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Senior Editor's Preface

This volume widens the topic span of the book series. It focuses
on experimental and clinical pathology. It complements Vol. 11
(Cancer-Cell Organelles) and pays some attention to the matrix (notably
collagen) as well as the cell. It also touches on pharmacological
and nutritional abnormalities. Especial attention has been paid
to proteolysis - a notable 'growth-area'.

After a somewhat unproductive decade, prospects for elucidating
the cellular basis of pathological changes do seem to be improving,
as exemplified in this book. Certain kindred books (not methodology-
oriented) purport to survey cell pathology but are dominated by
normal-cell observations, e.g. on membranes, of potential rather
than present-day applicability to cell-pathology studies. This
holds to some extent for the present book too. Yet its carefully
chosen title is reckoned unlikely to raise false expectations, whilst
open to criticism because Disease does not self-evidently embrace

cell toxicology. At least the title is an improvement on that of
the Forum which led to the book, as is amplified on p.xiv ('Forum
Co-Organizer's Foreword'). As in the past, the aim of long-term

usefulness without the shortcomings of typical 'Proceedings' was
an incentive to optimizing the sequence of articles and to thorough
editing and indexing. Certain special topics are collated in a Sub-Index.

Appreciation is expressed to authors for 'finding time' to
produce publication texts, even if delayed or requiring much editorial
rectification - which earned gratifying compliments from some authors.
Alterations to authors' texts were mainly for the sake of clarity,
consistency or crispness, or of adherence to conventions mentioned
below. No attempt was made to standardise terminology in respect
of proteinases/proteases/peptidases (see art. #E-6), desirable though
this might have been. Nor was action taken on two pet aversionms,
with no easy remedy, which are now aired (comments invited!).- Where
a reaction mixture is kept for a set time at 0°, 'incubate' seems
an unhappy term; likewise the term 'staining' where, in contexts
such as electron microscopy, visualization does not involve a stain.

Some authors who 'grew up' with subcellular discoveries (e.g.
lysosomes, mid-1950's) and innovations (e.g. zonal rotors, mid-1960"'s)
seemed to assume that younger readers would be equally knowledgeable
and wary. For such readers, whose possible unfamiliarity with vital
concepts such as enzyme latency warranted some editorial re-phrasings,
there are some useful basic sources (besides Methods in Enzymology,
e.g. Vol. 31A), including: Subcellular Components (ed. G.D. Birnie;



vi Preface & Abbreviations

2nd edn.; Butterworth), Density Gradient Centrifugation (R. Hinton &
M. Dobrota, in the North-Holland/Elsevier Laboratory Techniques series)
and Centrifugation (ed. D. Rickwood; IRL Press). E. Reid's advocacy
(in 1972) of 'differential pelleting' (counterpart: 'differential
banding') as a clearer term than 'differential centrifugation' has
gained adherents. Early 'B' volumes (up to Vol. 11) in the present
series, as listed opposite the title page, also offer guidance on
separating cells and subcellular elements, and on their characteri-
zation. The 1latter, often skimped, relies largely on judicious
assays for markers, as amplified in a Forum-derived 'manifesto'
by Morré et al. (1979; Eur. J. Cell Biol. 20, 195-199) aimed at the
community of editors and referees as well as authors.

Acknowledgements. - The Forum had the benefit of planning help
from Honorary Advisers including both Co-Editors and Drs. W.H. Evans
and T.J. Peters, and of support awards from Beechams Pharmaceuticals,
Ciba-Geigy (Advanced Drug Delivery Research, Horsham) and the Cancer
Research Campaign. Two academic participants had company support
(LKB, Bromma; Nyegaard, Oslo). Certain publishers readily gave
permission to reproduce published material, as acknowledged in
individual articles. The cover 'logo' was adapted from a diagram
in Membranes and their Cellular Functions (2nd edn., ed. J.B. Finean,
R. Coleman & R.H. Michell; Blackwell, Oxford).

