates) by human mono­
cytes stimuLated by N. meningitidis LPS. CeLLs were cuLtured in the presence 
of 1 ng to 1 ~g LPS from 6 to 24 h; after each period of time, supernatants 
were harvested and 0.5 mL of fresh medium was added to the adherent ceLLs 
and the cuLtures were frozen; after freezing/thawing (3x), the supernatants 
were coLLected and centrifuged. The supernatants were assayed for IL 1 acti­
vity as described in figure 1. 

A dissociation between the production of cytoplasmic IL 1 and extracellular 
release of IL 1 by murine macrophages and human monocytes has been reported 
for various IL 1 inducers (24,33). In agreement with Newton's observations 
(26), we report that low doses of N. meningitidis LPS (10- 100pg/assay), 
which are unable to induce the release of IL 1, have the capacity to induce 
the synthesis of cytoplasmic IL 1, as judged by the IL 1 activity found in 

TABLE 1. Inter1eukin 1 activity in the supernatants of human 
monocytes stimulated by LPS during different period of time 

TIME OF IL 1 SECRETION INDUCED BY 
PRESENCE SUPERNATANT N. meningitidis B. pertussis 

OF LPS HARVESTING LPS (1 JIg) LPS (10 llg) 

0-2h 2 h 3015 ± 497 a 2038 ± 263 

0-2h 24 h 14953 ± 2306 19359 ± 1540 

0-24h 24 h 13782 ± 1295 18899 ± 340 

0-48h 48 h 14442 ± 1171 22330 ± 1425 

24-48 h 48 h 3023 ± 418 6262 ± 1536 

a The results are expressed as the mean of triplicate cultures ± SO; the 
background value (supernatants of unstimulated adherent cells)was 2421! 999 
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cell lysates (Figure 3). With high doses of LPS, the kinetics of appearance 
of extracellular IL 1 and cell-lysate associated IL 1 are quite similar, 
whereas with low doses of LPS, no IL 1 activity was detected in the cell 
supernatant after 6 h of culture, but an IL 1 activity was already detec­
table in cell lysate (Figure 2). Additional information has been provided 
by Bayne et al. (34) who showed that 93% of LPS-stimulated human monocytes 
contain cytoplasmic IL 1, and by Matsushima et al. (35) who described that 
the intracellular IL 1 was mainly associated with the cytosol. Because of 
the tremendous sensitivity of the monocytes to LPS with respect to cytoplas­
mic associated IL 1 (IL 1 can be detected, depending upon the donors, in 
cell lysates of cultured monocytes stimulated by 0.1 pg of LPS) , it should 
be stressed that this assay is meaningless when used to assess the IL 1 in­
ducing capacity of natural components which may be contaminated by such low 
LPS contaminations which are impossible to detect by conventional assays. 

INVOLVEMENT OF THE POLYSACCHARIDE MOIETY OF ENDOTOXIN IN IL 1 INDUCTION 

As mentioned previously, we have shown that the polysaccharide (PS) 
moiety of ~. pertussis LPS was able to induce a macrophage-dependent poly­
clonal activation of immunoglobulin-secreting cells (15) and to mediate the 
specific binding of lipopolysaccharide to mononuclear phagocyte plasma mem­
brane (16-18). As discussed in the introduction, IL 1 is thought to playa 
role in the LPS-induced polyclonal activation, therefore, we investigated 
if the isolated PS was able to induce IL 1 secretion. Indeed, we were able 
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to show that ~. pertussis, as well as !. meningitidis PS had the capacity 
to induce the release o~ IL 1 by human monocytes (36,37). In this context, 
it is noteworthy to remember that isolated PS derived from LPS are involved 
in various biological effects (3-10) including : adjuvanticity; protection 
against irradiation; B-cell proli~eration and differentiation; and protec­
tion against tumors. These different activities correlate with the capacity 
of the PS to induce IL 1 secretion, since it has been shown that interleu­
kin 1 is involved in adjuvanticity (38), radioprotection (39), participates 
by itself, or synergistically with B-cell growth factors and B-cell differen­
tiation factors in the maturation and the activation of B-lymphocytes (40-
43) and is able to inhibit the growth of certain tumor cell lines (44-47). 

In preliminary studies, we observed that the activity of isolated PS 
was dependent upon the hydrolysis used to release it from endotoxin. Thus 
PS isolated after hydrolysis of the LPS in acetate buffer (48) was active 
(Table 2), whereas those obtained after hydrolysis in acetic acid (1%) or 
mineral acid (HCI 0.25N) were devoid of IL 1-inducing capacity. The lack of 
activity correlated with a difference in response to the thiobarbituric acid 
assay. This assay detects the presence of the KDO molecule at the reducing 
end of the polysaccharide. Neither synthetic KDO residues alone (49), nor 
synthetic KDO residues substituted in position 5 (the position which is 
substituted by a heptose residue in almost all LPS ~rom Gram negative bac­
teria) by a methyl group or a benzyl group were able to induce IL 1 secre­
tion. 

To further investigate the determinant (s) required for IL 1 induction, 
we examined the role of the residues present at the reducing end of diffe­
rent LPS-deri ved polysaccharides. Accordingly, Dr. Martine Caro'ff (UA 1116, 
CNRS, Institut de Biochimie, Orsay) isolated a fragment containing as the 
terminal reducing sugar a KDO residue after hydrolysis of "deaminated" B. 
pertussis endotoxin in acetate bu~fer (~ragment B). After acidic methanoly­
sis, a second fragment was isolated containing as the reducing sugar the 
methyl-ketoside-methylester-KDO residue (see schematic pathway on figure 4). 
Fragment B was the only active ~ragment which induced in a dose dependent 
fashion, a level of IL 1 secretion similar to that reached with the entire 
PS, suggesting that the carboxyl group of the KDO residue was necessary fo'r 
the induction of IL 1. This hypothesis was corroborated by the fact that 
after alkaline treatment of the fragment obtained after methanolysis [treat­
ment which restores the carboxyl group], the oligosaccharide obtained was 
as active as the fragment B. Similar findings were obtained with a trisac­
charide (Hep-Hep-KDO) isolated from Salmonella minnesota Rd1 LPS by Dr. 

TABLE 2. IL 1 INDUCTION BY B. PERTUSSIS LPS AND ITS DERIVED 
ENTIRE POLYSACCHARIDE MOIETY AND PENTASACCHARIDE 

REFERRED TO AS FRAGMENT B 

Experiment I Experiment II 

Inducers cpm ± SD Inducers cpm ± SD 

none 2691 ± 611 none 2110 ± 361 

LPS 10 ug 16656 ± 1215 LPS 30 llg 19513 ± 2751 

30ug 22047 ± 2828 PS 30 llg 12848 ± 1394 

PS 10 ug 6615 ± 1817 Fragment B 14762 ± 4264 

30Ug 19715 ± 3482 
30 llg 
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(f) I PS f- KDO-l LIPID A ( LPS ) 

deamination • ~KDO-1 LIPID A 

hydrolysis in 
sodium acetate 

CH20H • 
I 

~ HOCH 

~o0coo-Na+ 
OH 

OH 

(FRAGMENT B) 

e 

methanolysis 

• CH20H 
I e HOCH 

~o0COOM. 

NaBH4 
reduction 

• 
OH 

OMe 

NaOH 
deesterifica tion 

• 

FIGURE 4. Schematic representation of the fragmentation of the B. pertussis 
LPS. EB and e symbols illustrate the capacity of the different fragments 
to induce comparable level of IL 1 secretion to that obtained with the enti­
re polysaccharide, or the incapacity, respectively. 

Helmut Brade (Forshungsinstitut Borstel, Germany)(49) and representative of 
the inner core region of many enterobacterial LPS. Isolated Hep-Hep-KDO was 
able to induce IL 1 secretion in a dose dependent fashion (Figure 5). When 
the trisaccharide was treated with NaBH4' the carbonyl-reduced trisaccharide 
was inactive, indicating a conformational requirement in the KDO molecule. 
Finally we reported that synthetic KDO disaccharides were able to induce IL 
secretion, confirming univocally that determinants present in KDO residues 
are involved in IL 1 secretion induced by endotoxins. 

)J9 

LPS B.p. 30 

10 

HeP-Hep-KDO 20 
50 

5 

J 

I 

15 20 

I 

I 
I 

FIGURE 5. Interleukin 1 secretion induced by the trisaccharide Hep-Hep-KDO 
isolated from Salmonella minnesota Rdl mutant LPS. 
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INABILITY OF ISOLATED B. PERTUSSIS AND N. MENINGITIDIS PURIFIED LIPID A 

TO INDUCE INTERLEUKIN 1 SECRETION 

To fUrther investigate the determinants of the LPS molecule involved 
in the induction of IL 1 secretion, we tested the capacity of isolated 
Lipid A to stimulate the release of IL 1 by human monocytes. Classical pro­
cedures used to isolate and purify Lipid A lead to Lipid A preparations 
which are heterogeneous (50) and contaminated with significant amounts (1-
5%) of native and variously degraded LPS, as assessed by thin layer chroma­
tography, gas liquid chromatography, and SDS PAGE analysis (N. Haeffne.r­
Cavaillon, unpublished observations). Estimation of KDO by the thiobarbitu­
ric acid assay or estimation of neutral sugars by colorimetric methods are 
not sensitive enough for assessing the purity of Lipid A preparations. 
Escherichia coli, F515, !. meningitidis, and~. pertussis Lipid A prepara­
tions containing trace amounts of LPS, induced IL 1 secretion (Caroff et al. 
submitted). However, it should be noted that in the case of ~. pertussis 
Lipid A, the amount of LPS detected (1-2%) did not induce IL 1 secretion 
by itself. When homogeneOllS and purified~. pertussis Lipid A preparations 
were obtained after hydrolysis in acetate sodium buffer (M. Caroff et al. 
manuscript in preparation), the Lipid A contained 2 glucosamine residues, 
2 phosphate groups, and 5 fatty acids; a composition which is similar to 
that reported for enterobacterial derived Lipid A. When tested in biologi­
cal assays, this preparation was pyrogenic, mitogenic, and induced a Shwart­
zman reaction, but was unable to stimulate the release of significant amounts 
of IL 1 by human monocytes, at doses up to 30 ~g (Figure 6). Similar results 
were obtained with!. meningitidis Lipid A devoid of any LPS contamination. 
One to 10 ng I assay of native !. meningitidis LPS induced significant levels 
of IL 1 secretion, whereas 10 to 30 ~ I assay of pure Lipid A were inactive 
or had low activity depending upon the donors. 

When~. pertussis Lipid A preparations were isolated after hydrolysis 
of LPS in 0.25 N. HCl, the preparations were heterogeneous and contained a 

2 

PURIFIED ~~ 
LIPID A <II. *". 

4 

LPS . .I... .I.. 

6 8 10 12 18 

FIGURE 6. Comparison Of interteukin 1 secretion induced by 10 ~g Of native 
Bordetetta pertussis LPS and 10 ~g purified Lipid A. Each symbot represents 
one individuat donor among the 15 tested. The resutts are expressed as Sti­
mutation Index (S.I.) : 

cpm in the presence Of supernatants (1:10) from LPS or Lipid A 
stimutated human adherent cetts 

S.I. = cpm ~n the presence Of supernatants trom unst~muLated adherent ceLLs 
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TABLE 3 . PYROGENICITY (EP) AND CAPACITY TO INDUCE LYMPHOCYTE 
ACTIVATING FACTOR (LAF) OF B. PERTUSSIS LPS AND 
DIFFERENT LIPID A PREPARATIONS. 

Preparations 

LPS 

Crude Lipid A (acetate buffer) 

Crude Lipid A (HCl, 0.25 N) 

Purified Lipid A (Acetate Buffer) 

Purified Lipid A (HCl, 0.25 N) 

Pyrogenicity a 

EP ++ 

EP ++ 

EP + 

EP ++ 

EP ± 

Lymphocyte 
Activating 

Factor b 

LAF ++ 

LAF ++ 

LAF ++ 

LAF -

LAF -

a pyrogenicity was measured by the standard procedure using New Zealand rab­
bits (49) 

b 
LAF activity was measured by the standard co-mitogenic assay on C3H/HeJ 
thymocytes. Human monocytes were stimulated with 20pg/ml of LPS and LipidA 

glucosamine to phosphate group ratio of 2:1 (some fatty acids were also lost 
during the hydrolysis). The Lipid A preparation containing trace amounts of 
LPS was not pyrogenic but able to induce IL 1 secretion (Table 3)(M. Caroff 
et al. submitted for publication). According to our results it can be propo­
sed that different determinants of the LPS molecule are involved in the in­
duction of endogenous pyrogen and IL 1. Similar dissociation between the induc­
tion of LAF activity and pyrogenicity was reported with muramyl dipeptide 
analogs (52). Recently it was demonstrated that IL 1, which was known as "endo­
genous pyrogen" (53-55) is not indeed the only mediator of fever, and that 
other factors such as alpha interferon (56,57) and Tumor Necrosis Factor 
(TNF)(58,59) which can be induced by endotoxins, are also involved in fever 
induction (60,61). Recently, it was reported by Loppnow et al. (62) that 
synthetic E. coli Lipid A containing 6 fatty acids, two phosphate groups and 
two glucosami~esidues, was able to induce similar levels of IL 1 to those 
obtained with S. minnesota Re mutants, whereas synthetic Lipid A containing 
4 fatty acids instead of 6 was a very weak IL 1 inducer. Thus the amount of 
fatty acids within the Lipid A might influence its activity. Moreover, it 
was reported that the 4'-dephosphorylated synthetic Lipid A was 10 times 
more active than the di-phosphorylated compound (62). Considering all the 
results, it can be proposed that'the capacity to induce IL 1 secretion by 
isolated Lipid A depends upon the presence of different substituents on the 
!3-D-glucosaminyl-(1-6) ex-D-glucosamine disaccharide, and that the Lipid A 
moiety may not be equally involved in native LPS from various origins. 

INHIBITION OF LPS-INDUCED INTERLEUKIN 1 SECRETION BY POLYMYXINB 

Polymyxin B (PMB) has been widely used to demonstrate the role of Lipid A 
in many biological assays. Since the lack of IL 1 inducing capacity of iso­
lated Lipid A may be due to the loss of a component present in the native 
endotoxin during the hydrolysis procedure of the LPS, we further investigated 
the role of Lipid A in the induction of IL 1 secretion by studying the effect 
of PMB on native LPS-induced IL 1 secretion (63). Among the different LPS 
tested, PMB could only inhibit IL 1 induction by!. coli LPS and Acinetobac­
ter calcoaceticus LPS, indicating that for these two endotoxins, the Lipid A 
moiety may playa role in IL 1 induction. For several other LPS (N. men in­
gitidis, Salmonella enteritidis,_~. friedenau) (100 ng/assay),PMB (2 rg/assay) 
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had no inhibitory activity. PMB had only an inhibitory effect when the N. 
meningitidis was used at low concentrations (PMB ratio to LPS 1000:1). ~r­
thermore, at a concentration of . 10 ~g/assay PMB acted synergistically with 
all LPS and at higher doses, PMB itself, probably due to its toxicity, in­
duced .IL 1 release (63). Since polymyxin B is known to react with Lipid A 
(64), these results in conjunction with those obtained with isolated Lipid A 
indicate that the involvement of the Lipid A moiety is dependent upon the 
origin of the endotoxins. It is noteworthy that Apte et al. (65) showed that 
PMB did not inhibit all LPS-induced biological activities. 

ENHANCING EFFECT OF SERUM 

As mentioned previously, we purified, cultured,and stimulated monocytes 
in culture medium without serum to avoid the so-called spontaneous release 
of IL 1. Since we have shown that the specific binding of radiolabeled LPS 
to human monocytes required, (or was increased by) the presence of serum com­
ponent(s)(17), we investigated whether serum could also amplify IL 1 induc­
tion by LPS. A potentiating effect was observed with low concentrations of 
serum from different origins (37). It is noteworthy that an enhancing effect 
of serum has been reported for a wide variety of biological activities indu­
ced by LPS (66-68). The addition of very low amounts (0.196) of human autolo­
gous serum which had no significant influence on the background values, led 
to the secretion bf IL 1 when added at doses of LPS which by themselves were 
unable to induce the secretion of IL 1 (Figure 7). According to the kinetic 
data , the synergistic effect did not require the simultaneous presence of 
LPS and serum since sequential addition of serum and LPS led to IL 1 secre­
tion similar to that of simultaneous addition (37). Recently, it was repor­
ted by Matsushima et al. (35) that plasminogen is involved in the synergis­
tic effect of serum on LPS-induced IL 1. When tested in LPS specific binding 
experiments, plasminogen can not be substituted for complete serum (J-M. 
Cavaillon, unpublished observation). Thus, plasminogen seems to be involved 
in the regulation of the release of IL 1 rather than in mechanisms related 
to the triggering signal mediated by the specific binding of LPS to mono­
cytes. 

N .MENINGITIOIS 10 20 30 
-3 

cpm X 10 
LPS r-----------r-----------------,-------------~---------------

10 pg 

100 pg -
ng 

10 ng 

100 ng 

1 }Jg 

DRPMI elm RPM' • 

"",,········\·1 [ " .. "" ......... . 
~~ ~~ ~~ ~~ ~i~ ~~ ~~ ~~;l 

0 . 1" AUTOLOGOUS 
HUMAN SERUM 

FIGURE 7. Enhancing effect of 0.1% human serum on interleukin 1 secretion 
induced by increasing amounts of N. meningitidis LPS (---- and ..... represent 
the background values of supernatants from cultured monocytes without LPS 
in the absence and in the presence of 0.1% serum, respectively). 
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FIGURE 8. Inhibition of the N. meningitidis LPS specific binding (O.2~g 
[3Hl-LPS) to human monocytes by gangZiosides (5]Ag), ceromide (5]Ag), and 
N. acetyl neuraminic acid (5]Ag);and inhibit on of the N. meningitidis LPS 
(lang) -induced IL 1 secretion by gangZiosides (l~g), ceramide (l").lg) and 
N. acetyl neuraminic acid (3").lg). The presented data are the mean of the 
results obtained with 3 to 7 different donors. 

INHIBITION OF LPS-INDUCED INTERLEUKIN 1 SECRETION BY GANGLIOSIDES 

Gangliosides which are glycosphingolipids present in the membranes of 
most eukaryotic cells, are potent immunosuppressors(69-72). They have been 
shown to inhibit some of the LPS-induced activation of the immune system 
(73,74).We have investigated the capacity of such glycosphingolipids to 
inhibit LPS-induced interleukin1 release (75). Crude preparations, as well 
as purified individual mono, di and trisialogangliosides (GM1, GD1a and 
GT1b respectively) were able to abbrogate the secretion of IL 1 induced by 
LPS as well as the synthesis of intracellular IL 1. Interleukin 1 induction 
by other inducers, such as MDP and C3a, was unaffected by the addition of 
gangliosides. Ceramide, the lipid moiety of gangliosides, failed to inhibit 
the IL 1 release induced by LPS. Similar lack of inhibition was obtained 
with an asialoganglioside (asialo-GM1), suggesting a crucial role of N. 
acetyl neuraminic acid within the ganglioside molecule. Parallel results 
were obtained when studying the ability of gangliosides to inhibit the spe­
cific binding of LPS to human monocytes (Figure 8). Altogether, these re­
sults demonstrate that the specific binding of LPS via its polysaccharide 
moiety, is the prerequisite event in the signal provided by endotoxins for 
the synthesis of interleukin 1 by human monocytes. 

CONCLUSIONS 

According to our data, we conclude that at least for B. pertussis and 
N. meningitidis endotoxins, the initial event for 1L 1 secretion by human 
monocytes is a binding of specific determinan~s in the inner core region of 
the endotoxin molecule to a lectin-like receptor present on the monocytes 
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plasma membrane. This interaction of LPS with monocytes may be inhibited by 
gangliosides, leading to an inhibition of IL 1 synthesis; this demonstrates 
the causual relationship between the specific binding to the monocytes recep­
tor and the induction of IL 1 secretion. A similar correlation between LPS 
binding and an LPS-induced function has been reported by Akagawa and Tokunaga 
(76), studying the capacity of mouse macrophages, activated by LPS, to kill 
tumor cells. These authors observed the failure of LPS to activate alveolar 
macrophages , results which correlate with the lack or very low expression 
of LPS-binding sites. This observation is consistent with our report demons­
trating a lack of specific binding of LPS to rabbit alveolar macrophages (16). 
In~st~, treatment of murine cells by interferon (IFN) led to a LPS-indu­
cible cytotoxicity and to the expression of LPS receptors. Since it was re­
ported by Eden and Turino ((32) that IFN allowed the IL 1 secretion by human 
alveolar macrophages stimulated by LPS, and by Wewers et al. (77) that normal 
human alveolar macrophages do not secrete IL 1 when stimulated by LPS, it 
can be proposed that as for mouse (76) and rabbit (16) alveolar macrophages, 
human alveolar macropnages do not express LPS receptors in the normal state. 
Regulation of expression of LPS-receptors by IFN will be of physiological 
relevance since infectious diseases may generate IFN (78). 

Induction of IL 1 secretion was promoted by the ~. pertussis pentasaccha­
ride containing at the reducing end a KDO residue with a free carboxyl group, 
and by the Salmonella minnesota trisaccharide Hep-Hep-KDO at doses of 10 pg/ 
assay. The involvement of the inner core region among different endotoxins 
in IL 1 induction is not astonishing since only 2 regions of LPS have been 
highly conserved during evolution : the Lipid A and the inner core region. 
The inner core region constitutes a domain of very limited structural diver­
sity, consisting of neutral sugars mainly heptose residues,and KDO residues. 
There are no natural LPS, nor mutants devoid of KDO molecule(s), and it 
should be noted that KDO molecules are negatively charged. They may, there­
fore, be the first determinants involved in ionic bridges, which are a fea­
ture of ligand-receptor interactions. The surrounding residues may promote 
attachment due to hydrophobic interactions. Isolated Lipid A from~. pertus­
sis and!. meningitidis LPS were impotent IL 1 inducers, and polymyxin B, 
known to inhibit Lipid A-mediated activities, did not or weakly inhibited IL1 
secretion induced by native ~. pertussis and!. meningitidis LPSs. However, 
synthetic E. coli Lipid A was able to induce.IL 1 secretion (62). The IL 1 
induction ;as dependent upon the amount of fatty acids and phosphate in syn­
thetic Lipid A. In~st~y, we observed that PMB inhibited completely IL 1 
secretion induced by E. coli LPS. Therefore, according to our results and 
those reported by others, we suggest that the Lipid A region is not the only 
active principle for IL 1 induction by all endotoxins, and that both moieties 
of the endotoxin are required to induce IL 1, the PS mediating the specific 
binding to the receptor, the Lipid A enhancing the attachment. It can be 
also proposed that Lipid A is required to obtain a more adequate conformation 
of the residues present in the inner core region involved in the induction of 
IL 1. Finally, the exact structure of LPS capable of inducing IL 1 secretion 
may be different from the native LPS added to the culture, since it has been 
reported that LPS may be processed by macrophage enzymes leading to a more 
active molecule (79,80). 
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Introduction 

Earlier consideration of the endothelium has tended to picture it as 
a passive cells between the blood and the interstitium. There is now a 
growing awareness that vessel walls participate actively in the 
development of the immune and inflammatory response by a two-way 
interaction between endothelial cells (EC) and immunocompetent cells. In 
the presence of cell-mediated immune response, vasodilation and 
proliferation of capillary EC has been documented (1) as well as 
leukocyte adhesion to and passage through endothelial linings in order to 
localize at inflammatory sites (2). It is therefore of interest to 
establish which molecules and pathways are involved in this cell-to-cell 
interaction. 
The mediators produced by the immunocompetent cells and involved in this 
system of comunication are the autocoid substances (prostaglandins, 
leukotrienes, acetylated alkyl phosphoglycerides, oxygen species) and 
the classical lymphokines (Table 1). 

Table 1. Products of immunocompetent cells acting on EC. 

AUTOCOIDS LYMPHOKINES 

-Prostaglandins -Interferon ex 
-Leukotrienes -Interferon y 
-Acetylated alkyl ether -Interleukin-l 

-Tumor necrosis factor 
OTHERS -Others not well identified 

-Antibodies 
-Reactive oxygen species 
-Proteases 
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Autocoids modulate rapidly and for limited periods of time the vascular 
responses and the migration of leukocytes, and they act either on EC or 
leukocytes themselves (2-6). Lymphokines are also potent activator of the 
vascular cells (proliferation, migration, production of colony 
stimulating factors) (7-10). Their effects are slow, and persist for 
longer periods of time. Furthermore, EC are involved in the host defense 
as cells able to present the antigen to T lymphocyte in Ia (class II 
major histocompatibility complex antigen)-restricted manner (11). 
Interferonyinduces the expression of Ia antigens on the surface of EC 
(12), thus permitting EC to present the antigen to T cells, perhaps 
serving to recruit antigen specific-T cells at the site of developing 
immune response. 
It has been recently show that 
multifunctional mediator produced 
(13-14), is produced by (15-16) and 

interleukin-1 (IL-l), a pleiotropic 
by activated monocytes/macrophages 
active on EC (17-27). As summarized 

in Table 2, IL-1 induces a wide range of biological activities on EC. 
Firstly, IL-1 changes the non -thrombogenic surface of EC into an 
actively thrombogenic by inducing the synthesis of a tissue factor-like 
procoagulant (17-18) and of a inhibitor of the plasminogen activator 
(22), and by inhibithing the protein C anticoagulant pathway 
(20).Secondly, IL-1 induces EC adhesiveness (18,21,23,26) for blood 
leukocytes: this effect is partially related to a de novo synthesis of 
the procoagulant-like activity (18) and of a protein recognized by a 
monoclonal antibody raised against cultured EC prestimulated by IL-l 
(21). Thirdly, this lymphokine induces the synthesis of two autocoids, 
namely prostacyclin (PGI2) (27) and platelet-activating factor (PAF) 
(19), that both act on EC by an autocrine mechanism (4,28). 
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Table 2. Activities of IL-1 on EC. 

PRODUCTION OF: 

-Tissue procoagulant activity 
-Plasminogen activator inhibitor 
-Platelet activating factor 
-PGI2 
-PGE2 
-von Willebrand factor 

INHIBITION OF: 

-Protein C anticoagulant pathway 

CHANGE IN: 

-Shape 
-Matrix composition 

INCREASE IN ADHESION OF: 

-Neutrophils, monocytes,HL60 and 
U937 cell lines 

-T lymphocytes 

(Bevilacqua et al.,1984) 
(Nachman et al.,1986) 
(Bussolino et al., 1986) 
(Rossi et al.,1985) 
(Albrightson et al.,1985) 
(Shorer et al.,1985) 

(Nawroth et al.,1986) 

(Montesano et al.,1985) 
(Montesano et al.,1985) 

(Bevilacqua et al •• 1986) 
(Cavender et al.,1986) 



These EC activities may play an important role in the vascular regulation 
of thrombus formation. vascular tone and cell interaction with the vessel 
wall. 
Here. we summarize the regulation of the production of PAF. an acetylated 
alkyl phosphoglycerides involved in the cell-to-cell interaction (29-31). 
by molecules with IL-l activity. 

