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PREFACE

This volume results from a curious type of off-and-on research that was inter-
spersed with long periods of teaching or clinical responsibilities and research
concerning human disease. Early on, because of my interest in the fibrinolytic
enzyme system, I was fortunate to work with John H. Ferguson, M.D., Chair-
man of the Department of Physiology at the University of North Carolina. From
him I learned a high respect for knowledge derived from animal research using
basic physiological techniques.

After we moved to the University of Pittsburgh, this research became more
focused on the phylogenetic development of hemostasis. An early article sur-
veyed coagulation in many animals (Didisheim er al., 1959). Deciding to limit
comparative studies to vertebrate animals and to begin at the beginning, my
laboratory staff, two hemophiliac friends (who provided fresh substrate for fac-
tors VIII and IX), and I trekked to the Marineland Research Laboratory near St.
Augustine, Florida. There, the Marineland staff helpfully provided us with blood
from sharks, many fishes, toads, and large marine turtles. This was a good start,
but the most important step—publishing the results—was easily postponed.
Studies continued sporadically, and results were published at a slow rate of one
per year. This research would have ended long ago without the encouragement of
colleagues and friends, in particular Franklin A. Bontempo, M.D., the Director
of the Clinical Coagulation Laboratory at Central Blood Bank in Pittsburgh. His
enthusiasm stimulated plans to write this volume.

Hemostasis, the combined mechanisms that prevent excessive bleeding fol-
lowing injury, has been widely studied in humans, but has received far less
attention in “lower” animals. The 30-year series of opportunistic studies pre-
sented in this volume has involved animals from all seven major vertebrate
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classes and has sought insight into the phylogenetic development of the various
phases or components of hemostasis. There are an estimated 70,000 species of
vertebrates. In choosing those to study, availability, convenience, and size have
been important factors. Ideally, one should study a large cohort of each species.
This being impossible, an attempt was made to study six or more representative
animals, three female and three male, that appeared to be normal adults in good
health. In order to update the original research, an attempt was made to examine
or reexamine an example from each vertebrate class and some additional mam-
mals. These 1990-1993 investigations included the following animals: dogfish,
sturgeons, sculpins, bullfrogs, alligators, baboons, chimpanzees, ferrets, ham-
sters, manatees, pigs, and rats.

The results have been organized in three parts. In Part I, introductory
Chapter 1 presents a phylogenetic classification and an alphabetical list of the
vertebrates examined and an evolutionary time scale. Chapter 2 discusses labora-
tory methods and presents model tables for the tests. Chapter 3 discusses human
hemostasis.

Part II comprises Chapters 4-26, which discuss animals of each class,
order, or species. These chapters contain results of general coagulation tests, of
coagulation factor assays, of fibrinolytic tests, and of platelet/thrombocyte
counts and functions, as well as scanning electron micrographs (SEMs) and
transmission electron micrographs (TEMs) showing find structures. They also
include additional available material such as serum proteins, biochemical tests,
and cell counts.

Part III presents the results of comparative studies. Chapter 27 compares
hemostatic results, including bleeding times, clotting times, prothrombin times
with ordinary reagents and with animal tissues, thrombin times, thromboplastin
generation tests, coagulation factors, fibrinolytic activities, and platelet counts,
as well as sections on species characteristics vs. disease and hereditary hemor-
rhagic/coagulation diseases in mammals. Chapter 28 covers hematological data,
including erythrocyte sizes and shapes and osmotic fragility. Chapter 29 presents
serological results, including serum proteins and effects of animal plasmas on
human platelets and on staphylococcal clumping.

The Appendix lists the manufacturers and suppliers, reagents and tests, and
instruments used in our studies.

References cited in the text and suggested readings for the reader interested
in further pursuing the subject matter of the chapter are listed at the end of each
chapter. The Bibliography comprises general references for. further suggested
reading, as well as articles that describe investigations on animals from two or
more different classes or orders.

This monograph is intended to serve as a reference for students, researchers,
and teachers of biology, zoology, veterinary science, and human medicine. In
particular, it is hoped that the volume will be a guide to the choice of vertebrate
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animal models for studies of the treatment and correction of human disease.
Through these models, human life may be bettered.

REFERENCE
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CHAPTER 1

INTRODUCTION

1. CLASSIFICATION OF VERTEBRATES

The first comprehensive attempt to study and classify animals was made by
Aristotle (384-322 Bc). He grouped animals according to structure, habitat, and
customs. For the most part, his observations were accurate, but one startling
error was his classification of porpoises and whales with fish and sharks. During
the Roman period and through the ensuing Dark Ages, there was little or no
progress in the biological sciences. At the beginning of the Renaissance (1200
AD), the oppressive religious influence lessened and universities commenced and
grew, spreading scientific knowledge. The great Swedish botanist Carolus Lin-
naeus (1707-1778) established a definitive nomenclature for animals and plants,
much of which is still in use today.

The classification of vertebrates presented here considers extant animals and
stresses those that are included in this study. Most of this classification was taken
from Storer and Usinger (1957). The major exception is that Pinnipedia is con-
sidered a separate order (order 13), rather than a suborder of Carnivora.

1.1. Cyclostomata

This class includes lampreys, hagfishes, and slime eels. These most primi-
tive of living vertebrates are poikilothermic (cold-blooded), exchange oxygen
with the surrounding water through gills, and live in fresh water, salt water, or
both. They are jawless and have long snakelike bodies with median fins, car-
tilaginous bones, soft, slimy skin, and suctorial mouths. Lampreys may pass
from sea water to lakes and streams, where they lay large numbers of small eggs
that develop into larvae that grow during a long period (3-5 years) and then
metamorphose. As adults, most of them are parasitic, attaching to and feeding on
fish.

Hagfish and slime eels separated from lampreys early in their evolutionary
path. They live in salt water, are hermaphroditic, and lay rather large eggs.
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1.2. Chondrichthyes

This class includes Elasmobranchii (sharks, skates, and rays) and Chi-
maeras, almost all of which live in sea water. They are poikilothermic and have
cartilaginous skeletons with paired movable jaws. They exchange oxygen
through paired gills. Their skins are thick and tough, with small sandpaperlike
placoid scales composed of grainy cartilaginous material. Fertilization is inter-
nal, and the animals may be viviparous (bearing living young) or oviparous
(producing eggs).

1.3. Osteichthyes

Osteichthyes is the first class to have bony skeletons. They, too, are poi-
kilothermic and live in fresh water or sea water. Their spindle-shaped or flattish
bodies are covered with scales. They have paired or single (tail) fins, and most
can swim at great speed. Fertilization is external, and they usually spawn large
numbers of small eggs. In a few species, the females are ovoviviparous (retaining
the eggs and producing living young).

1.4. Amphibia

This class is the first to emerge from a life spent entirely in the water, and
some are adapted to spend part of their lives on land. The animals are poikilother-
mic; have thin, moist skins, two pairs of limbs, and bony skeletons; and ex-
change oxygen through gills, lungs, or skin. The Urodelas, or tailed amphibians,
include amphiuma, cryptobranchus, necturus, and salamanders. The first three
retain gills throughout life. The Anura, or tailless amphibia, include frogs and
toads. They hatch in water and have gills and tails until metamorphosis, when
they lose their tails, develop lungs, and emerge on land. Most amphibians lay
small eggs enclosed in gelatinous coverings in freshwater streams or ponds.

1.5. Reptilia

This class is the first group totally adapted for life on land. It includes turtles
(Chelonia), snakes and lizards (Squamata), and alligators (Crocodilia). All orders
have dry, horny skin, two pairs of limbs (sometimes vestigial), an ossified bony
skeleton, and lungs. They are poikilothermic, and most lay large eggs with soft,
leathery shells. In a few, the young are retained in the mother and born alive.
Neither eggs nor live young are nurtured by the parents.



INTRODUCTION 5

1.6. Aves

The animals in this class are the first to be homoiothermic (warm-blooded)
and to fly. Their skin is covered with feathers, and they have two pairs of limbs.
The front pair are wings; the hind pair have four toes adapted for perching,
walking, or swimming. Their bony skeletons are strong, but the bones are hollow
to decrease their weight, thus allowing them to fly. Fertilization is internal, and
almost all lay a limited number of eggs with big yolks and hard shells. Most birds
build nests for the eggs, keep them warm, and nurture the young until they
can fly.

1.7. Mammalia

This class is characterized by heavily boned skeletons, two pairs of append-
ages, lungs, and hair. They are homoiothermic and except for Monotremata
produce living offspring that are nurtured, often for many years. In all except the
most primitive, the females produce milk in mammary glands to feed their
infants. There are 19 living (not fossil) orders. This study included no examples
from the following four orders: Dermoptera (flying lemurs), Pholidota (pan-
golins), Tubulidentata (aardvarks), and Hyracoidea (coneys).

1.8. Taxonomy of Animais Studied

Table 1.1 shows the common and scientific names of the vertebrate classes,
subclasses, orders, and species studied.

2. ANIMALS STUDIED

The animals studied are presented in alphabetical order by common name
for the convenience of interested readers. Table 1.2 lists all the animals except
the fishes, which are adequately listed in Table 1.1 under Osteichthyes. Table 1.2
lists the numbers of each species studied, the average weight, the animal’s
ancestry and geographic origin, the site at which the species was studied, and the
phlebotomy done, including the anesthesia used, if any, the site of blood collec-
tion, and the approximate volume of blood collected.

As noted, Table 1.2 lists the animal’s ancestry. Wild animals have a minimal
chance of perpetuating an unfavorable gene because their gene pool is large and
restricted only by the numbers of animals present in the limited living area. The
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TABLE 1.1

Classification of Vertebrates Studied

Subclass/Order

Common name

Class

Species

Petromyzontia

Sea lamprey

Arctic grayling
Arctic trout
Cobia
Flounder
Goosefish
Grouper
Mullet, striped
Orange filefish
Porgy

Sculpin

Sea bass

Sea robin
Sheepshead
Snapper, red
Spadefish
Tautog
Tilefish
Toadfish
Triggerfish

Cyclostomata (Chapter 4)

Petromyzon marinus

Chondrichthyes (Chapter 5)

Elasmobranchii
Dogfish, spiny Squalus acanthias
Guitarfish Rhinobatus lentiginosus
Shark, black-tipped reef Carcharhinus maculipinnis
Shark, great blue Prionace glauca
Shark, mako Isurus oxyrinchus
Skate Raja eglanteria
Osteichthyes (Chapter 6)
Actinopterygii
Sturgeon Acipenser oxyrinchus
Teleostei
Amberjack Seriola dumerili

Thymallus arcticus

Salvelinus namaycush
Rachycentron canadus
Paralycthys lethostigmus
Lophius americanus/piscatorius
Mpycteroperca bonaci

Mugil cephalus

Alutera schoepfii

Stenotomus aculeatus
Mpyoxocephalus octodecimspinosus
Centropristes striatus

Prionotus carolinus
Archosargus probatocephalus
Lutianus aya

Chaetodipterus faber

Tautoga onitus

Lopholatilus chamaeleonticeps
Opsanus tau

Balistes carolinensis
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TABLE 1.1 (Continued)

Class

Subclass/Order

Common name

Species

Amphibia (Chapter 7)

Urodela
Congo eel Amphiuma means
Hellbender Cryptobranchus alleganiensis
Mud puppy Necturus maculosus
Salamander Ambystoma tigrinum
Anura
Bullfrog Rana catesbeiana
Grass frog Rana pipiens
Giant toad Bufo marinus
Toad Bufo terrestris
Reptilia (Chapter 8)
Chelonia
Freshwater/land
Box turtle Terrapene carolina triunguis
Musk turtle Sternotherus odoratus

Painted turtle
Pond (PSE) turtle
Soft-shelled turtle
Saltwater/marine
Green turtle

Chrysemys picta marginata
Pseudemys scripta elegans
Amyda ferox spinifera

Chelonia mydas

Loggerhead (LH) turtle Caretta caretta caretta
Squamata
Sauria
Iguana Basilicus americanus
Colubridae
Garter snake Aglypha thamnophis
Crocodilia
Alligator Alligator mississippiensis

Aves (Chapter 9)

Domesticated fowl

Chicken Gallus gallus (domesticus)*
Duck Anas platyrhynchos¢

Goose Anser albifrons¢

Pigeon Columbia livia“

Turkey Meleagris gallopovo<t

(continued)
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Class

Subclass/Order

Common name

Species

Mammalia (Chapters 10-26)

Monotremata (Chapter 10)

Echidna or spiny anteater

Marsupialia
Quokka (Chapter 10)
Wallaby (Chapter 10)
Opossum (Chapter 11)

Insectivora (Chapter 12)
Hedgehog, European

Chiroptera (Chapter 13)
Bat, fruit (Indian)

Primates (Chapter 14)
Baboon
Chimpanzee
Man
Rhesus monkey

Edentata (Chapter 15)
Armadillo

Lagomorpha (Chapter 16)
Rabbit

Rodentia (Chapter 17)
Guinea pig
Hamster
Rat

Cetacea (Chapter 18)
Porpoise, bottle-nosed

Carnivora (Chapter 19)
Cat -
Dog
Ferret
Red fox
Grey fox
Mink
Raccoon

Tachyglossus aculeatus

Setonix brachyurus
Thylogale eugenii

Didelphis marsupialis virginiana

Erinaceus europaeus

Pteropus giganteus

Papio cynocephalus/anubis

Pan troglodytes

Homo sapiens

Macaca mulatta rhesus
(Catarrhini macacus)

Dasypus novemcinctus

Oryctolagus cuniculus@

Cavia porcelluse
Cricetus auratus®
Rattus norvegicus (rattus)e

Tursiops truncatus

Felis catus®

Canis familiarise
Mustela putorius furo@
Vulpes vulpes

Vulpes urocyon
Mustela vison
Procyon lotor
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TABLE 1.1 (Continued)

Class

Subclass/Order

Common name Species
Pinnipedia (Chapter 20)

Seal, harbor Phoca vitulina

Seal, harp Pagophilus groenlandica
Proboscidea (Chapter 21)

Elephant, Indian Elephas maximus
Sirenia (Chapter 22)

Manatee, West Indian Trichechus manatus

Manatee, Florida Trichechus manatus latirostris
Perissodactyla (Chapter 23)

Horse Equus caballus®
Artiodactyla

Pig (Chapter 24) Sus scrofa¢

Camel (Chapter 25) Camelus dromedarius

Guanaco (Chapter 25) Lama guanicoe

Llama (Chapter 25) Lama guanicoe gama

Cow (Chapter 26) Bos taurus®

Goat (Chapter 26) Capra musimon®

Sheep (Chapter 26) Ovis aegagrus®

aThis is the wild species from which the domesticated animal descended.

gene pool of farm-bred animals is usually more confined because only a few sires
are used for many females. Artificially bred animals may have very restricted
gene pools because it is desirable to reproduce certain characteristics (e.g., fur
color in mink). A few laboratory animals (e.g., mice, rats) are totally inbred so
that the animals are genetically identical (i.e., they are clones).

3. A BRIEF WORD ON EVOLUTION

Current geologic evidence suggests that our planet originated some 443
billion years ago. The Earth was first a fiery ball of flaming gases, and almost 2
billion years passed as the surface cooled and solidified into various plates and
masses. Water formed, and an atmosphere containing nitrogen and a little oxygen
gradually surrounded the earth. Roughly 2 billion years ago, life started with a
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carboniferous molecule that had the astonishing, new ability to self-copy. This
novel, extraordinary capacity to propagate or reproduce is the basis of all life. It
can never be known whether the first replication occurred at a single site or at
multiple sites. To me, the single-site theory is more acceptable, although it
almost eliminates the possibility of finding other life forms in what the poet John
Milton called “the vast of boundless space.”

The first molecules multiplied hugely, changed in structure and size through
a multitude of mutations, and were spread widely by the winds and waters. After
many millions of years, recognizable life forms evolved, each having the capaci-
ty to reproduce, grow, metabolize, and react to its environment.

Charles Robert Darwin (1809-1882), together with other naturalists of that
time, developed a theory that helps to explain the enormously complex processes
that have resulted in the bewildering abundance and diversity of life forms.
Darwin’s theory is expounded in his book, On the Origin of Species by Means
of Natural Selection, or the Preservation of Favoured Races in the Struggle for
Life.

In essence, the theory of natural selection states: (1) Variations occur among
members of all species; (2) some variations are detrimental and some are advan-
tageous; (3) when a species becomes crowded, those with advantageous varia-
tions survive. The conclusion is that natural selection results in “survival of the
fittest or preservation of favoured races.”

There must have been a time in the late Silurian—early Devonian Age, about
300 million years ago (MyA), when the land and sea were essentially empty and a
great expansion of vegetable and animal life occurred. Vegetable life—for exam-
ple, grasses, bushes, and trees—produced oxygen, consumed carbon dioxide,
and provided foodstuff for some animals. Animal life—for example, bugs,
fishes, and frogs—produced carbon dioxide, consumed oxygen, and when they
decomposed provided food (fertilizer) for plants. Thus, parallel development of
the animal and vegetable kingdoms proceeded rapidly for a million years or so.
Incredibly intricate processes have enabled life to progress from a single self-
copying molecule to a multibillion-celled creature, allowing many favored spe-
cies to survive.

Table 1.3 presents a simplified geologic—biological time scale derived from
many sources including Webster’s Dictionary.

A species is defined as a group within which natural cross-fertilization may
occur. Table 1.4 gives estimated numbers of vertebrate species extant today. New
species are being discovered or are evolving; old species are becoming extinct.
Of the estimated 70,000 species of vertebrates, over half are teleosts.
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_ TABLE 1.3
A Simplified Geologic Time Scale
Million years ago
Era/period (MYA) Life
Archeozoic 4500-1400 None
Proterozoic 1400-620 Bacteria, algae
Paleozoic 620-200 Trilobites, sponges
Cambrian 600-420 Shellfish, coral
Ordovician 420-360 Fishes
Silurian 360-330 Sharks, teleosts
Devonian 330-290 Insects, plants, amphibians
Carboniferous 290-230 Reptiles
Permian 230-200 Expansion, vegetable world
Mesozoic 200 Early dinosaurs
Triassic 200-160 Birds
Jurassic 160-128 Early mammals
Cretaceous 128-63
Cenozoic 63 Extinction of dinosaurs
Tertiary 63-2.5 Monotremes, marsupials
Paleocene 63-58 Insectivores, rodents
Eocene 58-36 Carnivores, ungulates
Oligocene 36-25 Edentates
Miocene 25-13 } Many mammals
Pliocene 13-2.5
Quarternary 2.5-present
Pleistocene 2.5-0.01 Early man

Holocene (Recent)

0.01—present

Modern man and animals

TABLE 1.4

Estimated Numbers
of Vertebrate Species

Class Species
Cyclostomata 50
Chondrichthyes 800
Osteichthyes 40,000
Amphibia 3,300
Reptilia 10,000
Aves 8,850
Mammalia 7,000

ToTAL: 70,000
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CHAPTER 2

LABORATORY METHODS
AND TEST PARAMETERS

1. INTRODUCTION

Over the 30 years during which these studies were done, the laboratory methods
have changed greatly. At first, all were manual—eyeball techniques. Currently,
most clotting—counting tests are automated. Despite these changes in technique,
the reagents used and the results obtained have changed very little, and compari-
sons between old and new test values are quite valid. On the other hand, compar-
isons between species are fraught with technical difficulties. It has long been
recognized that many protein lipid interactions are species-specific.

In general, the methods used on animals are the same as those used on humans.
In mammals, such comparative tests may have some significance, but in premam-
malian vertebrates, they may tell us little or nothing. For example, that some of
these animal plasmas do not decrease the clotting time of human hemophilic plasma
does not necessarily mean that these animals have no analogue of factor VIII.

Animal coagulation is best assessed with tests that do not involve admixture with
materials from other species, such as the clotting time (Clot T), recalcification time
(Recal T) with homologous tissue, and the thromboplastin generation test (TGT).

Ideally, many examples of both sexes in a single species should be studied.
Because it was impossible to do so, an attempt was made to examine six healthy
adult animals, three of each sex. For small animals, the number tested was
greater, but not all tests were done on each animal. For some of the premam-
malian vertebrates, only a single example of the species was available.

2. METHODS
2.1. Anesthesia and Blood Collection

In order to prevent anxiety and possible pain and to temporarily immobilize
the animals, some form of anesthesia was often used. Intraperitoneal Pentothal

17
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sodium or intravenous ketamine was used in most of the mammals. Rodents were
usually anesthetized and the abdominal skin opened surgically. Birds were easily
quieted by covering their heads and gently patting or rubbing their bellies. Ether
was used for amphibians and some reptiles. Fishes, elasmobranchs, and lam-
preys were not anesthetized, but were quieted, almost hypnotized, by turning
them ventral side up in a confining water box and gently rubbing the ventral
surface. Table 1.2 in Chapter 1 lists the number and average weight of each
species studied and the site of blood sampling, the anesthetic administered, and
the volume of blood obtained.

The accuracy of coagulation tests is highly influenced by the technique.
Free-flowing blood without tissue fluid is necessary for clotting times and Recal
Ts. Obviously, the technique must vary with the size of the animal and the
accessibility of veins and arteries.

From large animals (see Table 1.2), approximately 45 ml of blood was
collected in the same order and number of syringes as is customary for human
coagulation studies. If Vacutainer tubes were used, the vacuum was released. A
No. 18, 19, or 20 needle or butterfly is inserted into the vein, and blood flow is
started with slight suction on the new polystyrene syringe. Blood samples are
collected from large animals as follows:

Syringe Tube

No. Size (ml) Blood (ml) No. Purpose«

1 5 3-4 Serum tube
2 20 Clot tubes
New glass
13 X 100 mm
Siliconized glass
13 X 100 mm
SPT tube—new glass
Cit tube
Cit tube

’.

NN A W N -

[C R PN |

3 20 3 8 EDTA tube
4.5 9 Cit tube
4.5 10 Cit tube

4.5 1 Cit tube
16.5

TOTAL VOLUME: 39.2

a(SPT) serum prothrombin time; (Cit) 1 part trisodium citrate + 9 parts blood.



LABORATORY METHODS AND TEST PARAMETERS 19

With small animals, it was sometimes necessary to use one animal for each
test or preparation, for example, four for clotting time, one for factor assays, one
for prothrombin times (PTs), three for TGTs, one for counts, and two or three for
platelet-rich plasma (PRP).

2.2. Blood Processing

Tubes 1-4 37°C. Start stopwatch and note time on clock. Observe
for clotting every 2 min for 10 min, then every 5 min for
50 min. Observe at 4 hr for clot retraction and at 24 hr for
lysis.

Tube 5 37°C. At 2 hr, add 0.3 ml 0.15 M sodium citrate, mix,
centrifuge, and chill. This is the serum for serum pro-
thrombin time (SPT).

Tubes 6 and 7 Ice Bath. Centrfuge 10 min at 2000 g. Remove plasma
and store in an ice bath or freeze promptly and store at
=70°C.

Tube 8 Room temp. EDTA tube for cell counts. Prepare smears
and proceed to counts.

Tube 9 Room temp. Process for electron micrographs (EMs) (see
“EM Prep” in Section 2 of the Appendix) as soon as
possible.

Tubes 10 and 11 Room temp. Centrifuge 8 min at 800 RPM. Remove PRP
to plastic tube. Use for platelet aggregations as soon as
possible. Put the remainder in a tube and recentrifuge 10
min at 2000 g. Remove and store plasma.