Conventions and abbreviations.- For density (d) values, the unit
(g/ml) is not usually stated. For mol. wts., commonly derived by
comparison with reference proteins on gels, expression in Daltons
was felt less appropriate than Mr (or kMr, analogous to kDa). All
temperatures (°) are in degrees Celsius. Units such as M (molar)

have been favoured, although not conforming to SI practices.
Abbreviations accepted by the Biochemical Journal without definition
need no explanation here - e.g. EDTA, Tris and, for absorbance,

A (not 0.D.). Other abbreviations have been defined in the articles
concerned, but some warrant collation here:

Ab, antibody (MAb = monoclonal) i.p., intraperitoneal

BSA, bovine serum albumin i.v., intravenous
ELISA, enzyme-linked immuno- LL, lipid-lowering (hypolipidaemic)
absorbent assay PAGE, polyacrylamide gel
e.m., electron microscopy/ electrophoresis
micrograph p.m., plasma membrane
e.r., endoplasmic reticulum RIA, radioimmunoassay
FFE, free-flow electrophoresis s.a., specific activity
HPLC, high-pressure liquid s.c., subcutaneous
chromatography SDS, sodium dodecyl sulphate
Guildford Academic Associates ERIC REID
72 The Chase, Guildford 15 May 1987

Surrey GU2 5UL, U.K.
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Forum Co-Organizer's Foreword

"In all organs of the body whose functions have been investigated
by physiologists, it has been found that difference of function is
invariably associated with a difference of structure, so that inter-
dependence of function and structure has become an axiom. We are
therefore justified in founding theories concerning the physiological
function of an organ on a purely anatomical study of its structure,
although the complete establishment of such theories must ultimately
be afforded by physiological investigations' [statement by Starling
as cited by G.C. Huber (1909/10) Harvey Lects. 5, 100-49].

With the increased use of animal models and tissue culture
techniques in combination with the highly sensitive and advanced
analytical methodology to study human diseases, it has long been
felt that a subcellular approach to organelle changes was needed
to reveal mechanisms leading to cellular derangements. The 10th
International Subcellular Methodology Forum, 'Investigation of
Cellular Derangements'® (Guildford, U.K.; 1-4 September 1986) which
gave rise to this book was planned with no attempts made to be
comprehensive. The Forum was planned to encourage the 'old' Forum
tradition of vigorous debates made possible only by the presence
of the very special array of cellular and subcellular experts attending.

It is believed that the book emphasizes the bridging role and
also shows the applicability of the subcellular approach to the study
of the processes involved in disease.

Medical Department A KNUT-JAN ANDERSEN
Haukeland Sykehus

University of Bergen

Bergen, Norway

(during sabbatical stay with

Dr. J.K. McDonald - cf. #E-6)

* In view of dictionary definitions of 'derange' (e.g. 'throw into
confusion or out of gear', 'to make insane'), mild misgivings about
the aptness of the term 'Derangements' were expressed to Eric Reid
(Chief Organizer), who later sought other opinions, notably from
Peter Campbell, and who comments in the Senior Editor's Preface on
the aptness of the different title chosen for this Forum-based book.
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INVESTIGATION OF ISCHAEMIC EFFECTS ON SUBCELLULAR
STRUCTURES BY CENTRIFUGATION METHODS

Robert Wattiaux, Simone Wattiaux-De Coninck
and Veronique Carbonelle

Laboratoire de Chimie Physiologique
Facultés Universitajres Notre-Dame de la Paix
61, rue de Bruxelles, B-5000 Namur, Belgium

Both differential centrifugation* and isopycnic centrifugation
are both useful for investigating membrane pathology. Two abnormal
situations may be manifest after differential centrifugation of a
homogenate originating from a pathological organ: an increase in
the % of marker enzymes recovered in the unsedimentable fraction
or a change in distribution curve after incomplete sedimentation.
On the other hand, the distribution after isopycnic centrifugation
of organelles derived from a pathological organ can be perturbed
in two main ways.- The pathological process can cause an increase
of the particle permeability to the molecule used to make the gradient,
resulting in a density change, or there may be a modification in
the particle content causing an increase or decrease of its density.
These general considerations are illustrated below by examples,
originating from our laboratory and confined to lysosomes and mitochon-
dria, on rat liver subjected to permanent or transitory ischaemia.