IL-l induces EC production of PAF (19) 

Crude and purified IL-l from stimulated monocytes promotes PAF 
production in a dose-dependent manner (1-50 U/ml). Other lymphokines 
(interferons. IL 2) are inactive: endotoxin. at the concentrations that 
could contaminate IL-l preparations. has no effect. Similarly to the 
other activities mediated 'by IL-l (13-14). PAF synthesis requires a long 
interaction with the cells ( 2 hours). lasts the same time (up to 18 
hours) and is blocked by protein synthesis inhibitor. In contrast. other 
stimuli (A23l87. angiotensin II. vasopressin. antibodies-anti factor 
VIII. ATP. histamine. thrombin. bradykinin) induce a rapid PAF 
production. their effects last only for a few minutes and they do not 
require protein synthesis to be active (32-33). Leukotrienes C4 and D4 
also induce a prolonged accumulation of PAF persisting up to 2 hours 
(34). The different time course in PAF production related to the 
different stimuli. suggests a more complex regulation of PAF metabolic 
pathways and/or differences in the transmembrane signals coupling the 
action of the stimulus with the synthesis of PAF. Most of the PAF 
produced (7-10 ng/ 5x10S cells) remains associated to the cells and only 
25% is released in the culture medium. 

Modulation of EC PAF production by different molecular species of IL-1 

iill 

We tested the ability of five IL-I preparations. all active in the 
thymocyte costimu1ator assay. in inducing PAF and PGI2 production from 
EC: human natural IL-I obtained from Staphylococcus albus-stimulated 
human monocytes and purified by affinity chromatography (Genzyme): "22 K 
factor". a pure preparation from mi.togen-stimulated human mononuclear 
cells showing extensive homology with the derived aminoacid IL-Ie 
sequence: murine recombinant IL-l a. having a high homology to the humana 
species (murine IL-I a) (a gift of Dr. LoMedico): human recombinant IL-Ie 
;human recombinat IL-l a(a gift of Dr. Gillis). 
Human natural IL 1. that contains equal amounts of the different species 
( (lor pI 5 and eor pI 7) of IL-I. elicits PAF and PGI2 production. In 
contrast. when (land eIL-I molecules are examined. different responses are 
elicited by the two molecular species. Murine IL-l a induces the synthesis 
of PAF, but is inactive in inducing PGI2 production. However. in contrast 
to the murine (lspecies. human aIL-I promotes PAF and PGI2 generation. 
IL-l epreparations (22 K factor and humanBrecombinant IL-I) elicit PGI2 
production. but are unable to activate PAF synthesis. 
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The different response of EC to aand SIL-l species for PAF production, is 
the first evidence of a functional dissociation between these two lL-l 
forms, and suggests that a slight difference in the molecular structure 
might greatly affect functional properties. 

lL-l activates 1-0-alkyl-2-lyso-GPC: acetyl CoA acetyl transferase 
(19,36) 

Two specific enzymatic reactions have been documented to be involved 
in PAF biosynthesis. 1-0-alkyl-2-lyso-GPC: acetyl CoA acetyl transferase 
(acetyltransferase) catalyzes acetylation of inactive lyso-PAF into the 
bioactive PAF, whereas 1-0-alkylacetylglycerol: CDP-choline 
cholinephosphotransferase (cholinephosphotransferase) transfers the 
phosphobase to 1-0-alkylacetylglycerol (30). 
In EC stimulated by A23187, Camussi et al. (32) suggested the importance 
of an acetylation process in the synthesis of PAF as inferred from the 
incorporation of labeled acetate into PAF molecule. Acetyl CoA, a 
substrate for the acetyl transferase, amplifies the response induced by 
lL-l confirming the importance of the acetylation step. 
The basal activity of acetyl transferase in resting EC is 3.68 nmol/min/mg 
protein and the Km for acetyl CoA is 92 M. After lL-l stimulation the 
activity of the enzyme is increased severalfold in a transient and 
time-dependent fashion similar to that of PAF production. The Vmax of the 
acetyl transferase is about 3-5 times the Vmax of unstimulated cells, 
whereas the Km is not affected. Similarly, Ninio et al. (37) showed that 
A23187 stimulation of PAF production in rat peritoneal cells is 
accompanied by a rapid increase in the Vmax of the acetyl transferase with 
no change in the Km. Furthermore, a mononuclear cell factor, probably 
related to lL-l enhances the V max of cyclooxygenase in stimulated 
fibroblasts producing PGE2, without affecting the Km of the enzyme (38). 
Other authors have shown that acetyl transferase activity might be 
enhanced by reversible stimulation of the enzyme by a phosphorylation / 
dephosphorylation process (39), and that cAMP-dependent protein kinase 
increases the Vmax of the enzyme (40). 
At present, further data are required to elucidate the mechanism of lL-l 
-mediated stimulation of acetyl transferase and either activation of the 
enzyme or de novo synthesis can be suggested. 
The cholinephosphotransferase is present in EC (1.7 nmol/min/mg protein), 
but its activity is not increased after lL-l challenge. 

lL-1 induces PAF synthesis by a deacylation/reacetylation process (36) 

lL-1 causes the incorporation of [3H]acetate into the PAF molecule 
that parallels with the time course of acetyl transferase activation, 
suggesting that EC incorporate the exogenous precursor into the PAF as 
shown in other cell types (30). When EC are preincubated with ~H] 
lyso-PAF, they incorporate the precursor into PAF molecule. 
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In non-stimulated EC a greater amount of [3H]lyso-PAF is acylated to l-O-[3H] 
alkyl-2-acyl-GPC, in a time dependent manner (plateau after 2 hours 
labeling). IL-l induces PAF production that parallels with the fall of 
1-0-[111 alkyl-2-acyl-GPC, while[:3.H]1yso-PAF is not directly transformed 
into [ H] PAF. These experiments suggest that PAF is produced by a 
deacylation of 1-0-alkyl-2-acyl-GPC into lyso-PAF, which is then 
acetylated by the acetyl transferase. 
1-0- [3 H ] alkylacetylglycerol, the substrate of the 
cholinephosphotransferase is not significantly incorporated in PAF 
molecule. 
After 12-18 hours, the generated PAF is catabolized. In experiments 
performed with labeled precursors, this event correlates with an increase 
of 1-0-alkyl-2-acyl-GPC. It is still not possible to decide whether PAF 
is inactivated bya.direct transacylation or whether lyso-PAF is an 
essential intermediate in PAF catabolism (30). 

IL-1 induces transient intracellular calcium mobilization (41) 

The model of IL-1 as a calcium ionophore agrees with most of the 
evidence presently available and provides for a probable mechanism of 
action. Indirect evidence derives from the fact that many of the 
biological activities of IL-1 are mimicked by the calcium ionophore 
A23187: prostaglandin production in different tissues, neutrophil 
degranulation, T-cell mitogenesis. Moreover, calcium channel blockers 
inhibit the fever due to IL-1 (13-14). This lymphokine activates 
phospholipase A2, a calcium-dependent enzyme, in rabbit chondrocytes, so 
eliciting arachidonic acid release from intracellular stores and its 
conversion to PGE2 (42). 
Recently, we have observed that IL-l induces a clearcut, dose-dependent 
Ca++ influx in quin-2 loaded EC. Murine and human a recombinant IL-l 
showed a more powerful effect than a recombinant IL-l • With Ca++ 
labeling studies we obtained a dose-dependent Ca++ efflux elicited bya 
and aIL-I; the major efficacy of IL-l a was confirmed. Differing from 
other agonists inducing Ca++ influx in EC, such as thrombin and 
arachidonic acid (41), IL-l evokes a prolonged (20-30 minutes) rise of 
intracellular Ca++ levels. 

A hypothesis 

The model presented in figure 1 outlines possible pathways for 
IL-l-mediated PAF production in EC. IL-1 interacts with a binding site on 
EC surface (43) inducing a rise in Ca++ in the cytosol. It is possible 
that IL-1 activates the protein kinase C, as suggested by the study of 
Levine and Xiao (44) showing a synergic effect between IL-l and 
activators of protein kinase C. Furthermore, IL-l is able to 
phosphorylate a 41 K protein in K562 cell line (45). The increased Ca++ 
in the cytosol and the possibly activated protein kinase Care 
intracellular signals for de novo synthesis of the acetyl transferase or 
of a kinase that activates this enzyme. IL-l could activate a 
phospholipase A2 or increase its cellular concentration, which deacylates 
1-0-alkyl-2-acyl-GPC to lyso-PAF (30). 
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Figure 1. Hypothesis on the mechanisms inducing~F production 
from EC after IL-I activation. PLA2= phospholipase A2. 

Implications of IL-I-induced PAF production from EC 

The biological role of IL-I mediated EC production of PAF remains to 
be characterized. The range of biologically active PAF concentrations is 
very close to those reached in EC after IL-I challenge. Most PAF produced 
is cell-bound, but can be extracted from the cells. Unfortunately, proof 
is not given that PAF associated to EC is exposed in outer membrane, as 
hypothyzed by McIntyre et al.(33). However, PAF associated to EC could 
modulate the adhesion of blood circulating cells. IL-I has been shown to 
promote the adhesion of neutrophils to EC (18,21). This effect is only 
partially mediated by the generation of procoagulant like activity or of 
a protein recognized by a specific monoclonal antibody, that partially 
inhibits the adhesion induced by IL-I (21). Our preliminary experiments 
shown that neutrophils preincubated with PAF-specific antagonists or 
desensitized to PAF itself, adhere to IL-I treated EC to a lesser extent 
than non-treated neutrophils. This suggests that PAF can partially 
mediate the adhesion of neutrophils caused by IL-I. 
Furthermore, PAF released from IL-I-stimulated EC is rapidly inactivated 
by binding to target cells and humoral inhibitors, suggestingits action 
only in the microvascular network. This released PAF can activate 
platelets, neutrophils and monocytes at the site of 
immunologically-mediated processes, or act through an autocrine mechanism 
on EC influencing the vascular permeability. 
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INTERLEUKIN-1 STIMULATION OF VASCULAR ENDOTHELIAL CELL 
ADHESIVENESS FOR LEUCOCYTES : IN VITRO AND IN VIVO STUDIES 

INTRODUCTION 

C. J. Dunn, W. E. Fleming, R. G. Schaub, A. J. Gibbons, 
J.W. Paslay and D. E. Tracey 
Department of Hypersensitivity Diseases Research and 
Department of Atherosclerosis and Thrombosis 
The Upjohn Company, Kalamazoo, MI 49001, U.S.A. 

Under normal conditions, circulating leukocytes adhere to the vascular 
bed through a reversible adhesive interaction with endothelial cells (ECs).1 
However, a dramatic increase in leukocyte adherence is observed following 
tissue injury which is restricted to vess~ls in the affected area. 2 During 
the early stages neutrophils predominate. 1 Although this is a fundamental 
aspect of inflammation, little is known of the actual mechanisms which 
initiate leukocyte adhesion. It has been known for some time that divalent 
cations are essential and removal of cell surface sialic acid residues 
augments EC-leukocyte adhesion. 1,3 Development of EC culture techniques has 
permitted more extensive studies on the adhesive interactions between these 
cells. Recent observations suggest a role for altered fibronectin,4 
chemotactic factors5,6 and arachidonic acid metabolites,7,B indicating the 
polymorphonuclear leukocyte (PMN) as the target cell. Enhanced EC-PMN 
adhesion following preincubation of ECs with C' 5a3, or C' 5a desarg,9 
suggested that these cells could be stimulated to become hyperadhesive for 
PMNs, although these observations are controversial. 5 Leukotriene B4 (LtB4) 
has been shown to initiate adhesion of human PMNs to bovine ECs immediately 
after contact with endothelium in vitro, although the adhesiveness of PMNs 
was also directly affected by LtB4.7,lO 

In this communication we provide evidence that interleukin (IL-1) acts 
as an endogenous mediator of leukocyte adhesion to vessel walls via a 
selective effect on cultured endothelium which is independent of leukocyte 
stimulation. In addition to these in vitro findings IL-1 was also shown to 
stimulate vascular-leukocyte interactions in vivo indicating a potential 
role for this cytokine in thrombotic and inflammatory diseases. 

MATERIALS AND METHODS 

Cell Culture. Separation and Labeling 

Endothelial cells (ECs) were cultured from human umbilical veins as 
previously described. l ! ECs were grown to confluency and subcultured at 
370C in RPMI 1640 culture medium (KC Biological, Kansas) containing 20% 
fetal bovine serum (Sterile Systems Inc., Logan, Utah), ImM glutamine, 10 
~g/ml streptomycin and 2.5 ~g/ml fungi zone (Gibco, Grand Island, New York) 
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in 24-well tissue culture plates (Falcon, no. 3008). ~fter 3-4 days the sub­
confluent EC monolayers were used for adhesion studies. .ECs were not used 
beyond the third subculture passage. The purity of EC culture was confirmed 
by morphology and anti-factor VIII antigen f140rescent staining as previously 
described. 12 

A human fibroblast cell line (from the American Type Culture collection, 
- CRL 1445 Rockville, MO) was cultured under the same conditions and used for 
adhesion assays where appropriate. 

Human PMNs were isolated by centrifugation of citrated human blood, 
(300xg, 40C for 20 min). Platelet poor plasma (PPP) was obtained by centri­
fugation of plasma at 2,500 x g for 15 min. The erythrocyte-leukocyte 
suspension was made up to 50 ml with 2.5% gelatin in sterile saline and 
allowed to settle for 30 min (370C). The cells were centrifuged for 15 min 
at 250 x g (room temperature) and resuspended in 4 ml saline. Erythrocytes 
were removed by hypotonic lysis and the remaining leukocytes resuspended in 
PPP (20xl06 cells/ml). This preparation yielded ~ 90% PMNs, of which the 
remaining cells were monocytes. 

The human mononuclear cell line, U-937 (ATCC-CRL 1593) was maintained in 
culture medium for use in adhesion assays. Human peripheral blood lympho­
cytes (PBLs) were separated according to previously described techniques. 13 
Leukocytes were labeled with 5ICr as described. I4 Cell viability was ~ 90%. 

Endothelial Cell-Leukocyte Adhesion in vitro 

51Cr-labeled leukocytes were added to EC cultures at a final concentra­
tion of 2 x 106 leukocytes/ml. After incubation at 370C (30 min for PMNs; 
60 min for U-937 cells; 120 min for PBLs) non-adherent leukocytes were 
removed by gentle washing. The remaining adherent leukocytes were removed 
by trypsin-EOTA treatment and their radioactivity determined using a gamma 
counter. Leukocyte adhesion was expressed as the percent labeled leuko­
cytes remaining after adhesion relative to the total labeled leukocytes 
added. 

Highly purified human monocyte-derived interleukin-l (IL-l) was prepared 
by C.A. Oinarello (Tufts Un·iv.) and human recombinant IL-la and IL-IS were 
obtained from Genzyme Corp., Boston, Mass., in phosphate buffered saline, pH 
7.4, containing 0.5% bovine serum albumin, and diluted in culture medium as 
required. The activity of IL-l was established in the mouse thymocyte proli­
feration assay16 and expressed as half maximal thymocyte stimulation units 
(U). IL-l was endotoxin-free as assessed by the Limulus amebocyte assay.I5 

Freshly washed subconfluent EC cultures were incubated with IL-l for 
varying time Qeriods at 370C. Excess IL-l was removed by washing in culture 
medium (x3), 51Cr-labeled leukocytes added and adhesion assessed. In some 
experiments, ECs were preincubated with IL-l for 5-60 min, washed, incubated 
in culture medium for varying periods of time, washed again and tested for 
leukocyte adherence. 

Similar experiments were performed with lipopolysaccharide (LPS- I. Coli 
derived, 0.55:B5 phenol extract, Sigma). The direct effects of IL-l and ~ 
on EC-leukocyte adhesion were determined by co-incubation of either substance 
with ECs and PMNs or U-937 cells for 30 min or 60 min, respectively. U-937 
cells were also preincubated with IL-l or LPS-for 3.5 hr, washed and tested 
for adhesion to untreated ECs. Serum was omitted from all LPS experiments to 
avoid the non-specific effects of LPS-activated serum proteins. 

Phytohemagglutinin (PHA) and phorbol myristate acetate (PMA) were 
obtained from Sigma and also tested for stimulation of EC-PMN adhesion. 
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Actinomycin D and cycloheximide (Sigma) were added to EC cultures in the 
absence and presence of IL-1 or LPS for 3.5 hr. Cultures were washed (x3) 
and leukocytes added to assess adhesion. 

All experiments were carried out twice with 6 wells per group. 

Stimulation Of Vascular-Leukocyte Interactions By IL-1 In Vivo 

Adult male New Zealand White rabbits (4.5-5 kg) were anesthetized with 
Nembutal (30 mg/kg iv). The neck was shaved and prepared for a sterile cut­
down procedure. Both jugular veins were carefully exposed to avoid unneces­
sary trauma or occlusion. Ethylene vinyl acetate (~VA) disks containing 
either BSA (250 mg/disk) or human interleukin 1 (Genzyme, Boston, MA 50 
U/disk) were prepared according to previously described techniques,l' care­
fully positioned around each vein and sutured in place with 4.0 Dexon. Each 
EVA disk was positioned to avoid obstruction of blood flow. The incisions 
were closed and the animals recovered and were maintained for 24 hours in 
individual holding cages. After 24 hours, the rabbits were anti-coagulated 
with heparin (3000 Units iv) and overdosed with intravenous Nembutal. The 
chest was opened and an 18 gauge needle was positioned into the left ven­
tricle for whole body perfusion at 90-110 mmHg pressure. Perfusion fluid was 
removed from an incision in the right ventricle. Two liters of Tyrode's 
buffer (pH 7.4) was followed by 1 liter of 1% glutaraldehyde/4% formaldehyde 
fixative prepared in Tyrode's buffer. Each jugular vein was dissected, 
removed, and further processed for microscopic analysis. 

RESULTS 

Stimulation of EC-Leukocyte Adhesion In Vitro 

Incubation of ECs with IL-1 for 3.5 hr. resulted in increased EC 
adhesiveness for PMN leukocytes compared with basal adhesion exhibited by 
untreated ECs (Table 1). The effect was dose related, maximal adhesion 
(+89%) being observed around 2.5 x 10-1 U/ml IL-1. Minimal effective doses 
occurred between 2.5 x 10-4 - 2.5 x 10-5 U/ml IL-1. Similar results were 
found with LPS, peak activity (+53.6%) occurring between 10-100 ng/ml (Table 
1) • 

Table 1. Dose-related augmentation of PMN adhesion to endothelial cells 
pretreated with IL-1 or LPS. 

PMN adhesion % change 
Groul:! {tsem) PMN adhesion 
Control 26.7 (to.65) 
2.5x10-1 50.6 (t1.11) + 89.5 * 
2.5x10-2 42.3 (t1. 77 + 58.4 * 

IL-1 (U/ml) 2.5x10-3 37.0 (±0.92) + 38.6 * 
2.5x10-4 37.1 (±0.78) + 39.0 * 
2.5x10-5 32.0 (±0.74) + 19.9 

Control 23.3 (±0.54) 
100 36.8 (±0.81) + 53.6 * 
10 35.3 (±0.92) + 51.5 * 

LPS (ng/ml) 1 32.1 (±0.95) + 37.8 * 
1xlO-1 26.2 (±0.47) + 12.4 
1x10-2 25.5 (±0.44) + 9.4 
1x10-3 22.3 (to.40) - 4.3 

* P<O.OOl treated cultures compared with untreated 
controls. 
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PMN adherence to fibroblasts (13.9% ± 0.44) was not increased by eitner IL-1 
(1-10 U/ml) or LPS (1-100 ng/ml) pretreatment, indicating specificity for 
ECs. 

Supernatants transferred from IL-1 or LPS-treated ECs did not stimulate 
adherence of leukocytes to fresh untreated EC cultures. 

Treatment of ECs with IL-1 or LPS for various time periods revealed the 
requirement for a minimum of 1-2 hr following treatment with these stimuli 
for expression of hyperadhesiveness. EC-PMN adhesion increased progres­
sively as the preincubation time was extended (up to 3.5 hr). 

Variation of the "exposure time" of ECs to IL-1 or LPS stimulus showed 
that periods as short as 5 min were sufficient for enhanced EC-PMN adhesion 
provided at least 2 hr was allowed to elapse between removal of stimulus and 
addition of PMNs. Maximal activity occurred when ECs were exposed to IL-l or 
LPS for 30-60 min followed by a 2 hr incubation period. 

PMN adhesion to IL-1 stimulated ECs diminished to basal levels 24 hr 
after treatment. However, an additional IL-1 treatment at this time resulted 
in augmented EC-PMN adhesion resembling that following initial IL-1 
stimulation (fig. 1). 
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Figure 1. The effects of re-exposure of ECs to IL-1 on EC-PMN 
adhesion 24 hr following initial stimulation (IL-1 10 U/ml). 

Pretreatment of ECs with actinomycin D (5 ~g/ml) or cycloheximide (5 
~g/ml) completely blocked IL-1 and LPS-stimulated EC-PMN adhesion, whereas 
unstimulated basal adhesion was unaffected (fig. 2). 

Adhesion of U-937 cells to ECs pretreated with IL-1 (10 U/ml) or LPS (100 
ng/ml) for 3.5 hr was enhanced by 98.4% and 106%, respectively (fig. 3). 
PBLs depleted of adherent leukocytes also showed increased adhesion (+85%) to 
ECs similarly pretreated with IL-1. 

Coincubation of ECs and PMNs, or ECs and U-937 cells (30 min and 60 min, 
respectively), with IL-1 (10 U/ml) or LPS (100 ng/ml) during adhesion did not 
cause increased adhesion compared with untreated cells. Furthermore, 
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prolonged pretreatment (3.5 hr) of U-937 cells with Il-l or lPS failed to 
alter their subsequent adherence to untreated ECs (fig. 3). 
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Figure 2. The inhibitory effects of protein synthesis inhibitors 
on Il-l and lPS-induced EC-PMN adhesion (see Methods). 
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Figure 3. Il-I stimulated EC hyperadhesiveness for U-937 cells 
(see Methods). 

Studies with purified human recombinant Il-I (rIl-l) indicated that rIl­
lS was 6-7 times more active than rIl-la with respect to stimulation of EC 
hyperadhesiveness for PMNs (fig. 4). 
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Figure 4. Comparison of human recombinant IL-1a and IL-1S on EC 
hyperadhesiveness for PMN leukocytes (see Methods). 

Preincubation of ECs for 3. 5 hr with PHA (250 ng - 25 ~g/ml) or PMA (1 ng 
- 100 ng/ml) resulted in augmented EC-PMN adhesion. As for IL-1 and LPS, 
such treatment specifically affected endothelial cell adhesiveness and did 
not alter EC morphology as determined by light and scanning/transmission 
electron-microscopy (data not shown). 

Stimulation Of Vascular-Leukocyte Interactions By IL-1 In Vivo 

Morphological examination by scanning electron microscopy (SEM) showed 
that 4 of 8 control (EVA/BSA treated) veins had significant alterations of 
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Figure 5. Scanning electron micrographs of veins exposed to control 
EVA disks demonstrate the basal injury produced by surgical inter­
vention and disk placement. Endothelial cells exhibited rounding, 
separation of cell junctions and filopodia. Some subendothelial 
migration of PMNs was also observed. 



the endothelial cell layer. Two of these veins had rounding of the endothe­
lial cells, separation of intercellular junctions and partial detachment of 
endothelium from the basement membrane. Few adherent leukocytes were 
observed on these vessels (fig. 5). The remaining 2 veins with significant 
vascular alterations had leukocyte migration under the endothelium (fig. 5) 
and the associated endothelial cell detachment which results from leukocyte 
migration. The remaining 4 control veins exhibited less severe morphologic 
changes which included formation of endothelial cell filopodia, separation of 
intercellular junctions and scattered leukocyte adhesion and migration. 

The responses of veins to IL-l (EVA/IL-l treated) could be distinguished 
from those observed in the control veins. Four of the 11 IL-l treated veins 
examined exhibited evidence of injury resembling that of the most severely 
affected control veins (i.e. separation of endothelium, formation of endo­
thelial cell filopodia and scattered migration of leukocytes under the 
endothelium). The remaining 7 IL-l treated veins had leukocyte adhesion and 
vascular injury which was significantly greater than in control veins (fig. 
6). 

Figure 6. Veins exposed to IL-l EVA disks had significantly more 
injury and PMN migration. Large areas exhibited deendotheliali­
zation. Many of these areas had both PMNs and platelets adherent 
to the exposed basement membrane. The subendothelial migration 
of PMNs in areas adjacent to those with exposed basement membrane 
suggests that PMN migration was the cause of endothelial cell loss 
in these veins. 

In each of these 7 veins large areas of endothelial cell denudation with 
exposure of basement membrane and platelet accumulation was observed. Leuko­
cyte migration was the most likely cause for the loss of endothelium. Intact 
endothelium, adjacent to deendothe1ia1ized zones, had large numbers of 
migrating leukocytes in the process of detaching the cells from the basememt 
membrane (fig. 6). Other conspicuous features of these 7 responder IL-l 
treated veins included multiple leukocyte aggregates and the association of 
platelets with adherent leukocytes (fig. 6). One of the responder veins had 
a large mural thrombus on the lumenal surface. 
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DISCUSSION 

Several studies have shown that a wide range of biological sub3t~n5es 
intera~t directly with leukocytes, causing increased adhesiveness. , , , 
6,7,8,9 However, historical evidence derived from in vivol ,2 observations 
strongly suggests that it is the EC which becomes hyperadhesive following a 
variety of inflammatory stimuli. Our experiments were initially designed to 
determine the nature of such a response using the in vitro endothelial cell­
leukocyte adhesion assay system. We pursued the hypothesis that EC damage 
results in increased adhesiveness of these cells for circulating leukocytes. 
Direct physical trauma to ECs (heat, pressure) failed to alter EC hyperad­
hesiveness or to induce secretory products possessing this activity (Dunn and 
Fleming~ unpublished data). Since endotoxin causes injury to bovine ECs in 
vitro,Io we decided to determine whether this effect could lead to enhanced 
EC adhesiveness for leukocytes. Surprisingly, LPS caused a delayed increase 
in EC adhesiveness for leukocytes which was not associated with EC toxicity. 
On the contrary, this proadhesive action of LPS was dependent on EC protein 
synthesis. Similar results were obtained with human ECs which are not 
susceptible to LPS-induced injury.17 Such a novel phenomenon had not been 
previously described. At this time reports appeared on the stimulatory 
effects of LPS and IL-I on EC procoagulant activity,19,20,21 an event which 
was also protein-synthesis dependent. We reasoned, therefore, that IL-l may 
represent a potential endogenous mediator of EC-leukocyte adhesion, via 
direct activation of ECs. As the in vitro data show, IL-l indeed proved to 
be a potent stimulator of EC adhesiveness for a variety of leukocyte types 
(PMNs; U-937 mononuclear cells; peripheral blood lymphocytes). As with LPS, 
IL-l caused a dose-dependent delayed increase in EC-PMN adhesion without EC 
injury, was specific for ECs and did not involve leukocyte stimulation. 
Exposure of ECs to stimulus for as little as 5 min resulted in EC hyper­
adhesiveness provided a 2 hr latent period was allowed to elapse prior to 
addition of leukocytes. Thus, adhesion could be induced by brief exposure of 
ECs to IL-l (or LPS) which was not reversible upon removal of stimulus. 
Preincubation of ECs with actinomycin D or cycloheximide resulted in complete 
inhibition of IL-I and LPS-induced EC-PMN adhesion, suggesting a requirement 
for protein synthesis. This, coupled with the fact that IL-l or LPS-treated 
EC culture supernatants could not transfer activity, suggest that adhesion is 
probably mediated via EC surface membrane changes. These observations have 
been confirmed and extended by the work of other investigators20 who have 
shown that IL-l induces the expression of a specific EC surface protein which 
is thought to be the proadhesive molecule. Such a protein, to which a 
monoclonal antibody, H4/18, has been raised, correlated with the development 
of delayed-type hypersensitivity vascular lesions in man. 22 That the IL-I 
induced EC procoagulant activity may be related to the observed hyperadhesive 
response seems unlikely since addition of tissue thromboplastin or various 
anti-thrombin agents failed to modify adhesion (Dunn & Fleming, unpublished 
observations) and the EC procoagulant response is refractory to repeated IL-I 
stimulation20 whereas adhesion is not. 