3. TEST PARAMETERS

Model Tables 2.1 through 2.7 present the abbreviations, units, and names of
the tests and the range of normal human results for the animal test results
presented in the corresponding tables in Chapters 4-27 and 29. Details of the
tests are to be found in the Appendix.
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TABLE 2.1
General Coagulation Tests
Normal
Abbreviation Unit Test human range

Clot T Clotting time

Glass min Glass (new borosilicate, 13 X 100 mm) 6-12

Silicone min Siliconized 20-59

Clot Retre 0-4+ Clot retraction 3-4+

Clot Lys® 0/+ Clot lysis 0
SPT Serum prothrombin time

Human sec Human substrate 20+

Animal sec Animal substrate —
PT Prothrombin time

Simpl sec Simplastin 10-13

Hu Br sec Human brain 11-15

Homolog Br sec Animal brain —

RVV sec Russell’s viper venom 13-18
APTT sec Activated partial thromboplastin time 24-34¢
Recal T sec Recalcification time 90-180

Lys® 0/+ Lysis 0

Lys MCA 0/+ Lysis in 1% monochloroacetic acid 0
Thromb T Thrombin time

Bov Thr sec Bovine thrombin 11-18

Hu Thr sec Human thrombin 11-18

CHH sec Crotalus horridus horridus venom 11-18

Atroxin sec Bothrops atrox venom 11-18

aSome results are stated, not as degree of clot retraction (0—4+), but as number of clots retracted/number observed.

»Some results are stated, not as no lysis (0) or lysis (complete dissolution) (+), but as number of clots lysed/number
observed.

<Before 1978, the APTT reagent gave a range of 45-55 sec with normal human plasma.

TABLE 2.2
Thromboplastin Generation Test
Generating mixture Substrate clotting time (sec)<
Human Animal Human Animal
Human — H on H? Hon A
— Animal A on H Aon A

aHomologous systems are in boldface.
»Normal human range: 9.8-11.2 sec.
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Abbreviation

Normal human range (units)

I

I
v
VII

X
VIII
X
X1
XII
Flet
Fitz

ATIII (A9)
ATIII (12)
Prot C (A¢)
Prot C (I9)
Prot S (I¢)
Plgn
Antipl
RCF

XIII

TABLE 2.3
Coagulation Factors
Factor
Fibrinogen
Prothrombin

Proaccelerin, accelerator globulin (AcG)

Proconvertin, serum prothrombin conver-
sion accelerator (SPCA)

Stuart factor

Antihemophilic factor (AHF)

Plasma thrombopldstin component (PTC)

Plasma thromboplastin antecedent (PTA)

Hageman factor

Fletcher [prekallikrein (PK)]

Fitzgerald [high-molecular-weight
(HMW) kininogen]

Antithrombin III (A)

Antithrombin IIT (I)

Protein C (A)

Protein C (I)

Protein S (I)

Plasminogen

Antiplasmin

Ristocetin cofactor

Fibrin-stabilizing factor (FSF)

150-450 mg/dl
0.70-1.30 U/ml
0.65-1.45 U/ml
0.50-1.30 U/ml

0.75-1.25 U/ml
0.75-1.40 U/ml
0.65-1.70 U/ml
0.75-1.40 U/ml
0.50-1.45 U/ml
0.50-1.50 U/ml
0.50-1.50 U/ml

0.80-1.20 U/ml
0.80-1.20 U/ml
0.60-1.40 U/ml
0.60-1.40 U/ml
0.60—1.40 U/ml
0.80-1.20 U/ml
0.80-1.20 U/ml
0.50-1.50 U/ml
4-16 (R)¢

a(A) activity; (I) immunoassay; (R) reciprocal of the dilution that prevents dissolution of XIlII-free clot in 1% MCA.

TABLE 2.4

Serum Proteins by Paper Electrophoresis

Abbreviation

Protein

Normal human range

TP

Alb
o,-Globulin
a,-Globulin
-Globulin
v-Globulin

Total protein
Albumin
Alpha,-globulin
Alpha,-globulin
Beta-globulin
Gamma-globulin

6.3-7.9 g/dl
3.2-4.4 g/dl
0.2-0.4 g/dl
0.4-1.0 g/dl
0.5-1.0 g/dl
0.6-1.8 g/dl




TABLE 2.5
Biochemical Tests

Abbreviation Substance Normal human range
TP Total protein 6.0-8.0 g/dl
Alb Albumin 3.5-5.0 g/dl
Ca Calcium 8.5-10.5 mg/dl
P Phosphorus 2.5-4.5 mg/di
— Cholesterol 150-200 mg/dl
— Triglyceride 45-200 mg/dl
— Glucose 65-110 mg/dl
— Uric acid 2.5-8.0 mg/dl
— Creatinine 0.7-1.4 mg/dl
T bilirubin Total bilirubin 0.1-1.4 mg/d]
Fe Iron 80-160 mg/dl
TIBC Total iron-binding capacity 250-420 mg/dl
BUN Blood urea nitrogen 10-20 mg/d]
Cl Chloride 90-105 mg/dl
CO, Carbon dioxide 24-32 meq/dl
K Potassium 3.5-5.0 meq/dl
Na Sodium 135-145 meq/dl
Alk Phos Alkaline phosphatase 30-85 IU/liter
HBD Hydroxybutyric dehydrogenase 14-185 IU/liter
CPK Creatine phosphokinase 0-110 IU/liter
LDH Lactic dehydrogenase 60-200 IU/liter
GGT v-Glutamyl transferase <44 1U/liter
SGOT Serum glutamic-oxalacetic transaminase, aspartine 0-41 IU/liter
aminotransferase (AST)
SGPT Serum glutamic-pyruvic transaminase, alanine amino- 10-50 IU/liter
transferase (ALT)
TABLE 2.6
Cellular Elements of the Peripheral Blood

Abbreviation Element Normal human range (units)
HCT Hematocrit (or packed cell volume) 37-52%
HGB Hemoglobin 12-18 g/dl
RBC Red blood cell (count) 4.2-6.2 X 10%/mm?3
MCV Mean corpuscular volume 79-97 fl
MCH Mean corpuscular hemoglobin 27-31 pg
MCHC Mean corpuscular hemoglobin concentration 32-36 g/dl
WBC White blood cell (count) 5-10 X 103/mm3

Neutr Neutrophil(s) 55-75%

Lymph Lymphocyte(s) 20-40%

Mono Monocyte(s) 2-10%

Eos Eosinophil(s) 0-3%

Bas Basophil(s) 0-3%
Plat C Platelet count 150-450 X 103/mm?3
MPV Mean platelet volume 5.6-10.4 pm?
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TABLE 2.7
Platelet Activities
Abbreviation Activity Normal human range
Plat Glass Ret Ind Platelet glass retention index =20%
Aggregation¢ Aggregation in:
ADP: 20 pM Adenosine 5-diphosphate of dif- 70-100%
10 pM ferent strengths 70-100%
5 uM 50-100%
2.5 uM 40-100%
Collagen: 0.19 mg/ml Bovine soluble collagen 80-100%
Risto: 0.9 mg/ml Ristocetin 80-100%
Risto '/2: 0.45 mg/ml Ristocetin half-strength <18%
Arach A: 0.5 mg/ml Arachidonic acid 60-100%
Bov Thr: 0.4 U/ml Bovine thrombin 60-100%
Bov Fib: 0.1% Bovine fibrinogen 60-100%
CHH: 0.05 mg/ml Crotalus horridus horridus venom 60-100%
Pig PI: 1:10 Pig plasma 60--100%
Sh PI: 1:10 Sheep plasma 60-100%
Hu PIL: 1:10 Human plasma <10%

aThe strengths indicated for the reagents are final concentrations.
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CHAPTER 3

HUMAN HEMOSTATIC/
COAGULATION
MECHANISMS

1. INTRODUCTION

There are hundreds if not thousands of factors that have been shown to play some
role in human hemostasis. This short discussion deals only with those that can be
measured or easily detected and that appear to be analogous to hemostatic mech-
anisms in other mammals or lower vertebrates.

Following injury to a vessel wall, there are three major closely related mech-
anisms that cause prompt stoppage of blood flow:

1. Vasoconstriction
2. Platelet plug formation
3. Hemostatic clot stabilization

2. VASOCONSTRICTION AND DECREASED BLOOD FLOW

Vasoconstriction has two phases: The first is mechanical and results from
reflex contraction of muscle fibers in the injured vessel wall following the direct
stimulus of the injury. The second is humoral and results from the release of
serotonin from the dense bodies of the degranulating platelets as they aggregate
and agglutinate to form the platelet plug. Serotonin diffuses into the surrounding
tissue and constricts not only the injured vessel but also neighboring vessels, thus
slowing blood flow to the entire injured area.

3. PLATELET PLUG FORMATION

Damage to vascular walls releases or exposes many components of hemo-
stasis. Of importance to the simplified version described here are collagen fibers
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FIGURE 3.1. Hemostatic reactions. Abbreviations: (Tissue F) tissue factor, (PL) phos-
pholipid complex; (T) activated thrombin; (vW) von Willebrand factor.

and tissue factor. Platelets are highly structured cytoplasmic buds that are derived
from megakaryocytes and enter the circulation from the bone marrow. In the
injured area, they adhere to the exposed collagen fibers. They then degranulate,
releasing their contents, including serotonin, ADP, and exposed platelet phos-
pholipid. ADP causes the platelets to adhere or stick to each other. Von Wille-
brand factor (vWF), from the plasma or vessel wall, is essential to the firm
aggregation of platelets and thrombin to the irreversible agglutination that forms
the platelet plug. This plug or white thrombus may be sufficient to permanently
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stop blood leakage from a small wound or may form the nidus of the stable fibrin
clot.

4. STABLE FIBRIN CLOT

Among vertebrates, plasma fibrinogen is always present, but shed blood
may not clot unless it is modified by the addition of tissue factor or calcium. In
man, early investigators (MacFarlane, 1964; Davie and Ratnoff, 1964) pictured a
cascade or waterfall in which one factor was activated and then activated the
next, which in turn activated the next, until fibrin, the insoluble structural sub-
stance of the clot, was formed. Each step proceeds with more force—thus
amplifying the reaction. Three pathways—intrinsic, extrinsic, and common—
were described. The same pathways are included in Fig. 3.1, although we now
realize that there are cross-activations and most of the reactions involve phospho-
lipid complexes.

5. SURFACE REACTIONS

Figure 3.2 shows some of the recognized reactions that occur on the injured
endothelial surface. On the left are the platelet reactions. Prostaglandin inhibi-
tor 2 (PGI,) released from endothelium is a modifier or regulator of the platelet
reactions. Collagen and vWF are necessary to platelet aggregation.

The center section of Fig. 3.2 shows the early coagulation pathways. In the
contact reaction, factor XII is activated on the endothelial surface by the effects
of Fitzgerald (Fitz) (HMW kininogen) and Fletcher (Flet) (prekallikrein) factors
and then activates factor XI to Xla, which initiates the intrinsic pathway of
coagulation. After insoluble fibrin begins to be formed it may act as a foreign
surface for XII activation, thus promoting the extension of the clot. It should be
noted that this group of contact factors is not at all or is only partially involved in
hemostasis. Patients with deficiencies or dysfunctions (D/Ds) of factors XII,
Fitz, or Flet do not have excessive bleeding tendencies. Only about half of pa-
tients with factor XI D/D have excessive bleeding, usually mild.

Tissue factor released from endothelium starts the extrinsic pathway. On the
right side of Fig. 3.2 are some of the inhibiting or modulating reactions. Fi-
brinolysin or plasmin is activated from its precursor, profibrinolysin or plas-
minogen, by tissue plasminogen activator (t-PA). Also, it can be at least partially
activated by either factor Xlla or activated protein C. Plasma protein C is acti-
vated by protein S and thrombin bound to endothelial thrombomodulin. Both
active plasmin and protein C can modulate coagulation by inhibiting or modify-
ing factors V and VIII.
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FIGURE 3.2. Surface reactions. Abbreviations: (FF) Fletcher (prekallikrein) and Fitz-
gerald (HMW kininogen) factors; (TM) thrombomodulin; (T) thrombin; (PGl,) pros-
taglandin inhibitor 2; (vVWF) von Willebrand factor; (TF) tissue factor; (t-PA) tissue
plasminogen activator; (aP-C) activated protein C; (S) protein S.

6. COAGULATION PATHWAYS

The exact mechanisms of coagulation and hemostasis are poorly understood
despite a good deal of research. Two major differences from the original
cascade—waterfall theory have become apparent. These are the major “feedback”
role of thrombin in activating factors VIII and V and the importance of platelet-
derived phospholipid (PL) as a surface on which factors may complex and react.

My own interpretation of the bare bones of the coagulation pathways is
presented in Fig. 3.3. Coagulation is initiated by the release of tissue factor—
perhaps only a minute amount—from injured endothelium. The first reactions
follow the so-called extrinsic pathway and are shown on the right side of Fig. 3.3
by outlined arrows ( == ). Tissue factor (TF), in the presence of calcium,
complexes with and activates factor VII to VIIa. This complex slowly activates
prothrombin (factor II) to thrombin (T or Ila). Thrombin proceeds to its many
functions. Of particular import to the coagulation system is the thrombin activa-
tion of factors VIII and V to VIlla and Va, which complex with factors X and II,
respectively, on the PL surfaces.

The second series of reactions (indicated by solid arrows —) involves
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FIGURE 3.3. Coagulation pathways. Abbreviations: (TF) tissue factor; (PL) phospho-
lipid complex; (T) activated thrombin.

the old so-called “intrinsic” system, wherein factor Xla converts factor I1X to
IXa. Calcium is necessary, but it is unclear whether or not PLs are active here.
The conversion of factor IX to IXa is speeded by the VIla—TF complex, and in a
cross-reaction, factor Xla plays a role in the formation of this VIIa—TF complex.
The next two steps are similar. Thrombin-activated VIIIa and Va complex with X
and II on PL surfaces. These complexes greatly speed the conversion rates of
factor X to Xa and factor II to activated thrombin.

Some of the hemostatic functions of activated thrombin (T) are listed here:

1. The conversion of fibrinogen to insoluble fibrin
T splits two fibrinopeptides (A and B) from the fibrinogen molecule, leaving
fibrin monomer that polymerizes rapidly to insoluble fibrin.

2. The activation of XIII to XIlIla
T, in the presence of calcium, activates XIII to XIlIla, which cross-links the
polymerized fibrin to form stable fibrin.

3. The agglutination of platelets
T causes the firm agglutination of aggregated platelets into an irreversible clump
called the platelet plug or white thrombus.
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4. The activation of VIII and V
T causes proteolysis of these large molecules, which in both cases leaves a major
fragment with greatly enhanced activity.

5. The binding of thrombin to thrombomodulin (TM) exposed after injury
to the endothelium
T binds to TM and in this conformation activates Protein C to aPC. The T-TM
loses most of its other characteristics (e.g., T-TM can no longer clot fibrinogen,
agglutinate platelets or activate VIII or V). Protein S acts as a rate-regulator for
Protein C actitvation.

7. INHIBITORS AND MODULATORS

Specific inhibitors exist in the plasma milieu in active or precursor form.
Damaged endothelial structures are involved in the in situ activations: Throm-
bomodulin (TM) for the Protein C - Protein S system and tissue plasminogen
activator (tPA) for the fibrinolytic system (See Chapter 27 Section 1.7 Page 342—
344). Activated Protein C (aPC) apparently does not directly destroy Factor V or
VIII but rather destroys or inhibits the inhibitor (? s) of Protein C activation. The
active enzymes formed in theses two distinct systems can, by different mecha-
nisms, destroy the coagulation functions of Factors V and VIII. Of particular
interests are some of the additional functions of fibrinolysin: it can destroy fibrin
or, if potent enough, fibrinogen. The latter reaction is limited by the antithrombic
(anti-T) ability of the large fibrinogen degradation products.

The other major types of inhibitors are those which block the enzymes
(serine proteases) formed by the coagulation reaction. Antithrombin III (ATIII)
binds T to form inactive thrombin-antithrombin complex (TAT). ATIII also
inactivates IXa, Xa and Xla. Heparin greatly enhances these ATIII activities.
There appear to be other large plasma proteins which have antithrombin-like
properties. '

Major inhibitor systems are summarized below:

Factor Inhibitors
1. V and VIII 1. aPC + Prot S
2. Plasmin (also called fibrinolysin)
2. T, Vlla, IXa, Xa, Xla 1. ATHI + heparin
2. Fibrinogen degradation products
3. Plasmin 1. ATIII
2. antifibrinolysin (a2 antiplasmin)
3. Fibrinogen degradation products
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8. FINAL STEPS OF HEMOSTASIS

Clot retraction is the next step in completion of hemostasis. The clot pulls
itself together, squeezing out about 50% of its volume in serum. Because the clot
is attached to the vessel wall, this process narrows the vessel, making permanent
closure simpler. Neutrophils and macrophages migrate into the clot and start the
healing process by ingestion and digestion of fibrin. Fibroblasts develop, and in
5—-10 days the wound is converted to a scar.

9. SUMMARY

Normal hemostasis is an exquisitely balanced reaction that is limited by
inhibitors and modulators so that it effectively prevents excessive blood loss and
is confined to the injured area and does not extend to other areas to cause
dangerous and life-threatening thrombi or emboli.
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1. INTRODUCTION

The earliest vertebrate class, Cyclostomata, consists of two orders: Petromyzon-
tia and Myxinoidia. Lampreys belong to the first and slime eels and hagfish to
the second. These may be called the most primitive fish—if the term “fish” is
used to denote any poikilothermic aquatic craniate vertebrate. Almost all are
parasitic. Lampreys are jawless and have mouths that consist of a large suctorial
funnel with many horney teeth capable of rasping through the skin and scales of
their hosts. Their bodies are long snakelike cylinders with smooth, slimy skin
and both median and tail fins. They have seven pairs of gill slits well posterior to
the mouth. The skeleton is completely cartilaginous. Adult lampreys seek clean
fresh water in which to reproduce. The female clears a shallow nest from the
stream bottom and attaches herself upstream. The male then attaches to the
female. Fertilization is external, and the numerous small eggs sink to the bottom
and are covered with silt and sand. The parents die after spawning. The eggs
hatch a few weeks later, and the young pass through a hermaphroditic larval
stage that may last for years. Characteristically, lampreys are euryhaline and thus
able to migrate between salt water and fresh water. Recently, many have become
landlocked, particularly in Lake Erie, and have destroyed many prized eatable
lake fish by their parasitic attacks.

Coagulation studies on Cyclostomata are limited to those of Doolittle and
associates (Doolittle, 1965a,b; Doolittle and Wooding, 1974; Doolittle et al.,
1962, 1963), which have dealt with the clotting of fibrinogen and with fibrin—
fibrinogen split products. A few studies of blood cells and serum proteins of
various Cyclostomata have also been published.

2. SOURCE

Six sea lampreys (Petromyzon marinus) weighing 2—4 kg were obtained
from a reliable dealer and kept in a plastic tank (laundry cart) in about 1 foot of
aerated artificial salt water. They were not fed. Satisfactory blood samples were
obtained from three by venipuncture of the caudal vein. These unattractive,
slimy animals were poorly tolerated by the laboratory staff.

38
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3. TESTS CONDUCTED
3.1. Bleeding Times

After the lower ventral skin surface of each of the six lampreys was cleaned
with an alcohol sponge, shallow cuts about 1 cm long were made with a Bard-
Parker No. 9 blade. Times to cessation of bleeding in the six animals were: O,
1'/2, 14, 2, 0, and 1'/2 min (mean: 1.04 min).

3.2. General Coagulation Times and Factors

Table 4.1 shows the very long coagulation times of the blood of the three
lampreys. Two glass and one siliconized tube were used for each animal. Only
one glass tube showed any clotting by 1 hr. The others showed soft clots at 2 hr.
One of the siliconized tubes was clotted at 2 hr; the other two had soft clots at 6
hr. Clot retraction (Clot Retr) was decreased (1-2+), and the clots did not lyse.

Prothrombin times were done at room temperature (23°C) for lamprey and
at 37°C for the human control. Simplastin and human brain did not produce
clotting in less than 120 sec in lamprey plasma, but were within their usual range

TABLE 4.1
General Coagulation Tests in the Sea Lamprey
Lamprey No.¢ Human
Test 1 2 3 N  Mean SD Control ~ Normal range

Clot T (min)

Glass 120 120 120 3120 0 — 6-12

Silicone 360 120 360 3280 139 — 20-59

Clot Retr? 2-2 1-2 1-1 3 1-2 — — 3-4+

Clot Lys? 0-0 0-0 0-0 3 0-0 0 — 0
PT (sec)

Simplastin ¢ < ¢ 3 < — 12.7 10-13

Human brain < < < 3 < 13.4 11-15

Lamprey skin 30.4 28.8 314 3 30.2 1.3 96.0 —

RVV 23.8 21.2 200 3 21.7 1.9 14.2 13-18
APTT (sec) ¢ < < 3 < 51.4 45-55
Recal T (min) 6'/2 8 8 3 7'/2 0.9 24 1'/2-3

Lys 0 0 0 3 0 — 0 0

Lys MCA 0 0 0 3 0 — 0 0
Thromb T (sec)

Bov Thr 11.9 12.4 142 3 12.8 1.2 15.8 11-18

aAt 23°C. bAt 24 hr. <More than 120 sec.
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TABLE 4.2
Coagulation Factors in the Sea Lamprey
Lamprey No.
Normal
Factor 1 2 3 N Mean D range
I (mg/dl) 125 214 187 3 175 46 150-450
I (U/ml) a a a 3 a — 0.70-1.30
V (U/ml) a a a 3 a — 0.65-1.45
VII (U/ml) a a a 3 a — 0.50-1.30
X (U/ml) a a a 3 a — 0.75-1.25
VIII (U/ml) a 0.10 0.05 3 0.05 0.04 0.75-1.40
IX (U/ml) 0.05 0.10 0.05 3 0.07 0.03 0.65-1.70
XI (U/ml) 0.05 — — 1 0.05 0 0.75-1.40
XII (U/ml) a a a 3 a — 0.50-1.45
XII (R) 2 4 4 3 3 1.2 4-16

aless than 0.01 U/ml counted as O in calculations.

in human plasma. Lamprey skin suspension clotted lamprey plasma in about 30
sec, but was much less active on human plasma. Russell’s viper venom (RVV)
was active in clotting both lamprey and human plasmas. Activated partial throm-
boplastin time (APTT) on lamprey plasma was longer than 120 sec. Recal Ts
were slow and are recorded in minutes. The clots were solid and did not lyse
alone or in 1% monochloroacetic acid (MCA), indicating that factor XIII (fibrin-
stabilizing factor) was present in lamprey plasma. Rather amazingly, the clotting
time with bovine thrombin was faster than human.

Table 4.2 lists the coagulation factor assay results in tests using regular human
assay systems at 37°C. Fibrinogen (factor I) was within the human range. Most
coagulation factors (II, V, VII, X, and XII) were not detectable. Factors VIII, IX,
XI, and XIII were present with less than 10% of human activity (<0.10 U/ml).

3.3. Serum Proteins

Total serum protein in one lamprey was 2.7 g/dl. The paper electrophoretic
distribution showed no albumin, a high o, peak (1.62 g/dl), no a,, B at 0.38
g/dl, and y at 0.72 g/dl.

3.4. Cellular Elements

Table 4.3 shows counts of peripheral blood cells in two lamprey. The red
cells were large, roundish, nucleated cells with high concentrations of hemo-
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TABLE 4.3
Cellular Elements of the Peripheral Blood in the Sea Lamprey
Lamprey No.
Normal
Element 1 2 N Mean human range
HCT (%) 39 46 2 43 37-52
HGB (g/dl) 8.0 8.2 2 8.1 12-18
RBC (X 105/mm?) 0.77 0.82 2 0.82 4.2-6.2
MCV (fl) 506 561 2 534 79-97
MCH (pg) 103 100 2 101 27-31
MCHC (g/dl) 21 18 2 20 32-36
WBC (X 103/mm3) 48 71 2 59 5-10
Hetero (%) 12 14 2 13 55-75
Lymph and Mono (%) 33 51 2 62 22-50
Bas (%) 24 28 2 26 0-3
Thromb (X 103/mm3) 35 60 2 48 150-450

globin. WBC counts were high, and it was difficult to differentiate lymphocytes
and monocytes on stained smears.