Amongst methods used to investigate alterations in subcellular
membranes during a pathological process, centrifugation methods are
of some help, either analytical or preparative and either differential
(particle behaviour depending mainly on size) or isopycnic. To study
pathological changes in membrane composition or certain physical
properties, it is in general necessary to obtain purified organelles,
commonly by preparative centrifugation. On the other hand, analytical
centrifugation (which does not furnish purified organelles in bulk)
can nevertheless give interesting information on the physicochemical

*Editor's note: Where sedimentation is complete, the term 'differen-
tial pelleting' may be apt [Reid, E. (1972) Subcell. Biochem. 1, 217].
Some 'basics' in the MS. have been curtailed (consult standard sources).
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properties of organelles and therefore on their alteration due to
injury of some sort.

Two abnormal situations can arise after differential centri-
fugation of a homogenate originating from a pathological organ: an
increase in % of an enzyme recovered in the unsedimentable fraction
or a change in its distribution curve after incomplete sedimentation.
The former may result from a true disruption of particles within
the cells, caused by the pathological process. It may also originate
from an alteration of the particle, which may not be sufficient to
allow the enzyme to escape into the cytosol but makes the organelle
more susceptible to homogenization and centrifugation procedures.
Obviously the distinction between these two situations, both leading
to increased unsedimentable enzyme, is very important; the former
must be more deleterious to cell function. A change in the sedimen-
tation coefficient distribution curve generally occurs if the size
of the particle is modified, particularly if the particle swells
- which can likewise lead to its disruption during homogenization.

In isopycnic centrifugation the distribution of organelles
originating from the pathological organ can be perturbed as a result
of two main modifications. The pathological process can cause an
increase of the particle permeability particularly to the molecule
used to make the gradient, with a resulting change in equilibrium
density. Another possibility is a modification of the particle content
causing its density to change, e.g. an accumulation of 1lipids in
the particle would decrease its density.

We now illustrate these general considerations, for lysosomes
and mitochondria only, by a few examples from work done in our own
laboratory on rat liver subjected to permanent and transitory ischaemia,
In brief, the experimental procedure consists in clamping the vascular
pedicle of the left lobe of the liver with small forceps that are
removed at selected times if re-establishment of the circulation
is required. The animals are killed at various times after inducing
ischaemia or after re-perfusion; the left lobe is excised and processed
for differential or isopycnic centrifugation.

DIFFERENTTAL CENTRIFUGATION

Fig. 1 illustrates how P-galactosidase (a lysosomal hydrolase)
distributes after differential centrifugation according to de Duve
et al. [1]. Normally (top of Fig.) the hydrolase is recovered mainly
in the pellet fractions designated M and L with a peak of relative
specific activity (r.s.a.) in L. Little is recovered in the soluble

fraction S. On the left is illustrated the distribution observed
after 2 h of ischaemia and at different times after restoration of
blood flow. What is striking is the increase, caused by ischaemia,

in the proportion of enzyme located in S, indicating that a disruption
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Fig. 1. Distributions of
B-galactosidase after
differential centrifuga-
tion, as amplified in the
text. The times refer to
re-perfusion, started
after 2 h of ischaemia
(pedicle ligature). The
relative specific activity
is the ratio

% of total recovered activity

% of total recovered proteins
and the abscissa is the
relative protein content
of fractions (cumulatively
from left to right). The
chlorpromazine-injected
rats received, at the time
of ligature, 2 mg/100 g
body wt., s.c.

From ref. [3],

by permission.

of lysosome membrane occurred in vivo or in vitro. Note that lysosomes
which are not disrupted keep the same distribution pattern as normal
lysosomes; therefore the disruption does not concern specifically
'big' or 'small' organelles. Some recovery is observed 1 h after
re-perfusion. Later, a progressive loss of B-galactosidase from
M + L takes place with a parallel increase in S. In similar experi-
ments (right) where the rat had been treated with chlorpromazine,
which according to Chien et al. [2] prevents cell death caused by
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ischaemia, the distribution patterns after 2 h are similar to those
in the untreated rat. However, under these conditions the quasi-normal
distribution re-attained 1 h after re-establishment of the blood
flow persists thereafter.