Other alterations in EC surface membrane properties have been reported, 
including increased expression of Fc (IgG) and C'3 receptors23 following 
viral infection, which paralleled increased adhesion of PMNs to the infected 
endothelium. IL-l has also been shown to stimulate formation of an EC 
pericellular glycosaminoglycan matrix. 24 Further studies are required to 
determine whether there is a relationship between these events and IL-l 
induced EC hyperadhesiveness. 

In addition to its Broadhesive effects, IL-l induces EC synthesis of 
procoagulant activity,2 ,21 tissue plasminogen activator inhibitor25 and 
delayed release of prostacyclin26 in vitro. Accordingly, we attempted to 
determine the effects of IL-l on leukocyte-vascular interactions in vivo. A 
model was constructed whereby either bovine serum albumin (BSA) or IL-l was 
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applied locally from a slow-release polymer (EVA) positioned around the 
adventitial side of the jugular vein. Control EVA-BSA treated veins showed 
evidence of variable pathological changes, probably due to a combination of 
the irritant effects of surgery and the presence of the EVA-BSA disk. It is 
also possible that the perivascular disk caused some intermittent turbulence 
or obstruction of blood flow during the 24 hr incubation period. Such 
changes, combined with surgical trauma, are important requirements for 
vascular injury.27 In spite of the increased baseline injury observed in 
control veins, the IL-1 treated veins showed a significantly greater degree 
of injury, apparently mediated by leukocyte adhesion and migration. Super­
nantants from IL-1 disks, but not BSA disks incubated in culture medium, 
enhanced EC-PMN adhesion in vitro indicating that IL-1 was released from EVA 
polymer disks in vivo (Dunn and Fleming, data not shown). It would appear 
that IL-1 diffused from the polymer to the vein lumen, activating ECs to 
become hyperadhesive for leukocytes. In most IL-1 treated veins (7 of 11), 
larger numbers of individual aggregated leukocytes were observed than in 
control veins. This would be consistent with the in vitro observations 
reported herein. The subsequent migration and activation of accumulated 
leukocytes would induce EC loss, basement membrane exposure and platelet 
accumulation. That the EC changes were mediated by an inflammatory reaction 
generated by IL-1 around the vein seems unlikely since 1) subcutaneous 
implantation of EVA disks containing IL-1 produces minimal inflammation which 
does not differ from control BSA or phosphate buffered saline (Dunn and 
Gibbons, unpublished observations), 2) the inflammatory response to IL-1 is 
brief, peaking around 3 hr and requires a relatively high local concen­
tration of IL-1,28 and 3) the inflammatory response to surgery would probably 
mask any IL-1 induced inflammation. These results are in accord with recent 
studies which also demonstrate IL-1 stimulation of EC procoagulant activity 
in vivo. 29 

Collectively, these observations indicate that IL-1 and LPS augment EC 
hyperadhesiveness for leukocytes in vitro via mechanisms dependent upon EC 
protein synthesis. The significant pathological changes observed in the 
blood vessel lumen following perivascular application of IL-1 in vivo 
suggests a potential role for this cytokine as an endogenous mediator of 
inflammatory and thrombotic diseases. In contrast, the stimulatory effects 
of LPS on EC adhesiveness may be a major contributory factor to the extensive 
adhesion of leukocytes observed throughout the vascular bed in septic 
shock. 30 The relevance of PMA and PHA-stimulated EC-leukocyte adhesion to 
vascular diseases has yet to be determined although these stimuli may repre­
sent useful tools in gaining a better understanding of the mechanism(s) of 
induced vascular hyperadhesiveness at the molecular level. 
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SYSTEMIC ALTERATION OF ENDOTHELIAL CELLS IN SHOCK 

c. Mittermayer, R.P. Franke, G. Kalff, U.N. Riede 
Department of Pathology and Department of Anaesthesiology 
Aachen University of Technology, 0-5100 Aachen 
Klinikum der RWTH, West Germany 

1. PATHOLOGY OF EARLY CHANGES IN SEPSIS 

From the standpoint of pathology the number of patients dying 
from sepsis has been constantly increasing in the last 10 -
20 years. Diagnosis of this complex condition has become more 
difficult recently since it is not always possible to detect 
bacteria, fungi or viruses. This can be related to invasive 
medicine and inte~sive care following surgery and extensive 
burn. 
Moreover, the spectrum of pathologic characteristics seems to 
have changed. The organ weights of patients suffering and 
dying from shock following trauma and sepsis differed in the 
1950s, 1960s and 1970s: At autopsy the weight of the kidneys 
was high in the 1950 - 1960 period while the weight of the 
lungs was low in this period. In the 1970s the lung weights 
increased 2 - 3times at autopsy compared to that in the 1950s 
indicating a shift in the shock syndrome symptoms 
(Mittermayer et al., 1973). 
Complications arising from the lung function then came into 
the foreground and are still dominating the intensive care 
scene. By analyzing lung probes from deceased patients and 
lung biopsies of patients with the aid of electron microscopy 
and morphometric methods the following was shown: 

Within seconds after trauma the weight of the lungs in­
creases from average 230 g to values up to 1000 g 
(Joachim at al., 1976) due to fluid assembly in the 
interstitial space (Riede et al., (1981). Endothelial 
cells are not damaged at this point. This stage is 
reversible. 
Between the 6th and 10th day after onset of shock a 
morphological transformation of· the lung architecture 
takes place. Lung fibrosis is the final result. This 
kind of fibrosis cannot be discerned from other forms of 
lung fibrosis of different etiology on a morphological 
basis alone. Taking into correlation specific diffusion 
capacity of the alveolar wall and Pa02 (Riede et al., 

429 



1984) the differential diagnosis can be made. Apparently 
shock-induced fibrosis of the lung is brought about by 
disturbances of diffusion and perfusion. 

In any case of shock-induced lung damage the first 
morphological sign at the cellular level is damage of endo­
thelial cells. 

2. ENDOTHELIAL DAMAGE - INITIAL FEATURE OF SHOCK 

The mean barrier thickness of the alveolar wall in human 
lungs decreases during the first 6 days in shock (Riede et 
al., 1978). This is due to blebbing and shedding of 
endothelial cells. Finally capillaries without any 
endothelial lining can be observed (Figure 1). The 
replacement of the lost endothelial cells then depends on the 
efficiency of the regenerative forces. About 50 % of these 
patients die; the remainder survives and shows severe 
morphological residues in the lung (Mittermayer, 1978). 

Figure I 

Human lung in septic shock. Capillary (CAP) is devoid of 
endothelial layer; basement membrane thickened. The 
interstitium (1ST) is broadened by edema. 

Damage of endothelial cells during shock seems to be a uni­
versal phenomenon in man. In the heart "shock-endocarditis" 
occurs (Mittermayer et al., 197Ia). This is an aggregation of 
platelets along the closing zone of the valves (Figure 2). In 
animal experiments it was demonstrated that endotoxin induced 
shock produced endothelial damage after 30 minutes followed 
by endocarditis thrombotica. This occurred when endothelial 
cell death exceeded reparative forces at the valves. 
Endotoxin or Lipid A in combination with the mechanical 
alteration occurring at the closure of the valves evokes 
endothelial damage, which is followed in the porcine heart by 
a 1.200-fold regeneration burst compared to normal cell 
turnover there (Mittermayer, 197Ib). 
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3. REDUCED REGENERATION OF HUMAN ENDOTHELIAL CELL CULTURES 

At present there is still only scarce knowledge of how 
endothelial cell damage occurs during shock in various 
regions of the human body. At the Department of Pa.thology, 
Aachen, Technical University, an in vitro system of human 
endothelial cells was used to study proliferation under 
different conditions (Scharff~tteret al.,1986). These cells 
were derived from umbilical veins or veins from vein­
stripping surgery in adults. Grown on a polymer-base and 

Figure 2 

Scanning Electronmicroscopy (marker = 500 urn) 
Endocarditis thrombotica in pig aortic valve 1 hour after 
i.v. endotoxin injection (20 pg/kg body weight) 

coated with extracellular matrix, they exhibited Factor VIII 
related antigen, prostaglandin production and the appearance 
of silver-stained cell borders upon confluency (Figure 3). If 
non-confluent cultures are used and fed with serum from a 
patient with septic shock it can be seen that marked decrease 
in proliferation activity occurs (Scheffel et al., 1982a). 
Moreover, the prognosis of patients correlates grossly with 
the degree of this inhibition (Scheffel et al., 1982b). Thus 
the septical patient may not be able to repair endothelial 
damage in vivo and develops the clinical signs of increased 
vascular permeability and microthrombosis as seen in the 
lung. 
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Figure 3 

Human endothelial cells in confluent state. Silver-staining 
of the cell borders. The cells are polygonal and cell borders 
are indented (280 x). 
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Figure 4 
Cone-plate-rheometer for 
investigation of the effect of 
shear stress upon endothelial 
cells in vitro. 

4. DISTURBANCE OF ENDOTHELIAL CELL ADHERENCE IN SEPTIC 
SHOCK 

Human endothelial cells are grown on a transparent base in a 
cone-plate rheometer (Figure 4) and can be observed 
continously by microscope and camera (Franke et al., 1984). 
Confluent human endothelial cells in culture show a circum­
ferencial microfilament network. No stress fibres are seen 
at this stage crossing the cytoplasm (Schnittler et al., 
1986) Shear stress of 2,5 dyn/cm2 over 3 hours is able to 
induce large amounts of stress fibres crossing the cyto­
plasm. (Figure 5). 
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The range between 2 and 6 dyn/cm2 shear stress is equivalent 
to the venous and the arterial shear stress in man. In this 
dynamic type cell culture, cells must be highly confluent 
(5th day after confluency) in order to be fully non­
thrombogenic in the fluid dynamic experiments with blood. If 
lipid A, the effective constituent of endotoxin, is added in 
growth medium without blood (200 ug/ml), rupture of the cell 
layer is encountered. The same holds true for supernatants of 
highly pathogenic E. coli and clostridium strains (Franke et 
al., 1985). 

Figure 6 demonstrates the effect of sera from 8 patients 
suffering from hemorrhagic shock and 12 patients suffering 
from septic shock, two of them after burns. It is seen that 
endothelial cell layer is lost to the artificial stream of 
culture medium during shear stress. If whole blood of healthy 
donors is then added to the chamber thrombi growing at the 
site of endothelial damage can be seen. In control 
experiments with sera and blood from healthy donors no 
thrombi are formed during the period of the experiment. 

Figure 5 

Pattern of actin filament in human endothelial 
cell culture visualized by phaloidin-rhodamin. 
a) Human endothelial cells in confluent state show only 

a marginal microfilament network. No stress fibres cross 
the cytoplasm. 

b) Human endothelial cells after 3 hours of exposure to low 
levels of fluid shear stress (2,5 dyn/cm2); large amount 
of stress fibres pass through the cells. 
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Figure 6 

Confluent human endothelial cells are incubated (48 hours) 
with sera from shock patients. Cells were then subjected to 
fluid shear stress (6 dyn/cm2). 

It is hoped, that with this dynamic cell system problems of 
cell adherence and cell regeneration seen in shock patients 
can be elucidated by standardized cell models. 
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Endothelial continuity is essential for vascular homeosta­
sis as its maintenance prevents local thromboformation and 
atherogenesis (1). If it is well known that small, res­
tricted endothelial denudation zones may occur as the re­
sult of hemodynamics (2), homocystinemia (3), generation of 
free oxygen species (4), and angiotensin challenge (5),in 
these conditions, only a few endothelial cells are affected 
and no myointimal thickening occurs. More recently, Hansson 
and Schwartz (6), described focal spontaneous cell death in 
rat aortic endothelium following a long phase of gradual 
detachment of the affected endothelial cells, but without 
significant exposure of the subendothelial structures be­
cause migration of the normal surrounding cells rapidly 
covered the area of denudation. 

In a previous paper by Potvliege and Bourgain (7), 
evidence was adduced that local endothelial cell loss in­
duced by the application of an electrical current, is in­
variably followed by a typical reaction pattern involving 
the surrounding endothelium and the media: indeed both 
smooth muscle cell migration and accumulation of lipids and 
c.ollagen wi thin the vessel wall is observed and appears to 
be directly related to direct exposure of subintimal tissue 
to the blood stream. Guilbaud et al. (8), observed major 
modifications of the vascular and particularly the arterial 
endothelium in patients suffering from electrocution com­
plicated by burn, while Braquet et al. (9), convincingly 
demonstrated the involvement of the arachidonate cascade 
and liberation of free oxygen species in severely burned 
patients. 

In view of these observations, we felt the need for a 
systematic approach to the study of arterial wall reaction 
by performing local electrically induced de-endotheliali­
zation in small vessels using a method developed and stan­
dardized by Bourgain et al. (10). 
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METHODOLOGY 

Inbred male white Wistar rats weighing between 250 and 
300 g as well as guinea-pigs (500 to 600 g) were investi­
gated in order to study ultrastructure of and the effect of 
PAF-acether antagonists on electrically induced thrombo­
formation. All experiments were performed under general 
anesthesia by thalamonal (3 mllkg body weight IM) and the 
animals were kept under artificial ventilation. Following a 
longitudinal incision in the abdominal wall, a loop of 
small intestine was gently extracted from the abdominal 
cavity and a branch of the mesenteric artery (250 to 300 urn 
in diameter) was dissected free from the surrounding me­
senteric tissue over a length of 2 to 3 mm and kept under 
continuous superfusion by isotonic Ringer solution at 37 
°C. The induction of local de-endothelialization was per­
formed using a micromanipulator for the application of a 
platinum electrode onto the vessel wall in the middle of 
the arterial segment. This electrode measured 100 urn in 
diameter and was insulated except at the tip, where the 
conductive diameter was restricted to 25 urn. A direct cur­
rent was then applied for 60 seconds; its polarity was in­
versed every 5 seconds while the intensity of the current 
was varied according to the diameter of the vessel, ranging 
from 30 to 50 uA. The inversion of the polarity avoided 
vasospastic phenomena. The electrical current application 
resulted in a retraction followed by desquamation of ap­
proximately 20 adjoining endothelial cells and exposure of 
the subintimal structures to the blood stream, but without 
interference with the normal blood flow pattern. 

For ultrastructural analysis, at well indicated time 
intervals, the animals were perfusion-fixed at physi910gi­
cal pressure through a catheter in the left common carotid 
(1.5 % glutaraldehyde in 0.1 M cacodylate buffer with 2 % 
sucrose and 2 mM CaCI2, pH 7.4, 37°C). After overnight 
immersion fixation of the whole mesenterium in the glutar­
aldehyde fixative (4°C), the arterial segment was isolated 
from the surrounding structures, postfixed in 1 % osmium­
tetroxide for 1 h, dehydrated in ascending ethanol con­
centrations and liquid C02 critical point-dried. The spe­
cimens were sputter coated with 15 nm gold and examined with 
a Philips SEM 505 scanning electron microscope at 30 kV. 
For transmission electron microscopy the arterial segment 
was seized in a forked 5 mm wide forceps, excised and im­
mediately plunged in 2.5 % glutaraldehyde in 0.075 M caco­
dylate buffered to pH 7.2 and left to fix for 2 hours at 
room temperature. After overnight rinsing, they are post­
fixed for 1 h in unbuffered 1 % osmiumtetroxide. The spe­
cimens were stained in bulk for 2 h at 37°C by 0.5 % ura­
nyl acetate buffered to pH 5.3 before being embedded in 
Spurr's resin. Transverse sections were cut over at least 
half the length of each specimen. Semi-thin sections, taken 
at regular intervals, were stained with alkaline methylene 
blue and examined by light microscopy. Thin sections, taken 
in uninvolved as well as in de-endothelialized portions 
were contrasted by lead citrate and examined with a Zeiss 
EM-9 electron microscope. 

When in the course of the current 
mediately afterwards, a local thrombus 
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measured by means of the optoelectronic device we developed 
accordingly. The PAF acether antagonist used was the gink­
golide BN52021 (Ipsen Lab). 

RESULTS 

Ultrastructural observations 

Normal endothelium. SEM investigation revealed the 
typical ultrastructure of normal endothelium in the rat. 
The endothelial monolayer formed a thin carpet of closely 
adjoining, flattened, polygonal and elongated cells, their 
nuclei bulging slightly into the vascular lumen. Except at 
bifurcations where the orientation of the cells is more 
randomlike; the long axis of the endothelial cells always 
paralleled the direction of the blood stream as described 
by Maes et al. (11). 

Figure 1. SEM-picture of an arterial segment excised 3 days 
after the induction of the leSion, showing the 
activated endotelial cells and a large de-endo­
thelilialized area, covered by platelets. 
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Figure 2. SEM-picture of an arterial segment excised 7 days 
after the induction of the lesion, showing acti­
vated endothelial cells. 

Intimal lesion. The application of the electrical 
current resulted in an immediate, localized, slightly oval 
lesion which consisted firstly in a retraction of the en­
dothelial cells at the site of the application of the cur­
rent followed by the detachment of 15 to 20 adjoining en­
dothelial cells. Sometimes, small localized crevices became 
evident in the underlying subintima. Very few ultrastruc­
tural alterations were present at this stage in the media. 
If present, they consisted of some membrane irregularities, 
eventually pycnotic nuclei and some degree of disrupture of 
the organelles. The lamina elastica was never ruptured and 
maintained a normal aspect. Few if any platelets adhered 
onto the denuded area but a few hours later more adhesion 
occurred. When observed 3 min following the application of 
the electrical current, the edge between the area of the 
lesion and the nondenuded endothelium consisted of flaps of 
partially detached endothelial cell remnants. Over time the 
area of the lesion extended. Some endothelial cells sur­
rounding the affected area demonstrated detachment from the 
subendothelium and manifested bulging into the vascular 
lumen (11). 
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Figure 3. TEM-picture of a 3 days old lesion, clearly dem­
onstrating the presence of platelets in the 
medial structures (*4000). 

These cells subsequently then completely desquamated, 
delimiting an area of 30 to 35 cells. This phenomenon was 
observed within 24 to 48 h. The surrounding endothelial 
cells showed a very marked bulging of the nuclei and elon­
gation of their structure revealing the characteristic 
feature of activated cells. Transmission electron micro­
scopy demonstrated in the cytoplasm of these activated 
cells extensive enlargement of the endoplasmic reticulum 
and important hyperplasia. Observations made on days 3 and 
7 indicated that the activated endothelial cells both at 
the upstream and downstream locations of the affected zone, 
were moving in order to cover the de-endothelialized area; 
all of these cells demonstrated extreme bulging and at 
cetain sites they clearly overlapped the edges of their 
adjoining neighbours. Flaps of these cells apparently 
floating freely into the vascular lumen as a result of this 
phenomenon. In all specimens examined, these findings were 
constantly observed. At day 7, the de-endothelialized area 
was completely covered by the endothelial cells, very oc­
casionally a small crevice could still be detected between 
some cells, but this was rather exeptional. The general 
aspect of the cells was still one of some degree of acti­
vation (figures 1 and 2). 

Medial lesions. The modifications which appear im­
mediately after application of the electrical current were 
described in the preceding section. Within 24 h, the media 
underlying the site of application of the current, demon-
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strated extensive invasion by platelets. Eventually, a few 
erythrocytes were seen together with the invading platelets 
located deep in the vessel wall in between the smooth 
muscle cells. This type of recruitment of thrombocytes by 
the vessel wall was observed in all specimens; surprising­
ly, no leukocyte diapedesis was evident. These phenomena 
were observed to a higher degree at day 3; by this time, 
the platelets had degranulated and the few erythrocytes 
became deformed and were clearly hemolyzing (figure 3). At 
day 7 the phenomena had abated to some extent, but the 
evidence of platelet recruitment and degranulation was 
still very much conspicuous. The smooth muscle cells pre­
sented very marked vacuolization but this remained res­
tricted to the area underlying the site of application Of 
the electrical current. The plasma membranes of the smooth 
muscle cells did not show any disruption, but at some 
sites, the cytoplasm presented small vacuoles, tightly 
packed together and higly suggesting fatty infiltration 
(figure 4). 

Interestingly, in animals subjected to a high choles­
terol and high fat diet for at least 2 months, this type of 
lesion was also observed by Potvliege and Bourgain (12). 
Fibrin deposition within the vessel wall media was a common 

Figure 4. TEM-picture of a 7 days old lesion showing the 
deposition of fibrin (*4000). 

finding in 48 h to 3 to 4 days specimens. When compared to 
normal arteries, the alignment of the smooth muscle cells 
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was drastically modified and no longer presented a well 
defined circular appearance. Marked irregularity of their 
contours was seen, admittedly restricted to the current 
application site but not exceeding this zone to any major 
extent. Important collagen and elastin deposition was 
present in the medial stuctures near the adventitia. 

In the described experimental conditions, electrical 
current application onto the arterial wall, performed in 
the guinea-pig in identical conditions as in the Wi star 
rat, frequently resulted in the appearance of a thrombus at 
the site of endothelial cell lesion. The thrombus consisted 
mainly of platelets although at a later stage, between 4 to 
6 minutes, some leukocytes were recruited, surrounding and 
penetrating the thrombus. Topical superfusion by BN52021 at 
10-3 M or intravenous administration (4 mg/kg) of the drug, 
invariably resulted in the disappearance of the thrombotic 
phenomenon. This observation convincingly demonstrated, 
that at least in these experimental conditions, the throm­
botic phenomenon following desquamation of the endothelial 
cells was related to generation of PAF-acether by the ves­
sel wall, possibly by the endothelial cells surrounding the 
desquamated site. In a previous paper, Bourgain et al. (12) 
documented these findings in detail. 

DISCUSSION 

Our data clearly demonstrate that the local applica­
tion of an electrical current in well standardized condi­
tions, induces specific alterations at the site of the en­
dothelium and the media of the arterial wall which do not 
extend into the adventitia. Within a few minutes following 
current application, the endothelial cells demonstrate 
marked retraction, rapidly followed by desquamation from 
the underlying intimal structures. Immediately following 
the electrical challenge, few if any platelets adhere onto 
the exposed intimal structures; however, within minutes, 
more platelets adhere onto the denuded areas and within a 
few hours, invasion of the vascular wall by platelets oc­
curs complying with the observation that the local appli­
cation of an electrical current results ultimately in pla­
telet adhesion onto the de-endothelialized area. The 
presence of fibrin within the vessel wall also clearly de­
monstrates that plasma proteins infiltrate the vessel wall 
and participate in a process of inflammatory reactions 
comprising the intima and media of the arterial wall. The 
appearance of fatty vacuoles in the smooth muscle cells as 
well as the deposition of fats, collagen and elastin in the 
interstitial spaces separating these cells is indicative of 
a process specifically affecting the arterial media. The 
reaction of the endothelial cells surrounding the affected 
area is identical in all arterial specimens examined. The 
bulging phenomenon and the marked elongation of the cells 
as well as the superposition of their edges, are indicative 
of a mobilisation to cover the denuded area; this activity 
is present upstream as well as downstream of the de-endo­
thelialized area. Transmission electron microscopic data 
clearly indicate that the endothelial cells present a very 
high degree of metabolic activity as demonstrated by the 
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increase of the endoplasmic reticulum and cell size and 
conspicuous signs of hyperplasia. The observation that 
thromboformation can be inhibited by specific PAF-acether 
antagonists is highly suggestive that this mediator is in­
deed intimately involved in the accompanying processes of 
platelet-vessel wall interaction and vascular challenge. 
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It has been demonstrated that histamine is released into rabbit 
plasma during the acute allergic reaction following IgE-dependent activa­
tion of basophils (1-3) and this was ascribed to a factor actively 
released from leukocytes by a calcium - and temperature - dependent 
process (4,5). From 1972 onwards, Benveni ste et a 1. (6-7), descri bed the 
method used to obtain this substance which they named platelet-activating 
factor (PAF), and they started its characterization, demonstrating that it 
was released from rabbit basophils by an IgE-dependent process. It was 
subsequently evidenced by structural elucidation that PAF is a phospho­
lipase A2 sensitive phospholipid (8-10), identified as 1-alkyl-2(R)­
acetyl-glycero-3-phosphorylcholine (10,11). The two main molecular species 
of PAF produced by human neutrophils or rabbit basophils have a hexadecyl 
or octadecyl alkyl moi ety, but more advanced separati on techni ques have 
shown that PAF comprises multiple (at least 16) molecular species 
containing saturated or unsaturated alkyl or acyl chains, or even a polar 
head group other than choline (12,13). 

PAF has been termed as both PAF-acether (ace for acetate and ether 
for the alkyl fond), and AGEPC (Acetyl Glyceryl Ether Phosphorylcholine) 
in the literature. In this paper, 1-0-octadecyl (or hexadecyl)-2(R)-acetyl­
glycero-3-phosphorylcholine, is simply termed PAF. 

As a potent mediator of anaphylaxis and hyperreactivity, PAF may be 
involved in shock, graft rejection, post-ischemic disorders, ovoimplan­
tation, and certain central nervous system (CNS) disorders (rev. in 14-
18). This review presents some data indicating that PAF is also a potent 
modulator of the immune response. 