4. SUMMARY

Lampreys are primitive parasitic fish with no known tendency to easy
bleeding, although their shed blood clots very poorly in glass or siliconized
tubes. Bleeding times are short, indicating effective hemostasis. The RBCs are
large, roundish, nucleated cells with high hemoglobin content.
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1. INTRODUCTION

The cartilaginous fish probably evolved about the same time as or just before the
bony fish some 300 MmyA during the great growth burst of animal and vegetable
life on this planet. Chondrichthyes have skeletons composed entirely of cartilage
and movable lower jaws usually with teeth. They are divided into two subclasses:

Elasmobranchii
Order: Selachi (sharks and dogfish)
Rajiformes (guitarfish and skates)
Chimaeras (ratfish)

Elasmobranchs are found worldwide and are almost entirely marine. They
have two pairs of fins and additional unpaired ones. Sharks swim by undulating
movements of their torpedo-shaped bodies in which the caudal and anal fins
supply the main propulsive power and the dorsal fins the directional force. Skates
have flattened bodies and swim by vertical beating of their dorsal fins.
Chondrichthyes have no air sacs or swim bladders and therefore must swim
continuously in order to avoid sinking to the ocean floor. They are voracious
eaters, consuming whatever is available: fish, crustacea, squids, carrion, diving
birds, mammals—even man. Reproduction is most frequently oviparous, and
fertilization is always internal. A few species are viviparous or ovoviviparous.

Chondrichthyes are of moderate economic importance. Many species are
edible, although the high urea levels make them unpalatable.

Coagulation and hematological studies of Chondrichthyes are rare. Doolittle
and Surgenor (1962) and Doolittle (1963) showed that blood from these car-
tilaginous fish clots very slowly and that added calcium will cause more rapid
clotting and, at some concentrations, will also cause clot lysis. Various tissue
extracts also hasten coagulation. Belamarich et al. (1966, 1968) reported that
thrombocytes from dogfish as well as turtles, alligators, and chickens did not
aggregate when ADP, serotonin, or epinephrine was added. RBC counts, size
measurements, hemoglobins, and osmotic fragilities have been described by a
number of investigators. Previous studies from this laboratory (Lewis, 1972)
have been published, and some data are included here with the kind permission
of the editor of Comparative Biochemistry and Physiology. In the 1990s, seven
additional spiny dogfish (Squalus acanthias) were studied, and the results are
included as “new” dogfish.
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2. SOURCE

Blood of a mako shark (Isurus oxyrinchus) (44 kg) and two blue sharks
(Prionace glauca) (50-70 kg) was obtained by cardiac puncture from animals
caught off Woods Hole, Massachusetts, with Albert Lansing, M.D. (University
of Pittsburgh). A black-tipped reef shark (Carcharhinus maculipinnis) (20 kg),
three skates (Raja eglanteria) (2—4 kg), and a guitarfish (Rhinobatus len-
tiginosus) (3.5 kg) were caught by the collecting vessel for the Marineland
Research Laboratory near St. Augustine, Florida. On two occasions, blood of
dogfish (1-3 kg) was collected at the Mt. Desert Island Biological Laboratory in
Salsbury Cove, Maine. The dogfish were kept in holding tanks with circulating
fresh sea water for 2-3 days before blood was obtained from caudal vein
punctures.

3. TESTS CONDUCTED
3.1. Bleeding Times

Bleeding times were done on two skates, the black-tipped shark, and six
dogfish by making small cuts with a Bard-Parker No. 11 knife blade. The two
cuts on the skates, the cut on the black-tipped shark, and three of the cuts on the
dogfish bled for less than 1 min or not at all. On the other three dogfish, the
bleeding times were 2, 2%4, and 2%4 min.

3.2. General Coagulation Tests and Factors

Table 5.1 shows the very long whole blood clotting times found with elas-
mobranch blood. Some samples were still liquid at 48 hr and could be clotted by
adding strong thrombin solution or calcium. Among the dogfish, there were a
few with relatively short clotting times (19-30 min in glass tubes), but these
were usually those in which difficulty with the venipuncture had been encoun-
tered and are not included in the table. Clot retraction could not be assessed
because the blood in the tubes did not clot. PTs with Simplastin and RVV were
much longer than on human plasma. When homologous tissue extracts were used
in the PTs; fish but not human PTs were accelerated. The fish APTTs were more
than 120 sec. For the fish Recal Ts 0.1M CaCl, was used. These were not
clotted at 120 sec, but did clot by 10 min. They did not lyse in MCA after 1 hr.
Recal clots from dogfish and shark lysed by 24 hr; skate and human clots did not.
Thrombin times (Thromb Ts) were moderately long in the fish plasmas. ATroxin
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TABLE 5.1
General Coagulation Tests in Chondrichthyes«

Sharks Human

Dogfish Black Blue Mako Skates Guitarfish Control (4) Normal

@) (¢)) (2) n 2) (N (mean) range
Clot T (min)
Glass 60-120 1440+ 240+ 240+ 240+ 60 — 6-12
Silicone 600+ 1440+ 240+ 240+ 240+ 120 — 20-59
Clot Retr 3k b b b b 1 — 3-4+
Clot Lys +b b b b b + — 0
PT (sec)
Simplastin 57.7 < ¢ ¢ ¢ 65.0 12.1 10-13
Homologous
Brain 8.6 384 278 — 4.4 — ¢ —
Gill 10.3 324 254 — 68.2 — ¢ —
Skin 31.4 51.7 572 — 39.0 — ¢ —
RVV ¢ 115 118 — 118 58.7 15.0 13-18
APTT (sec) < ¢ < — < ¢ 36.6 24-34
Recal T4 (sec) < ¢ ¢ — ¢ < 140 90-180
Lys 717 1/1 2/2 — 0 1/1 0 0
Lys MCA 0 0 0 — 0 e 0 0
Thromb T (sec)
Bov Thr 57.4 338 298 — 44 .4 29.4 14.5 11-18
Atroxin ¢ — 974 — — — 15.5 11-18

aFish blood was tested at an ambient temperature of 23-26°C, human blood at 37°C.
5The blood was not clotted, but did clot when strong thrombin was added.

<More than 120 sec.

dFish blood was recalcified with 0.1 M CalCl,, human blood with 0.025 M CaCl,.
¢The clot lysed before the MCA test.

times were performed only on dogfish and blue shark and were much longer than
on human plasma.

Table 5.2 shows that the fibrinogen and sometimes factors XI and XII were
measurable in the chondrichthyes. Other coagulation factors 1I-X were un-
detectable.

Table 5.3 shows fibrinogen and some of the “newer” factors assayed on
dogfish. Fibrinogen varies considerably from fish to fish. ATIII, ProtC, Prot S,
and antiplasmin were all low but measurable.

Table 5.4 shows the results of the TGT. Human mixture clotted only the
human plasma. Fish mixtures did not clot human or fish substrate plasmas.
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TABLE 5.2
Coagulation Factors in Chondrichthyes
Dogfish
E— Sharks
New  Old
(7) 4) Blue Skates Normal
E— BT (2) Mako 2) Guitarfish human
Factor means (1) (mean) (N (mean) (1) range
I (mg/dl) 216 110 150 260 190 160 212 150-450
II (U/ml) a a a a a a a 0.70-1.30
V (U/ml) a a a a @ a @ 0.65-1.45
VII (U/ml) a a 4 a a a 4 0.50-1.30
X (U/ml) a ¢ 4 @ ¢ @ h 0.75-1.25
VIII (U/ml) a a a a a “ @ 0.75-1.40
IX (U/mb) « a a a a a a 0.65-1.70
XI (U/ml) a «“ a 0.15 . 0.05 a 0.75-1.40
XII (U/ml) a a @ 0.02 0.05 0.05 0.40 0.50-1.45

«Less than 0.01 U/ml.
PFactors VII and X assayed in the proconvertin test: <0.01 U/ml.

3.3. Effects of Calcium on Chondrichthye Clotting

Table 5.5 shows the Recal Ts of dogfish plasma using varying strengths of
calcium. The optimum is 0. 1M, but if dogfish brain is added, the fastest clots are
found with 0.05-0.025M CaCl,. Lysis of clots is seen with 0.2, 0.1, and
0.075M without brain and 0.3, 0.2, and 0.075M with brain.

Figure 5.1 shows the effects of adding CaCl, at various molarities to shark
whole blood. The shortest clotting times were after addition of 0.1 and 0.2M
CaCl,. These tubes clotted and the clots lysed completely (dissolved) in a few
hours. At lower or higher calcium concentrations, the clots retracted but did not
lyse. A simular calcium-related shortening of clotting times was found in three
different sharks, two skates, and seven dogfish.

3.4. Effects of Buffy Coat

Table 5.6 shows the effects of decreasing amounts of buffy coat in cell-poor
dogfish plasma. Clotting times became longer and clot retraction lessened as the
amount of buffy coat decreased. These results show that retraction was depen-
dent on WBC or thrombocyte concentration.
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TABLE 5.4
Thromboplastin Generation Test ir Chondrichthyes

Generating mixture

Substrate Clot T (sec)«

Human
(mean) Dogfish Shark Skate H D Sh Sk
H (@) - — - 9.4 40+ 40+ 40+
- D - — 40+ 40+ — —
— — Sh — 40+ — 40+ —
— — — Sk 40+ — — 40+

«Homologous systems are in beldface.

3.5. Effects of Dilutions of Tissue Factor

Dogfish brain in serial dilutions (Table 5.7) was added to tubes to which
fresh whole blood was subsequently added. The tubes with brain tissue factor all
clotted promptly, and the clots retracted well. They were not saved for lysis.
These results show that even highly diluted tissue factor was an active hemostatic
agent in Chondrichthyes and that whole blood, when clotted rapidly, retracted
well.

TABLE 5.5
Effect of Calcium Molarity on Recalcification Time and Clot Lysis
of Dogfish Plasma With or Without Tissue Factor«

Saline Dogfish brain

CaCl, molarity Recal T (min) Clot Lys Recal T (sec) Clot Lys
0.5 60 0 180+ No clot
0.3 48 0 105 +
0.2 13 + 68 +
0.1 12 + 40 +
0.075 13 + 40 Soft gels +
0.05 14 0 35 0
0.035 18 0 36 0
0.025 48 0 34 0
0.01 60+ 0 39} 0
0.005 60+ 0 42 J Flecks 0

aTest system: 0.1 ml citrated dogfish plasma + 0.1 ml 0.85% saline or dogfish brain homogenate + 0.1 ml CaCl, at
20°C. Lysis was read at 24 hr.
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FIGURE 5.1. Effects of calcium on black-tipped shark blood clotting (0.1 ml CaCi, + 0.2
ml blood). Labels: (R) clot retraction; (L) clot lysis.

3.6. Thrombin Inhibitor

Table 5.8 shows that dogfish plasma mixed with human plasma caused a
prolongation of the thrombin and prothrombin times. If the dogfish plasma was
first heated to 56°C for 5 min, the inhibitory effect was destroyed. Barium

TABLE 5.6
Effects of Buffy Coat on Recalcification Time and Clot Retraction
in Dogfish Plasma/Buffy Coat Mixtures (Temp = 24°C)<

Buffy coat in Cell-poor in Clotting time Clot retraction
citrated plasma (ml) citrated plasma (ml) (min) at 1 hr.
0.1 0.1 4'/4 4+
0.05 0.15 5 3+
0.025 0.175 6%/4 2+
0.01 0.19 9'/a 1+
0 0.2 11 0

aTechnique: 2ml of fresh dogfish blood was centrifuged at 400 X g for 5 min. The slightly opaque plasma was
pipetted to a new test tube and centrifuged again at 2000 X g for 10 min. Cell-poor plasma was removed with a
pipette and the buffy coat was resuspended in 0.2 ml plasma. The mixtures were prepared in new glass tubes as
detailed above, and an equal volume of 0.1M CaCl, added, mixed, and observed for 1 hr. Clotting time was
recorded and clot retraction observed at 1 hr. These tubes were not retained because lysis was anticipated.
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TABLE 5.7
Effects of Dilution of Dogfish Brain Homogenate
on Clotting of Whole Blood«

Dogfish brain Appearance at
dilution Clot T (min) 24 hr

Full strength

} i All good
1:8 All clotted le’:h
1:16 in 2 min 2/; re-
32 traction
1:64

Saline No clot Liquid”

aTest system: 0.1 ml brain homogenate or dilution + 1.0 ml fresh whole dogfish blood at
25°C. Brain homogenate was prepared by snipping and mashing 1'/2 dogfish brains,
adding them to 5 ml I/S, and allowing to settle 10 min. Blood was obtained by venipunc-
ture with a No. 19 needle; 2 ml blood was obtained in a small syringe and discarded, then
10 ml blood was obtained in a fresh syringe and 1 ml was distributed to each of eight
10 X 75 mm new glass tubes containing dogfish brain or dilution. The tube contents
were mixed and observed at 2, 10, 240, and 1440 min.

»No clots. but clotted when strong thrombin was added.

treatment of the plasma did not destroy the inhibitory effect. This inhibitor may
be fibrinogen itself or a large fibrinogen breakdown product.

3.7. Effects of EACA

Table 5.9 shows the effects of an amino acid—EACA—known to have
inhibitory action against mammalian plasmin and other serine proteases. The

TABLE 5.8
A Heat-Labile Inhibitor in Dogfish Plasma

Plasma (ml)

Dogfish
Human
(whole) Whole 56°C Ba Thromb T (sec) PT (sec)
0.2 — — — 19.8 12.4
— 0.2 - — 57.4 120+
0.1 0.1 — — 48.8 120+
0.1 — 0.1 — 194 11.4

0.1 — — 0.1 43.4 120+
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TABLE 5.9
Inhibition of Clot Lysis in Blue Shark Blood by e-Aminocaproic Acid«
CaCl, in NS CaCl, in 2% EACA
CaCl, Clot T Clot Retr Clot Lys Clot T Clot Retr Clot Lys
M) (min) at 24 hr (hr) (min) at 24 hr (hr)

0.5 5 — 8 20 ++++ 0
0.4 20 — 8 20 ++++ 0
0.4 20 — 8 20 ++++ 0
0.3 20 — 8 30 ++++ 0
0.2 60 — 24 60 ++-++ 0
0.1 120 — 24 120 ++++ 0
0.075 120 — 24 120 ++++ 0
0.025 120 ++++ None 120 ++++ 0
0.01 240+ ++++ None 240+ ++++ 0

aTest system: 1.0 ml! fresh blue shark blood at 20°C + 0.1 ml CaCl, (molarity as given).

fibrinolytic activity in the recalcified blood clot was inhibited by EACA, and the
clots retracted instead of dissolving.

3.8. Cellular Elements

All the blood cells of Chondrichthyes including the RBCs and thrombocytes
were nucleated. Table 5.10 shows the RBC cell counts, hemoglobin (HGB), and
hematocrit (HCT). Elasmobranchs had relatively high HCTs, low HGB, and
very low RBC counts. This resulted in high mean corpuscular volumes (MCVs)
and mean corpuscular hemoglobins (MCHs) and relatively low mean corpuscular
hemoglobin concentrations (MCHCs). The WBCs were high with variable differ-
entials. Thrombocyte counts were sometimes greater than WBC counts.

3.9. Thrombocyte Aggregation

Crude suspensions of thrombocytes were prepared either by resuspending
buffy coat in plasma or by brief low-speed centrifugation to sediment erythro-
cytes. In any case, the suspensions contained other white cells, particularly
lymphocytes. In one experiment, dogfish connective tissue was snipped into very
fine pieces and washed repeatedly with 0.85% saline to remove any thrombin or
blood products. When added to a suspension of dogfish thrombocytes, some
cells appeared (microscopically) to adhere to the fibers, but gross aggregation
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TABLE 5.10
Cellular Elements of the Peripheral Blood in Chondrichthyes

Dogfish Sharks

New Old Mako Blue BT Skates Guitarfish
Element (7 4) (1) (2) (N (2) (1

HCT (%) 30 26 24 20 34 23 28
HGB (g/d]) 5.1 4.4 5.7 5.4 4.7 3.4 4.5
RBC (X 10°/mm?3) 0.40 0.39 0.33 0.25 0.46 0.21 —
MCV (fl) 750 667 727 800 739 1095 —
MCH (pg) 128 113 173 216 102 162 —
MCHC (g/dl) 17 17 24 27 14 15 16
WBC (X 103/mm?3) — 84 91 22 — 88 16
Hetero (%) — 35 42 46 19 69 —
Lymph (%) — 53 42 40 57 8 —
Mono (%) — 7 0 10 5 5 —
Eos (%) — 5 16 0 19 13 —
Bas (%) — 0 0 4 0 5 —
Thromb (X 10*/mm?) 180 138 73 184 24 39 —

was not seen. No aggregation or clumping was detected when ADP (1 X 1073 to
1 X 10-% M) was added. Figure 5.2 is a transmission electron micrograph
(TEM) of skate thrombocytes that were exposed to crude skate thrombin. The
cells appear to be degranulating and the cytoplasm of one cell fusing with that of
another. These cells are suspended in plasma, but fibrin is not evident at this
thrombin concentration. Both skate and bovine thrombin, in low concentrations,
produced thrombocyte agglutinates that could barely be seen without
magnification.

3.10. Thrombocyte Ultrastructure

Figure 5.3 shows a TEM of a dogfish thrombocyte. A group of peripheral
microtubules, sectioned lengthwise, can be seen in the left upper portion. There
are some dark, circular (fried-egg) granules or inclusions that resemble myelin
bodies. There are quite a few open vacuoles that may be part of an open canalicu-
lar system. There are distinct small electron-opaque bodies, probably glycogen,
scattered in the cytosome. The nucleus has very dense peripheral chromatin.

4. SUMMARY

Hemostasis in Chondrichthyes appeared to be a relatively simple process—
primarily an extrinsic mechanism. An injury released tissue factor, which, in the
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FIGURE 5.2. TEM of skate thrombocytes exposed to skate thrombin. Note the loss of
distinct cell boundaries.

FIGURE 5.3. TEM of a dogfish thrombocyte.
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presence of calcium, converted prothrombin to thrombin. Whether or not other
factors were involved is unknown. Thrombin had at least two functions. The
primary one was the agglutination of thrombocytes to form a hemostatic plug.
Thrombin also converted fibrinogen to fibrin. In this function, it was readily
inhibited by fibrinogen itself or a heat-labile derivative.

Blood obtained by nontraumatic techniques did not clot unless tissue factor
or hypertonic solution (CaCl, or sea water) was added. The calcium optimum for
clotting was variable and somewhat dependent on the presence of tissue factor.
Fibrinolysis of whole blood or plasma clots caused by added calcium was fre-
quently seen. These was no plasminogen-activating effect of streptokinase (SK),
urokinase (UK), or staphylokinase (Staph K).

Nucleated thrombocytes were necessary for clot retraction. They have some
ultrastructural similarities to mammalian platelets. Microtubules were visible, as
were an open canalicular system and some glycogen particles.
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1. INTRODUCTION

The bony fish evolved in the late Silurian—early Devonian Age, about 300 Mya.
Their ossified fossil remains show incredible diversity that continues today in the
35,000—-40,000 species extant. There are more species of living fish than of all
other vertebrates combined. With a rare peculiar exception, each species is
subtly different from the next and can breed only within its own natural group.
Ostheichthyes are classified into two subclasses and six orders:

Acanthopterygii (spiny-rayed fish)

Polypterii [polypherus and Reed fish (Africa)]

Chondrostei (sturgeons and paddlefish)

Holostei (gars and bowfish)

Teleostei (many orders and thousands of species)
Sarcopterygii (soft-rayed fish)

Crossopterygii (coelacanths)

Dipnoi (lungfish)

Sturgeons are very primitive fish belonging to the order Chondrostei. All
other fish in this study were Teleostei.

Teleosts live worldwide in freshwater lakes and streams, in saltwater seas,
in deep oceans and shallow bays. Some are euryhaline (e.g., salmon, trout) and
can go from sea water to fresh and back again.

Most fish have torpedo-shaped, flexible bodies with powerful fins and tails
to aid in swimming. They come in all sizes, shapes, and colors. Some are
flattened from top to bottom (flounder), some from side to side (orange filefish).
Some have large teeth (wolffish) and some have horny spines (sculpin). Skin
covered with protective, overlapping scales is characteristic of nearly all teleosts.

With a rare exception (lungfish), fish exchange O, and CO, through gills
containing many small surface vessels over which water is forced in a counter-
current manner. Most Osteichthyes have a swim bladder or air sac that serves as a
hydrostatic organ, changing size as the water pressure varies. This provision
allows the animal to float at its optimal depth without sinking to the bottom. In
contrast, as noted in Chapter 5, Chondrichthyes have no such air bladders and
must swim continuously to prevent sinking.

A majority of fish are oviparious, spawning eggs, externally fertilized with
milt (spermatazoa). These eggs hatch without nurturing, and a few grow to
maturity. The others are lost to the vicissitudes of life. A few species are vivipa-
rous or ovoviviparous or even hermaphroditic. In a rare species such as the
popularly known sea horse, the male parent cares for the eggs or young.
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Although few bony fish, except the barracuda, will attack man, others may
inflict injuries when they are handled. Fish with sharp teeth, pointed spines, or
poisonous skin are hazardous to humans.

Whether caught or raised, fish are of great economic value, supplying over
half the world’s protein foodstuffs. They are also important for animal food, fish
oil, fertilizer, and aquarium pets. Because of this high monetary value, their
identification, life patterns, and diet are described in many publications. Little
mention is made of hematology or blood coagulation.

Blood counts and hemoglobin studies were made by Hall and Gray (1929),
Callegarin (1966), Eisler (1965), and Blaxhall and Daisley (1973). Early blood
coagulation studies have been very limited (Jara, 1957; Katz et al., 1950; Lang-
dell et al., 1965; Macnab and Ronald, 1965; Nolf, 1906. Zunz (1933) has done
preliminary tests and some studies with species-specific thromboplastins.

2. SOURCE

Table 6.1 lists the sources of the fish, their weights, and the number of
each species studied. The personnel at the research laboratories (Nos. 1 and 2)
were very helpful in supplying fish and helping with the phlebotomies. Arctic
grayling (Thymallus arcticus) and trout (Salvelinus namaycush) were caught by
two medical sportsmen who did the clotting times and processed the samples
for return to Pittsburgh. The blood from the sturgeons (Acipenser oxyrhynchus)
was obtained through the cooperation of the U.S. Fish and Wildlife Service.
The fish were gill-netted on the Suwannee River in Florida. After routine mea-
surements and venipuncture, the fish were returned to the river. The author
wishes to thank the many individuals who helped with blood samples from the
various Osteichthyes.

3. TESTS CONDUCTED
3.1. Bleeding Times

Bleeding times were done on many of the fish using a Simplate or by
making a 5- to 6-mm shallow cut with a new rounded knife blade. For goosefish
(Lophius americanus/piscatorius), four fish received two cuts each, and the
mean bleeding time was 75 sec. One striped mullet (Mugil cephalus), one porgy
(Stenotomus chrysops), one sea robin (Prionotus carolinus), and one tautog (Tau-
toga onitus) each received one Simplate bleeding time. Results were 60-90 sec.
Five sculpin (Myoxocephalus octodecemspinosus) each received one cut, which
bled 34, 0, 0, 0, and 3%4 min, respectively (mean: 1.4 min).
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3.2. Coagulation Tests and Factors

Table 6.1 shows that the clotting times for Osteichthyes were variable.
Goosefish, sturgeon, tautog, and toadfish (Opsanus tau) clotted very slowly in
both glass and siliconized tubes. Most of the fish blood clotted in times close to
the human range (see Table 2.1). A few clotted very rapidly, and this did not
seem to relate to phlebotomy technique. For example, all samples from five
Arctic grayling clotted very rapidly, while those from four Arctic trout, caught in
the same cold (2°C) lake, clotted much more slowly. Most fish blood clots
retracted well, and only a rare sample lysed. Recal Ts were done when the
sample size was sufficient. Most of these plasma samples clotted slowly and did
not lyse alone or in 1% MCA. The slow clotting may be related to removal of
thrombocytes by centrifugation.

Sturgeon blood was unique among the fishes studied. Samples anticoagu-
lated with the usual calcium chelators (citrate, oxalate, or EDTA) showed
marked hemolysis. Samples collected into heparin did not hemolyze. The clear
heparinized plasma was frozen and transported to Pittsburgh, where the heparin
was then removed with Hepabsorb and citrate added.