The main conclusion that can be derived from these observations
is that 2 h of ischaemia causes a release of lysosomal enzymes.
Such a release does not originate from a disruption of the lysosomal
membrane within the cell. 1Indeed, it is difficult to imagine by
what mechanism the hydrolases present in the cytosol could be associated
with lysosomes no more than 1 h after the re-flow of blood. A plausible
explanation for the release of acid hydrolases observed just after
ischaemia is that it results from a lysosomal membrane disruption
during homogenization owing to increasing fragility of these organ-
elles. However, for the secondary rise of unsedimentable B-galactosi-
dase a true release within the cell cannot be excluded because the
process is apparently irreversible. Chlorpromazine does not prevent
the first release of hydrolase, but protects the lysosomes from
irreversible alterations after restoration of blood flow [3]. As
shown by Wattiaux-De Coninck et al. [4], differential centrifugation
can also be used to investigate the perturbations of heterophagy
caused by ischaemia; their differential centrifugation results suggest
that the intracellular traffic of the pinocytosed protein is markedly
impaired by ischaemia.

Enzyme latency.- Mention is warranted here of a method which
is cognate to differential centrifugation in that it provides similar
information on the state of the organelles, viz. assessment of the
structure-linked latency of enzymes associated with subcellular
structures. — The enzyme release is measured not after separation
of sedimentable structures but directly on the homogenate or the
granule preparation. Indeed, normally an enzyme that is present in
intact granules has no access to external substrate and the reaction
cannot take place, whereas free enzyme has access to substrate.
Accordingly, under these conditions, the enzyme activity depends
on the proportion of altered granules. In general, measured values
are similar for the unsedimentable activity and for free activity.

ISOPYCNIC CENTRIFUGATION

When a subcellular structure is centrifuged in a density gradient,
its size, shape and density can change during the centrifugation.
Advantage can be taken of these changes to analyze some properties
of the particles and to investigate whether these properties are
modified as a result of a pathological process such as ischaemia.

Let us consider mitochondria. They are surrounded by two membranes.
The outer membrane is freely permeable to molecules such as sucrose
or metrizamide, whereas the inner membrane is impermeable to such
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molecules. When mitochondria migrate through a sucrose density-
gradient, the inter-membrane space is filled with sucrose solution
of increasing concentration while the matrix compartment shrinks by
losing water. Therefore it can be expected that if ischaemia alters
the permeability of the inner membrane, it will affect the behaviour
of mitochondria in a density gradient. The same considerations hold
for lysosomes.

In Fig. 2 we illustrate the distribution of cytochrome oxidase
(mitochondria) and cathepsin C (lysosomes) after isopycnic centri-—
fugation in a Percoll gradient in 0.25 M sucrose medium. The equilib-
rium density the particles attain in such a gradient 1is the one
that they are endowed with in isoosmotic sucrose. The experiments
were performed on mitochondrial fractions isolated at different times
after induction of ischaemia. In the normal rat, mitochondria equilib-
rate at a median density of around 1.10; 30 min after ischaemia
a second small peak becomes apparent in a lower density region.
The proportion of mitochondria recovered in that region increases
with the duration of ischaemia, so that after 2 h the cytochrome
oxidase distribution is totally shifted towards lower-density regions
of the gradient.

The effect of ischaemia on cathepsin C distribution is less
apparent. However, as we have shown, some lysosomes are disrupted
in the homogenate of the ischaemic liver. It is therefore possible
that most of the altered lysosomes escape analysis by gradient centri-
fugation because they have been disrupted during homogenization.

What can cause such a distribution change of mitochondria as
ascertained by cytochrome oxidase distribution? There are two possible
explanations: ischaemia either brings about an accumulation of low-
density substances in the organelles, or induces an increase in permea-
bility of the inner membrane to sucrose. Use of the model proposed
by Beaufay & Berthet [5] can help answer the question. Figs. 3 and 4
show how, according to these authors, the density of mitochondria
changes as a function of the molality of the sucrose solution. An
increase of sucrose space (Fig. 3) causes a decrease in mitochondrial
density in 0.25 M sucrose. The decrease is less pronounced when
the sucrose concentration of the medium increases, and indeed when
it is sufficiently high the converse is observed, the density of
mitochondria with a high sucrose space exceeding that with a low
sucrose space. On the contrary (Fig. 4), the density decrease caused
by an accumulation of low-density substances in the organelles is
greater at high than at low sucrose concentration.