CELLULAR SOURCES OF PAF 

As shown in Fig. 2, there are many cellular orlglns of PAF (6, 19-
26). PAF is re 1 eased by sens it i zed basoph il s and mast ce 11 s fo 11 owi ng 
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antigen or anti-IgE challenge. Monocytes and macrophages respond to 
phagocytic stimul i such as bacteria, opsonized zymosan or immune com­
plexes, or to the calcium ionophore A 23187, whereas neutrophils respond 
in addition to phorbol esters and the chemotactic agents C5a, C5a-des-Arg 
and formyl-methionyl-leucylphenylalanine (FMLP). Eosinophils also respond 
to A23187, C5a and FMLP, and, furthermore, to the eosinophil chemotactic 
factor of anaphyl axi s (ECF-A). PAF is released by endothel i a 1 cells in 
response to A23187, thrombin, vasopressin, angiotensin II, anti-factor 
VIII and interleukin 1 (IL 1). Even the bacterium E. Coli was recently 
demonstrated to produce PAF (27). 

While it was believed that lymphocytes cannot produce PAF, they can 
produce 2-lyso-PAF following stimulation with A 23187, and their inability 
to produce PAF may result from the lack of acetyl transferase (28). 
Nevertheless, in certain circumstances, appropriate stimulation will cause 
lymphocytes to synthesize or activate acetyl transferase and fhus produce 
PAF : large granular lymphocytes release PAF after Fc receptor stimulation 
(29) and a series of human leukemic cell lines of Band T cell origin, as 
well as Epstein-Barr virus transformed lymphoblastoid cell 1 ines release 
PAF-like material after stimulation with A23187, acetyl CoA or phytohemag­
glutinin (PHA) (30). 

The cell ul ar ori gi n of PAF produced by vari ous ti ssues and organs 
under stress or inflammation is still to be identified. 

Many of the cells or tissues producing PAF are themselves targets of 
PAF-induced bioactions (31-34). Specific receptors or at least binding si­
tes for PAF have been identified in many circumstances (using 
radiolabelled PAF) (rev. in 35,36). With the discovery and development of 
PAF receptor-specific antagonists research has been greatly facilitated in 
this field since they indicate the circumstances in which PAF mediates the 
observed pathophysiological effects (rev. in 35, 37-38). 

REGULATION OF THE URINE RESPONSE: DIRECT EFFECT OF PAF 

Without a doubt, PAF participates in the complex system of host 
defenses as shown by its potent proinflammatory activities. Assisted by 
the development of PAF receptor antagonists and agonists, recent research 
efforts have been devoted to the potential of PAF in modulating cellular 
immune responses. 

A concentration-dependent inhibition of lymphocyte proliferation was 
noted when PAF was added to human peripheral blood lymphocyte cultures 
(containing 5-10 % monocytes), stimulated with the mitogens PHA or conca­
navalin A (ConA) (39). Inhibition was observed when PAF was added within 
the first 3 h of a 72 h culture period, the IC 50 ranging between 10- 12 and 
10- 10 M. There was no significant effect on lymphocyte proliferation when 
PAF was added at a later time. The inhibition was not accompanied by cell 
toxicity as shown by the trypan blue exclusion method and a similar sup­
pression of lymphocyte proliferation was observed with ethoxy-PAF, a 
non-hydrolyzable PAF analog (40). The PAF receptor antagonist, BN 52021, 
prevented PAF-induced this inhibition. Of interest, the cyclooxygenase 
inhibitor, indomethacin, also reversed suppression, which implies that 
prostaglandins intervene as second nessengers in the PAF-induced inhibi­
tion of lymphocyte proliferation (39). When production of IL 2 by human 
lymphocytes was measured after mitogen stimulation, a similar effect of 
PAF and ethoxy-PAF was noted, using the IL 2 dependent CTL-L2 cell line 
(39). BN 52021 also reversed the suppression of IL 2 production by PAF 

(39,40). It was also reported recently that PAF abolished CD4+ T cell 
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proliferation, but this inhibition was observed at higher concentrations 
of PAF and could be seen when PAF was added late during the culture and 
was not linked with inhibition of IL 2 production (Dulioust et al.) (41). 

Seeing that inhibition of lymphocyte proliferation and IL 2 
production may be due to the activation of suppr~ssor cells, lymphocytes 
were preincubated with PAF for 3-18 H, washed and then added to fresh 
autologous lymphocytes stimulated with mitogens. This coculture assay 
showed that PAF could activate suppressor cells which, subsequently, 
inhibited lymphocytes cultures in the absence of any further contact with 
PAF (42). An increase in the number of CD8+ T cells and a slight decrease 
in CD4 + T cells after 18-48 h accompanied the induction of suppressor 
cell s. 

Of interest, the PAF antagon i sts per se generated some suppressor 
cell activity, although to a lower degree than PAF. 

A remarkable spectrum of activities emerged when specific leukocyte 
subsets were isolated and purified before preincubation with PAF (43) : 
PAF-preincubated monocytes exerted suppression by means of an 
indomethacin-sensitive mechanism, while PAF-preincubated CD8+ T cells had 
a suppressive effect via an indomethacin-resistant mechanism. It is 
interesting to note thatIPAF-preincubated CD4+ T cells enhanced lymphocyte 
proliferation in a pronounced manner and this effect was not blocked by BN 
52021. 

In a different system, PAF and two non-hydrolyzable PAF analogs 
raised the proliferation of IL 2-stimulated human lymphoblasts, while some 
antagonists (CV-3988 and L-652,731, but not WEB 2086 and BN 52021) 
inhibited such proliferation (44,45). Even when the drugs were added 48 h 
after the beginning of a 72 h culture period this effect of the 
antagonists was observed, which implies that the drugs interfered with a 
later event in T cell activation. Furthermore, inhibition of IL 2-induced 
proliferation of T-lymphob1asts by the PAF synthesis inhibitor, L-648,611 
suggested the possibility that endogenously produced PAF could be 
implicated in some step(s) of the inhibition (44,45). 

An important corrobation of some of the in vitro observations 
outlined above was provided by the in vivo instillation of PAF into rats 
via an implanted mini-pump (46). After seven days of instillation, 
PAF-treated rat splenocytes showed enhanced IL 2 production in response to 
ConA. 

T-cells are known to regulate IgE production (47-49) and are 
therefore believed to play an important role in the pathogenesis of atopic 
diseases. Peripheral blood T cells from atopic individuals show decreased 
suppressor cell activity and numbers (50-53). In normal individuals, 
mediators such as histamine (54), leukotriene B4 (55-57) and PAF (42,43) 
can activate suppressor cell function. Thus, it would appear plausible 
that these medi ators cou1 d contri bute to dampen immune responses and 
prevent or abort the development of all ergi c reacti vi ty. Whil e thi sis 
supported by studies with histamine (58) further work is necessary 
concerning the precise effect of lipid mediators in the modulation of the 
various steps involved in the regulation of the IgE response and related 
events. 

Since accessory cells are essential for many T cell functions, it 
was interesting to study the effect of PAF on monocyte-macrophage IL 1 
production. A biphasic response was observed when increasing concentra­
tions of PAF were added to lipopolysaccharide - or muramy1 dipeptide­
stimul ated human monocytes or mouse peritoneal macrophages (59,60). Low 
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concentrations of PAF (10- 12 - 10- 10 M) significantly enhanced IL 1 pro­
duction while high concentrations (10- 8 10-6 M) were markedly 
inhibitory. These effects were more evident when platelets were added to 
the monocyte cultures (59). All these effects of PAF on the IL 1 produc­
tion were blocked by the PAF receptor antagonist BN 52021. Under certain 
experimental conditions JR)PAF or the PAF analogs PR 1501 and PR 1502 by 
themselves but not (S) AF were able to induce IL 1 production, although 
to a lower extent than with LPS (61). 

The PAF/IL-l interaction may also playa major role in the immune 
injury of the arterial wall observed in shock, acute respiratory distress 
syndrome or sepsis : indeed PAF is a potent amplifier of platelet and 
1 eukocyte responses : at very low concentrati ons (10- 16 .. 10_ 11 M), it 
dramatically potentiates not only the release of IL 1 by monocytes/ 
macrophages (see abovv but also the production of leukotrienes (62,63) 
and free radicals [0 2. , OH· (64)] from polymorphonuclear cells induced by 
various stimuli. Similarly, the ether lipid activates platelets to form 
thrombin, ATP ... which in turn, as IL 1, act on endothelial cells to 
produce more PAF (65). This amplification process causes the formation of 
a 1 arge, dense platelet thrombus, invaded and surrounded by neutroph il s, 
then by eosinophils and macrophages, and spreading over the adjoining 
vacuolized endothelium (66,67). Indeed: PAF alter the molecular 
organization of cytoskeletal proteins which control endothelial 
permeability (68) : human endothelial cells stimulated by PAF retract and 
lose reciprocal contact while stress fibers disappear or become less 
regular ; such impairments induce bleb formation. 

Another area in whi ch 1 ymphocytes and vari ous phagocytes exert a 
potent effector function is cytotoxicity against tumor, virus-infected and 
allogeneic target cells and parasites. Since host defenses against these 
foreign or transformed cells involve various degrees of inflammation, and 
si nce other 1 i pi d medi ators have been shown to modul ate cytotoxi ci ty in 
either a positive [e.g.leukotrienes (69), TxA2 (70)] or negative [e.g. 
prostaglandins (70,71)] manner, recent studies have looked at the effect 
of PAF on cytotoxic effector cell functions. Natural Killer (NK) 
cell-mediated lysis of the erythroleukemia target cell line K562 was 
markedly enhanced by picomolar concentrations of PAF (72). Preincubation 
of NK cells with PAF followed by washing before their culture with K562 
target cells, or addition of PAF as late as 60 minutes after the initia­
tion of the 4 h cytotoxicity culture also produced enhanced NK activity. 
BN 52021 could not block this PAF-induced effect. Natural cytotoxic cells 
and macrophages mediate their cytotoxic activities, at least in part, 
through synthesis and release of tumor necrosis factor (TNF), a protein 
with many other biological activities similar to IL 1. When preincubated, 
or co-incubated with PAF, LPS-treated human monocytes and mouse peritoneal 
macrophages elaborated significantly higher quantities of TNF (73). In ad­
dition 1 arge granul ar lymphocytes, whi ch comprise the effector natural 
killer (NK) cells respon.sible for lysis of K562 target cells, have been 
shown to produce PAF under certain conditions (29). Therefore it appears 
that endogenous PAF may playa role in the regulation of NK function. 
Interestingly, phospholipid analogs of PAF, 1-0-akyl-lyso-phospholipids 
(ALP) may provide a new approach to cancer chemotherapy (59). These ether 
lipids possess an unusually broad range of biological 
activities-macrophage activation, malignant cell differentiation, and di­
rect cytotoxicity, all thought to be membrane mediated. Unlike most 
antitumoral agents, these analogs do not appear to have a direct effect on 
DNA synthesis or function and are non-mutagenic(60). The anti tumour 
activity of ALPs may partly be mediated by the generation of highly 
tumouricidal immuno-competent cells from the monocyte-macrophage 
lineage(61,62). The process of macrophage activation is still unclear(62), 
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but an activation of interleukin-1 (IL 1) by ALPs is possible (B. Pignol 
and P. Braquet, unpublished). 

Whether similar mechanisms underlie graft rejection is not yet 
defined, but PAF is generated by isolated, perfused kidneys (78), and 
released from renal allografts during hyperacute rejection (79). The PAF 
receptor antagonist, BN 52021 was shown to increase cardiac allograft 
survival in rats, with a synergistic effect with azathioprine and 
cyclosporin A (80). Whether the latter findings are due to the antagonism 
of PAF-enhanced cytotoxic cell activity, the generation of suppressor 
cells or the action of the antagonist on other cellular or fluid-phase 
protagonists of graft rejection remains to be elucidated. 

The exact role of PAF in the primary and secondary mixed lymphocyte 
reaction and in the generation of cytotoxic lymphocytes in-vitro is not 
well assessed. However, Gebhardt et al. (81) have recently shown that BN 
52021 potentiates alloantigen recognition in primary and secondary mixed 
1 ymphocyte cu 1 ture and enhances the generat i on of cytotox i c 1 ymphocytes 
in vitro. In this study the platelet-activating factor antagonist was 
added to and removed from primary and secondary mixed lymphocyte cultures 
at various times after culture initiation. Similarly, BN 52021 was added 
to bulk cultures in which cytotoxic lymphocytes were being generated and 
the effect on the level of cytotoxicity as determined by the release of 
51 chromium in the cell mediated cytotoxicity assay were determined. The 
presence of BN 52021 throughout the durati on of primary and secondary 
mixed lymphocyte cultures had the greatest enhancing effect on the 
proliferative capacity of the responding cells measured by [3H] thymidine 
incorporation. Addition of BN 52021 24 hours or later after the initiation 
of cul tures had 1 ess enhanci ng effect on 1 ymphocyte pro 1 i ferati on. The 
remova 1 of BN 52021 from mi xed 1 ymphocyte cultures up to 48 hours after 
their initiation also was found to eliminate the potentiating effect of 
this antagonist. Similar observations were made in the mixed cultures 
employed to generate cytotoxic T lymphocytes. The continuous presence on 
BN 52021 duri ng the enti re 72 hour cul ture peri od produced an enhanced 
level of cell mediated cytotoxicity, whereas the removal of the antagonist 
up to 24 hours after culture initiation eliminated the enhancing effect. 
Since the secondary mixed lymphocyte cultures and the bulk cultures used 
to generate cytotoxic T lymphocytes contained exogenous IL 2 in amounts 
adequate to support the growth of the cells, it is concluded that the 
potentiating effect of BN 52021 on alloantigen recognition is not due to 
the enhanced production of IL 2 in antagonist-treated cultures. 

Cytotox i c/suppressor T -1 ymphob 1 asts accumu 1 ate in Langherans cells 
and may parti ci pate in di abetes development (82) ; in vi tro sp 1 eni c lym­
phocytes induce cytotoxicity against rat Langherans islets (83) which is 
dose-dependently inhibited by the PAF antagonist BN 52021. This result 
suggests that PAF may be involved in the cytotoxic effect of splenic lym­
phocytes and provides a rationale for using PAF antagonists for the 
prevention of autoimmune diabetes (84). 

Preliminary findings also suggest that keratinocyte killing of 
Candida was blocked by the antagonist BN 52021. Here again, these results 
indicated that PAF enhanced cell cytotoxic activity. 

As revi ewed in thi s secti on, PAF exerts numerous effects on the 
various cellular components of the immune system. Although some of these 
effects may appear contradi ctory, they may be due to i nteracti ons wi th 
several cell subsets or different receptors. Many ongoing and future 
studies will be needed to unravel the complete picture. 
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REGULATION OF THE IMMUNE RESPONSE : THE INDIRECT EFFECT OF PAF 

Apart from its direct effect on the immune response, PAF can also 
cause the release and/or generation of various mediators which in their 
turn will influence the regulation of lymphocyte functions. This would 
also apply for cationic proteins and other suppressive factors, released 
from activated eosinophils and for leukotrienes, prostaglandins and 
neuropeptides. 

Activation of eosinophils 

Both in vi vo and in vi tro (rev. in 14), it has been evi denced that 
PAF is a powerful modulator of eosinophil functions: 

(i) For human eosi nophil s, PAF is one of the most powerful chemotacti c 
agents. As the PAF antagonist BN 52021 dose-dependently inhibits 
eosinophils locomotion (86), the effect is receptor mediated. 

(ii) Hemoconcentration and increased total leukocyte counts are induced by 
systemic PAF injections; the underlying eosinophil and monocyte subsets 
decreases by up to 33 % and this is suppressed by PAF antagonists. 

(iii) In comparison to those from normal individuals, eosinophils from pa­
tients with eosinophilia, including asthmatics, have an increased capacity 
to release PAF (87). A pronounced eosinophil ic infiltration was noticed 
solely in allergic patients who had been injected PAF intracutaneously, a 
1 arge quantity of the cells bei ng degranul ated (88). Moreover, BN 52021 
(89) inhibited two phenomena : PAF induced LTC 4 and O2 .- formation by 
human eosinophils. 

(iv) In vitro, PAF induces the release of cationic proteins, including Ma­
jor Basic Protein (MBP) (P. Braquet, unpublished). This may explain why in 
airway hyperreactivity, the PAF antagonist BN 52021 affords protection. 

(v) PAF-acether in the presence of Schistosoma mansoni previously coated 
with C3 b and specific antibodies (90) induces an increase in eosinophil 
cytotoxicity which is dose-dependently blocked by PAF antagonists. 
IgE-induced cytotoxicity of rat and human eosinophils is also inhibited by 
BN 52021 and related Ginkgolides (M. Capron, pers. Com.). 

(vi) Finally, electronic microscopy studies have evidenced that the two 
PAF antagonists: BN 52021 and WEB 2086, antagonize eosinophil recruitment 
in the lung elicited by both PAF and antigen in the guinea-pig (A. 
Lellouch Tubiana, in preparation). In PAF-induced thrombosis of the 
mesenteric artery a similar result is obtained, the artery being 
infiltrated by eosinophils 10 minutes after challenge. It is interesting 
to notice that eosinophils were surrounded by degranulated platelets in 
both lung and mesenteric tissues (R.H. Bourgain, in preparation). In 
bronchoalveolar lavages from sensitized rabbits challenged with ragweed 
allergen, the PAF antagonist BN 52021 also antagonizes eosinophil accumu­
lation (91). 

PAF is thus a major mediator of eosinophil recruitment and 
degranulation and indirectly, it may therefore also regulate the immune 
response : indeed, eosi nophil granul es contain two hi ghly basi c protei ns 
(eosinophil cationic protein (ECP) and eosinophil protein X (EPX)). At 
appropriate in vivo concentrations (10- 10 M), these proteins induce 
suppressive effects on peripheral blood mononuclear cells from the normal 
donor, which implies that eosinophils have a regulatory role in 
immuno 1 ogi ca 1 reacti ons (92). Indeed, 1 ymphocyte functi on was reported to 

452 



be inhibited by non dialyzable and heat sensitive factor produced by 
zymosan-stimulated eosinophils (93). A similar mechanism could be 
impl icated in famil ial reticuloendothel iosis, a disease' characterized by 
severe combined immune deficiency with hypereosinophilia (94). 

It will become possible to evaluate the role of PAF in eosinophil 
activation and the putative consequent disturbance in the lymphocyte 
response by undertaking systematic study of diseases involving eosinophil 
infiltration with impairment of lymphocyte response. 

Prostaglandin and leukotriene release 

PAF induces prostagl andi nand 1 eukotri ene generati on in 1 ungs and 
various cell systems which, in turn, are potent modulators of lymphocyte 
functions (rev. in 57, 95). 

Neuropeptide release 

The development and function of the immune system is directly 
influenced by endocrine factors from the pituitary and hypothalamus (rev. 
in 96) : indeed, both pituitary and hypothalamic hormones interfere with 
lymphocyte proliferation and function and it has been shown recently that 
human peri phera 1 mononucl ear cells possess speci fi c receptors for these 
hormones, and other immuno-regulatory peptides. 

It seems that PAF plays an important role in regulating CNS 
functions: (i) after [3H] PAF injection in vivo in gerbils, the binding 
of PAF is 250 times higher in the brain than in other tissues ; the PAF 
antagonist, BN 52021, inhibits this phenomenon (P. Braquet and B. 
Spinnewyn, unpublished) ; it has recently been shown that there are high 
affinity binding sites for PAF in the gerbil brain (E. Chabrier and P. 
Braquet, in preparati on) ; (i i) several behavi oura 1 parameters in mi ce 
have been modified by PAF antagonists of several chemical series (97) ; 
(iii) in gerbils, the PAF antagonists BN 52021, kadsurenone and brotizolam 
inhibit the post ischemic phase of cerebral ischemia (98) ; (iv) PAF 
modulates neuropeptide release from various cerebral tissues (99 ; F. 
Dray, in preparation; P. Braquet unpublished). In addition, the hormonal 
response .is changed, following PAF injection in animals (100). 
Consequently, PAF may indirectly alter the immune response via neuro­
peptide release. 

Prolactin and growth hormone. PAF causes prolactin (PRL) and growth hor­
mone (GH) to be released from the rat anterior pituitary tissue (99) which 
effect is blocked by PAF antagon i sts (P. Braquet, unpub 1 i shed). I t seems 
that PRL and GH play an important role in regulating lymphocyte functions 
since hypophysectomized rats lose their immune response (101). The 
immuno 1 ogi ca 1 responsi veness of these animals was restored when treated 
with PRL or GH, but not with corticotropin or other pituitary hormones 
(102). In addition, on human lymphocytes, specific binding sites for PRL 
have been evidenced. Of interest, ciclosporin A displaces PRL from these 
sites (103,104) and on the contrary, stimulation of PRL secretion reverses 
the immunosuppression induced by ciclosporine (104). These data imply that 
PRL release may take part in the exacerbation of the immune response 
afforded by ALPs (see above) and conversely may account for the delay in 
graft rejection obtained by a combination of ciclosporine and PAF 
antagonists (80). 

Substance P. Substance P (SP) is an 11 amino acid peptide, located 
in nerve endings of several species, including man (rev. in 105). SP 
constricts pulmonary airways leading to bronchoconstriction, contracts 
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smooth muscles, stimulates epithelial cell secretion in the lungs and the 
gut and increases the permeability of microvasculature (rev. in 105). The 
release of mediators from mast cells such as leukotrienes or histamine is 
also stimulated by SP in an indirect manner ; in vitro, SP stimulates 
human mono~yte chemotaxis with an EC so as low as 10-13 M. SP generates 
TxA2 , O2 • and H202 by C. parvum-activated macrophages, activates 
lysosomal enzyme release and stimulates phagocytosis of yeast cells (rev. 
in 105). 

PAF induces SP release from guinea-pig lung preparations, as 
determined by radioimmunoassay (106). PAF-induced release of SPis mainly 
observed in large bronchi and trachea. On a molar basis, PAF seems to be 
as active as capsaicin in inducing SP release (106). However, from chopped 
1 ung parenchyma, no net release of SP eli ci ted by PAF or capsa i ci n is 
observed, although the amount of neuropeptide extracted at acidic pH from 
lung tissue is markedly increased. This observation impl ies than SP is 
released from nerve endings upon stimulation with PAF and capsaicin but 
that it does not spread within. the tissue (106). The inhibition of airway 
hyperreactivity exerted by the PAF antagonists BN 52021 and WEB 2086 may 
partly be explained by the PAF-induced increase of SP release. 

The prior body of evidence indicates that PAF may be a potent 
mediator of SP release and may therefore also indirectly regulate the 
immune response : indeed, the uptake of [3H] thymidine and [3H] leucine by 
purified human peripheral blood T lymphocytes is significantly improved by 
SP, in vitro at low concentrations (107) ; the same degree of 
proliferative response to SP has been demonstrated by similar experiments 
wi th mouse 1 ymphocytes from mesenteri c 1 ymph nodes and Peyer' s patches 
(107). Moreover, the in vitro production of IgA in lymphocytes from spleen 
and Peyer's patches is significantly enhanced by SP by up to three times 
(108). 

Consequently, in this manner, PAF may once again indirectly in­
fluence the immune response. 

CONCLUSION 

PAF has numerous effects on many organ and tissue targets. The ac­
tion of the mediator on various cell types can account for several of 
these effects. PAF has been related with a great majority of inflammatory 
and immune responses, right from discovery of its production in allergic 
reactions to the recent and current studies of its effects on cellular 
immune functions. The direct involvemement of the mediator in these 
phenomena can now be studied since specific PAF agonists, antagonists and 
inhibitors, have been developed. 
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LEUKOTRIENES IN LYMPHOCYTE ACTIVATION: LEUKOTRIENE B4 
ENHANCES INTERLEUKIN 2 AND INTERFERON-GAMMA 
PRODUCTION BY MITOGEN AND ALLOANTIGEN-STIMULATED 
HUMAN T CELLS 

INTRODUCTION 

M. Rola-Pleszczynski, C. Pouliot, L. Bouvrette and P-A. Chavaillaz 
Laboratoire d'immunologie, Faculte de Medecine, Universite de 
Sherbrooke, Sherbrooke, ac, Canada J1 H 5N4 

LTB4 and, to some extent, certain other hydroxyeicosatetraenoic 

acids (HETE) can regulate several immune cell functions (reviewed in 1). 

We have initially shown that LTB4 can induce the appearance of 

suppressor T ce.11s which in turn inhibit the proliferative response of 

human lymphocytes to mitogens (2, 3). Others have also shown LTB4 to 

suppress LIF production (4) and Ig synthesis (5). The expression of 

LTB4-induced suppression appears to require the presence of monocytes in 

the responder population in most circumstances (3, 6). It also requires 

the integrity of the cyc100xygenase pathway (6): use of indomethacin in 

the responder cell culture not only prevents the expression of sup­

pression, but actually results in LTB4-induced enhancement of proli­

feration. This latter effect may be the consequence of induction by 

LTB4 of "positive" signals in the forms of IL-1, IL-2 or interferon­

gamma when suppression is prevented. We have recently shown that LTB4 

can augment the production of IL-1 by human monocytes (7). In this paper, 

we present initial evidence for the modulation of production of the 

1ymphokines IL-2 and IFN by LTB4' 

MATERIALS AND METHODS 

Leukotriene B4 was a generous gift from Drs A.W. Ford-Hutchinson 

and J. Rokash, Merck-Frosst Canada. It was dissolved in ethanol and 

further diluted in RPMI-1640 medium, final ethanol concentration being 

less than 0.5%. Recombinant IL-1 (rIL-1) was obtained from Cistron and 

rIL-2 from Amersham. Nordihydroguaiaretic acid (NDGA), caffeic acid (Caf)., 
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indomethacin (Indo) were obtained from Sigma. BW755c was from 

Burroughs-Wellcome, U-60257 was a gift from Dr M. Bach (Up john) and 

cyclosporin A (CyA) was a gift from Dr G. Holme (Sandoz). 

Human peripheral blood mononuclear leukocytes (PBML) were obtained 

by sedimenting venous blood from healthy, medication-free volunteers on a 

Ficoll-Hypaque gradient. Monocytes were removed by adherence to BHK­

precoated Petri dishes. Lymphocyte subsets were enriched in T4+ or 

T8+ cells by treatment with OKT8 or OKT4 (Ortho Diagnostics) plus com­

plement, respectively. This resulted in greater than 90% enrichment of 

either subset. Alternatively, T4+ or T8+ cell populations were 

selected by panning labeled cells on anti-mouse Ig precoated culture 

flasks. 

PBML, monocyte-depleted lymphocytes or enriched T cell subsets were 

cultured in RPMI 1640 medium, 5% FCS, in the presence of either concana­

valin A (ConA, 5 ug/ml; Pharmacia), phytohemagglutinin (PHA, 0.1%; Difco 

Laboratories), poly I:C (30 ug/ml; Sigma), or allogeneic mitomycin 

C-pretreated (50 ug/ml, 30 min) PBML and varying concentrations of LTB4 

for 24 h at 37oC. Cell-free supernatants were then collected and tested 

for their IL-2 and IFN-gamma contents. To assay for lymphocyte proli­

feration, the cultures were incubated for 72 h (mitogens) or 120 h 

(allogeneic PBML) at 370 C and 3H-TdR was added for the last 18 h of 

incubation. Cells were then harvested and proliferation was assessed by 

measuring the uptake of 3H-TdR. 