Table 6.2 shows the Simplastin, homologous tissue, RVV, thrombin, and
Atroxin times for the fish from which sufficient plasma was available. The mean

TABLE 6.2
Prothrombin and Thrombin Times in Osteichthyes

Prothrombin time (sec)

Homologous tissues? Thrombin time (sec)
Fish Simplastin Brain Gill Skin RVV Bov Thr Atroxin
Amberjack 60.8 — — — — 83.2 53.0
Cobia 57.4 20.4 a a 453 a 40.0
Flounder 87.0 68.8 14.8 18.8 37.4 a 21.0
Goosefish 89.0 16.5 22.0 13.3 a 59.4 a
Porgy 15.4 8.1 7.6 13.6 17.8 12.3 —
Sculpin 18.9 19.2 22.8 14.6 31.0 28.0 24.6
Sea bass 91.2 18.0 15.6 21.0 31.8 13.8 —
Sturgeon a — — o a ¢ a
Tautog 15.8 15.0 10.2 16.5 13.8 8.4 —
Toadfish 31.5 10.9 18.0 54.0 a 9.4 —
Triggerfish @ 13.4 18.0 14.5 — a —
Human (mean) 12.1 12.2 — — 15.1 14.8 13.6

aMore than 120 sec.
2Prothrombin times of human plasma plus homologous fish tissue = more than 120 seconds.
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TABLE 6.3
Thromboplastin Generation Test in Osteichthyes
Generating mixture@ Substrate clotting time (sec)e-®

H C Fl OF P H C Fl OF P
H (mean of 4) — — — —_ 9.9 — 40+ 40+ —_

— C — — — 40+ 27.0 — — —

— — Fl — — 26.2 — 25.4 — —

— —  _— OF — 40+ — — 40+ —

— — — — P 18.6 — — — 18.0

aPlasmas: (H) human; (C) cobia; (FI) flounder; (OF) orange filefish; (P) porgy.
vHomologous systems are in boldface.

Simplastin time for human controls was 12.1 sec, and for the fish it varied from
15.4 to over 120 sec. Homologous teleost tissue also had quite variable throm-
boplastic effects. None was active on human plasma. Diverse effects were also
found with RVYV, thrombin, and Atroxin.

The TGT (Table 6.3) was done on cobia (Rachycentron canadus), flounder
(Paralychthys lethostigmus), orange filefish (Alutera schoepfii), and porgy. Mod-
erate activity was found in porgy and low activity in cobia and flounder.

Coagulation factors are shown in Table 6.4. Most of the fibrinogen (factor I)
levels fell within the human range. Factors II, V, VII, and X were at very low
levels, probably due to ineffective species reactivity of tissue factor and sub-
strate. Both porgy and tautog showed moderate factors VIII, IX, and XI activ-
ities. Most of the fish showed traces of factors XII and XIII.

3.2.1. Effects of Heparin

To determine whether or not heparin would prolong fish clotting, one small
triggerfish (Balistes carolinensis) (284 g) was given an injection of 25 U. Three
postinjection samples showed marked prolongation of the clotting time
(Table 6.5).

3.3. Fibrinolytic Enzyme System

Plasmas from goosefish Nos. 1, 2, and 3 were tested with streptokinase
(500 U/ml) and urokinase (250 U/ml) and showed no fibrinolytic activity in the
125] fibrin test system. Goosefish plasmas No. 1 and 3 inhibited the fibrinolytic
activity of 1% trypsin to about the same extent that human plasma did.
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TABLE 6.5
Effects of Intramuscular Heparin
on Clotting of Triggerfish Blood*

Clott T (min) Clot Retr
Preinjection 22 4+
Postinjection
2 hr 2880 Liquid
24 hr 360 4+
48 hr 15 5+

aThe heparin dose was 25 U/284 g fish (88 U/kg). At 48 hr,
the blood appeared anemic, and the fish was returned to
the sea.

3.4. Miscellaneous Tests

The four goosefish plasmas clumped the standard staphylococci preparation
in dilutions of 1:8 or 1:16. The human control was active to a dilution of
1:1024.

When goosefish plasma was heated to 56°C for 5 min, no precipitate was
formed, indicating that goosefish fibrinogen did not have the same heat-
precipitable characteristic that mammalian plasma had.

3.5. Biochemical Tests

Table 6.6 shows results of biochemical tests on amberjack (Seriola dume-
rili), goosefish, and triggerfish sera. The Ca, P, chloride, K, and Na were higher
than human. Protein, albumin, uric acid, blood urea nitrogen (BUN), and CO,
were lower.

3.6. Cellular Elements

Table 6.7 shows the parameters of the large nucleated RBCs found in the
various fish. There was a marked variation from species to species. The red cell
sizes varied from slightly larger than human (MCV = 102) to about three times
that size (MCV = 263). WBC results are shown in Table 6.8. The counts of both
WBCs and thrombocytes were also quite variable. In general, the lymphocytes
predominated.
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TABLE 6.6
Biochemiical Tests in Osteichthyes
Normal
Amberjack® Goosefish® Triggerfish¢ human
Substance ) 4) n range
TP (g/dl) — 2.9 5.6 6.0-8.0
Albumin (g/dl) 2.3 1.2 1.4 3.5-5.0
Ca (mg/dl) >15.0 10.5 13.4 8.5-10.5
P (mg/dl) >10.0 9.3 8.6 2.5-4.5
Cholesterol (mg/dl) 325 81 118 150-200
Glucose (mg/dl) 137 46 25 65-110
Uric acid (mg/dl) <2.0 1.0 <2.0 2.5-8.0
Creatinine (mg/dl) 0.1 2.9 0.1 0.7-1.4
T bilirubin (mmg/dl) 0.2 1.1 0.3 0.1-1.4
BUN (mg/d}) 6.5 1.3 8.0 10-20
Chloride (meq/liter) 182 176 127 95-105
CO, (meq/liter) 8 6.6 7 24-32
K (meq/liter) 5 5.8 10 3.5-5.0
Na (meq/liter) 206 189 191 135-145
Alk Phos (IU/liter) 37 11 77 30-85
SGOT (1U/liter) 92 14 8 0-41
aValues higher than human are in boldface, those lower than human in italics.
TABLE 6.7
Red Blood Cell Elements of the Peripheral Blood in Osteichthyes
HCT HGB RBC MCV MCH MCHC
Fish N (%) (g/dl) (X 103/mm?3) (f) (pg) (g/dl)
Amberjack 1 48 12.0 1.82 263 66 25
Cobia 1 35 — 1.35 259 —
Flounder 4 24 8.3 2.00 120 41 35
Goosefish 4 21 4.5 0.96 215 47 22
Grouper 2 24 — 2.10 114 ——
Orange filefish 1 35 4.4 1.93 181 23 13
Porgy 3 37 6.1 1.76 210 35 16
Red snapper 2 22 3.4 1.04 211 33 15
Sculpin 4 36 5.8 2.00 — — —
Sea bass 1 33 59 1.90 173 31 18
Sturgeon 4 27 10.3 1.31 203 78 39
Tautog 2 49 9.5 4.80 102 20 19
Triggerfish 2 47 43 3.69 127 12 9
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TABLE 6.8
White Blood Cell Elements of the Blood in Osteichthyes
WBC Hetero Lymph Mono Eos Bas Thromb
Fish N (X 103/mm3®) (%) (%) (®) (%) (%) (X 103/mm?)
Amberjack 1 23 11 69 20 0 0 43
Arctic grayling 5 — 28 48 20 4 0 —
Arctic trout 4 — 28 62 10 0 0 —
Flounder 4 18 46 46 8 0 0 38
Goosefish 4 10 12 27 60 0 1 41
Orange filefish 1 54 20 77 30 0 0 21
Porgy 3 14 50 20 29 0 1 55
Red snapper 2 20 12 69 18 1 0 12
Sculpin 4 87 84 8 8 0 0 119
Sea bass 1 14 34 54 12 0 0 67
Sea robin 4 10 53 29 23 0 0 10
Tautog 2 19 56 38 6 6 0 24
Toadfish 1 83 24 69 6 1 0 90
Triggerfish 2 122 21 66 13 0 0 18

3.7. Thrombocyte Aggregation

Thrombocyte-rich plasma (TRP) was prepared from amberjack and trigger-
fish blood by very slow-speed centrifugation. The TRPs together with human
platelet-rich plasma (PRP) were tested for gross and microscopic aggregation by
adding 0.05 ml reagent to 0.4 ml plasma and gently rocking for 5 min and then
examining. When the reagent was ADP (10 wM), bovine collagen (0.2 mg/ml),
or ristocetin (9 mg/dl), human PRP formed heavy clumps in 10-24 sec. With
triggerfish collagen (50 mg chopped tendon/5 ml), human PRP clumped in 180
sec. Amberjack and triggerfish TRPs did not clump grossly or microscopically
with any reagent.

3.8. Thrombocyte Ultrastructure

TEMS of the thrombocytes of sculpin (Fig. 6.1) and sturgeon (Fig. 6.2)
were very similar. Each showed a large, slightly spindle-shaped cell with a
central nucleus in which the chromatin was heavily distributed along the periph-
ery of the nucleus. An open canalicular system, some microtubules, and an
occasional granule were apparent.
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FIGURE 6.1. TEM of a sculpin thrombocyte.

FIGURE 6.2. TEM of a sturgeon thrombocyte.
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4. SUMMARY

The findings in the sturgeons and the teleosts showed many variations from
species to species. The very primitive sturgeon, covered with protective bony
plates or scutes, is claimed to be the world’s largest and longest-lived fish. It was
the largest fish we studied and the only nonteleost. Fish clotting times varied
from very long to very short among the diverse species. Clot retraction was
usually good, and lysis was rare. A number of fish tissues were tested, and their
thromboplastic effects showed no uniformity. Fish coagulation factors, assayed
in human assay systems, were often present in trace or very low amounts. RBC
and WBC parameters were also quite variable. Thrombocytes of amberjack,
goosefish, and triggerfish did not aggregate with common human aggregating
agents. The thrombocytes of sculpin and sturgeon were nucleated cells with
dense chromatin at the periphery of the nucleus, an open canalicular system, and
some microtubules and granules.
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CHAPTER 7

THE AMPHIBIANS
Class: Amphibia

n




1. INTRODUCTION

Amphibia include two major groups: those with tails (subclass Urodela or Cau-
data) and those without (subclass Anura or Salientia). The name Amphibia
derives from the Greek words amphi (“both”) and bios (“mode of life”). The
name is appropriate to most Amphibia, which live partly in water and partly on
land. They probably differentiated from early fish during the period of great
species expansion that occurred about 300 mya. They are poikilothermic, with
body temperatures dependent on the temperature of the environment. Amphibia
are intermediate between fishes and reptiles, with many characteristics of each.
Respiration is by gills, lungs, or skin, separately or in combination. Gills are
present in the early stages of life or throughout life. All Amphibia reproduce in
the water. Fertilization is internal or external. Most Amphibia are oviparous,
laying large numbers of eggs enclosed in gelatinous material that sticks the eggs
together, forming a handball size mass that can often be seen floating in a pond in
the early spring.

Amphibians live near or in water but rarely in salt water. The Congo eel
(Amphiuma means), hellbender (Cryptobranchus alleganiensis), and mud puppy
(Necturus maculosus) live entirely in water and have external gills. The sala-
mander used in this study was Ambystoma Tigrinum, which is terrestrial and in
adult life has lungs. Anurans in the early tadpole stages have tails, gills, and so
forth and go through a complex metamorphosis to become frogs and toads. Adult
anurans have lungs but live in damp places or in the water, hibernating deep in
lakes or burrowing in pondside mud in the winter. Most adult Amphibia eat only
live, moving creatures, such as insects, worms, small mollusks, or fish.

Scientific literature dealing with the clotting of amphibian blood or aggrega-
tion of thrombocytes is uncommon. Early studies by Hackett and LePage
(1961a,b) and by Rex and Freytag (1964) noted the long clotting times and
species specificity of tissue factors. Hackett and Hann (1964), Blofield (1965),
and Srivastava et al. (1981) described the frequency of spontaneous fibrinolysis.
The relationship of thrombocyte appearance and aggregation with clotting was
suggested by Tait and Green (1926) and investigated further by Stiller et al.
(1974).

2. SOURCE

Most of the animals were ordered from a laboratory animal supplier (Caroli-
na Biological Supply Company or W. A. Lemberger Company). Cryptobranchus
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specimens were caught in tributaries of the Allegheny River. A large new plastic
laundry cart with bottom drain was converted to a tank after many rinses with
distilled water. A mesh cover was constructed. Pond water and a few large rocks
were collected and put in the tanks just before the animals were put in. Most of
the Amphibia would not eat dried bugs. When live insects or worms could not be
obtained, the blood collection commenced as soon as the animals were rehy-
drated. The anurans were anesthetized, usually with ether, in closed plastic
containers.

Blood from anurans was obtained by rapid, surgical exposure of the heart
and cardiac puncture or vena cava puncture with a No. 22 needle and small
syringe containing anticoagulant or, for clotting times, a dry syringe. Blood from
urodeles was obtained by external puncture into the ventral postcaval vein.

3. TESTS CONDUCTED
3.1. Bleeding Times

The skin on most of the Amphibia was very loose, and no subcutaneous
tissue was apparent. The bleeding times on amphiuma, necturus, grass frog
(Rana pipiens), and bullfrog (Rana catesbeiana) were done by pulling up a piece
of the loose skin and making a small cut (6 mm) with very sharp scissors. These
cuts bled for 30 sec in two amphiuma, not at all in three necturus, 0—1 min
(mean: 30 sec) in four frogs, and 0—2 min (mean: 90 sec) in six bullfrogs. In four
giant toads (Bufo marinus), two knife cuts were made on opposite legs. These
bled /2, /2, 21/2, 21/2, 1, and 1 min (mean: 1.4 min). The bleeding cuts were so
large in proportion to the animal size that the same animals were not used for
coagulation tests or blood counts. However, their blood was used for electron
micrographs, serum proteins, or cell measurements.

3.2. General Coagulation Tests and Factors

The striking observation in the clotting tests was the frequency of whole
blood or Recal T clot lysis (Clot Lys). Lysis was positive in amphiuma, cryp-
tobranchus, frog, bullfrog, and giant toad. Necturus and salamander whole blood
clots did not lyse, but did retract well. One in three necturus Recal clots did lyse.
Also, clots from the common toads (Bufo terrestris) did not lyse. Seasonal,
nutritional, or other unknown factors may have played a role in the presence or
absence of clot lysis.

Table 7.1 shows that the urodeles had short clotting times and the anurans
long clotting times. Prothrombin times with Simplastin were moderately long
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The animal tissues had no clot-accelerating activity on human plasma, but did on
homologous animal plasma. Skin was usually the most potent. RVV was also an
effective clotting accelerator in the amphibians. APTTs and Recal T were similar
to those of human plasma. Thrombin times and Atroxin times (done on frog,
bullfrog, and giant toad) were long.

Table 7.2 shows the lack of thromboplastin generating ability in the amphib-
ian mixtures. It should also be noted that the human generating mixtures, which
clotted human plasma in about 10.5 sec, did not clot the amphibian plasmas.

Coagulation factor assays are shown in Table 7.3. Fibrinogen (factor I)
assayed at normal human levels, although the consistency of the formed fibrin
was more gelatinous. Other coagulation factors (II-XIII) were found in very low
to trace amounts. Only factor XII in the toad was found in the low human range
(0.5 U/ml).

Table 7.4 shows that the presence of buffy coat (containing thrombocytes)
shortens the recalcification but does not cause rapid clot retraction. Recal clot
retraction was not observed in bullfrog clots because they lysed.

TABLE 7.2
Thromboplastin Generation Test in Amphibia
Generating mixture Substrate clotting time (sec)
Urodela®
H
(mean) A C N S H A C N S
H @) — — — — 10.5 40+ 40+ 34.6 32.4
— A - — — 40+ 37.0 — — -
— — C — — 40+ — 40+ - —
— . — N — 40+ e — 24.6 —
— — — — S 40+ — — — 40+
Anura?
H
(mean) F BF T GT H F BF T GT
H @) — — — — 10.3 40+ 40+ 40+ 40+
— F — — e 40+ 40+ — — —
- — BF — - 40+ — 40+ - -
— — — T - 40+ - - 40+ —
— — — — GT 40+ — — — 40+

aHomologous systems are in boldface.
bPlasmas. (H) human; animals: See footnote a in Table 7.1.
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TABLE 7.4
Effect of Buffy Coat on Recalcification Time
in Bullfrog No. 5¢

Clot T Clot Retr Clot Lys
Procedure (sec) (4 hr) (24 hr)
Plasma
1,500g 10 min, decanted 288 0 +
20,000g 20 min, decanted 1560 0 +
20,000g 20 min, remixed 151 0 +

aTest system: 0.2 ml plasma + 0.025 M CaCl,.

3.3. Serum Proteins

Table 7.5 shows total proteins (TPs) and paper electrophoretic distribution.
The TPs and albumins are all very low. For more details, see Chapter 29.

3.4. Cellular Elements

Table 7.6 shows the RBC, WBC, and thrombocyte counts of the Amphibia.
RBCs of the urodeles were huge, amphiuma and necturus being the largest, with
MCVs over 7000. The anuran RBCs were about Yioth the size of those of
urodeles, but still very large. The MCHs were very high, but the MCHCs were
very much like those of mammals and all other vertebrates. WBC and throm-
bocyte counts were low and the cells were large.

TABLE 7.5
Serum Proteins by Paper Electrophoresis in Amphibia“

Normal

A N S F BF T GT human

Protein 2) H [@))] 2) 4) 2) (6) range
TP (g/dl) 2.6 1.9 1.81 3.6 3.9 2.8 2.8 6.3-7.9
Albumin (g/dl) 0.6 0.4 0.5 1.0 1.1 0.6 0.9 3.2-4.4
o,-Globulin (g/dl) 1.2 0.4 0.7 1.6 0.4 0.3 0.3 0.2-0.4
a,-Globulin (g/dl) b 0.4 b b 1.5 1.4 0.6 0.4-1.0
B-Globulin (g/dl) 0.7 0.4 0.5 0.5 0.5 1.4 0.5 0.5-1.0
v-Globulin (g/dl) 0.2 0.3 0.1 0.2 0.4 0.5 0.5 0.6-1.8

aAnimals: See footnote a in Table 7.1.
ba-Globulin and a,-globulin were assayed together.
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FIGURE 7.1. SEM of amphiuma and human erythrocytes.

Figure 7.1 shows a scanning electron micrograph (SEM) of an amphiuma
RBC mixed with doughnut-shaped relatively small human RBCs. The enormous
size of the amphiuma cells is easy to appreciate. Human RBCs appear to be about
5—6 pm in diameter and the amphiuma cells about 50 X 15 pm. The central
bump is the layer of cytoplasm over the nucleus. The entire surface appears
uneven and pockmarked. Figure 7.2 is an SEM of three bullfrog erythrocytes
mixed with human RBCs. The central nuclear mounds are prominent, as are the
rounded, rolled cytoplasmic edges. Figure 7.3 is an SEM of frog erythrocytes
with clumped, clotted thrombocytes taken from a bufty coat preparation that
stood in a glass tube without anticoagulant for 30 min. This figure shows throm-
bocyte processes that appear to be connected to some early fibrin. Figure 7.4
shows a single floating frog erythrocyte, our flying saucer.

3.5. Thrombocyte Aggregation

Thrombocyte aggregation (Table 7.7) was studied by mixing slow-
centrifuged giant toad or human plasmas with the aggregating agent on a sil-
iconized slide, gently swirling the mixture about every minute, and then observ-
ing for 10 min at low power under a phase-contrast microscope. The control
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FIGURE 7.2. SEM of bullfrog and human erythrocytes. Note that the human RBCs are
much larger than in Fig. 7.1 (the magnification is almost twice as great). The frog cell is
smaller than that of amphiuma. x3425.

FIGURE 7.3. SEM of bulifrog blood-clotting. There is a clump of thrombocytes loosely
attached to an erythrocyte. x3550.



THE AMPHIBIANS 81

FIGURE 7.4. SEM of a bullfrog erythrocyte in an edgewise view (a “flying saucer”).
Note the nuclear swelling, rough surface, and rolled edge. x7520.

(buffer) showed individual cells of various types in toad plasma or platelets in
human platelet-rich plasma (PRP) and did not change in the 10-min observation
period. In the human PRP, aggregates were seen with ADP, bovine collagen, and
ristocetin (Risto) within seconds. The thrombin preparations clotted within 1
min. Toad collagen caused very little aggregation in human PRP. Toad collagen
aggregated thrombocytes of toad No. 2, but not those of toad No. 5. Trace (+)

TABLE 7.7
Aggregation of Human Platelets and Giant Toad
Thrombocytes by Low-Power Phase-Contrast Microscopy

Aggregation

Toad
Reagent Human control No. 2 No. 5
ADP (20 pM) ++++ 0 +
Collagen (0.5 mg/ml) +++ + +
Toad tendon + +++ 0
Risto (0.9 mg/ml) ++++ + +
Bov Thr (0.5 U/ml) ++4+4 — Clot + +
(0.75 U/ml) Clot 0 Clump
Buffer 0 0 0




82 CHAPTER 7

aggregation was seen with bovine collagen, Risto, and bovine thrombin in both
toad thrombocyte-rich plasmas. ADP caused trace aggregation in toad No. 5.

3.6. Thrombocyte Ultrastructure

Figures 7.5 and 7.6 are TEMS of sectioned bullfrog thrombocytes. The
nuclei were large, with dense peripheral chromatin. The cytoplasm contained
many vacuoles that did not seem to be connected but could be a convoluted open
canalicular system. The lower cell in Fig. 7.5 showed a nondescript inclusion
body that probably was a phagocytosed RBC.

4. SUMMARY

Amphibian blood clotted slowly, and the clots lysed frequently. Tissues and
RVYV accelerated clotting slightly. Coagulation factors, except for fibrinogen,
were in the low—trace human range. Fibrinogen was present at human levels, but
its consistency was more gelatinous. RBCs were very large; the largest were
found in amphiuma and necturus. These were almost 100 times the size of a

FIGURE 7.5. TEM of bullfrog thrombocytes. Note that the cell at the bottom of the
photo may contain a phagocytosed RBC.
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FIGURE 7.6. TEM of bullfrog thrombocytes.

human RBC. Thrombocytes appeared similar to those of other premammalian
vertebrates.
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1. INTRODUCTION

Reptilia is the first class of vertebrates completely adapted to life on land. They
have dry, cornified skin, often scaly or horny, fore and hindlimbs (lost in snakes),
a bony skeleton, and lungs. In general, reptiles are omnivorous, eating whatever
is available. Some eat only insects or small animals. Reptiles may live for many
years. Most lay eggs, but a few produce living offspring. Nurturing is not a
reptilian characteristic, and the young are “on their own” and are often prey for
other animals. Some ancient reptiles developed into dinosaurs, which flourished
from 200 to 65 MYA. The cause of their slow extinction is still controversial.

Hematological studies on reptiles are limited. Early observers measured the
sizes of erythrocytes and their nuclei. Coagulation studies are few. Absence of a
number of coagulation factor activities has been described by Fantl (1961),
Denson (1976), and others. Hackett and Hann (1967) and Nahas et al. (1973)
have described potent inhibitors. Ratnoff et al. (1990), studying the Burmese
python, suggest the existence of analogues of the mammalian intrinsic and ex-
trinsic pathways (see Chapter 3).

2. SOURCE
2.1. Chelonia

One green turtle (Chelonia mydas) and two loggerhead marine turtles
(Caretta caretta caretta) were studied at the Marineland Research Laboratory, St.
Augustine, Florida. The green turtle weighed 50 kg and the loggerheads 44 and
41 kg, respectively. These large animals were placed on their backs on a surgical
table equipped with running sea water. The plastron (ventral shell) was drilled in
the cardiac area, and blood was drawn with a 6-inch No. 17 needle and multiple
syringes. Animals were bathed with sea water every 15 to 20 min. To close the
sternal openings, small steel plates were cemented to the cleaned, dried plastron.