Experimentally, the influence of the sucrose concentration of
the medium on mitochondrial density can be assessed by subjecting
the granules to isopycnic centrifugation in a gradient of a macro-
molecular substance, glycogen or Percoll, in sucrose medium, and
alternatively in a sucrose gradient. The equilibrium density that

[etd. on p. 10
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Fig. 2. Distribution of cytochrome oxidase (A) and cathepsin C (B)
after isopycnic centrifugation of liver mitochondrial (M+1) fractions
in 0.25 M sucrose with Percoll as gradient material. Lobe ligature
to produce ischaemic was continued for the time indicated. The
time interval of the square angular velocity was 24.6 rad?/n-sec.

Ordinate ('Frequency'): Q/ZQ.Ap where Q represents the activity
found in the fraction, IQ the total recovered activity, and Ap the
increment of density from top to bottom of the fraction.

The short arrows illustrate the density shift caused by ischaemia.
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the particles exhibit in a Percoll or glycogen gradient is the density
it is endowed with in the sucrose medium, since the macromolecular
component does not affect the particle density. By repeated centri-
fugation in various sucrose solutions it is possible to infer how
the density of the particles changes as a function of the sucrose
concentration of the medium. On the other hand, the maximal equilibrium
density of the organelle is that which the particle assumes in a
sucrose gradient. Fig. 5 allows us to compare the cytochrome oxidase
distributions in a Percoll gradient, containing 0.25 or 0.5 M sucrose,
and in a sucrose gradient. As expected, the equilibrium density
of the particles increases with the sucrose concentration of the medium
and is maximal in a sucrose gradient.

The effect of ischaemia on the granule density strikingly depends
on the sucrose distribution of the medium. It is less pronounced in
0.5 M than in 0.25 M sucrose. In a sucrose gradient, an increase

Fig. 5.
Legend on
right.
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in equilibrium density of the organelles is observed when they originate
from an ischaemic liver. Such an observation strengthens the hypothesis
that ischaemia causes an increase in the permeability of the inner
membrane to sucrose.

Obviously it is also possible to investigate by isopycnic centri-
fugation the fate of the structures when the circulation is re-
established. This is exemplified in Fig. 6. We show again the distrib-
ution of cytochrome oxidase observed 2 h after ischaemia and in addition
the distribution seen 1 h and 22 h after re-perfusion when animals
have been injected with nembutal. As previously shown [6], nembutal
treatment prevents cell death caused by ischaemia. The treatment
does not prevent the cytochrome oxidase distribution change observed

Figs. 5 (left) and 6 (right).
Distribution of cytochrome
oxidase after isopycnic
centrifugation of rat-liver
mitochondrial fractions (as
used in the experiments of
Fig. 2; see its legend for
explanation of the graphs)
in density gradients con-
taining sucrose. The liver
lobes had been subjected to
ischaemia for 2 h.

Fig. 5: Percoll gradients
with 0.25 M (A) or 0.5M (B)
sucrose, or (C) a sucrose
gradient. Time interval of
the square angular velocity:
for Percoll and sucrose
gradients, respectively
24.6 and 144 rad?/n-sec.

FREQUENCY

Fig. 6: Percoll gradient
with 0.25 M sucrose. The
ischaemic lobes had been re-
perfused for the different
times stated in the Figure.
Initial nembutal treatment:
5 mg/l00 g body wt., s.c.
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after 2 h of ischaemia. However, when blood is re-supplied there
is progressive re-attainment of the normal distribution. Such an
observation suggests that the mitochondrial membrane's change in
permeability, induced by 2 h of ischaemia, is a reversible phenomenon
and, accordingly, cannot be blamed for the cell death resulting from
blood deprivation.

CONCLUDING COMMENT

Examples presented in this article show that centrifugation
experiments can help elucidate the effect on the cell of a pathological
condition such as ischaemia. We think that deeper insight into
the behaviour of organelles in pathological cells could be gained
if centrifugation methods that we have mentioned could be more
frequently applied to the study of physicochemical and functional
modifications of subcellular structures.
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INVESTIGATION OF SUBCELLULAR DERANGEMENTS
IN HUMAN BIOPSY MATERIAL

T.J. Peters

Division of Clinical Cell Biology
MRC Clinical Research Centre
Harrow, Middlesex HAl 3UJ, U.K.