IL-2 was measured using the IL-2 dependent mouse CTLL line. 

Interferon-gamma was measured using a commercial RIA assay for human 

interferon-gamma (Centocor). 

RESULTS 

When human PBML were incubated with PHA for 24 h, the addition of 

LTB4 in conjunction with indomethacin markedly enhanced IL-2 production 

by these cells. No significant effect was observed in the absence of indo­

methacin. A significant effect was seen at an LTB4 concentration as low 

as 1 pM (10-12M) (Figure 1). 

Because of the possibility that this enhancement in IL-2 production 

was secondary to an enhancement of IL-l production via a direct LTB4-

monocyte interaction, monocyte-depletion was combined with the addition of 
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Figure 1. Effect of LTB4 on production of IL-2 by human PBML cultures 
stimulated with ConA in the absence or presence of indomethacin 
(10-6M). n = 6. 

rIL-l (100 pg/ml) to T lymphocyte cultures stimulated with ConA. This 

allowed for a similar increase in IL-2 production in the presence of 

LTB4 (Table I), indicating that this mediator was capable of affecting 

directly IL-2 production, in the absence of any effect on accessory cells 

and IL-l synthesis. 

We had previously shown that T cell subsets could respond diffe­

rently to LTB4 in their immunoregulatory functions on lymphocyte proli­

feration. A differential effect of LTB4 on the production of IL-2 by T 

TABLE I Effect of LTB4 (lO-lOM) on IL-2 production by monocyte­

depleted human T lymphocytes (LC) in the presence of rIL-l and 

ConA. 

Lc + rIL-l 

Lc + rIL- l + ConA 

Lc + rIL-l + ConA + LTB4 

IL-2 (cpm) 

567 + 69 

1514 + 181 

2351 + 215 p < 0.01 
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cell subsets could explain, at least in part, these functions. In fact, 

removal of T8+ lymphocytes by OKT8 plus complement not only enhanced 

baseline IL-2 production by PHA-stimulated PBML, but allowed for further 

augmented production of IL-2 in the presence of LTB4 (Fig. 2). Conver­

sely, depletion of T4+ cells had the opposite effect, and addition of 

LTB4 further depressed IL-2 production (Fig. 2). Similar findings were 

observed when IFN-gamma production was measured in poly I:C-stimulated 

cultures supplemented with LTB4: IFN-gamma production was inhibited by 

LTB4 in T4+-depleted PBML while it was enhanced in T8+-depleted 

cultures (Fig. 3). 
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Figure 2. Effect of LTB4 on the production of IL-2 by PFA-stimulated 
PBML depleted of either T4+ or T8+ cells by OKT4 + C and 
OKT8 + C pretreatment, respectively. n = 4. 

Because of its potential to augment lymphocyte responses, 

LTB4 was tested for its ability to reverse the inhibition of lymphocyte 

proliferation and IL-2 production by hydrocortisone (H-Cort). H-Cort at 

10-5 M inhibited proliferative responses to ConA, PHA and allogeneic 

PBML by 60-80% and this inhibition was not reversed by LTB4 when added 

simultaneously with H-Cort. (Table II). The smaller inhibition by lower 

concentrations (10- 6 , 10- 7M) of H-Cort could however be reversed by 

LTB4 concentrations of 10-10-10-8M. A similar pattern of reactivity 
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was observed when T cells were pre incubated with LTB4 for 18 h before 

being added to PBML cultures containing ConA and H-Cort (data not shown). 

LTB4 was also capable of reversing, partially or completely, 

the inhibition of IL-2 synthesis produced by the leukotriene synthesis 

inhibitor U-60257 and the lipoxygenase inhibitors caffeic acid, NDGA and 

BW755c. It was also able to restore IL-2 production in the presence of 

low concentrations of CyA, a powerful inhibitor of IL-2 synthesis (Table 

III). 

TABLE II Effect of LTB4 on reversal of inhibition of lymphocyte 
proliferation by hydrocortisone 

Addition to culture Proliferation (l2ercent of medium controls) 

H-Cort{M) LTB4(M) ConA PHA PBML 

10-8 111 122 109 
10-10 100 135 100 

10-5 41 40 20 
10-5 10-8 41 43 22 
10-5 10-10 38 25 11 

10-6 60 61 30 
10-6 10-8 101* 49 43 
10-6 10-10 92* 58 54* 

10-7 82 80 62. 
10-7 10-8 114* 106 101* 
10-7 10-10 123* 117* 124* 

* Asterisks denote a significant effect of LTB4 (p < 0.05; n 6). 

DISCUSSION 

The present studies indicate that LTB4 can modulate lymphokine 

production by human lymphocytes. In addition to interacting directly with 

monocytes and possibly enhancing IL-2 synthesis by increasing IL-l 

production (7), LTB4 appears to be able to affect directly IL-2 

producing cells cultured in the presence of IL-l. Depletion of the T8+ 

suppressor lymphocyte subset further enhances both baseline IL-Z 

production and LTB4-induced augmentation of IL-2 synthesis. It thus 

appears that LTB4 can generate a number of "positive" signals which 

regulate the innnune response when "negative" signals leading to enhanced 

suppressor cell function are blocked (Fig. 4). 
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Figure 3. Effect of LTB4 on the production of IFN-gamma by poly I:C­
stimulated PBML depleted of either T4+ or T8+ cells by 
OKT4 + C or OKT8 + C pretreatment, respectively. n = 3. 

TABLE III Effect of LTB4 on IL-2 production by human ConA-stimulated T 
cells in the presence or absence of hydrocortisone (H-Cort). 
NDGA, caffeic acid (Caf) and cyclosporine A (CyA). 

Addition to culture IL-2 (mean cErn + S.E.M.) 
1618 + 202 

LTB4 1O-7M 1715 :;: 150 
LTB4 1O-9M 1422 :;: 162 

U-60257 (10-4M) 1140 + 98 
U-60257 LTB4 1O-7M 1878 + 225* 
U-60257 LTB4 1O-9M 826 + 89 

Caf (10-4M) 782 + 66 
Caf LTB4 1O-7M 1328 + 150* 
Caf LTB4 1O-9M 750 + 82 

NDGA (25 ug/ml) 310 + 40 
NDGA LTB4 1O-7M 604 + 75* 
NDGA LTB4 1O-9M 334 :;: 38 

BW755c (50 ug/ml) 850 + 95 
BW755c LTB4 1O- 7M 1525 + 182* 
BW755c LTB4 1O-9M 2308 + 211* 

CyA 00 ng/ml) 744 + 84 
CyA LTB4 1O-7M 1525 + 201* 
CyA LTB4 1O-9M 1342 + 160* 

* denotes significant effect of LTB4 
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Indirect evidence for the participation of lipoxygenase activity in 

lymphocyte function has been brought forth by several investigators 

(8-13), including ourselves (14). In addition to showing that 

5-lipoxygenase inhibitors suppressed natural cytotoxic cell activity, we 

could restore normal cytotoxic activity with exogenous LTB4 (14). The 

present studies demonstrate a similar phenomenon using lymphocyte 

proliferation and production of 1L-2. Analogous results were recently 

reported by Goodwin et al (15). 

Studies by Johnson and Torres (16) and Farrar and Humes (11) also 

showed that LTB4 can replace 1L-2 in helper cell-depleted mouse spleen 

cells or in a 1L-2-dependent murine cell line, respectively, and allow for 

IFN-gamma production. Our studies reported herein indicate that 1FN-gamma 

production by normal human peripheral blood T cells can be markedly 

enhanced by LTB4' For both IL-2 and IFN~gamma, however, the cell 

subpopulations involved in the interaction with LTB4 are of crucial 

importance, with amplification produced in the absence of T8+ cells and 

suppression in the absence of T4+ cells. Whether modulation by LTB4 

of the production of these lymphokines may also be responsible for the 

observed augmentation of natural cytotoxic and NK cell function by LTB4 

(14, 17-20) is presently under investigation. 

Figure 4. 

~ proliferation 

Schematic illustration of the various pathways through 
which LTB4 interacts with cells of the immune system 
and modulates positively or negatively the immune 
response 
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All these studies would tend to suggest that lymphocytes possess 

lipoxygenase activity and that this activity is essential to several of 

their functions. To this date, however, direct and convincing proof of 

this is lacking, possibly due to the limitations of sensitivity and 

specificity of the available methodologies. Optimal concentrations of 

LTB4, as assessed by its exogenous use in vitro, are in the picomolar 

range, thus at the lower limit of reliable detectability by high 

performance liquid chromatography or radioimmunoassays. With the 

forthcoming elucidation of the" structure of 5-lipoxygenase and the 

subsequent development of appropriate molecular probes for it, it may 

become feasible to identify its presence in lymphocyte preparations and 

thus resolve part of the dilemma. 

In conclusion, inflammatory mediators such as LTB4 may contribute 

to the overall immune reaction by affecting several cell types and the 

production of various cytokines. The resulting net effect should depend 

on local conditions such as the presence of monocytes, the proportion of 

specific T cell subsets or the use of anti-inflammatory drugs. 
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REGULATION OF T-CELL ACTIVATION BY LEUKOTRIENE B4 

INTRODUCTION 

J. S. Goodwin 
Department of Medicine, Medical College of Wisconsin 
Milwaukee, Wisconsin 

The evidence that endogenous arachidonic acid metabolites are 
important in normal T cell activation and proliferation is suggested by 
several experimental findings. Perhaps the most direct evidence was 
provided by Kelly and his coworkers (1), who showed that drugs which 
blocked all arachidonic acid metabolism also inhibit mitogen-induced T cell 
proliferation. Drugs such as nordihydroguaretic acid (NDGA) and BW755c 
inhibit all 1ipoxygenase enzymes as well as cyc100xygenase (which is also a 
1ipoxygenase enzyme). There are also specific cyc100xygenase inhibitors 
with no activity on the 1ipoxygenases, such as indomethacin and the other 
non-steroidal anti-inflammatory agents (NSAIA's). More recently, drugs 
which selectively inhibit 5-1ipoxygenase, with little or no activity on 12 
or 15-1ipoxygenase or on cyc1ooxygenase, have been described. These in1cude 
caffeic acid (2), AA861 (3), and Rev 5901 (4). In addition, specific 12-
1ipoxygenase inhibitors and specific 15-1ipoxygenase inhibitors are being 
developed by some pharmaceutical companies but are not yet available for 
study. 

One can use the effect of specific and non-specific inhibitors of 
arachidonic acid metabolism on various assays of T cell activation 
proliferation to gather clues about the possible roie of endogenously 
produced arachidonic acid metabolites in T cell function. For example, the 
fact that indomethacin and other cyc100xygenase inhibitors cause increased 
T cell proliferation in mitogen or antigen stimulated cultures was part of 
the evidence used to demonstrate that PGE is a normal endogenous feedback 
inhibitor of T cell activation and proliferation (reviewed in 5). Use of 
non-specific 1ipoxygenase inhibitors (that is, drugs which inhibit all 
1ipoxygenase enzymes, including cyc1ooxygenase) suggest that some 
arachidonic acid metabo1ite(s) is (are) critical to normal T cell function. 
The fact that these non-specific 1ipoxygenase inhibitors stop mitogen 
induced T cell proliferation was already mentioned above (1). In addition, 
Johnson and Torros have shown that a non-specific 1ipoxygenase inhibitor 
suppressed mitogen-induced interferon production by murine sp1enacytes 
(6). This suppression could be reversed by the addition of LTB4, LTC4 or 
LTD4 to the cultures. LTB4, LTC4, or LTD4 were capable of replacing the 
helper cell or inter1eukin-2 (IL-2) requirement for interferon production 
by Lyt 1- 2+ cells. Similar results have been published by Farrar and Humes 
(7). The authors concluded that 1eukotrienes may play an essential role in 
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the IL-2 stimulation of interferon production. This conclusion would have 
been strengthened had either group of investigators actually demonstrated 
leukotriene production in their cultures. 

Similar data has been presented for natural killer (NK) function. 
Both Seaman (8) and Rola-Pleszcynski et al (9) have shown that non­
specific lipoxygenase inhibitors suppress NK activity, and exogenous LTB4 
will overcome that suppression (9), once again suggesting a role for 
endogenous leukotriene production in lymphocyte function. 

In spite of the experimental results described above. most 
investigators interested in arachidonic acid metabolism or immunology have 
tended to stay away from experiments looking at a critical role for 
leukotrienes in T cell activities. There are at least two reasons for 
this. First, several laboratories reported little or no effect of 
leukotrienes when they were added to various in vitro assays of T cell 
function. Second, it is generally accepted that T cells do not metabolize 
arachidonic acid to leukotrienes. Indeed, the best published studies 
suggest that T cells do not metabolize arachidonic acid at all. I will 
discuss both of these points in some detail. 

Several laboratories report modest(10-12) or no (13) inhibition of 
mitogen-induced lymphocyte proliferation by leukotrienes. Webb et al (14) 
reported that LTD4 or LTE4 in concentrations as low as 10 pM caused some 
inhibition of 3H-thymidine incorporation in mitogen-stimulated mouse 
thymocytes. Payan and Goetzl (11) reported that LTB4 but not LTC4 or LTD4 
caused a slight inhibition of mitogen-induced 3H-thymidine incorporation 
and lymphokine production by human lymphocytes. Rola-Pleszcynski et al 
(10) also found a modest inhibition by LTB4 of human lymphocyte 
mitogenesis. On the other hand, Guttery et al (13) found no effect of LTB4 
over a wide dose range in the same assay system. In sum, the effects of 
exogenous leukotrienes on some assays of T cell function are not 
impressive. 

Equally unimpressive is the evidence that T cells even produce 
leukotrienes. Two groups reported that lymphocytes metabolize arachidonic 
acid to 5-HETE. and LTB4 (15, 16) but' others have disputed this claim, 
arguing that the LTB4 produced comes from contaminating monocytes in the T 
cell preparation (17-19). Goldyne et al (17) in an article published in 
1984 in Journal of Biological Chemistry found essentially no lipoxygenase 
metabolites produced by human T cells when monocytes were effectively 
removed prior to culture. These results, as well as similar unpublished 
results of several other laboratories have discouraged most investigators 
from looking for an intrinsic role for LTB4 or other 5-lipoxygenase 
products in T cell function. Any evidence for such a role, such as the 
inhibition of T cell proliferation by lipoxygenase inhibitors, has been 
ascribed to an effect on monocyte helper function. As we discuss later, 
we feel that the failure of most investigators to find leukotriene 
production by T cells is secondary to difficulties in methodology and not 
to a real deficiency in 5-lipoxygenase activity in T cells. 

One other effect of lipoxygenase metabolites that should be mentioned 
is the ability of some lipoxygenase metabolites to regulate the synthesis 
of other lipoxygenase metabolites. The results differ depending on the 
tissue studied. For example, l5-HETE in relatively high concentrations 
(10 pM) inhibits 5-lipoxygenase activity in some cell types (20, 21) and 
actually stimulates leukotriene synthesis several fold in other cell types 
(22). In addition, inhibition of cyclooxygenase leads to a "shunting" of 
arachidonic acid into the lipoxygenase pathway, resulting in increased 
leukotriene production in several systems. 
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MECHANISM OF ACTION OF CORTICOSTEROIDS 

The studies described in this paper will deal with our investigation 
of LTB4 in T cell proliferation and also our studies on 1ipoxygenase 
metabolites of arachidonic acid produced by T cells. Since much of our work 
has been guided by a hypothesis regarding the mechanism of action of 
glucocorticosteroids. I will start by outlining that hypothesis so that my 
subsequent reasoning might be more understandable. The hypothesis is that 
many or all of the immunologic effects of glucocorticoids are secondary to 
their inhibition of arachidonic acid metabolism (23-26). In the mid-
1970's. several groups showed that steroids inhibited the release of 
arachidonic acid from membrane phospholipid (23. 27-29). Danon and 
Assou1ine (30) showed that RNA and protein synthesis was needed for 
steroids to inhibit arachidonic acid release and subsequent metabolism. 
Flower and his associates in England (24. 31) and Hirata. Axelrod and their 
coworkers at the NIH (25) identified a phospholipase A2 inhibitory protein. 
termed macrocortin or 1ipomodu1in. that was synthesized and released by 
cells upon exposure to corticosteroids. On the other hand. several 
investigators have failed to find an inhibition by corticosteroids of the 
endogenous production of arachidonic acid metabolites in vitro (32) and in 
vivo (33. 34). 

If indeed the effects of corticosteroids in a physiologic system are 
due to inhibition of arachidonic acid metabolism. then this allows us to 
construct several testable hypotheses. For example. if in a given 
physiologic system. corticosteroids have an effect not shared by 
cyc100xygenase inhibitors (NSAIA's) then that implies that the effect of 
corticosteroids in that system is due to inhibition of the production of a 
1ipoxygenase metabolite of arachidonic acid rather than a cyc100xygenase 
product. This can then be tested in several ways. First. one should be 
able to duplicate the effect of corticosteroids with non-specific 
1ipoxygenase inhibitors. Second. one should be able to reverse the effect 
of corticosteroids by adding back one or more 1ipoxygenase metabolites of 
arachidonic acid. Finally. one should be able to demonstrate that specific 
1ipoxygenase metabolites of arachidonic acid are indeed produced in that 
system. and that corticosteroids inhibit their production with a dose 
response relationship of inhibition of 1ipoxygenase metabolite production 
similar to the dose response relationship for the physiologic effect of 
corticosteroids in that system. 

I realize that the hypothesis about the mechanism of action of 
corticosteroids outlined above may seem overly simplistic or naive. but it 
has helped us generate many useful ideas about the possible role of 
1ipoxygenase metabolites of arachidonic acid in various immunologic 
functions. There is an extensive literature about the effects of 
corticosteroids on immunologic function in vivo and in vitro. There are 
also many previous studies of the effects of NSAIA's in those same systems. 
Thus. we can use the previously described effects of corticosteroids and 
NSAIA's to suggest areas where the endogenous production of a 1ipoxygenase 
metabolite of arachidonic acid might be critical for normal immunologic 
function. 

LTB4 IN SUPPRESSOR T CELL INDUCTION 

Our first investigation of this type was a study of the role of 
1eukotrienes in suppressor cell generation. We reasoned that. since 
corticosteroids inhibit suppressor cell generation in many in vitro and in 
vivo models (35-37). and since NSAIA's do not inhibit suppressor cell 
generation (38-40). then a 1ipoxygenase metabolite of arachidonic acid 
might be a critical component of suppressor cell generation. Indeed. Ro1a-
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P1ezczynski et a1, (10) had reported that human periperha1 blood 
mononuclear cells (PBMC) incubated for 18 hours with LTB4 suppressed the 
proliferation response of fresh anto1ogous PBMC to mitogens. We found that 
LTB4, but not LTC4 or LTD4 was a potent suppressor of po1yc1ona1 Ig 
production in pokeweed mitogen (PWM) stimulated cultures of human 
peripheral blood lymphocytes (41). Preincubation of T cells with LTB4 in 
nanomo1ar to picomo1ar concentrations rendered these cells suppressive of 
Ig production in subsequent PWM-stimu1ated cultures of fresh autologous B 
+ T cells. This LTB4-induced suppressor cell was radiosensitive, and its 
generation could be blocked by cyc10hexamide but not by mitomycin C. The 
LTB4-induced suppressor cell was OKT8 (+), while the precursor cell could 
be OKT8(-). The incubation of OKT8(-) T cells with LTB4 for 18 h resulted 
in the appearance of the OKT8 antigen on 10-20% of the cells, and this 
could be blocked by cyc10hexamide but not by mitomycin C. Thus, we showed 
that LTB4 in very low concentrations induces a radiosensitive OKT8(+) 
suppressor cell. LTB4 is three to six orders of magnitude more powerful 
than any endogenous hormonal inducer of suppressor cells previously 
described. The fact that LTB4 can cause an OKT4(+) to OKT8(+) shift in T 
cell phenotype has now been reproduced in at least one other laboratory 
(43). More recently, it has been shown that stimulation of OKT4(+) cells 
with 1ectins results in the expression of both OKT4 and OKT8 on some of the 
cells (44). Given our evidence discussed below that LTB4 is a T cell 
activation signal, it may be that the OKT4 to OKT8 shift caused by LTB4 is 
actually a stimulation of OKT4 cells to express both antigens. 

We have recently found that 15 HPETE induces both phenotypic and 
functional suppressor T cells in a manner quite similar to LTB4, the major 
difference being that much higher concentrations of 15 HPETE (10 nM to 1 
uM) were required for the effect (42). In addition to causing induction of 
OKT8(+) suppressor ce11s,we have also found that both LTB4 and 15 HPETE 
cause increased proliferation of OKT8(+) T cells stimulated by mitogen, 
while the proliferation of OKT4(+) cells is inhibited by these compounds 
(12). A similar effect of LTB4 had been previously published by Payan et 
a1. (45). The balance between stimulation of OKT8(+) cells and inhibition 
of OKT4(+) cells is presumably why other investigators found only modest or 
no effects of LTB4 on the mitogenic response of unfractionated T cell 
preparations (10, 11, 13). We will return to this issue of differential 
effects of LTB4 on T cell subpopu1ations when we discuss our findings of 
an apparent reversal by LTB4 of inhibition of inter1eukin-2 (IL-2) 
production by corticosteroids. 

ENDOGENOUS LTB4 IS NECESSARY FOR MITOGEN-STIMULATED IL-2 PRODUCTION 
AND T CELL PROLIFERATION 

After the studies descr~bed above we turned our attention to the role 
of LTB4 in normal T cell proliferation. Our recent findings would lead us 
to believe that our report on LTB4 in suppressor cell generation was 
focusing on just one aspect of a more general role for LTB4 in T cell 
activation. Once again, we were guided in this study by our knowledge of 
previous studies showing that corticosteroids profoundly suppressed T cell 
proliferation in mitogen or antigen-stimulated cultures (46, 47), while 
NSAIA's actually enhance T cell proliferation in these same assays (48). We 
asked, therefore, whether the effect of corticosteroids in inhibiting T 
cell proliferation might be secondary to inhibiting the production of some 
lipoxygenase metabolites of arachidonic acid (26). We first compared the 
effects of corticosteroids, non-specific lipoxygenase inhibitors, 
cyclooxygenase inhibitors, and specific 5-lipoxygenase inhibitors on 
mitogen induced T cell proliferation. 

Our results can be summarized as follows: 
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1. Nonspecific lipoxygenase/cyclooxygenase inhibitors such as BW 755c 
and NDGA inhibited lL-2 production and T cell proliferation in 
phytohemagglutinin (PHA)-stimulated cultures in a manner similar 
to hydrocortisone or dexamethasone, while a specific cyclooxygenase 
inhibitor, indomethacin, actually enhanced lL-2 production and T 
cell proliferation. 

2. Two Specific 5-lipoxygenase inhibitors, AA861 and Rev 5901 which 
inhibit 5-lipoxygenase at doses which 
15 lipoxygenase or on cyclooxygenase, 
and T cell proliferation. This 
arachidonic acid metabolite necessary 
product of the 5-lipoxygenase pathway. 

cause little effect on 12 or 
also inhibit lL-2 production 
suggested that the relevant 
for T cell activation was a 

3. LTB4 in concentrations as low as 10-10M completely reversed 
the inhibition of lL-2 production and T cell proliferation 
caused by steroids or by the 5 lipoxygenase inhibitors. LTB4 did 
not reverse inhibition caused by PGE2, histamine, or irradiation. 
LTC4, LTD4 and 5 HETE had no effect on inhibition caused by steroids 
or lipoxygenase inhibitors. Thus, the reversal of inhibition was 
specific for LTB4 versus the other 5-lipoxygenase metabolites (LTC4, 
LTD4 and 5 HETE) , and the reversal by LTB4 was specific for inhibition 
caused by steroids or lipoxygenase inhibitors versus other inhibitors 
(PGE, histamine, irradiation). This suggested that LTB4 was specifically 
reversing the inhibition of lL-2 production and proliferation caused 
by steroids and not stimulating lL-2 production via another unrelated 
mechanism. 

4. LTB4 is produced in PHA stimulated cultures of human peripheral 
blood T cells. After 18 hours, one million T cells in one ml media 
produce one nM LTB4. There is a good correlation between inhibition 
of LTB4 production by various concentrations of hydrocortisone and 
inhibition of lL-2 production. 

We concluded from the findings summarized above that corticosteroids 
inhibit mitogen-induced lL-2 production and T cell proliferation by 
inhibiting endogenous LTB4 production. A related conclusion from this 
study is that LTB4 production is a necessary component of mitogen­
stimulated T cell proliferation. Our recent findings using T cell subsets 
have led us to reject these conclusions as overly simplistic, as will be 
discussed later. 

T CELLS PRODUCE LTB4 

Our finding of LTB4 production by T cells was somewhat controversial, 
especially in the light of published reports that purified T cells do not 
metabolize arachidonic acid (17, 18). One possibility was that the LTB4 
produced in our cultures was produced by the contaminating monocytes. It 
is clear that a small percentage of accessory cells are required for T cell 
activation by PHA or other mitogens (49, 50), and our T cell preparations 
contained 1-2% monocytes as identified by peroxidase staining. We first 
addressed the issue of the source of the LTB4 by comparing LTB4 production 
in PHA stimulated cultures of T cells (1-2% monocytes), of peripheral blood 
mononuclear cells (PBMC, 15-20% monocytes), and of T cells to which 20% 
adherent cells had been added back. Comparable amounts of LTB4 were 
produced in each situation (51). In addition, T cell preparations 
vigorously depleted of monocytes «0.2%) that no longer proliferated in 
response to PHA still produced LTB4 upon stimulation by the calcium 
ionophore A23187. Our method of LTB4 quantitation is discussed below and 
involves HPLC followed by a specific RIA for LTB4 on the relevant 
.fractions. 
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A more rigorous method of testing the cell origin of LTB4 is to use T 
cell lines. as is shown in Figure 1. Jurkat cells. a human T cell line. 
produced LTB4 when stimulated by either PHA or phorbol-myristate-acetate 
(PMA). We feel this provides very strong evidence that T cells do indeed 
metabolize arachidonic acid. and a major arachidonic acid metabolite of 
human T cells is LTB4. The time course for LTB4 accumulation in cultures 
of Jurkat cells was similar to that of peripheral blood T cells. LTB4 was 
always undetectable at 2 hours but present in measureable amounts after 4 
hours of culture. Because the limits of sensitivity of our assay of LTB4 
is 100 pM. and because levels as low as 1 pM could partially reverse 
inhibition by steroids or lipoxygenase inhibitors. there may be much 
earlier production of biologically relevant amounts of LTB4. perhaps in the 
first few minutes of T cell activation. that are below the level of 
sensitivity of our detection. 