Land turtles were purchased from an animal supplier (W. A. Lemberger
and Company or Carolina Biological Company). A hole was drilled in the plas-
tron of the 2.3-6.8 kg animals, and blood was obtained from heart or aorta
with syringes and No. 19 needles. Most of the studies were done on the pond
turtle (Pseudemys scripta elegans) (PSE). Other small turtles are listed in the
tables.
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2.2. Squamata

One Mexican iguana (Basilicus americanus) and six garter snakes (Aglypha
thamnophis) were purchased. The iguana weighed 4.5 kg and the garter snakes
3—4 kg. Blood was obtained from the caudal sinus by venipuncture.

2.3. Crocodilia

Six alligators (Alligator mississippiensis) (weighing 24-32 kg) were studied
in 1992. Blood and brain were purchased from Gatorland, Orlando, Florida. The
blood was easily obtained from the dorsal neck vessels. The blood counts and
chemistries were done at the Sea World Research Laboratory in Orlando through
the courtesy of Drs. Odell, Walsh, and Campbell. Clotting times and clot retrac-
tion were done at room temperature. Citrated plasma was separated, labeled, and
frozen in Florida and returned in dry ice to our Pittsburgh Blood Bank laboratory
for coagulation factor assays and other studies. Buffy coat was fixed before
transport to Pittsburgh.

3. TESTS CONDUCTED
3.1. Bleeding Times

Adequate cuts for measuring bleeding time were almost impossible on these
animals with thick, hard skin. On four snakes, knife-blade cuts bled for 1'/2, 2,
0, and 1'/2 min (mean: 1!/2 min).

3.2. General Coagulation Tests and Factors

Table 8.1 shows that clotting times were very long in the animals from
which blood was obtained without difficulty. In the marine turtles, the clots were
often still soft after 24 hr in glass tubes, and clot retraction was poor. The PSE
turtle blood clotted slowly in glass and siliconized tubes, retracted poorly, and
did not lyse. The small turtles’ blood clotted more rapidly and retracted well.
This may have reflected technical difficulties in obtaining the blood. Snake blood
clotted slowly, but retracted well. Alligator blood clotted in somewhat longer
times than human, retracted well, and did not lyse.

The Simplastin times were variable, but always longer than human times.
Homologous brain was not a very effective clot accelerator in these reptiles.
Homologous lung extracts clotted green and PSE turtle plasmas quite rapidly.
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TABLE 8.1
General Coagulation Tests in Reptilia«
G L P M S A Normal
Test (1) 2) (an 4) ) 6) human range

Clot T (min)

Glass 420 120 33 9 61 20 6-12

Silicone 1440 1440 141 13 120+ 135 20-59

Clot Retr b b 0-2 4 3-4 4 3-4+

Clot Lys 0 0 0 0 0 0 0
PT (sec)

Simplastin 21.8 75.0 19.6 30.5 c 449 10-13

Homologous

Brain 24.2 86.2 83.7 93.0 26.2 < —
Lung 11.4 — 16.1 61.0 28.3 — —

RVV 13.4 25.1 28.9 21.0 24.8 14.0 13-18
APTT (sec) < < 80.7 55.0 < 71.0 24-34
Recal T (sec) 600+ 600+ 546 400 300+ 363 90-180

Lys 0 0 0 0 0 0 0

Lys MCA 0 0 0 0 0 0 0
Thromb T (sec)

Bov Thr 9.4 11.3 69.6 28.0 < < 11-18

CHH — — 64.4 — — < 11-18

Atroxin — — 78.4 — — < 11-18

aAnimals: (G) green marine turtle; (L) loggerhead marine turtle; (P) Pseudemys scripta elegans; (M) miscellaneous
small land turtles; (S) garter snake; (A) alligator.
5Not clotted. <More than 120 sec.

RVYV was the overall best agent for reptiles in the prothrombin time test, but
these times were often much longer than human. The APTT test was always
long, as was the Recal T. The Recal clots did not lyse alone or in 1% MCA.
Thrombin times were quite variable, from shorter than human to over 120 sec.

Table 8.2 shows the results with thromboplastin generating mixtures. Hu-
man mixture contained all human materials including platelet suspension. Its
shortest clotting time on human plasma was 10.5 sec. The human mixture clotted
the animal plasmas in somewhat longer times, but in less than 40 sec. The animal
mixtures using their own buffy coat concentrates did not clot human or homolo-
gous plasmas.

Table 8.3 shows the results of coagulation factor assays in the reptiles.
Fibrinogen (factor I) always fell within the normal human range. Most of the
other coagulation factors assayed in the trace to very low range. One exception
was the high level of factor V found in the PSE turtle. Factor V assayed at high
human levels in all six of the PSE turtles tested. ATIII appeared in the normal
human range in alligators.
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TABLE 8.3
Coagulation Factors in Reptilia®

Normal

G L P M I S A human

Factor )] @) (6) (G n @ ® range
I (mg/dl) 267 388 329 267 281 162 178 150-450
1T (U/ml) b 0.05 0.12 b b 0 021 0.70-1.30
V (U/ml) 020 0.22 3.47 0.28 b b 0.02 0.65-1.45
VII (U/ml) b b 0.04 b b 0 b 0.50-1.30
X (U/ml) b b 0.24 b b 0 b 0.75-1.25
VIII (U/ml) b b 0.01 b 005 0 b 0.75-1.40
IX (U/ml) b b 4 4 b 0 0.02 0.65-1.70
XI (U/ml) 0.10 b 0.03 010 002 0 0.02 0.75-1.40
XII (U/ml) 0.05 b 0.03 0.01 002 ¢ 0.02 0.50-1.45
Flet (U/ml) — — b — — — b 0.50-1.50
Fitz (U/ml) — — — — — — b 0.50-1.50
ATIII (U/ml) — — b — — — 1.05 0.80-1.20
RCF (U/ml) — — 022 — — — b 0.50-1.50
Prot C (A) (U/ml) — — — — — — 0.08 0.60-1.40
Prot C (I) (U/ml) — — — — — — b 0.60-1.40
Plgn (U/ml) — — — — — — 0.06 0.80-1.20
Antipl (U/ml) — — — — — — 0.42 0.80-1.20

XIII (R) 2 4 2 — — — — 4-16

aAnimals: See footnote a in Table 8.1; (I) iguana.
bLess than 0.01 U/ml.

3.3. Effects of Calcium Molarity, Buffy Coat Content, and
Temperature

Table 8.4 shows that there was no effect of increasing calcium strength on
the clotting time or clot retraction of loggerhead turtle blood. Table 8.5 shows the
effects of increasing calcium strength on the clotting of plasma from the PSE
turtle. The optimum calcium level was the same as that for human plasma, which
was just sufficient to match the citrate concentration of the plasma and leave
some free calcium to support clotting. Table 8.5 also shows the effects of tem-
perature on clotting. Both human and turtle clotting times were slightly longer at
25°C than at 37°C. Table 8.6 also shows effects of temperature, this time on
alligator whole blood clotting in glass or siliconized tubes. The glass clotting was
faster at 37°C, but in siliconized tubes it was faster at 25°C. Clot retraction
occurred at any temperature, and these clots did not lyse.

Tables 8.7 and 8.8 show effects of cell (thrombocyte) content. PSE turtle
blood was centrifuged at various speeds, and the resultant plasmas were recal-
cified and clotting and clot retraction observed. Very slow or very short centrifu-
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TABLE 8.4

Effects of Calcium on Clotting
of Loggerhead Turtle Blood«

CaCl, (M) Clott T (min) Appearance in 18 hr

1.0 60+ |
0.1 60+
0.05 60+
0.04 60+ . .
0.025 60+ > Solid (no retraction)

Sea water 60+

Distilled water 60+

None 60+ J

aTest system: 0.9 ml fresh whole blood + 0.1 ml CaCl, or other agent at

28°C.

91

gation yielded plasmas that clotted well and retracted slightly. Longer or faster
centrifugation resulted in slow clotting and no retraction. In Table 8.8, green
turtle fast-centrifuged clear plasma was mixed with its buffy coat resuspended in
plasma and recalcified. Clotting times were clearly dependent on buffy coat
content. Retraction was not seen here or in whole green turtle blood.

3.4. Biochemical Tests in Alligators

Table 8.9 shows that the total protein and albumin levels were lower than
human, as were the cholesterol, uric acid, creatinine, BUN, CO,, and alkaline

Effects of Temperature and Calcium Strength

TABLE 8.5

on Recalcification Time«

Recalcification time (sec)

Human

CaCl, (M) 37°C 24°C 37°C 25°C
0.01 165 240 250 375
0.02 120 240 195 375
0.035 195 270 390 900+
0.05 270 300 390 900+
0.075 390 900+ 900+ 900+
0.1 480 900+ 900+ 900+

aTest system: 0.1 ml plasma + 0.1 ml buffer + 0.1 ml CaCl,.
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TABLE 8.6
Effect of Temperature on Clotting Time, Clot Retraction,
and Lysis of Blood of Alligators No. 1 and 2

25°C 37°C 5°C
Test No. 1 No. 2 No. 1 No. 2 No. ! No. 2
Clotting time (sec)
Glass (G) 12 16 104 14'/2 13 35
Silicone (S) 30 34 46 58 120 120
Clot Retr (G/S) 3/3 4/4 4/2 4/4 4/2 4/4
Clot Lys 0 0 0 0 0 0
TABLE 8.7

Effects of Speed and Time of Centrifugation on Clotting Time, Clot
Retraction, and Clot Lysis of Pseudemys scripta elegans Turtle Plasma-“

Centrifugation Clotting time (min) Clot retraction
Clot
Speed Time Glass Silicone Glass Silicone lysis
300g 10 min 72 120 2 2 0
800g 3 min 7 120 1 1 0
800g 10 min 812 120 0 0 0
2,000g 15 min 20 120 0 0 0
20,000g 15 min 41 240+ 0 b 0
aTechnique: 0.2 ml PSE citrate plasma + 0.2 ml p.025 M CaCl, at 28°C.
#Clot too soft to detect retraction or lysis.
TABLE 8.8
Effect of Buffy Coat on Recalcification Time and Clot Retraction
of Green Turtle Plasma Mixtures<
Mixture (ml)
Clear plasma 0.25 0.20 0.15 0.1 0.05 0
Buffy coat in plasma 0 0.05 0.10 0.15 0.20 0.25
Clot (min)
Soft 360+ 60 40 20 10'/2 10'/2
Hard 1440+ 1440+ 360 60 60 60
Retraction 4 b 0 0 0 0

aTests were conducted in glass tubes at 28°C.
&Clot too soft to detect retraction or lysis.
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phosphatase (Alk Phos). Ca, triglyceride, glucose, bilirubin, K, Na, and serum
glutamic-pyruvic transaminase (SGPT) were within the human range. P, chlo-
ride, creatine phosphokinase (CPK), lactic dehydrogenase (LDH), and serum
glutamic-oxalacetic transaminase (SGOT) were high.

3.5. Erythrocyte Parameters

Table 8.10 shows the erythrocyte parameters observed in the Reptilia. The
HCTs were variable—from 21 in PSE turtles to 40 in the very large green marine
turtle. HGBs and RBCs also varied among the species. The cells were moder-
ately large, with MCVs from 254 to 739 fl, and hemoglobin content (MCH) from
48 to 185 pg.

3.6. Thrombocyte Ultrastructure

Figure 8.1 shows three alligator thrombocytes and a fragment. The cells are
characterized by spindle shape, large nuclei with heavy peripheral chromatin, a
predominant fine open canalicular system and a few tubular structures (? micro-
tubules). Specific granules were not apparent.

4. SUMMARY

If obtained cleanly, without tissue contamination, reptilian blood clotted
slowly in glass or siliconized tubes. The blood of the large marine turtles clotted
very slowly, and clot retraction was not seen. Blood from the smaller turtles,
iguana, snakes, and alligators retracted fully.

Clot retraction in the latter group related to numbers of thrombocytes pre-
sent. Prothrombin times with Simplastin, homologous brain or lung, and RVV
were variable, but usually showed some accelerating activity. Reptilian tissues
had no accelerating activity on human plasma prothrombin times. APTTs and
Recal Ts were long. Recal clots did not lyse alone or in 1% MCA. Thrombin
times in the marine turtle plasmas were fast, but in miscellaneous turtles they
were moderately long. In snake and alligator plasmas, the thrombin times were
over 2 min. TGT showed no activity generated in the reptilian mixtures. The
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TABLE 8.10
Red Blood Cell Elements of the Blood in Reptilia“
G L P M 1 S A
Element (H (2) (6) (€] 1 (5) (6)
HCT (%) 40 34 21 27 36 31 33
HGB (g/dl) 5.9 8.5 5.6 7.1 6.3 7.9 13.8
RBC (X 10°/mm?3) 0.84 0.46 0.63 0.58 1.31 1.22 0.77
MCV (fl) 476 739 333 466 275 254 433
MCH (pg) 70 185 89 122 48 65 179
MCHC (g/dl) 13 25 27 26 18 25 42

aThe values are means. Animals: See footnote a in Table 8.1: (I) iguana.

human mixture clotted human substrate in the usual time (10.5 sec). It also
clotted the animal plasmas in 38 sec or less. Coagulation factors in reptiles were
within the normal human range only for fibrinogen. Other factors were low to
trace or undetectable with two exceptions: Factor V was high in the PSE turtle,
and ATIII was in the normal range for alligators. RBCs were moderately large,
nucleated cells. TEMS of alligator thrombocytes resembled those from the other
classes of premmalian vertebrates.

FIGURE 8.1. TEM of alligator thrombocytes.
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1. INTRODUCTION

It is thought that birds evolved from early reptiles, perhaps dinosaurs, in the
upper Jurassic Age (150 Mya). Aves have spread worldwide and developed some
8000 species. They are unique in being covered with feathers, having a warm
body temperature (40-43°C), laying hard-shelled eggs, and nurturing their
young. Their bodies are streamlined, with beaked heads, flexible necks, two
forelimbs that are wings, and two weight-supporting hindlimbs. Most birds have
four toes that end in horny claws. Birds also have tails composed primarily of
feathers, which, together with the wings and light skeletons, make flying pos-
sible. To obtain energy for flying, birds must eat almost continually. Their diet
varies with their habitat—seeds, berries, insects, and small fishes or animals are
common food.

Fowl became domesticated as man became a farmer. They provide man
with eggs, food, and feathers for pillows or insulation. A previous publication
concerning turkeys (Lewis et al., 1979) is reprinted in part with the kind permis-
sion of the editor of Comparative Biochemistry and Physiology.

2. SOURCE

All animals were obtained from or bled at poultry farms. After their eyes
were covered and their abdomens gently rubbed, they were quiet and did not
need anesthesia. Most blood samples were collected by venipuncture from an
anterior axillary (wing) vein. Chickens [Gallus gallus (domesticus)] weighed 3—
5 kg; ducks (Anas platyrhynchos), 2-3 kg; geese (Anser albifrons), 4.5-7 kg;
pigeons (Columba livia), 2 kg; and turkeys (Meleagris gallopavo), 7-10 kg.

3. TESTS CONDUCTED
3.1 Bleeding Times

On six chickens, Simplate bleeding times were performed in a breast area
from which the feathers had been plucked. These bleeding times were all shorter
than 90 sec, with a mean of 48 sec. On three turkeys, bleeding times were done
without plucking, by separating feathers on the thigh and making a short cut (6
mm) with a new rounded knife blade. The bleeding times were 2, 2 /2, and 2 !/2
min (mean 2.3 min).

98
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3.2 General Coagulation Tests and Factors

Table 9.1 shows that with the exception of most of the chickens, the clotting
times of the birds’ blood samples were borderline-long to long compared to the
human range. One chicken (No. 7) was not clotted at 6 hr, so it is possible that
the others were short because technical problems introduced tissue factor. This
conjecture is supported by the long Recal Ts. There was little difference between
clotting times in glass or siliconized tubes. Clots retracted poorly or not at all.
Prothrombin times with Simplastin were very long. Using homologous animal
brain suspensions, they were much shorter. Bird brain suspensions did not accel-
erate human clotting. RVV was thromboplastic to both bird and human plasmas.
Thrombin times on Aves with bovine thrombin were much longer than on human
plasma. Thrombin times with the venoms, CHH and Atroxin, did not clot chick-
en or turkey plasmas in less than 120 sec.

The prolonged thrombin and prothrombin times (with Simplastin) found in
turkey plasma were studied. The results are shown in Table 9.2. Eqimixtures of
human and turkey plasma gave longer times than with human alone. This inhibi-
tory effect was greatly reduced after the turkey plasma was heated to 56°C for 5
min and centrifuged to remove the precipitate. Barium-treated plasma (Ba PI)
was still inhibitory. The inhibitor was heat-labile, not heparinlike, and may have
been the fibrinogen itself.

TGT results are shown in Tables 9.3 and 9.4. Generating mixtures con-
tained homologous buffy coat, serum, and Ba Pl. The human mixture clotted all
substrates. Chicken, duck, goose, and turkey clotted neither human nor homolo-
gous plasma in less than 40 sec. Pigeon mixture clotted both human and pigeon
plasma, but only after long times. Table 9.4 shows the results of an experiment in
which goose generating components were substituted individually for human
components. None supported thromboplastin generating activity.

Coagulation factor assays on Aves are shown in Table 9.5. All birds had
factor 1 (fibrinogen) and factor XIII levels that fell within the human range.
Factors VIII, V, and II were also detectable, but the activity was lower than
human. To determine whether or not the avian VIII activity resembled that of
human plasma, an attempt was made to inhibit it. Plasma from a patient with
an acquired inhibition to human factor VIII was incubated for 2 hr at 37°C
with normal human or turkey plasma. Against human plasma, there were
over 500, and against turkey plasma, there were only 2 Bethesda units of
anti- VIIL.

To see whether the factor V in turkey plasma was labile, as it is in human
plasma, both plasmas were incubated at 37°C for 4 hr, as shown in Table 9.6.
The incubation-prolonged prothrombin time of human plasma can be shortened
by the addition of fresh Ba P1, which contains factor V but is free of factors 11,
VII, and X. The observations shown in Table 9.6 suggest that the turkey plasma
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TABLE 9.2
A Heat-Labile Inhibitor in Turkey
Plasma
Time (sec)
Equimixture Thrombin Prothrombin
T+T 66.0 150.0
H+H 15.2 11.7
H+T 44.8 18.7
H + T (56°C) 15.8 14.5
H + T (Ba) 36.0 18.5
H + H (56°C) 21.0 15.6
H + H (Ba) 16.4 15.1
TABLE 9.3
Thromboplastin Generation Test in Aves
Generating mixture¢ Substrate clotting time (sec)«?
H C D G P T H C D G P T
H (meand4) — — — — — 9.2 228 18.1 14.2 17.8 13.8
— C —  — — — 40+ 40+ — — — —
— — D - - — 40+ — 40+ - - —
— e G — — 40+ — — 40+ — —_
— — - — P — 302 _— — — 24.2 —
— _ = - — T 40+ — — — 40+

aPlasmas: (H) human: (C) chicken; (D) duck; (G) goose: (P) pigeon: (T) turkey.
pHomologous systems are in boldface.

TABLE 9.4
Thromboplastin Generation Test in Goose

Substrate Clot T

Generating mixture (sec)«

Buffy Serum Ba Pl Human Goose
H H H 9.6 14.2
G H H 40+ 40+
H G H 40+ 40+
H H G 40+ 40+
G G G 40+ 40+

aHomologous systems are in boldface.
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TABLE 9.6
Effects of Incubation or Barium
Treatment or Both on Turkey
Prothrombin Time

Prothrombin time (sec)

Tissue factor

Simplastin Turkey Br.

Plasma
Treatment Human Turkey
Fresh 12.3 12.0
4 hr 4°C 12.3 11.0
4 hr 37°C 16.8 20.7
Ba 120+ 120+
33 37°C + /s Ba 14.8 15.2

did contain a heat-labile factor that was present in the Ba Pl. Turkey brain
suspension was used in the turkey system.

3.3. Fibrinolytic Enzyme System

Goose plasminogen was not activated with streptokinase (250 U/ml) or
staphylokinase (2%). One of the five geese tested showed partial activation with
urokinase (250 U/ml). The antiplasmin activity was 48% of the human control.

3.4. Serum Proteins

Table 9.7 shows the total protein assays and distribution by paper electro-
phoresis. Total protein values for chickens fell within the normal human range,
but for the other fowl, it was lower. The albumin assayed below human for
chicken, duck, and turkey but was normal for goose. o, globulin was in the
normal human range in all four birds. o, globulin was normal for chicken but
low for the other three. B globulin was normal for chicken and goose, high for
duck, and low for turkey. y globulin assayed above the human range for chicken
but was normal for the other three.

3.5. Biochemical Tests

Results of standard human biochemical tests on chicken and turkey sera are
shown in Table 9.8. Tests done on both species showed cholesterol levels and BUN
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TABLE 9.8
Biochemical Tests in Aves
Chicken Turkey Normal
human
Substance N Mean< SD N Mean¢ SD range
TP (g/d}) 6 3.9 0.6 — — — 6.0-8.0
Albumin (g/dl) — — — 4 1.8 0.2 3.5-5.0
Ca (mg/d]) 6 9.9 1.5 4 11.7 0.7 8.5-10.5
P (mg/dl) — — — 2 4.6 0.8 2.5-45
Cholesterol (mg/dl) 6 113 19 2 88 35 150-200
Glucose (mg/dl) 6 150 45 4 325 17 65-110
Uric acid (mg/dl) — — — 2 6.7 1.0 2.5-8.0
Creatinine (mg/dl) — - —_ 6 0.5 0.2 0.7-1.4
T bilirubin (mg/dl) — — - 5 0.2 0.0 0.1-1.4
BUN (mg/dl) 6 <2.0 — 6 2.2 1.4 10-20
Chloride (meq/liter) 6 117 2.5 6 117 2.8 95—-105
CO, (meq/liter) — — — 6 26 2.8 24-32
K (meg/liter) 6 6.6 2.5 5 2.5 0.4 3.5-5.0
Na (meq/liter) 6 153 1.4 6 161+ — 135-145
Alk Phos (IU/liter) 6 300 62 4 298 + — 30-85
SGOT (IU/liter) 6 238 32 4 300+ — 0-41

aValues higher than human are in boldface, those /ower than human in italics.

to be low and glucose, chloride, Na, Alk Phos, and SGOT (AST) to be high in
both. Ca was normal in chicken and high in turkey, and K was high in chicken and
low in turkey.

3.6. Miscellaneous Tests

Plasma from chickens, ducks, and turkeys either did not clump the standard
staphylococcal preparation or did so only at full strength.

3.7. Cellular Elements

Table 9.9 shows that the HCT in pigeon and the HGB in chicken were below
the human range. All RBCs were low, and the calculated MCVs and MCHs,
were high. MCHC was high for pigeon but within the normal range for the other
fowl. The erythrocytes had roundish nuclei and a mean cell length X width of
12.4 pm X 6.8 wm. The white blood counts were high, and on Wright’s stained
smears at least five types of cells could be differentiated: Heterophils showed
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multilobed nuclei and large pale red granules, lymphocytes had roundish single-
lobe nuclei and a few granules, monocytes (rare) were large cells with dark
nuclei and pale cytoplasm, eosinophils had multilobed nuclei and large red round
or sickle-shaped granules, and basophils had blue granules. Thrombocytes were
spindle-shaped nucleated cells with fine granular cytoplasm and oval nuclei in
which the chromatin was dense at the periphery.

3.8. Thrombocyte Aggregation

Slightly hazy “thrombocyte-rich” plasmas were prepared by the same differ-
ential centrifugation used in preparation of human platelet-rich plasma. Smears
from this plasma showed rare RBCs, but the WBCs were of all types. Only
minor aggregation or clearing of this cell-rich plasma was found after addition of
ADP, collagen, ristocetin, arachidonic acid (Arach A), CHH, or thrombin (Table
9.10).

3.9. Thrombocyte Ultrastructure

Figures 9.1 and 9.2 show TEMs of chicken thrombocytes, and Figure 9.3
shows a turkey thrombocyte. They are spindle-shaped with a large nuclei charac-
terized by dark-staining chromatin material on the periphery. The cytoplasm
shows numerous small vacuoles, probably part of an open canalicular system.