Tissue biopsy samples have routinely been used for diagnostic
purposes for nearly a century. More recently, such material has
been employed for biochemical investigations. Studies of organelle
abnormalities can be quantitatively assessed by marker enzyme analysis
(e.g. N-acetyl-B-glucosaminidase and acid phosphatase for lysosomes,
lactate dehydrogenase for cytosol) in combination with subcellular
fractionation by density-gradient centrifugation. Thereby hitherto
unassigned enzymes etc. can be localized.

Functional studies of biopsy fragments can be performed with
assessment of protein and ensyme synthesis. by cultured tissue
fragments. Recent studies have developed micro-techniques for investi-
gating lipid synthesis and metabolism. Similarly, in vitro studies
of intestinal fragments can be used to measure the absorptive capacity
for various nutrients or for assessing mucosal permeability. Selective
application of this approach to a variety of human tissue disorders
is discussed.

Since the work of Virchow, histopathological examination of
biopsy samples of human organs has been performed increasingly.
Currently this represents the major definitive technique used in the
investigation of human disease, and in many instances has even made
post-mortem examination obsolete. The material is generally placed
in fixatives and examined by a variety of morphological techniques
at both the light- and the electron-microscopic level. Fixation
precludes much biochemical examination of the tissue; but increasingly
techniques of cell and molecular biology, as well as more classical
biochemical procedures, are applicable to these mg-sized biopsy
samples. This review discusses some of the techniques which we have
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developed to investigate morphological and functional disorders in
tissue biopsy samples. Because this review is concerned with techniques
and methodology rather than the investigation of a particular disorder,
the breadth of topics covered is wide.

SUBCELLULAR FRACTIONATION AND ENZYMIC ANALYSIS OF INFLAMMATORY BOWEL

The equipment and methods used in these studies have been reviewed
elsewhere [1]F More recently, these techniques have been applied
to the study of inflammatory disorders of the large bowel. The major
non-malignant disorders that afflict this organ in Western society
are ulcerative colitis - a relapsing inflammatory disease confined
entirely to the large bowel - and Crohn's disease, a condition of
increasing incidence which patchily may affect the whole gastro-
intestinal (G-I) tract, most typically the terminal ileum, but which
may cause segmental inflammation of the large bowel. 1In contrast
to ulcerative colitis, Crohn's disease may respond only poorly to
a variety of treatments and frequently recurs after apparently
successful excision of the affected region of the bowel. Distinction
between these disorders is thus important for therapeutic and
prognostic reasons. In many cases histological examination of the
colonic/rectal biopsies may indicate the nature of the disease.
In ulcerative colitis the predominant inflammatory cell is the poly-
morphonuclear leucocyte whereas in Crohn's disease chronic inflamma-
tory cells ,such as monocytes and lymphocytes are present in large
numbers. However, the lesions may be patchy and in many cases the
distinction between the two disorders is not clear.

Morphological examination is subjective, and in an attempt to
quantitate the nature of the inflammation, biochemical markers of
acute and chronic inflammatory cells were assayed in biopsies from
patients with the two diseases and control subjects together with
rectal biopsies from patients with Crohn's disease apparently not
affecting the rectum. Increased activities of three inflammatory
cell markers compared to controls were found in both forms of colitis
(Table 1). The results did not distinguish between the two forms
of active disease, and in quiescent disease the activities were within
the control range. It was concluded that biochemical markers for
phagocytic cells were not particularly useful in the differential
diagnosis of inflammatory bowel disease, but rather point to a broad
overlap between the two conditions [3].

Possible involvement of lysosomes or other organelles

Morphological studies on animals with caragheenin-induced experi-
mental ulcerative colitis indicate lysosomal changes in epithelial
cells of the large bowel together with accumulation of foreign material

*Noted by Ed.: homogenate (Dounce) in isotonic sucrose/EDTA/ethanol to
stabilize catalase; isopycnic centrifugation in mini-size zonal rotor
(H. Beaufay's design); Triton-X-100 to liberate latent activity.
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Table 1. Inflammatory cell marker activities in rectal mucosa from
patients with inflammatory bowel disease and controls. From ref.[2].
In this and other Tables, the values are mean * S.E. for (n)
biopsies assayed; statistical analysis by Student's t test:

a, p<0.05; b, p <0.01.