ARACHIDONIC ACID INHIBITS LTB4 PRODUCTION 

The question then arose as to why we found relatively large amounts of 
LTB4 production by T cells when Goldyne et al. (18) and other groups (by 
various personal communications) had found no LTB4 production. We found 
one answer lay in the differences in the methodologies employed (52). In 
the studies of Goldyne et al. (18) as in most studies of arachidonic acid 
metabolism. exogenous arachidonic acid at 10 M or higher was always added 
to the incubation media. We found that exogenous arachidonic acid 
profoundly suppressed LTB4 production by PHA-stimulated T cells. Results 
of 5 experiments are shown in Table 1. giving a dose response to added 
arachidonic acid. 

Exogenous arachidonic acid also suppressed appearance of 12 HETE and 
15 HETE. but to a less extent than LTB4 levels. This dramatic inhibition 
of lipoxygenase activity in human T cells by arachidonic acid is not 
necessarily generalizable to other cell populations. Several groups have 
shown that exogenous arachidonic acid changes the pattern of cyclooxygenase 
metabolites of arachidonic acid produced in tissue or cell cultures (53. 
54). Laclos et al (55) reported some inhibition of 5-lipoxygenase activity 
and an increase in 15 HETE production by human ~ixed leukocytes by 
arachidonic acid at 5 uM or higher. On the other hand. Lee et al. (56) 
reported no influence of similar concentrations of arachidonic acid on 
purified human neutrophils. and others. (57. 58) have found an increase in 
LTB4 produced by human neutrophils when arachidonic acid was added to the 
media. One obvious conclusion from our findings is that previously 
reported studies of arachidonic metabolism by various tissues. if done 
entirely in the presence of exogenous arachidonic acid. should be repeated 
to see if the arachidonic acid altered the pattern of metabolites produced. 

The mechanism of inhibition of LTB4 formation by arachidonic acid 
is unclear. Several possibilities are testable: 

1. Exogenous arachidonic acid or a metabolite promotes further metabolism 
of LTB4. 12 HETE. etc •• Thus. there is no inhibition of lipoxygenase 
metabolism by exogenous arachidonic acid. just an acceleration in 
further metabolism of the products that we measure. 

2. The arachidonic acid is preferentially converted to a metabolite 
that inhibits 5. 12 and 15 lipoxygenase. Vanderhoek. Bailey and 
their colleagues (20-22) have shown that products of arachidonic 
acid such as 15 HETE inhibit 5 lipoxygenase. 
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Table 1. Effect of exogenous arachidonic acid on LTB4 production by PHA­
stimulated T cells. Experiments 1, 2 and 3 show results of a direct RIA 
for LTB4 on the supernates, while in experiments 4 and 5 the supernates 
were fractionated by HPLC prior to RIA. (Taken from reference 52). 
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Figure 1. Stimulation of LTB4 production from Jurkat cells by PHA (4.0 
ug/ml), A23187 (0.5 ug/ml) and PMA (50ng/ml) alone or in combination (taken 
from reference 51) 
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3. Exogenous arachidonic acid might be directly inhibiting lipoxygenase 
in T cells. There is some indication that lipoxygenases may pre­
ferentially act on arachidonic acid while it is still esterified 
to phospholipid. Free arachidonic acid might then competitively 
inhibit that lipoxygenation without necessarily being a good substrate. 

4. The arachidonic acid could be poisoning the cells through unknown 
mechanisms, and the decrease in 1TB4 production would just be one 
aspect of a general decrease in cell function. None of our ex­
periments using different sources of arachidonic acid points to 
such a mechanism, but it has not been completely ruled out. 

I should emphasize that the question of whether T cells metabolize 
arachidonic acid to 1TB4 is far from resolved. Borgeat and his colleagues 
have recently presented data at the International Meeting on Prostaglandins 
and Related Compounds (Florence, June, 1986) in which they found no 1TB4 
produced by human lymphocytes, even if no arachidonic acid was added to 
the system. This brings up an interesting discrepancy in our own results. 
Our method for measuring 1TB4 is by an RIA of the culture supernate. 
Alternatively, we extract the supernate, deproteinate it, fractionate it by 
high performance liquid chromatography (HP1C), and then assay by RIA for 
LTB4 those fractions collected with the retention time of LTB4. Using 
either method we arrive at similar estimations of LTB4 produced, about 500 
pg per/ml of T cells cultured at one million cells per ml with PHA for 18 
hours (26, 52). The HP1C runs show a peak with a retention time identical 
to 1TB4 (e.g., see reference 26). However, 500 pg of 1TB4 is below the 
sensitivity of detection of the HPLC. Thus, the HP1C peak seen with the 
retention time of 1TB4 is not all 1TB4. On the other hand, the RIA shows 
that there is immunoreactive 1TB4 in the T cell supernates, and this 
immunoreactive 1TB4 has a retention time identical to 1TB4 on HP1C. So the 
peak seen on HP1C with a retention time equal to 1TB4 contains 1TB4, but 
the major component may be some other compound. 

STIMULATION OF 1TB4 PRODUCTION BY IL-2 

We have shown that 1TB4 is produced by mitogen-activated T cells and 
that LTB4 is required for 11-2 production (26). We have also found that 
LTB4 may be a second messenger for 11-2 in 11-2 responsive cells. Exposing 
T cell blasts or IL-2 dependent murine cell lines, HT-2 or CT1L, to 11-2 
resulted in a prompt appearance of 1TB4 in the culture media (Figure 2). 
LTB4 was always measureable in the CT1L and HT-2 cultures by 30 minutes, 
and low levels (close to the 100 pM limit of sensitivity of our assay) were 
detectable as early as five minutes after IL-2 addition. This is much 
earlier than the appearance of LTB4 in PHA stimulated cultures of resting T 
cells or Jurkat cells (Figure 1). Thus the question arose as to whether 
LTB4 might act as a second messenger for 11-2. As mentioned previously, 
there is evidence that LTB4 can substitute for IL-2 in some systems (6, 7, 
59). For example, two groups have shown that 1TB4 can substitute for 11-2 
in the stimulation of interferon production by murine T cells or T cell 
lines (6, 7). We have shown that LTB4 causes maximal proliferation of 11-2 
dependent cells in the presence of suboptimal levels of 11-2 that by 
themselves only cause minimal proliferation (ref 59, included in appendix). 

LTB4 PRODUCTION IS NECESSARY FOR 11-2 RECEPTOR EXPRESSION. 

We have recently turned our attention to other actions of LTB4 in T 
cell activation. One necessary component of 11-2 dependent T cell 
proliferation is expression of 11-2 receptors. IL-2 receptor expression 
can take place in the absence of IL-2 production (60), but IL-2 up-

476 



regulates IL-2 receptor expression (61, 62). We have found that endogenous 
LTB4 production is a necessary component for IL-2 receptor expression (63). 
The experiments were entirely analogous to those described earlier showing 
that LTB4 was necessary for IL-2 production (26). A representative 
experiment is shown in Figure 3, showing that LTB4 by itself stimulates the 
appearance of IL-2 receptors on PHA-stimulated T cells. BW 755c completely 
inhibits the appearance of IL-2 receptors (as does hydrocortisone or other 
inhibitors of arachidonic acid) and that inhibition can be overcome by 
LTB4. 

CONFLICTING DATA 

The experimental results presented and discussed in the first part of 
this paper are all consistent with the concept that endogenous production 
of LTB4 by T cells is a necessary component of T cell activation. 
Endogenous LTB4 appeared to be necessary for both IL-2 production and IL-2 
receptor expression after mitogen stimulation. Results from other 
laboratories suggest it is also necessary for interferon production. In 
addition, we have suggested that the inhibition of T cell proliferation by 
corticosteroids could be explained by inhibition of endogenous LTB4 
production. The results of the experiments I will now discuss have thrown 
some of our previously tidy hypotheses into some disarray. Indeed, it is 
now impossible to construct a model for 1TB4 in T cell activation that 
accomodates all of our recent experimental results. Because of space 
limitations, and also because this represents preliminary unpublished work 
still in progress, I will simply discuss these recent results without 
presenting the data. 
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Figure 2. IL-2 stimulation of LTB4 production in IL-2 responsive cells. T 
cell blasts were made by incubating peripheral blood T cells with PHA for 
72 hours. Prior to the experiments the T cell blasts or cell lines were 
incubated in complete media without 11-2 for 3 hours with hourly change of 
media in order to reduce the IL-2 bound to the cells. IL-2 at 50 D/ml was 
then added and the cells were cultured for the indicated times. Control 
cells containing no IL-2 produced no measureable LTB4 at any time point. 
(Taken from ref 51). 
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Our first unsettling finding was that in order for LTB4 to reverse 
inhibition of T cell mitogenesis by steroids or lipoxygenase inhibitors. 
adherent cells must be removed during the isolation of T cells. In other 
words. our routine procedure for isolating T cells involves separation of 
peripheral blood mononuclear cells (PBMC) on a Ficoll-Hypaque gradient. 
followed by removal of adherent cells by a 30 min. incubation on glass 
petri dishes. followed by E-rosetting. By chance. we found that 1L-2 
production by T cells isolated directly from PBMC without an adherence step 
was still inhibited by steroids or lipoxygenase inhibitors, but LTB4 had 
absolutely no effect on this inhibition. On the other hand. LTB4 still 
completely reversed the inhibition of lL-2 receptor expression in these 
cells. Thus. we must either remove a population of adherent cells. or 
activate a population by the adherence step, or both. as a requirement for 
LTB4 reversal of inhibition of T cell proliferation and lL-2 production by 
steroids or lipoxygenase inhibitors. One obvious conclusion from this is 
that not all immunologic effects of steroids can be explained by inhibition 
of LTB4 production. Another conclusion is that the steroids and 
lipoxygenase inhibitors are inhibiting T cell proliferation at two or more 
steps. only one of which is reversible by LTB4. 

Another recent finding is that reversal of the inhibition of steroids 
or lipoxygenase inhibitors by LTB4 or lL-2 is dependent on the type and 
dose of mitogenic stimulus used. Thus. for PHA and Con A at optimal 
concentrations. either LTB4 or lL-2 reverses inhibition caused by 
hydrocortisone or BW755c. For A23187, LTB4 but not lL-2 will reverse the 
inhibition.caused by hydrocortisone or BW755c. This may be related to the 
fact that A23187 is thought to stimulate T cell proliferation via lL-2 
independent pathways (64). Finally. for PHA and Con A at suboptimal 
doses. lL-2 but not LTB4 reverses the inhibition caused by hydrocortisone 
or BW755c. These results have several implications. Just as in the 
previous paragraph. those data indicate that not all effects of steroids 
can be explained by inhibition of LTB4. On the other hand. we have not 
been able to separate the effects of steroids from the effects of BW755c or 
AA861. suggesting that. while the effects of steroids in our systems are 
not always solely due to inhibition of LTB4 production it is still possible 
that the effects of steroids can be explained by inhibition of the 
production of other arachidonic acid metabolites. 

Our initial attempts to investigate the cellular basis for the 
different effects of LTB4 and lL-2 on steroid-induced inhibition of 
mitogenesis have involved further fractionations of our cell populations 
into subsets. as well as the addition of various accessory cell factors 
(IL-l or supernates from monocyte cultures) to the T cell cultures. We 
found that corticosteroids and LTB4 had markedly different effects on lL-2 
production by different T cell subsets. PHA stimulation of OKT8(+) cells 
resulted in very little lL-2 production. but this was increased greatly by 
LTB4. On the other hand. PHA caused considerable lL-2 production by 
OKT4(+) cells. This was completely inhibited by hydrocortisone. and this 
inhibition was not reversed by LTB4. Thus the apparent "reversal" by LTB4 
of the inhibition by hydrocortisone of 1L-2 production is actually a switch 
in lL-2 production between T cell subsets. This is not true for lL-2 
receptors. however. LTB4 did reverse the hydrocortisone inhibition of lL-2 
receptors in both OKT4(+) and OKT8(+) cells. 

Another recent finding is that phorbol myristate acetate (PMA) can 
reverse inhibition of lL-2 production by steroids or lipoxygenase 
inhibitors. Because PMA directly activates protein kinase C, this suggests 
that endogenous LTB4 is necessary in a step proximal to protein kinase C 
activation. I should perhaps pause here to state the obvious. that LTB4 
currently has no place in the generally accepted paradigm of T cell 
activation or in the activation of any cell type (reviewed in 65. 66). The 
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currently accepted paradigm involves transduction of cell surface signals 
(antigen presentation by an accessory cell. in the case of T cells) by 
hydrolysis of phosphatidylinosit·ol biphosphate. producing diacylglycerol 
and inositol triphosphate. The former activates protein kinase C and the 
latter causes increases in intracellular free Ca by releasing endoplasmic 
reticulum stores (reviewed in ref 65. 66). Phosphatidyl inositol hydrolysis 
can be bypassed by administering agents that directly activate protein 
kinase C (such as phorbol esters or diacylglycerols) in combination with 
calcium ionophores (67-71). Thus there is no "need" in this schema for 
LTB4 production. It is important to realize, however, that the currently 
accepted paradigm of T cell activation is insufficient to explain many 
experimental findings. For example. Nishizuka (72) feels that at least 
three signals are required for activation of resting T cells, phorbol 
ester. calcium ionophore and a small amount of PHA. Nishizuka (66) feels 
that much of the work on T cell activation used calcium ionophore (usually 
A23187) at doses ( 0.5 ug/ml) that were much higher than required for 
increasing intracellular calcium and which had "nonspecific" activating 
effects on T cells. In addition. findings in T cell lines such as Jurkat. 
which are already "activated" to some extent (otherwise they would not be 
continuous cell lines) are important but should not be uncritically 
accepted as applying to activation of normal human T cells. 

Since in humans arachidonic acid is the predominent 
esterified at the two position in phosphatidyl inositol. it 
envision how arachadonic acid release and metabolism would 
production of diacylglycerol from phosphat idyl inositol. 

SUMMARY 

fatty acid 
is easy to 
follow the 

I have presented what I feel is a confusing array of findings 
regarding the role of LTB4 in T cell activation. The confusion should not 
distract us from the strong evidence that LTB4 in picomolar concentrations 
has powerful effects on T cell activation. When the confusion is finally 
resolved. I am confident that endogenous LTB4 will be recognized to have a 
central role in the early events of T cell activation. 
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A ROLE FOR PLATELET-ACTIVATING FACTOR (PAF) 
IN HUMAN T-L YMPHOCYTE PROLIFERATION 

S.G. Ward, G.P. Lewis, J. Westwick 
Department of Pharmacology, Hunterian Institute, Royal College of 
Surgeons Lincolns Inn Fields, London WC2A 3PN, England 

INTRODUCTION 

Interleukin-2 (IL-2) is a soluble 15,000 dalton sialoglycoprotein, 

originally termed T-cell growth factor. Human IL-2 consists of a 133 

amino acid polypeptide chain containing a single intramolecular disulfide 

bridgel • Interleukin-2 is released by and activates T-lymphocytes after 

stimulation of the T-cell antigen receptor complex termed T3-Ti2. Upon 

interaction with its specific membrane receptors3 , IL-2 generates signals 

which determine T-Iymphocyte proliferation. Interleukin-2 receptor ex­

pression on T-lymphocytes is transient and occurs only after appropriate 

immune stimulation by antigens, T-cell specific monoclonal antibodies, 

mitogenic lectins such as phytohaemagglutinin (PHA) and phorbol esters, 

all of which stimulate components of the T-cell surface antigen receptor 

complex2 ,4,5. Upon receptor binding, IL-2 mediates a switch in T-cells 

from GI into the proliferative S, G2 and M stages of the cell cycle6 ,7,8. 

It seems that high and low affinity receptors for IL-2 exist9 and the 

biological effects of IL-2 are .due to occupancy of the high-affinity 

receptor3 ,9. Interleukin-2 bound to the high-affinity receptor is 

internalisedlO,11 but the role of the low affinity receptor has not yet 

been determined. The events which follow IL-2 binding to receptors are not 

clear but there are conflicting reports as to whether IL-2 induces (poly)­

phosphatidylinositol (PPI) metabolism or calcium mobilizationI2 ,13,14. 

Platelet activating factor (PAF) is produced by and activates a range 

of inflammatory cells, including platelets, polymorphonuclear leucocytes 

and macrophages I5 ,16. However, to date, its effects on lymphocyte 

function, in particular IL-2-induced T-Iymphoblast proliferation, have 

not been characterized. We have examined the role of PAF in lymphocyte 
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mitogenesis by determining the effect of (a) PAF and two non-hydrolysable 

PAF agonists, PR150ll7 and PR1502l8 (b) three compounds which have been 

described as potent and selective PAF receptor antagonists, at least with 

respect to platelet activation, namely L-652,73ll9 , BN5202l20 and CV398821 

and (c) a selective PAF synthesis inhibitor L-648,6ll22 on IL-2-induced 

proliferation of human T-lymphoblasts. 

We report that IL-2 induced proliferation of human T-lymphoblasts as 

measured by 3H- t hymidine (3H-TdR) incorporation can be dose-dependently 

antagonized by two structurally distinct PAF antagonists, namely 

L-652,73l and CV3988, as well as a PAF synthesis inhibitor, L-648,6ll. 

Together with results showing enhancement of IL-2-induced 3H- TdR 

incorporation by PAF and two synthetic analogues of PAF in human 

T-lymphoblasts, these results suggest a novel role for PAF as a modulator 

of T-lymphocyte proliferation. 

MATERIALS AND METHODS 

PAF (1-0-octadecyl-2-acetyl-sn-glycero-3-phosphorylcholine) was 

obtained from Bachem,Switzerland. PR150l and PR1502 are non-hydrolysable 

PAF agonists in which the 0-CO-CH3 of PAF is replaced by -NH-CO-CH3 or by 

-CH2-CO-CH3 respectively and were generously donated by Dr P. Rasmussen 

of Leo Pharmaceuticals, Denmark. The PAF receptor antagonist L-652,73l 

and the PAF synthesis inhibitor L-648,6ll were generously donated by Drs 

T.Y Shen, and J Chabala of the Merck Institute, Rahway, N.J. USA. CV3988 

was generously donated by Dr Nishikawa of Takeda Chemical Industries, 

Osaka, Japan. BN52021 was a gift from Dr P.Braquet of Institut Henri 

Beaufour, Paris, France. Phytohaemagglutinin (PHA) was purchased from 

Wellcome. Human recombinant IL-2 was a gift from Dr D.A. Cantrell of the 

Imperial Cancer Research Fund, London. 

Cell cultures 

Human T-lymphoblasts were produced essentially according to the 

method of Smith and Cantrel123 • Human peripheral blood mononuclear cells 

(PBMC) were isolated by Ficoll-Paque (Pharmacia) gradient centrifugation 

of fresh human blood. The PBMC's were cultured at 106 viable cells/ml in 

RPMI 1640 medium (GIBCO) supplemented with 10% heat-inactivated foetal 

calf serum (HIFCS), 100 u/ml penicillin/streptomycin (GIBCO), in the 

presence of PHA 1 ug/ml (Wellcome) for 72 hours. After 72 hours, 

contaminating monocytes were removed by adherence and the remaining 

non-adherent cells were washed 3 times in serum-free RPMI 1640 before 

being re-suspended in 10% HIFCS containing RPMI 1640 containing 20 ng/ml 

recombinant IL-2. The cells were washed, re-suspended and supplemented 
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with fresh IL-2 (20ng/ml) every 2 days for 10-14 days. Two days before 

the cells were to be used for experimentation, they were washed in serum­

free media again, re-suspended but not supplemented with IL-2. Six hours 

before use, the cells were again washed and re-suspended, this time in 

media supplemented with 1% HIFCS. This treatment ensured that the 

lymphoblasts accumulated in the GO-Gl phase of the cell cycle. After 6 

hours in 1% serum- containing media, the cells were washed and 

re-suspended in media containing 10% HIFCS. 

Aliquots (160 ul) of cell suspension containing 1.6xl05 viable IL-2 

receptor positive T-cells (T-lymphoblasts) were added to 96-well, flat­

bottomed microtitre plates. Quintuplicate aliquots were then treated 

with 20 yl drug vehicle, PAF agonists (0.03-300nM), PAF receptor 

antagonists or the synthesis inhibitor (1-30~) followed 10 minutes 

later (unless otherwise stated) by the addition of 20pl recombinant IL-2 

(0.1-30ng/ml). The cells were then incubated for 72h. For the final l8h 

of incubation the cells were pulsed with 3H-TdR (1 uCi/ml, 2Ci/mMol) and 

harvested on to Whatman GF/A filter paper using a mUltiple automated cell 

harvester. Incorporation of 3H- TdR was measured using standard liquid 

scintillation counting techniques and expressed as dpm. To examine the 

possible cytotoxic effects of these compounds, the PAF antagonists and 

vehicles were incubated with T-lymphoblasts at the concentration stated 

above, then trypan blue dye exclusion was examined 24, 48 and 72 h later. 

RESULTS 

1. Effect of PAF receptor antagonists on IL-2 induced proliferation of 

human T-lymphoblasts 

Interleukin-2 induced a dose-related 3H- TdR incorporation (Fig.l) 

with an ED50 of 2.2+0.18 ng/ml, n=6 donors. When the dose response curve 

of IL-2-induced proliferation was performed in the presence of 10 pM of 

each of the three PAF receptor antagonists, L-652,73l and CV 3988, but 

not BN5202l, produced significant inhibition of proliferation (Fig 2). 

Furthermore L-652,73l and CV3988 produced dose-related inhibition of 

sub-optimal IL-2-induced 3H- TdR incorporation with IC50rs of 11+2.5 and 

13.4+4 pM respectively (n=3 donors). The other PAF receptor antagonist, 

BN5202l, at the highest concentration examined (30 pM), was ineffective 

at modulating IL-2-induced 3H-TdR incorporation (n=3 donors, fig 3). The 

PAF synthesis inhibitor L-648,6ll was also an effective inhibitor of 

IL-2-induced proliferation (IC50 = 15 pM, fig 3). 

Trypan blue exclusion assays performed at 24, 48 and 72 h demonstrated 
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that the PAF receptor antagonists (1 - 30 pM) were not cytotoxic (data 

not shown). 

Time course experiments were carried out on 10-day-old blast 

cells. PAF antagonists were added at 24 hrs and 48 hrs after the 

initial IL-2 stimulation of the cells and after the IL-2 had been washed 

off. Fig.4 shows that, even under these conditions, the PAF antagonist 

L-652,73l was still effective in reducing proliferation. It can be seen 

from Fig. 4. that L-652,73l was less effective against IL-2 at 48 hrs 

than it was at 24 hrs post IL-2 or 10 min prior to IL-2. 

2. Effect of PAF agonists on sub-optimal IL-2-induced proliferation 

PAF and two stable analogues of PAF (PR150l and PR1502) produced a 

marked and dose-dependent potentiation of sub-optimal IL-2-induced 3H- TdR 

incorporation (Fig.5). Furthermore, PAF or FR150l could reduce the 

inhibitory effects of 10 pM L-652,73l if added 10 min prior to the 

addition of L652,73l (Fig.6). However, the inhibitory effect of 10 pM 

L-648,6ll could not be reversed by similar treatment (data not shown). 
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Fig. 5. Mean ± s.e. mean of sub-optimal (0.3 ng/ml) IL-2 induced 3H-TdR 
incorporation in human T-lymphoblasts in the presence of vehicle 
(open symbols) or 0.3 to 300 nM PAF (_), PR150l (e) or 
PR1502 (A). 
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DISCUSSION 

These results suggest that PAF can exert a modulatory role in human 

T-Iymphoblast proliferation. Two structurally unrelated compounds which 

have been described as potent and selective PAF receptor antagonists, 

namely L-652,73119 and CV398821 , as well as an inhibitor of PAF synthesis, 

L-648,611,22 are effective inhibitors of IL-2-induced proliferation, as 

measured by 3H-TdR incorporation. The results presented here also suggest 

that the putative PAF receptor on lymphocytes may well have different 

structural specificities to that present on platelets. This was suggested 

by the finding that only L-652,731 and CV3988 inhibited IL-2 actions, 

whilst BN5202l, which is at least as active as both these compounds against 

PAF on platelets, failed to affect IL-2-induced proliferation. To examine 

this proposal, we are currently examining other compounds on human 

T-Iymphoblasts which are platelet PAF receptor antagonists. 
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Further evidence of a role for PAF in human T-lymphoblast proliferation 

was provided by the PAF agonists. PAF and two non-hydrolysable PAF agonists 

enhanced sub-optimal IL-2-induced proliferation of human T- lymphoblasts. 

Until recently, it was thought that, unlike other leukocytes, 

lymphocytes were not capable of producing PAF.24,25 However, Jouvin­

Marche et al demonstrated that lymphocytes are capable of producing 

2-lyso-PAF when stimulated with the Ca++ ionophore, A23l87, and their 

failure to produce PAF is thought to be due to the lack of acetyl 

transferase activity rather than the absence of phospholipase A2 

activation. Furthermore, Malavesi et a1 26 have found PAF to be released 

from large granular lymphocytes after Fc receptor stimulation. 

A series of human leukaemic cell lines of Band T origin and of 

Epstein-Barr virus (EBV) lymphoblastoid cell lines are capable of 

releasing PAF-like material after appropriate stimulation with A23l87, 

acetyl CoA and/or PRA27. The authors suggested that circulating human 

lymphocytes may also release PAF after appropriate stimulation. IL-2 may 

be the appropriate stimulant and the method of preparation of 

T-lymphoblasts, as used here, may result in the T-lymphoblasts becoming 

capable of producing PAF, which - as demonstrated here - plays a role in 

IL-2-induced proliferation. Indeed, IL-2 itself may be the stimulus 

required for activation or synthesis of acetyl transferase, the vital 

enzyme required for PAF generation from 2-lyso-PAF. Since IL-2 has been 

shown to stimulate phosphorylation of proteins28 , it may achieve such 

enzyme activation by way of complex protein phosphorylations. The 

leukaemic cell lines reported by Bussolino et a1 27 may be so activated. 

A role for the elevation of intracellular free calcium ([Ca++]i) has 

been shown in the production of IL-2.29,30 Perhaps the elevation of 

increased [Ca++]i following T3-Tl stimulation by either antigens, 

monoclonal antibodies or mitogenic lectins can result in the formation of 

2-lyso-PAF by activation of the appropriate calcium-dependent 

phospholipase A2. In support of this, Bussolino et al reported that 

stimulation with A23l87 could result in 2-lyso-PAF formation. At 

present, we are attempting to detect PAF production by human 

T-lymphoblasts at various stages of the cell cycle. 

Furthermore, the results of time course experiments shown in Fig. 4 

suggest that the PAF receptor antagonist L-652,73l can be added at any 

time during the incubation period and still prove an effective inhibitor 

of IL-2-induced proliferation. The possibility of the PAF antagonists 

and the synthesis inhibitors sequestering or inactivating the IL-2 

molecule itself, as reported by Robb3l for ganglioside inhibition of IL-2 

dependent proliferation, is unlikely because compounds were still 
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effective following removal of the IL-2 stimulus. 