TABLE 9.10
Thrombocyte Aggregation in Aves

Aggregation (%)

Chicken No. Turkey No. Human
Reagent 2 5 6 | 3 Control Normal range

ADP (20 pM) 5 0 0 0 4 100 70-100
ADP (5 pM) 0 0 0 0 0 80 50-100
Collagen

Bov (0.19 mg/ml) 8 5 8 0 5 93 80-100

Turkey (0.2 mg/ml) 0 0 0 10 0 75 —
Risto (0.9 mg/ml) 3 0 0 0 3 100 80-100
Arach A (0.5 mg/ml) 23 5 5 — 3 68 60-100
CHH (0.05 mg/ml) 5 3 7 — 10 92 60-100
Bov Thr (0.4 U/ml) 3 3 8 10 10 82 60-100
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FIGURE 9.1. TEM of chicken thrombocytes. Internal structures: (MT) microtubule;
(DB) dense body; (OCS) open canalicular system.

FIGURE 9.2. TEM of chicken thrombocytes. Internal structures: (MT) microtubule; (gly)
glycogen.
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FIGURE 9.3. TEM of turkey thrombocytes.

There are a few clumps of glycogen particles, but granules are not apparent.
Patches of microtubules are barely visible at the ends of the cells.

4. SUMMARY

The blood of most of the fowl studied clotted slowly and retracted poorly.
Prothrombin times with Simplastin were long, but prothrombin times were much
shorter with homologous brain extract or RVV. Animal brain extracts did not
accelerate human clotting. APTT and Recal Ts were long. Thrombin times were
longer than on human plasma. CHH and Atroxin did not clot Aves plasma in less
than 120 sec. Turkey plasma contained a heat-labile thrombin inhibitor. TGT
generation mixtures from all the five avian species were inactive. Coagulation
factor assays showed normal humanlike amounts of fibrinogen and factor X1II.
Factor VIII activity (ability to clot hemophilic plasma) was 0.18—0.57 U/ml, but
this activity differed from human in the lack of inhibition by human anti-VIII.
Trace amounts of factors II and V and in some species VII, IX, and XI were
found. Factor X was always undetectable.
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RBCs were moderately large nucleated cells. Thrombocytes were nucleated
cells almost as large as RBCs. Aggregation with the usual agents was absent or
minimal.
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1. INTRODUCTION

Monotremata is the first or most primitive order of living mammals. They are
found in the Australian area. The two major species are: Ornithorhynchus ana-
tinus, the duck-billed platypus, and Tachyglossus aculeatus, the echidna or
spiny anteater. Both lay one to three eggs with large yolks and soft shells. When
the young hatch, they cling to the mother’s abdomen and lap up the milk that
aexudes from primitive teats. The echidna is covered with spiny, scruffy hair and
has a long beak suited to catching ants and termites. They are thought to have
arisen about 100 MYA from basic mammalian stock or a small mammal-like
reptile.

Marsupialia is the next most primitive order, its members delivering live
young after a 2-week gestation period. These infants must make their way to the
marsupium (pouch) on the mother’s abdomen that contains ten or more teats and
protects the newborn. Animals of the order Marsupialia are found in the Austra-
lian region and in North and South America.

Hematological studies on Monotremata are very limited. Those on Marsu-
pialia are somewhat more common. Data from a previous study (Lewis ef al.,
1968) are reprinted here with the kind permission of the editor of Comparative
Biochemistry and Physiology.

2. SOURCE

The animals were studied in the laboratory of Dr. C. Hann at the Institute of
Medical and Veterinarian Science, Adelaide, Australia. After anesthesia with
intraperitoneal Nembutal, blood was obtained by cardiac puncture from three
echidnas, one quokka (Setonix brachyurus), and one wallaby (Thylogale eu-
genii). These are “cat-sized” animals; the echidnas weighed 5-6 kg, the quokka
8 kg, and the wallaby 14 kg. Most studies were carried out on fresh blood, but a
few samples of plasma from the animals and human controls were lyophilized
and studied later after our return to Pittsburgh.

3. TESTS CONDUCTED
3.1. Bleeding Times

Bleeding times were not done on these animals.

116
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3.2. General Coagulation Tests and Factors

Table 10.1 illustrates the results of general coagulation tests. The blood
coagulation times were short in glass tubes and slightly longer in siliconized
tubes. Clot retraction was less in the animal blood than in human blood. The
clots did not lyse. SPTs were long, as were those of the normal humans. The
prothrombin times with Simplastin were longer in the animals than in humans.
RVYV and marsupial brain extracts were active in clotting both animal and human
plasmas. The APTTs were shorter on animal than on human plasma. The Recal
Ts were similar to those of human plasma, and the clots did not lyse by them-
selves or in 1% MCA. Thrombin times with human or bovine thrombin were
much longer in the animals than in the humans.

TABLE 10.1
General Coagulation Tests in Primitive Australian Mammals«

Human
Echidna No. Control No.
Normal
Test \ 2 3 Quokka  Wallaby \ 2 range
Clot T (min)
Glass 4 5 1 6 5 7 8 6-12
Silicone 18 7 3 14 14 37 — 20-59
Clot Retr 2/2 2/2 3/3 4/4 3/3 4/4 4/4 3-4+
Clot Lys 0 0 0 0 0 0 0 0
SPT (sec)
Human 42.0 4 47.0 b 4 37.0 43.0 20+
PT (sec)
Simplastin 28,0 37.0 338 20.0 22.9 13.2 13.8 10-13
Echidna Brain — 29.4 28.7 50.3 — 58.5 —
Wallaby Brain — _ 23.2 9.5 13.9 17.9 — —
Quokka Brain — — 14.2 7.4 9.6 — 13.4 —
RVV 14.7 13.7 16.8 12.5 21.8 13.1 9.5 13-18
APTT (sec) 46.0 31.5 370 19.5 22.5 52.8 42.0 45-55
Recal T (sec) 150 150 140 56 66 130 140 90-180
Lys 0 0 0 0 0 0 0 0
Lys MCA 0 0 0 0 0 0 0 0
Thromb T (sec)
Hu Thr 100+ 47.6 492 28.5 492 13.1 10.2 11-18
Bov Thr 89 80 360 48.0 115 14.8 14.1 11-18

«Echidna No. 1. wallaby, and human control No. 1 were studied on the first day: echidnas No. 2 and 3. quokka, and
human control were studied on the next day.
#More than 120 sec.
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TABLE 10.2
Thromboplastin Generation Test in Primitive Australian Mammals
Generating mixture? Substrate Clot T (sec)a-»
E
H (mean) Q w H E Q w
H — — — 11.1 21.3 21.3 23.6
— E(2) — — 18.1 19.9 — —
— — Q — 21.5 — 18.1 —
— — — w 19.3 — — 21.5

<Plasmas: (H) human; (E) echidna; (Q) quokka: (W) wallaby.
#Homologous systems are in boldface.

TGTs (Table 10.2) were performed on each species employing its own platelet
suspension, serum, and barium-treated plasma (Ba Pl) using platelet-poor plasma
(PPP) from each species as substrate. The clotting time of the human generating
mixture tested on human substrate was in the usual range: 9.8—11.2 sec. The
animal generating mixtures were all less active than human, and species specific-
ity was not prominent. Animal platelets, serum, and Ba Pl were tested in other-
wise human component tests. Only echidna serum showed poor activity.

The results of factor assays carried out on the animal plasmas are shown in
Table 10.3. A lyophilized sample of echidna No. 3 was tested in Pittsburgh.
Factors I, V, VIII, XII, and XIII appear to fall in the normal human range,

TABLE 10.3
Coagulation Factors in Primitive Australian Mammals

Echidna Normal

Human

Factor 1 2 3 Mean Quokka  Wallaby Range

I (mg/dl) 281 667 — 474 208 105 150-450
II (U/ml) 0.42 0.79 0.44 0.55 0.46 0.26 0.70-1.30
V (U/ml) 0.60 1.20 1.20 1.00 1.28 1.40 0.65-1.45
VII (U/ml) a a 0.05 0.02 0.05 a 0.50-1.30
X (U/ml) a a 0.05 0.02 0.05 a 0.75-1.25
VIII (U/ml) 1.40 0.90 1.10 1.13 0.90 0.75 0.75-1.40
IX (U/ml) 0.80 0.15 0.15 0.37 0.08 0.10 0.65-1.70
XI (U/ml) 0.20 0.50 0.50 0.40 1.0+ 1.0+ 0.75-1.40
XII (U/ml) 1.0+ 1.0+ 1.0+ 1.0+ 1.0+ 1.0+ 0.50-1.45

XII (R) 4 4 4 4 4 8 4-16

aLess than 0.01 U/ml.
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although high values were not tested to their full dilutions. Factor XI was moder-
ately lower in the echidna and normal or high in the marsupials. Factors Il and IX
appear in the low human range. Factors VII and X were very low. These two
factors were assayed on fresh plasma in the old proconvertin assay, which tests
for both activities. Lyophilized samples were retested a few months later when
factor VII and factor X substrates became available, and the results still showed
these factors to be almost undetectable. Human plasma lyophilized in Australia
gave the same results when retested as it did when fresh.

3.3. Fibrinolytic Enzyme System

No casein hydrolysis was observed with any of the plasmas alone or after
acid treatment (to remove inhibitor). Table 10.4 shows that echidna was activated
with urokinase, but not with streptokinase. Quokka and wallaby plasmas were
activated with both kinases, but to a lesser extent than human plasma.

3.4. Serum Proteins

Serum protein distribution after paper electrophoresis is shown in Table
10.5. Echidna total protein (TP) was below that of the marsupials or the human
range. All show distribution similar to human.
3.5. Miscellaneous Tests

Echidna plasma in dilutions up to 1:2048 and wallaby plasma at 1:512
clumped the standard staphylococcal preparation.

TABLE 10.4
Plasminogen Activation with Streptokinase and Urokinase in the Plasmas
of Primitive Australian Mammals by the Caseinolytic Method"

Plasma I/S SK (250 U/ml) UK (250 U/ml) Antiplasmin
Echidna 0% 2% 60% 100%
Quokka 0% 40% 16% 43%
Wallaby 0% 80% 31% 97%
Human 0% 100% 100% 100%

aCaseinolytic method results are calculated as the percentage of the activity of a standard human plasma panel.
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TABLE 10.5

Serum Proteins by Paper Electrophoresis in
Primitive Australian Mammals

CHAPTER 10

Normal
Echidna human
Protein (pool) Quokka Wallaby range

TP (g/dl) 5.7 7.3 8.0 6.3-7.9
Albumin (g/dl) 3.6 5.6 4.6 3.2-44
a,-Globulin (g/dl) 0.1 0.2 0.2 0.2-0.4
a,-Globulin (g/dl) 0.1 0.1 0.8 C.4-1.0
B-Globulin (g/dl) 0.8 0.8 0.8 0.5-1.0
y-Globulin (g/dl) 1.1 0.6 1.6 0.6-1.8

3.6. Cellular Elements

Table 10.6 shows the cell counts for the three echidnas, the wallaby, and the
quokka. These primitive animals have blood counts that are remarkably like
those of humans. The HCTs and MCVs of the echidnas and quokka were only
slightly below the human range. The WBC counts were 11.0 X 103/mm?3 for
echidna No. 3 and quokka and 4.5 X 103/mm? for the wallaby. The differential
counts show no standard patterns. The platelets were numerous.

TABLE 10.6

Cellular Elements of the Blood in Primitive Australian Mammals

Echidna No. Normal
human
Element 1 2 3 Quokka Wallaby range
HCT (%) 37 34 36 36 47 37-52
HGB (g/dl) 14.2 13.2 13.8 13.9 17.2 12-18
RBC (X 106/mm?3) 6.1 4.9 5.6 5.3 6.6 4.2-6.2
MCV (fl) 61 69 64 70 71 79-97
MCH (pg) 23 27 25 26 26 27-31
MCHC (g/dl) 38 39 38 39 37 32-36
WBC (X 103/mm3) 6.7 10.1 11.0 11.0 4.5 5-10
Neutr (%) 88 50 40 43 19 55-75
Lymph (%) 9 46 50 52 74 20-40
Mono (%) 3 2 3 2 4 2-10
Eos (%) 0 2 4 1 3 0-3
Bas (%) 0 0 3 0 0 0-3
Plat C (X 103/mm?3) 488 660 498 1180 390 150-450




PRIMITIVE AUSTRALIAN MAMMALS 121
4. SUMMARY

The primitive mammals studied obviously have effective hemostatic mecha-
nisms that resemble those of other mammals.

Echidna and marsupial blood clotted rapidly in glass and siliconized tubes.
Clot retraction was less evident in the echidna blood. No lysis was seen. Pro-
thrombin times with Simplastin and RVV were longer than human. Animal brain
extracts clotted animal plasmas more rapidly than human. In the TGTs, animal
mixtures usually clotted homologous substrate most rapidly.

The echidna and the marsupials assayed low in factors VII and X, moder-
ately low in I, and within the human range in factors I, V, VIII, XII, and XIII.
Only factor XI was low in echidnas and normal in the marsupials.

Fibrinolytic studies showed lack of streptokinase activation in the animals.
When a small amount of human proactivator was added, some activity was
obtained in marsupial plasma. With urokinase, echidna was more active than the
marsupials.

Echidna, wallaby, and quokka had moderately small MCV = 61-71 fl) but
plentiful biconcave erythrocytes. Their leukocytes resembled those of human
blood. Platelets were small and numerous.
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1. INTRODUCTION

The opossum (Didelphis marsupialis virginiana) is the only mammal of order
Marsupialia found in North America. The other marsupials live in or near Aus-
tralia (see Chapter 10) or South America. Opossums are cat-sized with white,
pointed faces, scraggly fur, and long, scaly, prehensile tails. They are nocturnal,
omnivorous animals that eat insects, grubs, small animals, fruits and berries.

Marsupials are unique in that the gestation period is short—at 2—3 weeks.
After birth, the tiny babies crawl to the marsupium (pouch) on the mother’s
abdomen, which contains the mammary teats (13 for the opossum). After 8—10
weeks, the young climb out. At 4 months later, they are independent.

Hematological studies on opossums are sparse. Data concerning North
American opossums are found in Ponder ez al. (1929), Didisheim et al. (1959),
Youatt et al. (1961), Mays and Loew (1968), Timmons and Marques (1969), and
Giacometti et al. (1972). Rothstein and Hunsaker (1972) studied the South
American woolly opossum. Studies from this laboratory (Lewis, 1975) are re-
printed here with the kind permission of the editor of Comparative Biochemistry
and Physiology.

2. SOURCE

A total of 11 opossums were studied. Seven were purchased from a biolog-
ical supply house; four were trapped in the wild. As listed in the tables, the first
six were female and the next five were male. The animals were caged for a few
days and fed raw eggs and lettuce. The opossums’ average weight was 8 kg.
Light Nembutal anesthesia was administered, and blood was obtained by cardiac
puncture.

3. TESTS CONDUCTED
3.1. Bleeding Times
Skin bleeding times were performed on nine animals by making 6 X 2 mm

cuts with new knife blades on the soft underbelly skin. Bleeding stopped
promptly in all, giving a mean bleeding time of 1 min with a range of 45-75 sec.
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3.2. General Coagulation Tests and Factors

Table 11.1 lists the results of general tests of coagulation. Clotting times in
glass and siliconized tubes were within the human range. Clots retracted well and
did not lyse. Prothrombin times with Simplastin were longer, with opossum brain
shorter, and with RVV about the same for opossum plasma and human plasma.
The APTT was much faster in opossum than in human plasma. The recalcified
plasma clots did not lyse in 1% MCA, indicating the presence of factor XIIL.

Thrombin times, using bovine thrombin, were very long. Thrombin times
of opossums No. 6 and 7 were over 60 sec, while a human control was 14.8 sec
and equimixtures of human and opossum were 35.4 and 37.4 sec, respectively.
This inhibitory effect was not changed by heating opossum oxalated plasma to
56°C or by treating with BaSO,.

Table 11.2 shows the results of TGTs in six opossums. The mean clotting
times on human substrate were 10.4 sec and on opossum substrate 10.8 sec.
These times are within the range usually found for humans: 9.8—11.2 sec.

Results of coagulation factor assays are shown in Table 11.3. Factors II,
VII, and X were very low, but the others were within the human range or above.

3.3. Fibrinolytic Enzyme System

Fibrinolytic activity was not evident in the opossum euglobulin fraction in
the presence of streptokinase (100 and 1000 U/ml), staphylokinase (2%), or
urokinase (40—100 U/ml) by the 251 fibrin method. The concentration of anti-
fibrinolysin was about the same as in human plasma.

3.4. Serum Proteins

By paper electrophoresis, the albumin peak was prominent (Table 11.4).
Frequently, the «,- and (-globulins merged with the y-globulin into a large,
gradually sloped curve in which individual proteins could not be differentiated.
In two of the animals, it was possible to distinguish peaks corresponding to those
found in human serum.

3.5. Biochemical Tests

The striking findings in Table 11.5 were the very high levels of serum
enzymes. It is not known why these enzymes assay at such high levels. There is
no evidence that the values indicate liver disease.
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TABLE 11.2
Thromboplastin Generation Test
in the Opossum

Generating mixture

Human Opossum Substrate Clot T (sec)¢
Means Human Opossum

H 4) — 10.1 9.8

— O (6) 10.4 10.8

«Homologous systems are in boldface.

3.6. Miscellaneous Tests

Opossum plasma did not clump a standard preparation of killed staphylo-
cocci (Newman D,C coagulase-negative) [see Chapter 29 (Section 3.3)] used in
the staphylococcal clumping test.

3.7. Cellular Elements

Table 11.6 shows the cellular findings in nine opossums. The RBC parame-
ters fell at the lower edge of the human range. WBCs were elevated in Nos. 6, 7,
8, and 9. The mean differential counts showed that lymphocytes were more
common than neutrophils, and eosinophils averaged 7%. Both counts and sizes
of opossum platelets were quite variable. The percentage of opossum platelets
(average of 5 animals) of different diameters was compared to average normal
human distribution (in parentheses): <2 wm = 6% (0%), 2-2.9 pm = 39%
(90%), 3.0-3.9 pm = 41% (8%), 4.0-4.9 pm = 9% (2%), >5 um = 5% (0%).

3.8. Platelet Activities

Table 11.7 shows that the platelet glass retention index was within the
normal human range in the four opossums studied. Aggregation of platelets in
platelet-rich plasma (PRP) was rapid and complete with ADP. On the other hand,
aggregation with bovine collagen was absent in four, low in two, and over 50%
in two of eight opossum PRPs. It took 5 times the concentration of thrombin to
aggregate opossum platelets that it did for human platelets. At this thrombin
strength, the human PRP clotted rapidly. The lack of thrombin aggregation may
have been due to the thrombin inhibitor in opossum plasma.
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TABLE 114
Serum Proteins by Paper Electrophoresis in the Opossum

Opossum No. Normal

human

Protein 7 8 9 10 11 N Mean SD range
TP (g/dl) 8.1 6.4 6.4 7.6 7.0 5 7.1 0.7 6.3-7.9
Albumin (g/dl) 2.9 2.5 2.5 22 22 5 2.5 0.3 3.2-44
a,-Globulin (g/dl) 0.3 0.6 0.5 0.6 0.9 5 0.6 0.2 0.2-0.4
o,-Globulin (g/dl) 1.5 1.9 @ ¢ I.1 3 ¢ — 0.4-1.0
3-Globulin (g/dl) 2.2 0.8 3.4 4.8 1.1 5 2.5 1.7 0.5-1.0
v-Globulin (g/dl) 2.7 0.6 a « 1.3 3 « — 0.6-1.8

aSince electropheresis of some opossum sera did not differentiate -, -, and y-globulins, no mean was calculated
for these protein fractions.

3.9. Platelet Ultrastructure

TEMs of opossum platelets are shown in Figs. 11.1 and 11.2. In Fig. 11.1,
the platelet was sectioned in the equatorial plane and a circumferential band of
microtubules was evident. Internally, an open canalicular system, small glycogen
particles, and granules were observed. The platelets in Fig. 11.2 each showed a
discrete mass of fine fibrillar material. This fibrillar material was seen in about
10% of all platelets from three different opossums; its nature is unknown.

4. SUMMARY

Coagulation test results in opossums appeared to be fundamentally similar
to those for humans, although factors II, VII, and X assayed well below the
normal human range and V, VIII, XI, and XII were above this range. Fibrinogen
was quantitatively similar to human, but different in its poor clottability with
bovine thrombin and inability to clump staphylococci. A heat-stable, non-
heparin-like thrombin inhibitor was present in plasma.

Erythrocytes were slightly smaller than human. Leukocytes were not very
different and lymphocytes predominated.

Platelets were variable in number and size and adhered to glass and aggre-
gated with ADP much as human platelets do. On the other hand, they aggregated
poorly or not at all with collagen and thrombin. Platelet ultrastructure was similar
to human except for two striking differences: Many platelets contained a circum-
scribed mass of wavy fine fibrillar material of unknown composition: also,
striated elongated granules were quite common.
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FIGURE 11.1. TEM of an opossum platelet. The platelet is sectioned in the equatorial
plane and shows a circumferential band of microtubules (MT), open canalicular system
(CS), a large granule (G), and sparse scattered glycogen particles (GLY).

FIGURE 11.2. TEM of an opossum platelet. Note the large mass of wavy fibrillar mate-
rial (WFM).
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1. INTRODUCTION

The order Insectivora consists of fewer than 400 species of insect-eating mam-
mals: moles, shrews, and hedgehogs. Hedgehogs are large rat-sized animals
weighing 0.4—1.1 kg. They live in the temperate climates of Europe and Asia.
Their backs and sides are covered with a protective coat consisting of long hairs
mixed with sharp striped spines. When the animal is frightened, circular muscles
under the coat contract, erecting the spines every-which-way and rolling the
animal into a protected ball.

Hedgehogs are chiefly nocturnal animals that rouse two or three times in the
night to feed on insects, snails, mice, lizards, and bird eggs. Hedgehogs live in
burrows under hedges, in woods, and in cultivated lands. They hibernate in the win-
ter, producing heparin to prevent thrombosis during this period of inactivity. They
have a maximum life expectancy of 10 years. Gestation is 5—6 weeks, and the fe-
male may have two litters of 5—7 young each year. The mother has eight nipples and
nurses the tiny offspring for a few weeks. The hedgehog’s natural enemies are para-
sites, a few aggressive large animals such as foxes and wolves, and the automobile.

References concerning the hematology of hedgehogs are scarce. Quilliam et
al. (1971) describe counts of RBCs, WBCs, and platelets from three animals.
Findings from this laboratory concerning coagulation and platelets were previ-
ously published (Lewis, 1976) and are reprinted here with the kind permission of
the editor of Comparative Biochemistry and Physiology.

2. SOURCE

Two hedgehogs (Erinaceus europaeus) were imported from England
through Charles P. Chase and Company. When we attempted to purchase more,
we encountered import restrictions because these animals may be carriers of foot-
and-mouth disease. The blood samples were obtained by cardiac puncture from
the two animals after Nembutal anesthesia. Both animals were male and weighed
0.6-0.7 kg.

3. TESTS CONDUCTED
3.1. Bleeding Times

Bleeding times were done on the almost hairless underbelly skin by making
a 5-mm cut with a new knife blade. Each animal received two such cuts. Bleed-
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ing ceased in 2 /2 and 4 min in one animal and in 3 '/2 and 3 !/> min. in the other,
giving a mean bleeding time of 3 /> min.

3.2. General Coagulation Tests and Factors

Table 12.1 illustrates general coagulation tests. Blood clotted quickly and
retracted poorly. The SPTs were long on both hedgehog and human substrates.
Prothrombin times with Simplastin were about the same on hedgehog and human
plasma. With hedgehog brain or RVV, hedgehog plasma clotted much more
rapidly than human. The APTT and Recal Ts were much shorter than human.
Thrombin times were long. The TGT using all-human components gave sub-
strate clotting times within the expected range (9.8—11.2 sec). The hedgehog
mixture was slightly slower, as shown in Table 12.2.