Neutrophils Neutrophils  Myelomonocytes
Vitamin B;z binding Myeloperoxidase, Lysozyme,
capacity, pg/mg mU/mg protein pg/mg
Sample type protein protein
Controls (15) 88 +40 42.9 5.1 0.66 *0.10
Ulcerative colitis:
active (11) 336 +115P 75.6 +16.1° 2.5 +1,2P
quiescent (15) 120 *40 50.2 6.2 0.35 #0.15
Crohn's colitis (16) 217 #45° 68.5 £12.1% 2.7 £1.4P

in lysosomes [4]. It is thus possible that this form of inflammatory
bowel disease in man is due to lysosomal involvement. Organelle
markers were therefore assayed in the biopsy homogenates, and sub-
cellular distribution studies undertaken by sucrose density-gradient
centrifugation [5]. Table 2 shows these enzyme activities in the
rectal biopsy homogenates. Both lysosomal enzymes and f-glucuronidase
(not shown) show a significant decrease in activity in the biopsies
from patients with ulcerative colitis, both acute and, less markedly,
in remission. Activities in Crohn's disease are normal. Lactate
and malate dehydrogenase and N a-glucosidase are all within the control
range for all disease groups (Table 3).

Assays for the latent N-acetyl-f-glucosaminidase activity,
expressed as 7% of total homogenate activity (mean *S.E.; n obser-
vations), show similar values for control and colitic patient tissue:
50.4 5.5 (8) and 50.4 *6.1 (8), respectively. Subcellular fraction-
ation by sucrose density-gradient centrifugation (Fig. 1) confirmed
that the proportion of soluble and particulate (lysosomal) activity
in acute ulcerative colitis was similar to that in control tissue
although the total activity (mU/mg protein) was reduced to half of

Fig. 1. Subcellular fractionation 12 = N-Acetyl-B-Glucosaminidase
of rectal mucosa from control
subjects ( ) and patients with
acute ulcerative colitis (‘s }):

mean distribution of lysosomal 4

marker enzyme. Activity at low d's

is due to soluble (non-latent) enz- 0 ' | : !
yme. ['Frequency': fractional activ- 1.05 115 1.25

ity % fractional density span (g/ml)]. Density
From ref. [5], by permission.
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F
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Table 2. Organelle marker enzyme activities in rectal mucosa from
patients with inflammatory bowel disease and controls. The values
(see Table 1 heading) are mU/mg protein. Data from ref. [6].

N-Acetyl-f- Acid Lactate
glucosaminidase phosphatase dehydrogenase
Sample type (lysosomes) (lysosomes) (cytosol)
Controls (24) 7.00 +0.84 11.1 #1.53 74 12
Ulcerative colitis:
active (16) 3.52 0.782 4.20 #1.202 78 +13
quiescent (24) 4.80 +0.848 7.32 £1.20 86 *12
Crohn's colitis (22) 6.56 *0.84 9.45 *1.86 85 *16

Table 3. As for Table 2. Data from refs. [2, 6].

5'-Nucleoti- N a-Glucosidase Malate dehydrogen-

dase (plasma (endoplasmic ase (mitochondria/
Sample type membrane) reticulum)e cytosol)
Controls (22) 7.29 +0.99 0.55 #0.01 919 *76
Ulcerative colitis:
active (29) 8.70 *1.48 0.45 +0.20 606 *88
quiescent (21) 8.48 +0.99 0.48 *0.11 682 *98
Crohn's colitis (21) 15.4 2.71a 0.73 +0.09 792 *206

@ p <0.05 (both Tables) @ Prefix N denotes 'neutral’.

control values. Reduced activity of this enzyme in rectal biopsies
from patients with acute colitis (nature unspecified) has been reported
previously [7-9].

The significance of these lysosomal changes is not clear.
Increased activities of certain lysosomal enzymes are seen in
conditions associated with intra-lysosomal accumulation of undegrad-
able material. If this is accompanied by enhanced lysosomal fragility,
cell damage occurs; this is clearly not the situation in ulcerative
colitis and thus the carragheenin model, although showing some
similarities to the human disorder, clearly has a different patho-
genesis and the significance of the lysosomal enzyme deficiency in
ulcerative colitis remains to be determined.

INTESTINAL PERMEABILITY IN INFLAMMATORY BOWEL DISEASE

An important question is whether Crohn's disease, unlike ulcer-
ative colitis, affects the small as well as the large bowel ev