Since L-652,73l inhibited proliferation to some extent, no matter 

what time it was added, it might be possible that cytoplasmic events are 

affected rather than initial membrane receptor operated events. Gutowski 

and Coles32 reported activated lymphocyte cytoplasmic extracts contained 

a substance of greater than 100,000 Mr, which triggered DNA synthesis in 

isolated nuclei but not intact cells. Interleukin-2 may regulate the 

production of such 'second messenger'-type protein and the action of this 

messenger may well be the site of action of PAF. 
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LACK OF EFFECT OF CYCLOSPORINE A ON ENDOGENOUS 
ARACHIDONIC ACID METABOLISM IN HUMAN NEUTROPHILS 

INTRODUCTION 

o. H. Nielsen, J. Elmgreen and I. Ahnfelt-Ronne* 
Department of Medical Gastroenterology C, Herlev Hospital 
University of Copenhagen, and *Department of Pharmacology 
Leo Pharmaceutical Products, Ballerup, Denmark 

Arachidonic acid (AA) may undergo metabolism via either the cyclo­
oxygenase pathway to prostaglandins (PGs) and thromboxanes (TXs) or via the 
lipoxygenase pathways to hydroxyeicosatetraenoic acids (HETEs) and leukotri­
enes (LTs) (1). Different cell types metabolize AA according to their rela­
tive activity of the AA metabolizing enzymes. 

An important modulator of the inflammatory reaction, cyclosporine A 
(CS-A), was studied as a potential modifying agent of AA release and meta­
bolism in human neutrophils (PMNs) by a newly developed technique for 
immunopharmacological investigations. 

MATERIALS AND METHODS 

Blood from 10 healthy volunteers was drawn in EDTA (10 mM) and the 
leukocytes were iso~ated by a modification of BOyum's method (2). Suspen­
sions of PMNs (5xl0 cells/ml) were incubated with 1_14C_AA (1 ,~i/ml, 58 
mCi/mmol) (Amersham International, U.K.) in autologeous serum (5%) at 370 C 
under a stream of 5% carbon dioxide until steady state conditions"f~~ incor­
poration of AA into the phospholipids were achieved (5h). Excess 1- C-AA 
was remo~ed by washing. After preincubation (1-30 min) with CS-A (100-10.000 
ng/ml) ( H-CS-A, Sandoz, Switzerland served as internal standard) the cells 
were challenged with calcium ionophore A23187 (Calbiochem, CA, U.S.A.) (10 
~, 15 min). Activation of the cells was terminated by centrifugation of the 
neutrophils through dibuthyl phthalate:dinonyl phthalate (3:1). The eicosa­
noids were isolated from the extracellular fluid by extraction and thin­
-layer chromatography, and quantitated by autoradiography and laser densito­
metry of the autoradiographs (3). Identification of the radioactive spots 
was performed by co-chromatography with pure standards, and further identi­
fication as well as determination of the specific activity were performed by 
quantitative high pressure liquid chromatography. The test system was vali­
dated with well-known inhibitors of AA metabolism, indomethacin and nordi­
hydroguaiaretic acid (NDGA). 

RESULTS 

Following the 5h incubation period, 35% of the added 1_14C_AA was in-
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Table 1. Total release ·of radioactivity (nCi/5xl06 cells), and relative 
contribution of the ei~osanoids, LTB , and 5-HETE (in per cent of 
radioactivity) as revealed by laser ~ensitometry of autoradiographs 
during preincubation with serial dilutions of CS-A. Medians with 
ranges in parentheses (n=10). 

Concentration of CS-A (ng/ml) 
0 100 1000 10000 

5-HETE 13..0 12.1 12.3 12.1 
(%) (8.4-15.2) (8.4-15.9) (8.5-14.9) (8.0-14.6) 

LTB4 5.0 4.7 5.1 5.2 
(%) (2.3-7.9) (2.4-8.0) (2.1-8.0) (2.5-7.9) 

Radioactigity 18 18 18 18 
(nCi/5x10 cells) (12-23) (13-24) (12-23) (11-22). 

corporated into the PMNs - 30% into the phospholipids, and 70% into the tri­
glycerides. Radioactivity released from the PMNs consisted mainly of free AA, 
58% (44-71), LTB4 , 5% (2-8%), 5-HETE, 13% (8-15%), and less than 3% of a cyc­
looxygenase product identified as 12-hydroxy-5,8,10-heptadecatrienoic acid 
(HHT). The main fraction of the residual radioactivity released was more 
lipophilic than AA, indicating esterification to cholesterol or glycerol. 

Three weeks exposure was found to be optimal for autoradiography (Fig. 
1) . The relation between radioactivity and the laser densitometric response 
is shown in Fig. 2. A positive correlation was found up to approximately 
7500 dpm (3.4 nCi) per spot (p<O.Ol). No significant changes in formation or 
release of AA or its metabolites were detected using CS-A within the range of 
pharmacological concentrations (Table 1). 
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Fig. 1. Autoradiographic presentation of TLC separated eicosanoids 
ret~ased from peripheral human neutrophils pre labelled with 
1- C-AA and challenged wi.th A23187 after exposure to CS-A. 
Lack of effect of cyclosporine A is shown. 
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Fig. 2. Correlation between radioactivity and laser densitometric 
response (3 weeks of exposure time) (n=5). Medians with 
ranges as bars. 

Quantitative HPLC revealed specific activities of LTB4 and 5~HETE in the 
range of 13-20 mCi/mmol, corresponding !g a 3 fold dilution of radiolabelled 
AA. The lipoxygenase inhibitor NDGA (10_6M) nearly abolished the LTB4 and 
5-HETE production, and indomethacin (10 M) inhibited HHT production by 70%. 
The coefficient of variation within assay's was less than 0.15 for assessment 
of released AA-metabolites. 

DISCUSSION 

CS-A is a lipophilic polypeptide which has been shown to suppress humo­
ral and cell mediated immunity, an action which has been postulated to in­
volve interference with the AA metabolism (4,5). However, therapeutic conCen­
trations of CS-A (100-500 ng/ml) (6) as tested in this assay did not affect 
the AA release or the lipoxygenase activity, thus suggesting that other fac-
tors may be important for the action of CS-A. 14 

The present method based on incorporation of 1- C-AA into phospholi­
pids of cell membranes is of physiological relevance both for studies of 
various cell types in relation to chronic inflammation and for immunopharma­
cological investigations. 
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SULOTROBAN (BM 13.177) AND BM 13.505, TWO TX-RECEPTOR 
BLOCKERS, ARE EFFECTIVE IN EXPERIMENTAL MODELS OF 
ISCHAEMIA AND SHOCK. 

INTRODUCTION 

K. Stegmeier and J. Pill 
Research Laboratories Boehringer Mannheim GmbH 
SandhoferstraBe 116, 0-6800 Mannheim 31, Germany 

There is much evidence that arachidonic acid metabolites may parti­
cipate in the pathophysiology of ischaemia and shock. One of them, 
thromboxane A2 (TXA2)' is a potent platelet aggregator and vasocon­
strictor and its concentration in plasma is elevated in experimental 
models of ischaemia and circulatory shock. This suggests that it is an 
important mediator in the pathogenesis of circulatory shock, myocardial 
ischaemia and sudden deathl • The use of specific TXA2 receptor 
blocking drugs offer the possibility to further characterize the role 
of TXA2 in these processes leading to severe functional and structural 
changes in some organs, especially in the heart, the lung and the kid­
neys. We have previously reported that Sulotroban (BM 13.177)' is a 
selective and competitive thromboxane receptor blocking drug 2,3. More 
potent analogues of BM 13.177 have since been identified and the results 
of pharmacological investigations with one of them, BM 13.505, have been 
recently presented4• 

In this paper we present some data from our own investigations 
together with some findings reported by other investigators which assess 
the effects of these drugs in animal models of acute renal failure, myo­
cardial ischaemia, sudden death and shock and demonstrate the role of 
TXA2 in the pathogenesis of these disorders. 

RESULTS AND DISCUSSION 

Prevention of glycerol-induced acute renal failure in rabbits 

Acute renal failure (ARF) in humans remains a poorly understood 
response of the kidney to hypoperfusion, presumably mediated by an acute 
ischaemic insultS. There is no experimental model whose pathology 
resembles that of the common hypotensive form, in which vasoconstriction 
is believed to play a considerable role. One of the well established 
models used to study the pathogenic mechanrsm in ARF is glycerol-induced 
ARF in rabbits. A decreased renal blood flow and vasoconstr iction of 
large- and medium-sized renal vessels have been demonstrated6• Fur­
thermore, a direct correlation between the level of renal function as 
determined by serum creatinine and the metabolic potential of microsomal 
preparations from kidney for TXA2 formation have been reported7• 
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This suggests that the potent vasoconstrictor TXA2 is generated by the 
kidney following glycerol administration and may mediate the ARF in this 
model. 

We estimated renal function by determination of the serum creati­
nine concentration, renal TX formation by calculating the 24 h urinary 
excretion rate of TXB2 determined by radioimmunoassay and examined 
kidney morphology after autopsy 72 h after injection of glycerol. ARF 
was induced by subcutaneous injection of 14 ml glycerol per kg (50 % in 
saline). The thromboxane receptor blocker BM 13.505 (BM, 5 mg/kg) or the 
thromboxane synthase inhibitor dazmegrel (D, 40 mg/kg) or the cyclooxy­
genase inhibitor indomethacin (I, 8 mg/kg) were injected intraveneously 
30 min before glycerol administration. Two and six hours after glycerol 
injection the same doses of the drugs were injected subcutaneously. 

Table 1. Change of serum creatinine and TXB2 excretion rate 
within 24 h after glycerol injection 

G 
G + BM 
G + D 
G + I 

Serum creatinine 
(/umol/l) 

before 24 h after 

105(73-125) 
94(65-119) 
94{79- 97) 

109(99-228) 

177 (93-417)* 
111 (82-179) 
l2l{l07-l98) 
348(162-621)*** 

Median and range, n = 6 - 8 
*P = 0.05, **P (0.05, ***P (0.01 

Thromboxane B2 
(ng/24 h) 

before 

40l{142-645) 
374{253-630) 
313 ( 14-588) 
282(182-548) 

after 

l256{399-2057)** 
ll84{287-2555)* 

205( 54- 318) 
728{307-2345)*** 

Twenty-four hours after glycerol injection the most prominent 
change in serum parameters was an increase in serum creatinine concen­
tration in G and G+I groups compared with the values before treatment 
(Tab. 1). In contrast, a moderate increase of serum creatinine concen­
tration was observed in only one animal of the G+BM group and two ani­
mals of the G+D group whereas in all other animals no change occurred. 

The data in Tab. 1 also show that subcutaneous injection of G 
stimulated renal excretion of TXB2. In the G+D group TXB2 excretion 
rate was lower than in the pretreatment period. In the G+I group the 
rise in TXB2 excretion rate was reduced to about 2/3 of the G group. 
Whereas BM 13.505 did not influence TXB2 excretion rate stimulated by 
co-administration of G. The morphological changes in individual animals 
correlated very well with the serum creatinine concentrations. Patholo­
gical findings with G alone and G+I were tubular dilatation, casts, 
necrosis and interstitial oedema or fibrosis. Two animals of the group 
treated with G+D showed moderate changes in morphology and serum crea­
tinine concentration. The other animals of that group exhibited mild to 
moderate morphological changes without impairment of renal function. In 
contrasts, only minimal changes were seen in a few animals treated with 
G+BM. 

These results indicate that TXA2 plays an important pathogenic role 
in G-induced ARF. I even enhanced G-induced ARF although it reduced 
TXB2 excretion. This is consistent with previous observations of 
Torres et al. 8 and may result from simultaneous inhibition of renal 
biosynthesis of prostaglandin 12 and prostaglandin E2 which play an 
important compensatory role in the protection of renal blood flow 
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and glomerular filtration rate. The excellent effect of BM 13.505 is in 
accordance with its ability to block the receptors of TXA2 and prosta­
glandin endoperoxides without inhibiting prostaglandin snythesis. 

U 466l9-induced sudden death in mice 

Injection of 800/ug/kg of the thromboxane mimetic U 46619 into 
male, anaesthetized m1ce causes lung emboli and sudden death within a 
few minutes. The mortality induced by this thromboxane mimetic may be 
due to a combination of vasoconstriction and thrombosis9 • 

If the drugs (0.01 - 1 mg/kg) were injected into the tail vein 
5 min before the U 46619 injection, the survival rate characterizes the 
antagonistic potency. 8M 13.505 protected mice from death induced by 
U 46619 with an 1050 value of 0.025 mg/kg and BM 13.177 with an 1050 
of 0.06 mg/kg. 

In order to investigate the time course of the protective action, 
the drugs were administered orally. U 46619 was injected into the tail 
vein 2 to 48 hours after pretreatment with the antagonist. A dose of 
1 mg/kg BM 13.505 protected animals at least for 6 h against the lethal 
effects of U 46619 injection (Tabl. 2). In contrast 8M 13.177 was of 
minor efficacy, a dose of 50 mg/kg protected only 50 % of the animals 
from death. At 24 hrs after administration of 5 or 10 mg/kg BM 13.505 
about 50 % of the animals survived U 46619 injection. 

Table 2. Time course of the protective effect of 8M 13.505 and 
8M 13.177 against U 466l9-induced sudden death in male mice 

Dose 
Substance mg/kg 

p.o. 

1 
BM l3.505 5 

10 

BM l3.l77 50 

at 

2 h 

5/5 
10/10 

15/20 

the given 

4 h 

5/5 
10/10 

8/15 

Number of surv1v1n9 mice 
number of tested mice 

hours after drug administration* 

6 h 

5/5 
9/9 

10/10 

4/13 

24 h 

1/15 
7/10 
6/10 

2/10 

30 h 

4/5 
4/10 

0/4 

48 h 

2/5 
0/5 

0/5 

*sudden death was were provoked by the injection of 800/ug/kg U 46619 
at the time given. 

Treatment of acute myocardial ischaemia 

Increased local TXA2 formation in ischaemic myocardium has been con­
sidered to be a major pathophysiological event contributing to tissue 
damage in the course of myocardial ischaemialO • Cats were subjected 
to 5 h of permanent occlusion of the left anterior descending coronary 
artery (LAD) and 30 min later infusion with BM 13.177 (5 mg/kg x h, 
i.v.) startedll • In comparison with vehicle-treated LAD-occluded cats, 
8M 13.177 significantly attenuated the loss of creatinine phosphokinase 
activity from the ischaemic myocardium and antagonized the ischaemia 

503 



induced rise in the ST-segment of the electrocardiogram. Under these 
conditions 8M 13.177 did not reduce plasma thromboxane levels or 
ischaemia-induced platelet aggregate formation but considerably anta­
gonized TX-dependent platelet secretion ex vivo. 

Brezinski et al. 12 reported similar findings on changes of creatinine 
phosphokinase activity and ST-segment, however they infused higher doses 
of 8M 13.177 (bolus of 20 mg/kg, followed by 20 mg/kg x h). 

2. Dogs 

BM 13 .177 was also studied in an exper imental model of ischaemia and 
reperfusion-induced arthythmias13 • 8M 13.177 was given to greyhounds 
in a bolus of 5 mg/kg 15 min prior to occlusion of the left anterior 
descending coronary artery, followed by an infusion of 9 mg/kgxh. The 
TX receptor blocker markedly reduced the severity and incidence of 
arrhythmias resulting form both ischaemia and reperfusion. 

Models of experimental shock 

Arachidonic acid-induced vasoconstriction in isolated lungs from rabbits 

The pulmonary vascular bed responds with acute vasoconstriction to 
increased availability of free arachidonic acid (AA), wether exogenously 
applied or released from endogenous .sources upon stimulation. The in­
fluence of 8M 13 .. 177 on the arachidonic acid-induced vascular effects 
in isolated lungs form rabbits was studied14 • 

8M 13 .177 dose-dependently inhibited the pressor responses evoked 
by repetitive direct application of AA or by repetitive stimulation of 
endogenous AA-release with the calcium-ionophore A 23187. 

Endotoxin-induced shock in mice 

The protective effect of 8M 13.177 and 8M 13.505 on endotoxin­
induced mortality was studied in NMRI mice15 • A significant decrease 
in and a prolonged onset of lethality was observed after pretreatment. 
Both drugs were also capable of reducing the lethality rate in BCG-sen­
sitized animals. 

Endotoxin-induced pulmonary vasoconstriction in sheeps 

Intravenous injection of E. Coli endotoxin (l/ug/kg) caused a 
transient increase of pulmonary artery- and airway pressure paralleled 
by large increases of TXB2 concentration in plasma. Pretreatment with 
BM 13.177 (bolus 5 mg/kg, followed by 0.75 mg/kg x min) abolished the 
rise of pulmonary artery and airway pressure16 • Plasma concentrations 
of TXB2 in 8M-treated animals were similar to endotoxin-treated con­
trols. 

CONCLUSIONS 

These studies indicate that TXA2 ~lays a significant role in the 
pathogenesis of acute renal failure, sudden death, ischaemia and shock 
in these animal models, and that TX receptor blocking drugs attenuate 
or prevent the deleterious effects of TXA2. These drugs may be useful 
tools for investigating the importance of TXA2 in the pathogenesis of 
other experimental models, especially in that of sepsis and burn. Clini­
cal trials (sulotroban) and studies in healthy volunteers (BM 13.505) 
showed that both drugs are well tolerated. Ongoing clinical trials will 
help to clarify the specific role of TXA2 and the therapeutical bene-
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fit of a thromboxan receptor blockade in certain pathological states, 
among which is septic shock. 
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GINKGO BILOBA EXTRACTS INHIBITS OXYGEN SPECIES 
PRODUCTION GENERATED BY PHORBOL MYRISTATE ACETATE 
STIMULATED HUMAN LEUKOCYTES 

INTRODUCTION 

J. Pincemail1.A.Thirion 2 • M. Dupuisl, P. BraqueP, K. Drieu 3 , 

P. Hans4 and C. Deby' 
, Laboratoire de Biochimie et Radiobiologie, Institut de Chimie, 
B6, Universite de Liege, Sart-Tilman, 4000 Liege 1, Belgium 
2 Centre de transfusion Sanguine de Liege, rue Dos Fanchon, 
4000 Liege, Belgium 3 IHB Ipsen Institute for Therapeutic 
Research, 92350 Le Plessis Robinson, France 4 Service 
d'Anaesthesiologie, Hopital de Baviere, Universite de Liege, 
Boulevarq de la Constitution, 66, 4020 Liege, Belgium 

Recent studies (1) have sho~n that phorbol myristate acetate (PMA) 
induced superoxide anion (02 T) release in polymorphonuclear (PMNs) cells 
from ~hole body gamma irradiated rabbits ~as significantly reduced in 
animals treated preventively ~ith a Ginkgo biloba extract (Gbe, IPS 200 
Institut Henry Beaufour, France). In an effort to define further the me­
chanism of action of Gbe, experiments ~ere performed to study its effects 
on the respiratory burst in ~hole stimulated PMNs preparations (employing 
PMA as stimulus) as ~ell as on the NADPH-oxidase activity. Then, the in­
teractions of Gbe on the release of toxic oxygen species (02T , H202, OH·) 
during PMNs stimulation ~ere studied. At least, it ~as also of interest 
to examine the effect of Gbe on the activity of myeloperoxidase, enzyme 
contained in neutrophils and responsible of the generation of strong oxi­
dants such as hypochlorous acid (HOCI) or chloramines. 

METHODS 

Polymorphonuclear (PMNs) cells ~ere isolated as previously described 
(2) and suspended in a phosphate buffer (pH 7.4) medium (PBS). After 
addition of CaCIZ-MgC12 (2 mM - 0.5 mM), the cells ~ere stimulated ~ith 
phorbol myristate acetate (8 X 10-8M final) during 30 minutes at 37 ac. 
a) Measurement of oxygen consumption on 2 X 107 stimulated cells/ml of PBS 

~as determined ~ith the Clark oxygen electrode (3). NADPH-oxidase acti­
vity ~as assessed in the 27,000 g particulate preparation from neutro­
phils stimulated ~ith PMA (4) by the measurement of oxygen consumption. 
The 27,000 g pellet ~as resuspended in 0.34 M sucrose-Tris at a concen­
tration of 1.3 mg protein/mI. The oxygen uptake ~as foll~ed during 10 
minutes after addition of 1 mM NADPH in the absence (control) or in the 
presence of Gbe. 

b) Superoxide generating activity ~as measured by follo~ing the superoxide 
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dismutase inhibitable reduction of ferricytor.hrome C at 550 nm in a 
double beam spectrophotometer (5). 1.5 X 106 cells/ml of PBS were pre­
incubated with Gbe during 15 minutes. After centrifugation, the yellow 
supernatant was removed. Cells were resuspended in PBS, stimulated and 
the release of 02 T was followed. 6 

c) The amount of H202generated by 2 X 10 stimulated PMNs/ml of PBS after 
30 minutes was determined in the presence of 10-4 M azide according to 
the method using potassium thiocyanate (6). 

d) 2.5 X 106 cells/ml of PBS were stimulated in the presence of 1 mM a-keto­
Y -methiol-butyric acid (KMB). The hydroxyl radical generated during 
the PMNs activation reacted with KMB to produce ethylene (7), measured 
by gas-liquid chromatography, using a Porapak column in Barber-Colman 
3000 gas chromatograph. 

e) Myeloperoxidase was purified from human neutrophils (B) with an absor­
bance ratio (A430/A2BO) of 0.65. Enzyme activity was measured spectro­
photometrically at 20° C : 0.9 mU (4.4 X 10-B) of myeloperoxidase was 
combined with 2.9 ml of 50 mM phosphate buffer, pH 6.0 containing 0.167 
mg/ml dianisidine hydrochloride and 1.4 X 10-4 M hydrogen peroxide. The 
change in absorbance at 460 nm was measured during 1 minute (9). 

RESULTS 

Table I indi~ates that Gbe, at 500 and 250 
bits the oxygen uptake of PMA stimulated cells. 
ved when the broken cells preparation (27,000 g 
NADPH-oxidase activity is used (Table II). 

~g/ml, significantly inhi­
A similar effect is obser­

fraction) containing the 

The release of activated oxygen species is also decreased when cells 
are stimulated in the presence of Gbe (Table III). For example, an inhibi­
tory effect of 29~~ and 36~~ is respectively observed in 02'" and H202 assay 
with a concentration of 250 ~g Gbe/ml. 
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Table I. Inhibitory effect of Gbe on the oxygen con-

Time 

0 

1 

2 

3 

4 

5 

6 

7 

B 

'sumption by PMA stimulated human leukocytes. 
Values are the percent of oxygen present in 
the medium after PMA addition in the absence 
(control) or in the presence of Gbe at 500, 
250 and 125 pg/ml. 

Control Gbe 500 fJ9 Gbe 250 }Jg Gbe 125 \-Ig 

100 100 100 100 

100 100 100 100 

96 100 90 97 

65 93 72 73 

25 76 51 41 

14 5B 29 11 

0 34 11 0 

0 11 4 0 

0 0 0 0 



Table II. Inhibitory effect of Gbe on the NADPH oxi­
dase activity contained" in the 27,000 g 
particulate preparation. Values are the 
percent of oxygen present in the medium 
after NADPH addition in the absence (con­
trol) or in the presence of Gbe at 500, 
250, 125 ]Jg/ml. 

Time Control Gbe 500 ]Jg Gbe 250 )lg Gbe 125 )lg 

0 100 100 100 100 

1 66 84 80 76 

2 37 70 61 52 

3 21 60 45 33 

4 12 51 31 20 

5 4.5 40 21 12 

6 1.5 33 13.5 6 

7 0 29 9 4 

8 0 25 7.5 3 

Table III. Inhibition effect of Gbe on o2Y , H202 and oH' release 
during PMNs stimulation and on the myeloperoxidase 
activity. Values are mean ~ S.D. 

0' inhibiton ,0 

Gbe (]Jg/ml) o Y 

2 H202 oH' Myeloperoxidase 

(n=3) (n=3) (n=3) activity (n=3) 

Control 0 0 0 0 

500 34 + 2 -54 + 3.5 - 100 -
250 29 ~ 2 36 + 2.3 86 + 1.7 100 

125 15 ~ 1.6 17 ~ 1.3 84 + 1.1 100 

62.5 0 6 + 1.1 75 + 2.3 78.6 ~ 2.4 

31.2 - - 58 + 5.9 62.9 + 0.7 - -
15.6 - - 42 + 4.7 53 + 0.5 -
10 - - - 51.3 ~ 1 
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The ethylene production indicates that Gbe strongly diminishes the 
generation of oH·. Indeed, it is able to give an inhibition of 42% at a 
concentration as 10111 as 15.6 Ilg/m1. At much higher concentrations, the 
inhibi tory effect is more marked and can reach 85~~ at 250 Ilg/ml, for 
example. 

At least, in a concentration range of 10-100 Ilg, Gbe considerably re­
duces the myeloperoxidase activity. The enzyme activity is completely in­
hibited in the presence of 125 Ilg Gbe/ml. (TableI~I) 

DISCUSSION 

The inhibition of the respiratory burst in IIIhole PMNs preparation, 
observed in the presence of Gbe, seems to be exerted at different levels. 
a) Gbe inhibits NADPH-oxidase activity, as shollln on the broken cells pre­

paration. Tauber et a!. (10) have recently demonstrated that quercetin 
and kaempferol, tlllO liposoluble flavonoids, lIIere able to permeate PMNs 
and so to inhibit the respiratory burst enzymatic system. Ginkgo biloba 
extract contains flavonoids such as coumarinic esters of kaempferol and 
quercetin heterosides IIIhich may be so responsible of the extract acti­
vity. As expected, the inhibitory effect of Gbe on NADPH-oxidase acti­
vity leads to a decrease in the release of superoxide anion and hydrogen 
peroxide by PMA stimulated human PMNs. 

b) Gbe strongly scavenges oH' generation in these experiments on PMNs. It 
is efficient at concentration as 10111 as 15.6 Ilg/ml IIIhile no effect is 
observed on O2 uptake or o2T and H202 release at this concentration. 
This can be explained by the free radical scavenging activity of Gbe, 
previously described in in vivo and in vitro studies (11,12). 

c) The myeloperoxidase activity IIIhich is responsible of the generation of 
strong oxidant species (HoCl, chloramines) is also significantly reduced 
by Gbe, even at 10111 concentration (IC5o = 10 jlg/ml). 

Our results can explain IIIhy PMA induced superoxide anion release in 
polymorphonuclear cells from IIIhole body gamma irradiated rabbits is signi­
ficantly reduced in animals treated-preventively lIIith Gbe (1). By its 
regulator action of PMNs functions, Gbe appears to be an interesting the­
rapeutical agent. Beside its radiobiological protection, Gbe has been 
proposed in the reduction of the post-radiotherapic oedema in larynx cancer 
treatment IIIhere there is an increase of o2T release by PMNs (13). On the 
other hand, Gbe could be experimented in the treatment of disease IIIhere 
free radical production by PMNs is suspected as it is the case in the Adult 
Respiratory Distress Syndrome (ARDS) (14) or in burn-injured patients (15). 