Results of coagulation factor assays are shown in Table 12.3. Hedgehog
factors VII and X fell at the trace human level, and factor II was in the low range.
Factors I, V, VIII, IX, XI, XII, and XIII were in the high to high—normal human
range. ATIII was high.

TABLE 12.1
General Coagulation Tests in the Spiny Hedgehog
Hedgehog No. Human
Controls (2) Normal
Test 18 23 Mean (mean) range
Clot T (min)
Glass 4 2 3 6 6—12
Silicone 20 10 15 29 20-59
Clot Retr 1/1 171 1-1 4/4 3-4+
Clot Lys 0 0 0 0 0
SPT (sec)
Human 120+ 120+ 120+ 34.0 20+
Hedgehog 28.4 32.4 30.4 120+ —
PT (sec)
Simplastin 12.8 12.9 12.9 12.2 10-13
Hedgehog Br 10.1 10.4 10.3 19.8 —
RVV 14.5 16.4 15.5 20.4 13-18
APTT (sec) 19.7 19.3 19.6 49.0 45-55
Recal T (sec) 60 60 60 130 90-180
Lysis 0 0 0 0 0
Lys MCA 0 0 0 0 0

Thromb T (sec)
Bov Thr 54.2 68.5 61.4 16.0 11-18
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TABLE 12.2
Thromboplastin Generation Test in the
Spiny Hedgehog

Generating mixture Substrate Clot T (sec)«
Human Hedgehog H Hed
H — 104 10.8
— Hed 13.2 11.0

aHomologous systems are in boldface.

3.3. Fibrinolytic Enzyme System

Table 12.4 shows that hedgehog plasma clots lysed with streptokinase (330
U/ml) and urokinase (100 U/ml) in times slightly longer than human plasma
clots.

3.4. Miscellaneous Tests

Table 12.4 includes some miscellaneous observations on hedgehogs. The
ethanol gel test was positive, indicating partial clotting in the sample, probably
due to difficulty in obtaining the blood sample. Staphylococcal clumping was
positive to 1:1024 with hedgehog plasma.

TABLE 123
Coagulation Factors in the Spiny Hedgehog

Hedgehog No. Normal

human

Factor 18 248 Mean range

I (mg/dl) 280 296 288 150-450
II (U/ml) 0.16 0.26 0.21 0.70-1.30
V (U/ml) 1.96 2.40 2.18 0.65-1.45
VII (U/ml) 0.00 0.02 0.01 0.50-1.30
X (U/ml) 0.03 0.03 0.03 0.75-1.25
VI (U/ml) 1.80 2.25 2.03 0.75-1.40
IX (U/ml) 2.00 2.25 2.13 0.65-1.70
XI (U/ml) 1.50 1.75 1.63 0.75-1.40
X1I (U/ml) 1.50 1.50 1.50 0.50-1.45
ATIII (U/ml) 2.0+ 2.0+ 2.0+ 0.80-1.20

XIII (R) 16 16 16 4-16
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TABLE 124

139

Fibrinolytic and Miscellaneous Observations

in the Spiny Hedgehog

Normal human

Test Hedgehog range
Euglobulin lysis time 32 hr 3-6 hr
Plasma clot lysis >120 min >120 min
With UK (100 U/ml) 18 min 10'2 min
With SK (330 U/ml) 20 min 10 °  min
Ethanol gel 4+ 0
Protamine gel trace 0
Cryoglobulin 0 0
Sia test 0 0
Staphylococcal clumping (titer) 1:1024 1:2048
(on plasma)

3.5. Cellular Elements

Table 12.5 shows the cellular elements in the two hedgehogs. HCT and
HGB fell within the human range, but RBC counts were very high. The calcu-
lated indices showed the MCV (41 fl) and MCH (14 pg) to be much lower than
humans, but the MCHC was in the human range. WBC counts were at the upper

TABLE 12.5

Cellular Elements of the Blood in the Spiny Hedgehog

Hedgehog No. Normal
human
Element 13 248 Mean range
HCT (%) 40 42 41 37-52
HGB (g/dl) 13.5 13.5 13.5 12-18
RBC (X 10%/mm?) 9.9 9.6 9.8 4.2-6.2
MCV (fl) 39 42 41 79-97
MCH (pg) 13 14 14 27-31
MCHC (g/dl) 33 33 33 32-36
WBC (x 103/mm?) 11.7 8.2 10.2 5-10
Neutr (%) 62 45 54 55-75
Lymph (%) 33 51 42 20-40
Mono (%) 3 2 3 2-10
Eos (%) 2 3 2 0-3
Bas (%) 0 0 0 0-3
Plat C« (X 10*/mm?3) 93 132 113 150-450

«Hedgehog platelets appear to be larger than human.
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TABLE 12.6
Platelet Aggregation in the Spiny Hedgehog

Aggregation (%)

Human
Hedgehog No.
— Normal
Reagent 18 28 Mean Control range
ADP (10 pM) 100 100 100 100 70-100
S M) 100 90 95 100 50-100
Collagen Bov 100 — 100 95 80-100

Hedgehog 100 100 100 60 —

edge of the human range, with differential counts comparable to human. Platelets
were low in number and appeared larger than their human counterparts.

3.6. Platelet Aggregations

Table 12.6 illustrates the results of aggregation tests in hedgehogs. Aggre-
gation with ADP and collagen was similar to human.

3.7. Platelet Ultrastructure

Figures 12.1 and 12.2 show that TEMS of hedgehog platelets closely re-
semble human platelets. Circumferential microtubules, glycogen particles, dense
bodies, an open canalicular system, a dense canalicular system, a Golgi appara-
tus, and mitochondria could be seen.

4. SUMMARY

Hedgehog blood clotted rapidly, and the clots retracted only slightly. The
prothrombin time with Simplastin was like that on human plasma, but with
hedgehog brain or RVV the times were much shorter. APTTs and Recal Ts were
also short, but thrombin times were long. TGTs were much like human. Coagu-
lation factor assays of factors VII and X were very low, and factor II was in the
low human range. Factors I, V, VIIL, IX, XI, XII, and XIII assayed in the high
human range. RBCs were small and numerous. Leukocyte number and differen-
tial closely resembled their human counterparts. Platelets were low in count
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FIGURE 12.1 TEM of hedgehog platelets. Internal structures: (MT) circumferential mi-
crotubules; (GLY) glycogen particles; (DB) dense bodies; (OCS) open canalicular
system.

FIGURE 12.2. TEM of hedgehog platelets. Internal structures: (DCS) dense canalicular
system; (GOLGI) Golgi apparatus; (M) mitochondrion.
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but large. They reacted with ADP and collagen in a fashion similar to human
platelets. Their ultrastructure was also similar to that of human platelets.
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1. INTRODUCTION

Bats are the only mammals capable of true flight. Their wings are thin double
membranes stretched between their fingers, arms, furry bodies, hindlimbs, and
tails. The thumb and small hind feet are clawed. Bats have sharp teeth, although
many eat only insects. Most are nocturnal, roosting by day in caves, trees, attics,
and other sequestered places, hanging by their clawed feet with their heads
downward. Poor vision is attributed to their small, beady eyes. Perhaps as a
substitute, they have developed a sonar system called echolocation. They emit
supersonic sound waves that bounce back from solid objects, enabling them to
avoid head-on crashes in night flight and to locate their food: fruits or flying
insects. Bats live in the temperate zones of the world. In frigid weather, some
bats migrate to warmer climates, while others hibernate.

Bats constitute the order Chiroptera, which has been subdivided into two
suborders, Megachiroptera and Microchiroptera, and almost a thousand species.
Megachiroptera include the largest bat, Pteropus giganteus, which is found in
Africa and Southern Asia. Great flocks of these bats may eat enormous amounts
of fruit and are capable of destroying an entire orchard. Other bats eat only flying
insects. Vampire bats consume blood and may harbor rabies or other disease
vectors acquired from infected blood. Dried bat urine and feces, called guano,
are valuable as fertilizer. Although bats usually produce only one offspring per
year, they are not considered to be in danger of extinction. In fact, there are
billions of bats. Their life expectancy is long, 20—25 years, and they are fertile
most of this time. They have few natural enemies other than man, who frequently
destroys their habitats.

Hematological studies of Chiroptera have been limited to cell counts
(Krutzch and Wimsatt, 1963), capillary tube clotting times, or other tests that
could be carried out on the small amounts of blood obtainable from these small
mammals. Of interest have been the observations concerning the longer clotting
times of brown bats (Myotis lucifugus) in winter compared to summer (Smith et
al., 1954a,b). In addition, these investigators showed that when bats were refrig-
erated, the clotting times became longer and the number of mast cells in the
duodenum increased. Conversely, when dormant or hibernating bats were
warmed, the clotting times became shorter and the number of mast cells de-
creased. These findings are suggestive of a release or increase of heparin during
hibernation.

In order to obtain a sufficient volume of blood to perform coagulation
studies, specimens of the large fruit bat of India (Pteropus giganteus) were
utilized. Previously published coagulation and hematological studies performed
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in this laboratory (Lewis, 1977) are reprinted here with the kind permission of
the editor of Comparative Biochemistry and Physiology.

2. SOURCE

Five fruit bats were imported from India through Charles P. Chase and
Company. They weighed from 0.5 to 0.6 kg and had wingspans of approximately
1.4 m. They were caged for a few days before testing and were offered bananas,
oranges, peaches, pears, apples, and water. When an attempt to acquire more
fruit bats was made, importation was forbidden due to fear that these fruit-crop-
destroying animals might escape and multiply. The blood samples were obtained
by cardiac puncture.

3. TESTS CONDUCTED
3.1. Bleeding Times

Bleeding times were not done on bats.

3.2. General Coagulation Tests and Factors

Table 13.1 shows the results of general coagulation tests. Two of the bats,
Nos. 4 and 5, had long glass clotting times. The shorter clotting times of bats No.
1-3 may simply reflect technical difficulties in obtaining the blood samples. The
glass clotting times of bats No. 4 and 5 were longer than those of other mam-
mals, except porpoises and some horses, and may reflect a true species deficien-
cy. All bats had long APTTs, Recal Ts, and thrombin times. The prothrombin
times with Simplastin, bat brain, and RVV were the same as or shorter than
human. These findings suggested that the bat coagulation mechanism was similar
to human in the extrinsic system but different in the intrinsic.

An inhibitor in the thrombin—fibrinogen reaction was explored in the tests in
Table 13.2. This table shows thrombin times of mixtures of human and bat
plasma after various treatments. These experiments were done with pooled
frozen—thawed bat plasma. The thrombin time (0.1 ml thrombin + 0.2 ml
plasma) for human plasma was 14.5 sec (a) and for bat plasma 120+ sec (h).
Equimixture of bat and human plasmas gave a long thrombin time (b) that was
shortened by treatment of the bat plasma with BaCl, (c) or by heating to 56°C (e).
Simple addition of protamine shortened bat thrombin time from 120+ sec (h) to
17.5 sec (i) and human from 14.5 sec (a) to 11.3 sec (g). Shortening by BaCl,,
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TABLE 13.1
General Coagulation Tests in the Fruit Bat
Human
Bat No.
Control (2) Normal
13 248 32 4% 59 N Mean SD (mean) range
Clot T (min)
Glass 12 5 4 24 19 S 13 8.7 8 6-12
Silicone — 5 — 36 33 3 25 17 32 20-59
Clot Retr 2/ 3/3 3/ 4/4  4/4 5 3-4 — 4/4 3-4+
Clot Lys 0 0 0 0 5 0 0 0 0
SPT (sec)
Human 13.8 184 162 138 148 5 154 1.9 38.4 20+
PT (sec)
Simplastin ~ 10.2 104 114 10.8 99 5 105 0.6 11.4 10-13
Bat Br 13.8 192 144 192 204 S5 170 33 21.8 —
RVV 174 192 13,7 150 148 5 164 2.2 17.4 13-18
APTT (sec) 180 189 209 354 161 5 233 82 48.0 45-55
Recal T (sec) 515 252 272 330 165 5 348 105 130 90-180
Lys 0 0 0 0 0 5 0 0 0 0
Lys MCA 0 0 0 0 0 5 0 0 0 0
Thromb T (sec)
Bov Thr 444 730 68.0 455 404 5 57.7 18 16.1 11-18

which forms insoluble barium citrate, and by protamine suggested a heparin-type

inhibitor.

Table 13.3 shows striking differences from human in the activities of bats’
clotting factors. Factors XI and RCF were essentially absent, and factors II, VII,
and XII were lower than human. Fibrinogen (I) and factors IX, X, XIII, and

TABLE 13.2

Inhibition of Thrombin Time in Pooled Bat Plasma

Mixture

Thromb T (sec)

0.1 ml Human plasma
(@
*(b)
©
d
(e)
(f)
(®
0.1 ml Bat plasma

+0.1 m! Human plasma
+0.1 ml Bat plasma
+0.1 ml Bat plasma, BaCl,-treated
+0.1 ml Human plasma, BaCl,-treated
+0.1 ml Bat plasma, 56°C, 5 min
+0.1 ml Human plasma, 56°C, 5 min
+0.1 ml Protamine (0.1 mg/ml)

(h) +0.1 ml Bat plasma
(i) +0.1 ml Protamine (0.1 mg/ml)

14.5
45.1
21.2
19.9
26.0
20.0
11.3

120+

17.5
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TABLE 13.3
Coagulation Factors in the Fruit Bat

Bat No. Normal

human

Factor 18 28 39 49 59 N Mean SD range
I (mg/dl) 425 375 260 525 265 5 370 112 150-450
I (U/ml) 0.36 0.48 0.35 0.46 0.65 5 0.46 0.1 0.70-1.30
V (U/ml) 5.75 4.00 5.50 4.40 590 5 S.11 0.9 0.65-1.45
VII (U/ml) 0.18 0.21 0.21 0.38 0.41 5 0.28 0.1 0.50-1.30
X (U/ml) 1.18 1.63 1.15 1.24 1.98 5 1.44 0.4 0.75-1.25
VIII (U/ml) 2.0+ 1.65 1.40 1.78 1.66 5 1.70 0.2 0.75-1.40
IX (U/ml) 0.98 0.65 0.34 0.70 1.40 5 0.81 0.4 0.65-1.70
XI (U/ml) a a a @ a 5 a —  0.75-1.40
XII (U/ml) 0.20 0.17 0.09 0.25 0.36 5 0.21 0.1 0.50-1.45
ATIII (U/ml) — 0.55 — 0.95 1.08 3 0.86 0.3 0.80-1.20
RCF (U/ml) a a — a a 4 a —  0.50-1.50

XIII (R) 16 32 4 16 4 5 14 11 4-16

aLess than 0.01 U/ml.

ATIII were within the human range. Factor V was about 5 times greater than
human, and factor VIII was slightly above human.

Bat plasma showed no ristocetin cofactor (RCF) activity; when it was mixed
with fixed or fresh human platelets, no aggregation occurred with the addition of
ristocetin (9 mg/ml). Human plasma caused aggregation in 15.4 sec. Doubling
the concentration of ristocetin did not induce aggregation with bat plasma, but
did cause some precipitation.

3.3. Fibrinolytic Enzyme System

Table 13.4 shows that the bat fibrinolytic enzyme system was activated by
both streptokinase (SK) (250 U/ml) and urokinase (UK) (500 U/ml). Not shown
is the finding that bat plasma inhibited the fibrinolytic action of trypsin to the
same extent as did human plasma.

3.4. Serum Proteins

Table 13.5 shows the distribution of serum proteins as determined by elec-
trophoresis on cellulose acetate. Differences from human were not striking.
Electrophoresis on the Panagel system gave a different picture. Albumin and
other negatively charged proteins migrated more rapidly than human. There were
a number of bands in the «,-globulin area that did not have familiar human
counterparts.
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TABLE 13.4
Fibrinolytic Activity with Streptokinase or
Urokinase in the Fruit Bat

131] Fibrin lysed (%)

Plasma
Bat No.

Reagent 49 59 Human
Buffer 0% 0% 0%
SK (250 U/ml) 61% 55% 74%
UK (500 U/ml) 36% 75% 83%

3.5. Miscellaneous Tests

Bat plasma gave a positive staphylococcal clumping reaction in dilutions up
to 1:2048.

3.6. Cellular Elements

Table 13.6 shows that the HCT and HGB fell within the human range, but
the RBC count was much higher. Thus, the MCV and MCH were low. RBCs
looked small, the diameters measuring 5.0-6.2 wm. On SEM (Fig. 13.1), the

TABLE 13.5
Serum Proteins by Cellulose Acetate Electrophoresis in the Fruit Bat

Bat No. Normal

human

Protein 18 238 39 492 59 N Mean SD range

TP (g/dl) 8.0 6.0 8.4 8.3 6.4 5 7.4 1.1 6.3-7.9

Albumin (g/dl) 3.8 3.5 3.7 3.8 2.7 5 3.5 0.5 3.2-44

a,-Globulin 0.4 0.4 1.1 0.9 0.6 5 0.7 0.3 0.2-0.4
(g/dD)

o,-Globulin 1.8 1.1 1.8 1.0 1.0 5 1.3 0.4 0.4-1.0
(g/dD)

B-Globulin (g/dl) 0.5 0.4 0.8 1.1 0.4 5 0.6 0.3 0.5-1.0

v-Globulin (g/dl) 1.5 0.6 1.0 1.5 1.7 5 1.3 0.5 0.6-1.8
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TABLE 13.6
Cellular Elements of the Blood in the Fruit Bat
Bat No. Normal
human
Element 13 24 39 49 59 N Mean SD range
HCT (%) 33 46 38 32 34 5 37 5.7 37-52
HGB (g/dl) 9.7 16.7 13.0 11.8 122 S5 127 2.6 12-18
RBC (X 105/mm3) 7.1 9.99 7.99 6.98 798 5 8.0 1.2 42-62
MCV (fl) 46 46 48 46 43 5 46 1.8  79-97
MCH (pg) 14 17 16 17 15 5 16 1.3 27-31
MCHC (g/dl) 29 36 34 37 36 5 34 32 32-36
WBC (X 10%/mm?) 7.3 6.0 27.0 26.2 16.9 5 16.7 10 5-10
Neutr (%) 38 — 16 23 — 3 25 11 55-75
Lymph (%) 57 — 76 47 — 3 60 15 20-40
Mono (%) 5 — 8 30 — 3 14 14 2—-10
Eos (%) 0 — 0 0 — 3 0 0 0-3
Bas (%) 0 — 0 0 — 3 0 0 0-3
Plat C (X 103/mm3) 875 875 810 742 795 5 819 57 150-450

FIGURE 13.1 SEM of bat erythrocytes.
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CHAPTER 13
TABLE 13.7
Platelet Aggregation and Diameter in the Fruit Bat
Human
Bat No. Controls No.
4 and 5 Normal
Parameter 28 49 59 (mean) range
Aggregation (%)
ADP (10 uM) 100 100 100 95 70-100
Collagen (0.19 mg/ml) 95 100 100 100 80-100
Risto (0.9 mg/ml) 0 0 0 100 80-100
Platelet diameter () <2 <2 <2 3 2-3

FIGURE 13.2 TEM of a bat platelet sectioned in the equatorial plane. Internal structures:

(DB) dense body; (M) mitochondrion; (MT) microtubules.
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erythrocytes appeared to have the typical mammalian doughnut shape. The
WBCs showed varied counts and differentials in the bats. No eosinophils or
basophils were seen. The platelets were small and numerous.

3.7. Platelet Aggregation

Bat platelets (Table 13.7) aggregated completely with ADP or collagen. No
aggregation was observed with ristocetin.

3.8. Platelet Ultrastructure

Figure 13.2 presents a TEM of a bat platelet sectioned in the equatorial
plane. A clear-cut band of circumferential microtubules was just below the
surface of the platelet. Mitochondria, dense bodies, an open canalicular system,
and scattered glycogen particles could be seen. Most of the alpha granules were
elongated rather than round.

4. SUMMARY

About 15 ml of blood was obtained by cardiac puncture from each of five
Asian fruit bats (Pteropus giganteus). Bat blood clotted more slowly than human
and showed prolonged APTTs and long thrombin times. These long APTTs
appeared to be due to very low or absent factor XI activity. A heparinlike
inhibitor was found that caused the long thrombin times. The fibrinolytic system
was activated by both SK and UK. Staphylococcal clumping titer was 1:2048.
Erythrocytes and platelets were moderately small and numerous. Bat platelets
aggregated with ADP and collagen, but not with ristocetin. Ultrastructure was
not remarkable.
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1. INTRODUCTION

The mammalian order Primates is divided into two suborders: Prosimii, which
includes tree shrews, lemurs, and bush babies, and Anthropoidea, which has
three superfamilies: (1) New World monkeys and marmosets, (2) Old World
monkeys and baboons, and (3) apes, orangutans, gorillas, chimpanzees, and
man. Phylogenetically, man is moderately close to baboons and rhesus monkeys,
but still closer to chimpanzees. These primates have been favorite models for
investigators. Baboons have served in important studies of induced thrombosis
and its treatment (Harker and Hanson, 1979). Very recently, baboons have been
the source of livers for baboon-to-human liver xenografts (Starzl ef al., 1993).
Previously published data (Lewis, 1977) concerning rhesus monkeys are re-
printed here with the kind permission of the editor of Comparative Biochemistry
and Physiology.

2. SOURCE

Baboon blood was obtained from three sources. Baboons No. 1 and 2 were
of the species Papio anubis; their blood was collected at the Primate Research
Center, University of Pittsburgh. Baboons No. 3—-6 were P. cynocephalus; blood
samples were obtained for us by Dr. Peter C. Johnson, Department of Plastic
Surgery, University of Pittsburgh. Baboons No. 7-9 were also P. cynocephalus;
blood samples were received through the Transplant Center. All baboons were
adult males weighing 2235 kg. Chimpanzee blood was acquired from 7 animals
at the National Institutes of Health, Bethesda, Maryland, through the help of Dr.
Sayah Nedjar. The chimpanzees (Pan troglodytes) were West African in origin,
weighed about 100 1b (45 kg), and were 3 '/2—4 feet (110—120 cm) tall. Numbers
1,2, and 5 were female. A total of 14 adult (>4-yr-old) monkeys were studied at
the Primate Research Center, University of Pittsburgh. These included 8 females
(Nos. 4-11) weighing 3.9-6.1 kg and 6 males (Nos. 1-3 and 12-14) weighing
8-9 kg.

All primates were tranquilized, and blood samples were collected from the
antecubital or femoral veins. These primates were all involved in other investiga-
tions, and as far as possible, our samples were taken before others or after a
quiescent period.
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3. TESTS CONDUCTED
3.1. Bleeding Times

Bleeding times on 22 baboons (Peter Johnson, personal communication)
varied from 150 to 618 sec with a mean * SD of 313 * 139 and a median of 254
sec. Bleeding times were not done on the chimpanzees. Simplate bleeding times
without blood pressure cuff on four monkey forearms were 2, 2 /2, 2 '/2, and 3
min (mean: 2 '/2 min).