REFERENCES 

1. Braquet M., Lavaud P., and Ducousso R. Fourth International Conference 
on Superoxide Dismutase, Rome·, 1-6 September 1985, Abstract book P 152. 

2. Borgeat P., and Samuelsson B. Proc. Natl. Acad. Sci. USA 76:2148 (1979). 
3. Kvarstein B. Scand. J. Clin. Lab. Invest. 25:337 (1970) • 
. 4. Light D.R., Walsk C., o'Callaghan A.M., Goetzl E.J., and Tauber A.I. 

Biochemistry 20:1468 (1981). 
5. McCord J.M., and Fridovich 1. J. BioI. Chem. 224:6049 (1969). 
6. Bielefeldt H., and Babink L.A. Inflammation 8:251 (9184). 
7. Weiss S.J., Rustaji P.K., and Lo Buglio A.F. J. Exp. Med. 147:316 (1978). 
8. Bakkenist A.R., Wever R., Vulsma T., Plat H., and Van Gelder B.F. Biochim. 

Biophys. Acta 524:45 (1978). 
9 ... Kralllisz J.E., SharonP., and Stenson W.F. Gastroenterology 87:1344 (1984). 

10. Tauber A.I., Fay J.R., and MarIetta M.A. Biochem. Pharmacol. 33:1367 
(1984) • 

510 



11. Etienne A., Chapelat M.Y., Braquet M., Clostre F., Drieu K., Defeudis 
F.V., and Braquet P. in : Cerebral Ischemia (Eds. A. Bes, P. Braquet, 
R. Paoletti and M.O.K. Sjesjo) Excerpta Medica (Amsterdam, New-York, 
Oxford) p 379 (1974). 

12. Pincemail J., Deby C., Lion Y., Braquet P., Hans P., Drieu K., and 
Goutier R. in : Flavonoids and Bioflavonoids (Eds. L. Farkas, M. Gabor 
and F. Kallay) p 423 (1985). 

13. Bally et ale Personal communication. 
14. Lamy M., Deby-Dupont G., Deby C., Pincemail J., Duchateau J., Braun M., 

Damas P., and Roth M. in : Pulmonary Circulation in Acute Respiratory 
Failure, Barcelone, June 19-22, 1984 (Eds. C. Lemaire, P. Suter and 
W. Zapol) Churchill Livingstone (1985) (in press). 

15. Braquet M., Lavaud P., Dormont D., Garay R., Ducousso R., Guilbaud J., 
Chignard M., Borgeat P., and Braquet P. Prostaglandins 29:747 (1985). 

511 



THE CORONARY, INOTROPIC, CHRONOTROPIC AND ARRHYTHMO­
GENIC EFFECTS OF PAF-ACETHER ON ISOLATED GUINEA-PIG HEART 
AND THEIR SELECTIVE INHIBITION BY BN 52021 

INTRODUCTION 

I. Viossat, P. E. Chabrier, M. Chapelat and P. Braquet 
Institut Henri Beaufour, 72 avenue des Tropiaues 
91940 Les Ulis, France 

A phospholipid mediator identified as 1-0-alkyl-2-acetyl-sn­
glyceryl-3-phosphorylcholine (1,2), platelet-activating factor (PAF­
acether) has been demonstrated to play an important role in a variety of 
inflammatory, respiratory and cardiovascular disorders (3). Intravenous 
injection of PAF-acether induces strong systemic reactions mimicking 
typical anaphylactoid reactions such as bronchospasm (4), increased 
vascular permeability (5) and hypotension (6). Such similarities are 
found in vitro in perfused organs. In isolated perfused guinea-pig heart, 
injection of PAF-acether produces a coronary constriction and heart 
failure with a decrease in contractile force (7) which are 
characteristics of in vitro cardiac anaphylaxis (8). BN 52021, a specific 
PAF-acether receptor antagonist has been shown to inhibit PAF-acether 
effects in various models: contraction of guinea-pig lung strips (9), 
hypotension in rats (10) . It also antagonizes the hemodynamic 
modifications occurring in shock states such as endotoxemia in guinea-pig 
(11) and anaphylaxis in rat (12). Here we report the effects of PAF­
acether and BN 52021 on isolated perfused guinea-pig heart. 

MATERIALS AND METHODS 

PAF-acether (1-0-hexadecyl-2(R)-acetyl-g1ycero-3-phosphory1choline) 
was purchased from Bachem (Bubendorff, Switzerland) and stored at 
-80°C in a 0.5 % bovine albumin serum solution. 
BN 52021 [3-(1,1-dimethylethyl)hexahydro-l,4,7b-trihydroxy-8-methyl-
9H-l,7a-epoxy methano)lH,aH-cyclopenta[c]furo[3',2':3,4]cyclopenta 
[1,2-dJ furan-5,9,12(4H)-trione]. (IHB-IPSEN Institute for Therapeu­
tic Research, Le Plessis-Robinson, France) was dissolved in dimethyl 
sulfoxide. 

Experimental procedure 

Male Hartley guinea-pigs (350 - 450 g) were anaesthetized with 
pentobarbital (30 mg/kg i.p.). One minute after heparin injection 
(1000 Ur/kg i.v.) hearts were excised and rapidly cannulated through the 
aorta on a non-recirculating Langendorff perfusion apparatus. The heart 
preparations were perfused with a modified Krebs Hense1eit buffer pH 7.4 
at 37°C and oxygenated with a 95 % O2 - 5 % CO2 gas mixture under a 
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constant hydrostatic pressure of 80 cm of water. Hearts were firstly 
submitted to a stabilization period of 15 minutes, receiving a normal 
pefusion medium. They were then perfused for 10 minutes with either BN 
52021 at various doses or the control medium containing 2 0 I 00 DMSO. 
PAF-acether was then injected in a bolus of 0.1 ml above the cannula and 
hearts were submitted to another 15 minutes perfusion period. 

Coronary flow was measured by sampling at regular time intervals and 
expressed as mI. min -1 . g_l • • Heart rate and contractile force were 
recorded by means of an is~t~nic transducer and a Gemini II Ugo Basile 
recorder and respectively expressed as mm and beats per minute (B.P.M.). 

Data analysis 

Statistical comparisons were determined by Fisher-Snedecor one way 
analysis of variance on the experimental values. Results were presented 
as percent change of control or as means ± S.E.M. 
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Figure 1 : Time-course of the effect of PAF-acether on coronary flow 

Table I 

Effect of PAF-acether on coronary flow, heart rate and contractile force 

Dose of 
PAF-acether 

(moles) 

10-11 (n = 7) 

5.10-11 (n = 4) 

10-10 (n 6) 

10-9 (n 

10-8 (n 

10-7 (n 

6) 

7) 

7) 

Coronary flow 
(% decrease) 

Heart rate 
(% decrease) 

2 min.after PAF 2 min.after PAF 

30 

55 

65 

85 

91 

o 
± 3** 

± 5*** 

± 4*** 

± 1*** 

± 4*** 

4 ± 2 n.s. 

6 ± 3 n.s. 

26 ± 2*** 

34 ± 9** 

41 ± 7*** 

Contractile force 
(% decrease) 

6 min. after PAF 

4 ± 6 n.s. 

6 ± 4 n.s. 

35 ± 4*** 

30 ± 4*** 

31 ± 8*** 

Results are expressed as % decrease versus initial value 
** p < 0.01 - *** p < 0.001 - n : number of animals 
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RESULTS 

Effects of PAF-acether and BN 52021 on isolated perfused guinea-pig heart 

PAF-acether induced a dose-dependent reduction of coronary flow 
(table I). Vasoconstriction appeared with a maximum at 2 min after PAF­
acether injection. Coronary flow returned and stabilized after 4 min to a 
lower level than initial value as shown in figure 1. 

With a similar time course, PAF-acether dose-dependently decreased 
heart rate (table I). In contrast, effect on contractile force was 
observed later with a maximum at 6 min (table I). It is interesting to 
note that the concentrations necessary to affect cardiac function 
(contractile force, heart rate) were higher than those affecting coronary 
flow. Moreover, we observed that the highest dose (10- 7 moles) of 
PAF-acether induced arrhythmias in 40 % hearts. 

Whatever the dose used, BN 52021 alone was devoid of any effect on 
cardiac function. In our control experiments, the vehicle DMSO was also 
without effect. 

Effect of BN 52021 versus PAF-acether 

A high dose of PAF-acether (10- 7 moles) which induced alterations in 
all the parameters measured was used to demonstrate the action of BN 
52021. At this dose, PAF diminished by 91 % the coronary flow. BN 52021 
inhibited in a dose-dependent manner the fall in coronary flow (15 % at 
10 - 5 M; 63 % at 2.10 -If M) (Fig. 2). It inhibited the decrease of heart 
rate induced by PAF-acether by 82 % at 2.10- 1f M, although it was inef­
fective at 10- 5 M (Fig. 3). In cont~ast, at both concentrations BN 52021 
did not prevent the fall of contractile force caused by PAF-acether (Fig. 
3). No arrhythmias were observed in presence of BN 52021. 
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Figure 2 : Inhibition of 
PAF-induced (10-7 moles) coronary 

spasm by BN 52021 
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Figure 3 : Effect of BN 52021 
on PAF-induced alterations of heart 

rate and contractile force 

PAF-acether exerts a direct effect on cardiac function as previously 
demonstrated (9,10) and confirmed by us in our present experiments. These 
effects are represented by dramatic changes in coronary flow, cardiac 
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rhythm and contractile force, effects which are also observed in cardiac 
anaphylaxis (11, 12). In perfused guinea-pig heart, BN 52021 is effective 
against PAF-induced coronary vasoconstriction and greatly protects hearts 
against heart rate diminution and the appearance of arrhythmias. However, 
BN 52021 does not totally inhibit the decline of contractile force 
induced by a high dose of PAF-acether. Therefore, it is possible that 
this effect is just a consequence of myocardial ischemia due to the 
non-totally blocked coronary spasm which cannot be reversed specifically 
by PAF-acether receptor antagonists. BN 52021 is known to inhibit 
competitively the effect of PAF-acether on platelet aggregation (13), on 
hypotension and on brochonspasm and to antagonize many manifestations 
related to shock states. In our study, BN 52021 has been demonstrated to 
inhibit also the direct cardiac action of PAF-acether indicating that 
this drug competes with PAF-acether in cardiac tissue. 
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THE EFFECT OF BW 755C ON WOUND HEALING IN A SCALD BURN 
INJURY PIG MODEL-MORPHOLOGICAL AND BIOCHEMICAL FINDINGS 

Aim of study 

J. A. Bauer1, P. Conzen 2 , K. Wurster 3 

1 Chirurgische Klinik Innenstadt und Chirurgische Poliklinik der 
Universitiit Munchen, NuBbaumstr. 20, 0-8000 Munchen 2 
2 Institut fUr chirurg. Forschung der Univ. Munchen, Machioninistr. 
15 0-8000 Munchen 70. 3 Pathologisches Institut des Stadt. 
Lehrkrankenhauses Munchen-Schwabing Kainer Platz 1, 0-8000 
MOnchen 40 

The significance of the arachidonic acid metabolites as mediators of ther­
mal lesions remains controversial (1,2,3). We have therefore examined the 
effect of BW 755C - a known inhlbitor of cyclooxigenase and lipoxigenase­
on wound healing. In this study 2 ndo scald burns effecting 20 % of the 
body surface of anesthetised pigs were induced (3). The effect of systemic 
administration of BW 755C (10 mg/kg/die)(n=7) five minutes following in­
duction of the scald burn was compared with that of a control group (n=4). 

Material and Methods 

The scald burn was created by immersing the flank of the animal in hot 
water (750 C) for 10 seconds. The burned area was regulated via application 
of an adhesive dressing and represented 20 % in 20 kg animals. The in­
creased skin thickness was regularly controlled within the first three 
hours with a 10 MHz ultrasonic head transducer (4). Blood samples were ta­
ken before burning, 4 h after burning and daily for a week. On the seventh 
day the animals were killed and biopsies were obtained. In the plasma 
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samples prostanoid levels were measured (TxB2, 6-ketoPGFlalpha, PGF2alpha, 
13, 14-dihydro-15-ketoPGF2alpha). 

Fig. 1) Scald burn injury model (waterboiler, connection tube, bath, 
basket with cut out piece) 

Results 

The animals treated with BW 755C exhibited adequate wound healing on in­
spection and microscopy. Half of the control animals, but none of the 
treated animals, developed wound infection. Lower prostanoid levels com­
pared with the control group were found in the group of treated animals. 
The other parameters remained unchanged (kininogen, prekallikrein, 
CI-INA., clotting parameters). 

Fig.2) Microscopical findings on the treated animal at the 7th day(hea­
ling sandwich: denaturated od epidermis/unified scorf, a tiny bit 
granulocytes and bacterias / new epidermis in the depth)(HE,lOOx) 
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Fig. 3a) Prostanoid levels in the 
control group 

Fig. 3b) Prostanoid levels in the 
teated group 

Conclusion 

On the basis of our experimental model we conclude that the administration 
of arachidonic acid inhibitors can significantly improve wound healing in 
scald burn injuries. 

References 

1. Alexander F., Mathieson M., Teoh K.H.T., Huval W.V., Lelcuck 5., 
Valeri C.R., Shepro D., Hechtman H.B. 
Arachidonic acid metabolites mediate early burn edema, 
J. Trauma, 8:709 (1984) 

2. Denzlinger C., Rapp 5., Hagmann W., Keppler D. 
Leukotrienes as mediators in tissue trauma, 
Science, 230:330 (1985) 

3. Bauer J.A., Lehn N., Sauer Th. 
Use of a real-time scanner with a 10-MHz transducer head for quanti­
tative ultrasound assessment of depth and area of skin scald injuries 
in rats,pigs,and humans and of therapeutic effect of etofenamate on 
scald injuries in rats. 

521 



Langenbecks Arch. Chir. Suppl. Chir. Forum 
(ed.: H.J. Streicher, M. Schwaiger), Springer, (Berlin-Heidelberg-New 
York-Tokyo), p. 45 (1986) 

4.Bauer J.A., Schiller K., Eitel F. 
Die Anwendung der 10 MHz-Ultraschallsonographie zur 8estimmung der Ver­
brennungstiefe am Dorsum von Ratten, in: Jacob, S.W., Herschler, R.J., 
Schmellenkamp, M.: The use of DMSO in medicine, 
(Springer, Berlin-Heidelberg-New York-Tokyo), p 148 (1985) 

522 



A NEW SONOGRAPHIC MODEL FOR EFFECTIVE QUANTIFICATION 
OF ANTIEDEMATOUS AND ANTIINFLAMMATORY DRUGS IN BURNS 

J. A. Bauer1, A. Wendelberger\ W. Felix2 and 
1 Chirurgische Klinik Innenstadt und Chirurgische Poliklinik der 

Universitat MOnchen, NuBbaumstr. 20, D-8000 MOnchen 2. 
2 Walther-Straub-Institut fOr Pharmokologie und Toxikologie der 

Universitat MOnchen, NuBbaumstr. 26, D-8000 MOnchen 2 

Aim of study 

An experiment set up to test and quantify the effect of antiedematous 
and anti-inflammatory drugs in thermic lesions (1) must be simple, quick 
and safe. Surface area and depth of the lesions must be exactly defined. 

Materials and methods 

The aim conditions can be fulfilled by using 10 MHz ultrasonics to mea­
sure the depth of a scald wound of standardised area on the back of a 
rat or the flank of a pig (water temperature _75°C; period of exposure: 
10 sec.) The area of the scald is kept constant by standardising the 
body weight and the size of the opening of the apparatus. Only these fac­
tors, the temperature, and time of exposure affect the depth of the scald. 
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Fig. 1) Rat dorsum after scalding (15 % of body surface) 

10 MHz-ultrasonics is so effective in demonstrating that the lesions is 
standardised that biopsies are superfluous. Inspection and evaluation 
according to a simple scale are adequate methods of controlling the pro­
gress of woundhealing during the subsequent weeks. 

Fig. 2) Suspension sonogram through the non compressed gel mass. 
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Fig. 3) Transition area non burned tissue/burned tissue 3 h after 
scalding (Sonogram) 

Results 

A trial of various drugs shows that some drugs present scalding edema, 
while others are anti-edematous but do not improve wound healing, and a 
third group does not prevent, and indeed may even increase the edema, 
but improves wound healing. (In all doubtful cases a biopsy should be 
carried out on the seventh postoperative day). A forth group shows no 
edema and good healing. 

Flammacerium, BW 755C, Indomethacin, Aspirin, Diclofenac, Flavichroms 
and others compounds were also tested. 

The drugs were distributed into the four groups: 
Group 1 (presenting scalding edema). 
Bufedil, Calalase, SOD, Aspirin, Indomethacin, Diclofenac, Aescin locally 
given. 
Group 2 (antiedematous, but not improving wound healing) 
HR, Aescin i.p., Tolyprin 
Group 3 (not antiedematous, but improving wound healing) 

Flavichroms, DMSO 60 %, 

Group 4 (antiedematous and good wound healing) 
Etofenamat 
BW 755 C 

Conclusion 

Only the inhibitors of PG and LT formation (dual NSAID's) do work very 
well. 
As seems possible the arachidonic acid cascade (2,3) is at the onset of 
the inflammation burst. 
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Blood volume control, 67-72 
BN 52021 

and ~cute renal failure, 134, 135 
and lmmune response, 448, 449, 

451-454 
and PAF-induced cardiac impairment, 

513-516 
in shock, 169-173 
tissue plasminogen activator 

inhibition, 245 
transplant rejection, 388, 389 

Burn 
causes of death in burn patients 

33 ' 
clinical outcome, 3,4,21-24,31-33 
depth, determination by sonography, 

63-66 
free radical in, 87-94 

Burn (continued) 
mediators in ARDS, 43-54 
metabolic aspects, 23 
nutritional aspects 23 
size (burn) effect ~n susceptibi­

lity to infection, 33 
BW 755 C, 519-521 

C-reactive protein in burns, 50, 53 
Catabolic hormones in injury, 332-334 
Catalase, 89, 91-93 
Chemotaxis 

in burn, 259 
in surgery, 265-267 
in trauma, 267-269 

Cardiopulmonary resuscitation in 
burn, 21, 22 

Circulatory collapse and PAF, 
177-185 

Complement system 
in burn, 9, 10, 46, 59, 259, 260 
after surgery, 291 

Corticosteroids effect on T cells in 
burn, 349-358 

Cyclooxygenase 
in burn, 12, 13 

Cyclosporin, 497-499 

E. Coli endotoxin, 87-94 
Eicosanoids 

in sepsis, 109-121 
production by anaphylactic lung, 

187-195 
Elastase 

in burns, 48, 53, 59 
proteinase inhibitor-complex, 59 

Electrical de-endothelialization, 
437-444 

Endothelial cells 
adhesiveness for leukocytes, 

417-425 
electrical impairment, 437-443 
interleukine-1 production by, 

411-415 
and tissue plasminogen activator, 

244 
in sepsis, 429-433 

527 



Endotoxic shock 
biogenic amines in, 221-223 
catalase effect on, 91-93 
fibrinolysis induced by, 249-253 
leukotrienes in, 151-156 
peroxidation in, 91 
phosphatase and activity in, 90 
SOQ effect on, 91-93 

Endotoxin 
and interleukine-1, 395-405 
and leukocyte adhesiveness 418-425 

Eosinophil and PAF, 453 
Epidermal cell-derived thymocyte­

activating factor (ETAF) -
see also interleukine-1, 9 

Experimental cirrhosis and PAF, 172 

Fatty acid.s 
in shock, 144 
in starvation and sepsis, 125-127 

Fibrinogen in burns, 59 
Fibrinolysis 

and endothelial cell, 244 
and endotoxin, 249-253 
inhibition in late phase of endo-

toxemia 251-253 
and lipid mediators, 241-247 
and PAF-acether, 244, 245 
and prostaglandins, 245 

Fibrinopeptide A in burns, 59 
Fibronectin in burns, 8, 59 
Free radicals 
~ oxygen free radicals 

Gangliosides, effect on IL-1, 404 
Ginkgo biloba extract 507-510 
Granulocyte monocyte-colony 

stimulating factor, 314, 315 

Haptoglobin in burns, 51, 54 
Hemorrhagic shock, 67-75 

biogenic amines in, 220 
treatment, 72, 73 

Hepatic failure in shock, 144-148 
Hypertonic resuscitation 

in hemorrhagic shock, 73-76 

Immune system 
in burns, 257-262 
definition 4-6 
and surgery, 265-267, 289-298 

Immunoglobulin 
in burns, 258, 323 
after surgery, 293, 339 

Immunosuppression, 4, 23 
mechanisms, 383-390 
mechanisms in burns, 260-262 
skin tests in, 277-283 

Immunosuppressive factors 
and burns, 4, 260-262, 325, 326, 

373-379 

528 

Infections due to burn, 22, 23, 
31-41 

Interferons (a, y), 316, 317 
Interleukine-1 

in burn, 8, 9, 11, 322, 353 
and endotoxin, 395-405 
functions, 312, 313 
and leukocytes adhesiveness, 

418-425 
platelet-activating factor 

effects, 449, 450 
production, 312, 313 
in shock, 331, 332 
after surgery, 296 

Interleukine-2 
in burn, 6, 324, 337-345, 353 
functions, 313, 314 
in immunodepressed patients 

261 

leukotriene effect, 460-465, 
472, 473 

~latelet-activating factor effect 
448, 488, 489 

production, 313, 314 
receptor, 476, 477 

in burns, 338 
after surgery, 296 

Interleukine-3, 314 
Iron 

role in free radical production, 
83, 84 

Kidney failure in shock, 129-135 
Kinin system 

in burn, 237-240 
in blister fluids, 238, 239 

Leukotrienes 
in burn blister, 159-162 
and endotoxic shock, 115, 116, 

151-156 
generation in shock, 153-155 
inhibitor in scald burn injury, 

519-521 
neutrophil production in burn, 259 
production by anaphylactic lungs, 

187-195 
Leukotriene B4 

in burn blister, 159-162 
lymphocyte proliferation, effect on, 

384, 388, 459-466, 469-479 
Linolenic-acid in starvation and 

sepsis, 125-127 
Lipase in shock, 231, 232 
Lipid A, 402 
Lipopolysaccharide 

see endotoxin 
Lipoxygenase in burn, 13, 14 
Lymphocyte 

see B cells, T cells 



Lymphocyte proliferation 
in burns, 342 
leukotriene effect on, 459-466, 

469-479 
lipid mediator effect, 384, 390 
platelet-activating factor in, 

448-449, 483-491 
after surgery, 363 

Lymphotoxine, 315, 316 
Lysosomal enzymes in burn, 88 

Macrophage in burn, 7, 11 
Mast cell 

degranulation (after burns), 40 
Malonaldehyde (following burns), 40, 

89 
Mixed lymphocyte reaction and PAF, 

451 
Multiple organ failure, 139-149 
Myocardial infarction, effect on NK 

cells, 369-371 

Natural killer cells 
after acute myocardial infarction, 

369-371 
in burns, 258, 325, 339 
after cortisol infusion, 365-367 
after norepinephrine infusion, 

365-367 
and platelet-activating factor, 

451 
after surgery, 292, 361-364 

Neural release mechanisms in injury, 
285-287, 329, 330 

Neuropeptides and PAF, 453, 454 
Neutrophil activity 

adhesiveness, 418-425 
arachidonic acid metabolism, 

497-499 
in burns, 259 
after cortisol infusion, 366, 367 
after norepinephrine infusion, 

366, 367 
respiratory burst, 507-510 
after surgery, 289, 290, 362 

Oxygen free radicals 
definition, 79 
generation, 84 
physiopathological roles, 84 
in shock and trauma, 85 
sources, 81 

Pancreatic failure in burns, 233-235 
Pentane as a marker of peroxidation, 

97-108 
Peroxidation 

in burns, 40, 87-94 
definition, 80 

Peroxidation (continued) 
determination (general methodes), 

97, 98 
in endotoxemia, 87-94 
ethane as a marker, 103, 104 
pentane as a marker, 98-108 

Phagocytosis impairment 
in burns, 259 
after surgery, 298, 299 

Phosphatase (acid) activity 
in burns, 89 
in endotoxin, 92 

Plasminogen in burns, 59 
Platelet-activating factor 

acute lung injury, 197-203 
anaphylactic shock, 209-215 
and angiotensin II, 132-134 
antagonists, 134, 135, 169-173, 

207, 208, 487-489 
in burn, 14, 15 
cardiac impairment by, 513-516 
cell sources, 447, 448 
circulatory collapse induced by, 

177-185 
generation in sepsis, 167-169 
and immune response, 447-454, 

483-491 
and interleukine-1, 409-414 
with kidney failure, 130-135 
lymphocyte proliferation, 483-491 
and prostaglandin, 132-134 
pulmonary impairments induced by, 

181-183 
in shock, 163-173 
tissue plasminogen activation by, 

244, 245 
transplant rejection, 388, 389, 451 
and vessel wall, 443 

Prekallikrein in burn, 59 
Prostaglandins 

lymphocyte proliferation, effect, 
388 

production by anaphylactic lung, 
187-195 

in sepsis, 109-121 
and tissue plasminogen activation, 

245 
Prostaglandin E 

immunosuppression by, 376, 377 
Proteases in burns, 47, 57, 227-235 
Pseudonomas exotoxin (in burns), 39 
Pyrogens (exogenous), 332 

Sepsis 
and biogenic amines, 221-224 
in burns, 31-41 
and eicosanoids, 109-120 
endothelial cells, 429-433 
and fibrinolysis, 246 
immune function in, 305, 306 

529 



leukotrienes in, 115, 116 
lipid metabolism in, 125 
parameters in, 57-61 
prostaglandins in, 109-120 
skin test in, 277-283 
thromboxane in, 109-120 

Skin substitutes, 26, 27 
Skin test, 277-283, 292 
Sonography computer assisted in 

burns, 63-66, 523-525 
Starvation 

lipid metabolism in, 125-127 
Sulotroban, 501-505 
Superoxide dismutase (SOD), 89, 91-93 
Suppressive factors 

see Immunosuppressive factors 

T-cell in burns 
corticosteroid effects on, 350-358 
helper CD~+, 37, 257, 258, 349-358 
suppressor CD 8 +, 37, 257, 258, 

349-358 
total CD 3 +, 322 
leukotriene effect, 459-466, 

469-479 
platelet- activating factor effect, 

449, 483-491 
after surgery, 292 

530 

TBA reactive substances 
see peroxidation 

Thromboxane 
immunosuppression by, 386 
inhibitor in shock, 501-505 
production by anaphylactic lung, 

187-195 
in sepsis, 109-121 
urine production, in transplan­

tation, 389 
Tissue plasminogen activator, 

241-246 
Transplantation, 383-390 
Trypsin-like activity 

in burn and sepsis, 227-235 
platelet-activating factor effect, 

450 
Tumor necrosis factor, 315. 316 

Wound in burns 
healing and closure, 24-26 
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