3.2. General Coagulation Tests and Factors

As shown in Table 14.1, primate clotting times in glass and siliconized
tubes were short, and the clots were retracted partially or completely at 4 hr. At
2 hr, clots from two chimpanzees were lysed, and there was high RBC fallout in
the others. SPTs on the baboons and monkeys were similar to human. Prothrom-
bin times with Simplastin and RVV and APTTs were within the human range in

TABLE 14.1
General Coagulation Tests in Primates
Baboon Chimpanzee Monkey Normal
human

N Mean SD N Mean SD N Mean SD range

Clot T (min)
Glass 7 6 0.9 5 3 1.0 10 5 1.3 6-12
Silicone 7 21 3.6 5 3 1.1 10 11 1.9 20-59
Clot Retr 7 4-4 — 5 2-4 — 10 3-4 — 3-4+
Clot Lys 7 0 0 5 2/5 0 10 0 0 0
SPT (sec)
Human 7 22.6 36 — — — 10 314 12 20+
Homolog — — — — — — 4 37.9 6.4 —
PT (sec)
Simplastin 9 12.1 0.5 5 10.6 04 10 11.5 1.4 10-13
RVV 6 17.6 1.7 5 15.9 1.4 10 21.6 1.1 13-18
APTT (sec) 9 33.1 4.1 5 22.0 1.8 10 35.5 2.9 24-34
Recal T (sec) 8 280 28 5 73 13 10 111 19 90-180
Lys 8 0 0 5 0 0 10 0 0 0
Lys MCA 8 0 0 5 0 0 10 0 0 0
Thromb T (sec)
Bov Thr 9 24.5 2.5 5 24.5 2.4 6 22.1 3.7 11-18
CHH 6 25.7 5.8 5 18.1 0.6 — — — 11-18
Atroxin 9 14.5 1.1 5 13.2 06 — — — 11-18
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TABLE 14.2
Thromboplastin Generation Test in Primates

Generating mixture

Substrate clotting time (sec)

Monkey
Human Baboon (mean) Human Baboon Monkey
H (mean of 3) — — 9.9 9.8 10.2
— B (1) —_ 10.4 11.1 —
— — M (4) 10.7 — 11.3

aHomologous systems are in boldface.

baboons and chimpanzees. For the monkeys, prothrombin times with Simplastin
were also within the human range, but with RVV, the times were slightly longer.
APTTs were also slightly longer. The Recal Ts were moderately long for ba-
boons, short for chimpanzees, and within the human range for monkeys. The
Recal clots did not lyse alone or in 1% MCA. Thrombin times with bovine
thrombin and Crotalus horridus horridus venom (CHH) were slightly above the
human range. Bothrops atrox venom (Atroxin) times in baboons and chim-
panzees resembled human.

TGTs (Table 14.2) were done on one baboon and four monkeys. The sub-
strate clotting times were close to those of human mixtures.

Coagulation factor levels are shown in Table 14.3. The baboon factor pat-
tern was particularly striking. Factor VII levels were very high, factor XII
moderately high, and factors IX and XI low compared to humans. Chimpanzee
factors were within the human range except for XI and XII, which were moder-
ately high. Baboon and chimpanzee plasminogens assayed low, perhaps due to
specificity of this assay for human plasminogen. Monkey factors were remark-
ably similar to human factors, except for moderately high VII and high XIII.

3.3. Baboon-to-Human Liver Xenograft

The striking differences between human and baboon coagulation tests al-
lowed the recognition of baboon liver function in a xenografted human recipient.
Table 14.4 shows the coagulation factor changes during 19 postoperative days.
The donee was a 35-year-old male with severe liver disease due to hepatitis B
who survived only 20 days posttransplant. His preoperative coagulation pattern
(in the “—2” column) was typical of that seen in severe liver disease. All factors
except VIII were low to moderately low. After transplant, the pattern changed to
reflect baboon levels: Factors VII and XII rose above 1.0 U/ml (normal human);
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TABLE 14.4

Coagulation Factors following Baboon to Human Liver Xenograft No. 2

Man (postoperative day) Normal

human

Factor -2 3 11 19 Baboon« range
I (mg/dl) 80 70 92 96 196 150-450
II (U/ml) 0.29 0.25 0.26 0.32 0.93 0.70-1.30
V (U/ml) 0.17 0.41 0.41 0.92 1.09 0.65-1.45
VII (U/ml) 0.11 0.31 1.41 1.54 3.63 0.50-1.30
X (U/ml) 0.44 0.28 0.53 0.70 0.90 0.75-1.25
VII (U/ml) 2.20 1.68 1.01 2.45 0.78 0.75-1.40
IX (U/ml) 0.33 0.27 0.28 0.47 0.44 0.65-1.70
XI (U/ml) 0.18 0.22 0.13 0.33 0.40 0.75-1.40
XII (U/ml) 0.49 0.56 0.80 1.33 2.80 0.50-1.45

aThe case is described in Starzl er al., 1993.

factors IX and XI stayed at low baboonlike levels. Unfortunately, the disease
persisted.

3.4. Fibrinolytic Enzyme System
Table 14.5 shows the results of a radial diffusion protease assay in Rhesus

monkeys. Neither human nor monkey plasmas showed any lytic activity alone.
With streptokinase and urokinase the activities of human and monkey plasma

TABLE 145
Radial Diffusion Protease Assay in the Rhesus Monkey

Diameter of cleared zones (mm)

Activator
Inhibition of

Plasma Saline SK (50 U/ml) UK (100 U/ml) trypsin
Human 0 9.0 10.0 9.7
Monkey

No. 9 0 9.6 6.0 7.9

No. 10 0 5.8 13.0 7.7

No. 11 0 6.2 6.0 7.7

No. 12 0 9.9 12.0 9.0

No. 13 0 6.0 5.6 7.8

No. 14 0 9.7 12.0 7.8
Buffer 0 0 0 19.0
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were variable but similar. Both human and monkey plasma decreased the activity
of trypsin by more than 50%.

3.5. Miscellaneous Tests

Baboon plasma gave a staphylococcal clumping titer of 1:512. The ethanol
and protamine gel tests and the Wellco and D-Dimer tests were negative on
serum. The euglobulin lysis times were more than 3 hr. Monkey plasma staphy-
lococcal clumping titer was 1:1024.

3.6. Cellular Elements

Table 14.6 lists the mean values for elements of the peripheral blood found
in baboons, chimpanzees, and monkeys. The HCT and HGB of the baboon are
slightly below the normal human range while those of the chimpanzees and
monkey fall within this range. The calculated indices are low for MCV in
monkey and MCH in all three. MCHCs were within the human range. WBCs are
normal or slightly elevated. In baboons and monkeys the lymphocytes are some-
what more frequent than neutrophils, a status that is frequent in very young
humans. Platelet counts were within the human range in baboons and chim-
panzees and slightly above human in monkey. Platelet size did not appear
remarkable.

TABLE 14.6
Cellular Elements of the Peripheral Blood in Primates
Baboon Chimpanzee Monkey Normal
human
Element N Mean SD N Mean SD N Mean SD range
HCT (%) 7 36 38 5 39 26 13 44 33 37-52
HGB (g/dl) 7 114 12 5 126 09 13 139 1.1 12-18
RBC (X 10¢/mm?) 7 45 05 5 48 03 13 5.7 0.6 4.2-62
MCV (fl) 7 80 25 5 82 36 13 78 5.7 79-97
MCH (pg) 7 26 05 5 26 09 13 25 1.9 27-31
MCHC (g/dl) 7 32 1.3 5 33 1.3 13 32 0.9 32-36
WBC (X 103/mm?3) 7 7.9 26 5 133 48 13 10.7 3.8 5-10
Neutr (%) 7 44 13 5 61 17 13 41 12 55-175
Lymph (%) 7 46 13 5 35 17 13 53 12 20—40
Mono (%) 7 7 39 5 2 1.5 13 1 1.3 2-10
Eos (%) 7 2 1.0 5 1 09 13 4 2.1 0-3
Bas (%) 7 1 1.0 5 0 0 13 0 0 0-3
Plat C (X 103/mm3) 7 299 60 5 406 76 9 510 181 150-450
MVP (uM3) 7 6.3 0.6 5 85 0.7 — — — 5.6-10.4
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3.7. Biochemical Tests

Biochemical tests were done on five baboons and five monkeys (Table
14.7). Baboons showed levels above humans in P, chloride, Na, Alk Phos, and
LDH. The values for cholesterol, uric acid, creatinine, and CO, were lower than
human values. Monkeys had high levels of total protein, Ca, BUN, Na, Alk
Phos, CPK, LDH, and SGOT. Low levels were found in uric acid and CO,.

3.8. Platelet Activities

Baboon platelets aggregated with collagen, ristocetin (Risto), CHH, and pig
plasma (Table 14.8). With ADP, aggregation was biphasic; that is, the platelets
aggregated and then disaggregated shortly thereafter. Chimpanzee platelet reac-
tions were similar to baboon. Three of the five animals showed biphasic curves
with ADP at 20, 10, and 5 pM. All five curves were biphasic with 2.5 uM ADP.
Figure 14.1 shows aggregation with ADP at four concentrations. Only the
highest—40 pM—underwent only minimal disaggregation. Figure 14.2 shows

TABLE 14.7
Biochemical Tests in Primates

Baboon Monkey Normal

human

Substance N Mean¢ SD N Mean< SD range

TP (g/dl) 5 6.7 0.5 5 8.9 0.7 6.0-8.0
Albumin (g/dl) 5 4.4 0.2 5 4.2 0.3 3.0-5.5
Ca (mg/dl) 5 9.7 0.3 5 11.5 0.1 8.5-10.5
P (mg/dl) 5 5.8 1.0 5 4.9 0.9 2.5-4.5
Cholesterol (mg/dl) 5 127 17 5 147 25 150-200
Glucose (mg/dl) 5 79 9.0 5 94 22 65-110
Uric acid (mg/dl) 3 0.1 0 5 0.3 0.1 2.5-8.0
Creatinine (mg/dl) 5 0.5 0.2 5 1.5 0.2 0.7-1.4
T bilirubin (mg/dl) 5 0.2 0.1 5 0.3 0.1 0.2-1.4

BUN (mg/dl) 5 17 4.0 5 27 3.1 10-20
Chloride (meq/liter) 5 110 2.4 5 105 1.6 95-105

CO, (meq/liter) 5 22 1.6 5 19 0.8 24-32
K (meq/liter) 5 3.7 0.4 5 44 0.6 3.5-5.0
Na (meq/liter) 5 150 2.8 5 150 3.0 135-145

Alk Phos (IU/liter) 4 598 247 5 203 57 30-85
CPK (1U/liter) — — — 5 306 212 0-110
LDH (1U/liter) 5 333 112 5 477 91 60-200

SGOT (IU/liter) 5 29 15 5 71 7.9 0-41

SGPT (I1U/liter) 5 43 21 — — — 10-50

«Values higher than human are in boldface, values lower than human in italics.
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FIGURE 14.1 Aggregation and disaggregation with four strengths of ADP.

FIGURE 14.2 Aggregation of baboon No. 2 platelets with bovine soluble collagen (0.5
mg/ml), ristocetin (0.9 mg/ml), ristocetin /2 (0.45 mg/ml), and arachidonic acid (0.5
mg/ml).
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aggregation of baboon No. 2 platelets with collagen, Arach A, and Risto. These
curves resembled human platelet-rich plasma (PRP). Three of the five chim-
panzees aggregated with collagen in the human pattern—a lag period of 2-3
min, then a short decrease in light transmission (size change) followed by in-
creasing light transmission (aggregation). Two of the chimpanzees did not react
to collagen. The mean for collagen aggregation was a low 45%. All Risto curves
followed the human pattern. Arach A did not aggregate these chimpanzee plate-
lets, perhaps because of the tranquilizer given to the chimpanzees before the
blood samples were obtained. Pig plasma clearly caused aggregation in all chim-
panzees, but it was somewhat less than in human or baboon PRP.

3.7. Platelet Ultrastructure

TEMs of baboon (Fig. 14.3), chimpanzee (Fig. 14.4), and monkey platelets
(Figs. 14.5 and 14.6) show that most of the internal structures are similar to those
seen in man. Monkey TEMs show large clumps of glycogen and structures of
unknown character circumscribed with fibrous strands.

FIGURE 14.3. TEM of a baboon platelet. Internal structures: (OCS) open canalicular
system; (MT) microtubules.
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FIGURE 14.4. TEM of a chimpanzee platelet. Internal structures: (M) mitochondrion;
(OCS) open canalicular system; (MT) microtubulons.

FIGURE 14.5. TEM of a monkey platelet.
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FIGURE 14.6. TEM of monkey platelets. Internal structures: (DB) dense bodies; (a)
alpha granules; (Gly) glycogen particles; (MT) microtubules; (OCS) open canalicular
system; (M) mitochondria.

4. SUMMARY

The primates are closely related, but do differ considerably in coagulation
factor levels. The differences between human and baboon coagulation factor
levels allowed the detection of baboon liver function after transplant into a
human. Baboon, chimpanzee, and monkey biochemical tests and cellular ele-
ments resembled human. The platelet activities were quite different in that bi-
phasic curves were common and arachidonic acid did not aggregate chimpanzee
platelets. The latter result may have been due to tranquilizer or ketamine
treatment.
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1. INTRODUCTION

Order Edentata (Xenarthra), the “toothless” mammals, consists of only three
families: armadillos, sloths, and anteaters. Edentata flourished in the Lower
Tertiary Age (30 Mya), but only these three genera have survived. Until recently,
there were a number of species with and without teeth that were confined to
South America. In the last century, they have spread to the warm areas of Central
America, Mexico, and the southeastern United States.

The nine-banded Texas armadillo (Dasypus novemcinctus) is a primitive,
cat-sized (4-6 kg) omnivorous animal that is chiefly nocturnal. It is almost
unique among mammals in having a protective armor composed of small,
jointed, bony plates. It can curl up into a ball if attacked. The armadillo is neither
endangered by nor endangering to mankind and therefore may flourish again. Its
meat is not desirable and is eaten by man only out of necessity. Despite the belief
of some, the shell has no magic power, only souvenir value. Armadillos lack
endearing qualities and are not widely sought as pets. They are good swimmers
and expert burrowers, and they live in swampy, often nonarable land. Because
they consume large numbers of insect larvae, they may have economic value for
insect control. Their reproductive pattern is unique in that the fertilized females
produce identical quadruplets about once a year. Armadillos served as research
models in early studies of leprosy.

Various biological, morphological, and genetic studies were reviewed in a
monograph by Talmage and Buchanan (1954). Coagulation studies performed in
this laboratory (Lewis and Doyle, 1964) on four armadillos are reprinted here
with the kind permission of the editor of Comparative Biochemistry and
Physiology.

2. SOURCE

A total of six armadillos were shipped to our laboratories, four in 1964 and
two in 1975, and maintained on diets of rabbit chow, lettuce, carrots, and water
ad lib. Their average weight was 5.5 kg. The animals were under light Nembutal
(intraperitoneal) anesthesia when their blood was obtained by cardiac puncture.

170



THE NINE-BANDED ARMADILLO 17

3. TESTS CONDUCTED
3.1. Bleeding Times

The skin bleeding times performed on the underbelly of the first four were
short: mean: 3 min; range: 2—4 min.

3.2. General Coagulation Tests and Factors

Table 15.1 shows the results of general coagulation tests. The prothrombin
test with Simplastin was slightly longer and with armadillo brain, human brain,
and RVYV slightly shorter than with human plasma. The APTT was also shorter,
but the thrombin time with either bovine thrombin or Atroxin was much longer
than human.

Table 15.2 illustrates the results of the TGT employing all armadillo or all
human materials. The substrate clotting times were longer with the armadillo
generating mixtures. When armadillo platelets or adsorbed plasmas were substi-
tuted for human materials, they were equally effective, but armadillo serum
allowed longer clotting times, suggesting that one or more of the serum factors
(VII, IX, X, XI, XII) were less active than human factors.

Table 15.3 shows coagulation factor assay results. Fibrinogen (factor 1) and
factors V, VIII, IX, XI, XII, and XIII were higher than human; ATIII and II were
about the same; VII and X were slightly below the lower edge of the human
range.

3.3. Tissue Factor

Armadillo tissues were washed free of blood, ground, and suspended, 1
g/2ml in imidazole-buffered saline (1/S). The suspension was allowed to sedi-
ment for 5 min, and the relatively clear top was tested as shown in Table 15.4.
Lung and brain were high in tissue thromboplastin (tissue factor) activity when
tested with armadillo plasma.

3.4. Fibrinolytic Enzyme System

Neither human nor armadillo plasma lysed !3'Ifibrin in the presence of
buffer. When 100 U/ml or 1000 U/ml streptokinase (SK) was added, human
plasma lysed 40-60% of the fibrin, but armadillo only 2—11%. With 440 U/ml
urokinase (UK), human plasma lysed 90% and armadillo 52%. These results are
shown in Table 15.5.
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TABLE 15.2
Thromboplastin Generation Test in the
Nine-Banded Armadillo

Generating mixture

Substrate Clot T (sec)«

Human Armadillo
Means Human Armadillo
H () — 9.9 10.7
_ Arm (2) 133 14.6

aHomologous systems are in boldface.

3.5. Serum Proteins

a,-Globulin and B-globulin were slightly higher than in human blood.
Otherwise, the protein distribution was very similar, as shown in Table 15.6.

3.6. Biochemical Tests

Biochemical test results are shown in Table 15.7. The albumin by this
method was much lower than by electropheresis. Cholesterol, uric acid, chlo-
ride, CO,, and Na were each somewhat lower than values found in humans. On
the other hand, most of the liver function test values were higher than those of
humans.

3.7. Miscellaneous Tests

Armadillo plasma (No. 5) in dilutions up to 1:1024 clumped the standard
killed staphylococcal culture preparation. The euglobulin lysis time was greater
than 2 hr.

3.8. Cellular Elements

Table 15.8 shows that the erythrocyte values were comparable to human
values. The RBCs were somewhat more numerous and slightly smaller. The
mean RBC diameter was 6.2 pM. The leukocytes had much the same distribu-
tion and appearance as their human counterparts. The platelets varied in size
from very small to very large. The counts were within the human range.
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TABLE 15.4
The Effects of Armadillo Tissues on Clotting Time-

Clotting time (sec)

Agent Armadillo Human
Buffer (I/S) 51.4 103.0
Armadillo tissue suspension
Lung 10.0 30.4
Brain 13.4 23.8
Heart 17.2 28.8
Testis 20.4 40.4
Skin 23.4 31.8
Liver 28.8 29.2
Spleen 30.2 40.4
Human brain 9.0 12.2

«Test system: 0.1 ml armadillo tissue suspension or other agent + 0.1 ml
armadillo or human plasma + 0.1 ml 0.025 M CaCl,.

3.9. Platelet Aggregation

Armadillo platelet aggregation with ADP and collagen did not differ from
human, as shown in Table 15.9.

3.10. Platelet Ultrastructure

TEMs (Figs. 15.1 and 15.2) show greatly enlarged armadillo platelets.
Strikingly large inclusion bodies surrounded by fibrillar material were seen in

TABLE 15.5
Fibrinolytic Activity with
Streptokinase or Urokinase in the
Nine-Banded Armadillo

[3'1]Fibrin lysed (%)

Plasma
Reagent Armadillo Human
Buffer 0.41% 0.68%
SK (100 U/ml) 2.3% 62.4%
(1000 U/ml) 11.3% 39.4%
UK (110 U/ml) 14.7% 41.7%

(440 U/ml) 52.0% 90.5%
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TABLE 15.6
Serum Proteins by Paper Electrophoresis in the
Nine-Banded Armadillo
Armadillo No. Normal
human
Protein Pool (1-4) 5 6 N Mean SD range
Total protein (g/dl) 8.7 6.5 6.8 6 8.0 1.1 6.3-7.9
Albumin (g/dl) 3.5 2.5 2.5 6 3.2 0.5 3.2-4.4
o,-Globulin (g/dl) 0.7 0.8 0.9 6 0.8 0.1 0.2-0.4
a,-Globulin (g/dl) 0.8 0.8 0.8 6 0.8 0.0 0.4-1.0
B-Globulin (g/dl) 1.4 0.9 0.9 6 1.2 0.3 0.5-1.0
v-Globulin (g/dl) 1.2 1.5 1.9 6 1.4 0.3 0.6-1.8
TABLE 15.7
Biochemical Tests in the Nine-Banded Armadillo
Armadillo No. Normal
human
Substance Pool (1-4) 5 6 N Mean SD range
TP (g/dl) 8.7 6.3 7.8 6 8.2 1.0 6.0-8.0
Albumin (g/dl) 0.8 0.7 0.5 6 0.7 0.1 3.5-5.0
Ca (mg/dl) 10.2 12.1 10.8 6 10.6 0.7 8.5-10.5
P (mg/dl) 4.2 9.7 3.8 6 5.1 2.3 2.5-4.5
Cholesterol (mg/dl) 128 147 93 6 125 17 150-200
Glucose (mg/dl) 172 329 141 6 193 67 65-110
Uric acid (mg/dl) 0.5 0.4 0.3 6 0.5 0.1 2.5-8.0
Creatinine (mg/dl) 1.1 1.2 0.7 6 1.1 0.2 0.7-1.4
T bilirubin (mg/dl) 0.2 0.0 0.1 6 0.2 0.1 0.1-14
BUN (mg/dl) 16 17 19 6 17 1.2 10-20
Chloride (meq/liter) 104 -— 92 5 102 5.4 95-105
CO, (meq/liter) 15 — 17 5 15 0.9 24-32
K (megq/liter) 5.1 — 5.8 5 5.2 0.3 3.5-5.0
Na (meq/liter) 124 — 130 5 125 2.7 135-145
Alk Phos (IU/liter) 60 56 67 6 61 3.6 30-85
SGOT (IU/liter) 58 — 90 5 64 14 0-41
SGPT (IU/liter) 22 11 9 6 18 6.2 10-50

aValues higher than human are in boldface, values lower than human in italics.
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TABLE 15.8
Cellular Elements of the Blood in in the Nine-Banded Armadillo
Armadillo No. Normal
human
Element 2 3 4 5 6 N Mean SD range
HCT (%) 40 41 49 41 42 6 42 33 37-52
HGB (g/dl) 14.1 137 145 132 136 6 13.7 0.6 12-18
RBC (X 108/mm3) 5.1 4.8 6.9 6.9 58 6 5.8 09 4.2-62
MCYV (f}) 78 85 71 59 72 6 75 9.0 79-97
MCH (pg) 28 29 21 19 23 6 24 39  27-31
MCHC (g/dl) 35 33 30 32 32 6 32 1.7 32-36
WBC (X 103/mm?) 4.9 6.6 9.1 109 84 6 8.3 2.3 5-10
Neutr (%) 55 63 64 71 65 6 63 5.3  55-75
Lymph (%) 26 18 11 26 25 6 21 5.9  20-40
Mono (%) 10 7 6 2 5 6 6 2.6 2-10
Eos (%) 3 6 16 3 3 6 6 5.1 0-3
Bas (%) 6 6 3 0 2 6 4 3.0 0-3
Plat C (X 103/mm3) 266 322 246 432 555 318 6 357 117 150-450

many platelets. Circumferential microtubules as well as alpha granules and gly-
cogen particles were easily visible. An open canalicular system and dense bodies
were minimal or difficult to observe.

4. SUMMARY

Blood was collected by cardiac puncture from six armadillos (Dasypus
novemcinctus). The blood clotted effectively, but the clots retracted poorly. Most

TABLE 15.9
Platelet Aggregation in the Nine-Banded Armadillo
Human
Armadillo No.
Normal
Activity 1 5 6 Mean SD  Control range
Aggregation (%) 100 100 100 100 0 100 70-100
ADP (10 pM)
Collagen
Bov (.19 mg/ml) 100 100 100 100 0 75 . 80-100
Armadillo (.19 mg/ml) — 100 68 84 23 100 —




FIGURE 15.1. TEM of an armadillo platelet showing two large inclusions banded by
circles of fibrillar strands and containing microtubules (MT), glycogen particles (GLY),
and alpha granules (a GRAN).

FIGURE 15.2. TEM of another armadillo platelet, also showing two inclusions banded
by circles of fibrillar strands. One inclusion is almost empty; the other contains a large
group of glycogen particles.
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of the coagulation factors showed greater activity (or higher concentration) than
their human counterparts. Armadillo tissues, especially lung and brain, were far
more thromboplastic to armadillo plasma than to human plasma. Spontaneous
fibrinolytic activity was seen only in the recalcification time of armadillo No. 5.
SK and UK in high concentrations activated armadillo plasminogen. Serum
proteins and their electrophoretic patterns were similar to human. Biochemical
tests showed high levels of liver enzymes. Cellular elements differed only slight-
ly from human. Erythrocytes were small and numerous; leukocyte values fell
within the human range. Platelets were variable in size, numerous, and aggre-
gated with ADP and collagen. Platelet appearance on electron microscopy was
distinctive in that about one in six platelets contained numerous multiwalled
rings that appeared to circumscribe normal platelet elements.
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