




SNAKE VENOMS
AND

ENVENOMATIONS

Jean-Philippe Chippaux

Translation by F. W. Huchzermeyer

KRIEGER PUBLISHING COMPANY
Malabar, Florida

2006



Original French Edition Venins des"pent et enuenimations 2002
Translated from the original French by F. W. Huchzermeyer
Copyright © English Edition 2006 by IRD Editions. France

Original English Edition 2006
Printed and Published by
KRIEGER PUBLISHING COMPANY
KRIEGER DRIVE
MAlABAR. FLORIDA 32950

All rights reserved. No part of this book may be reproduced in any form or by any means. electronic
or mechanical. including information storate and retrieval systems without permission in writing
from the publisher.

No liability isassumed with respect to the useofthe inftrmation contained herein.
Printed in the United States of America.
Library of Congress Cataloging-in-Publication Data

FROM A DECLARATION OF PRINCIPLES JOINTLY ADOPTED BY A
COMMITTEE OF THE AMERICAN BAR ASSOCIATION AND A
COMMITTEE OF PUBLISHERS:
This publication is designed to provide accurqate and authoritative information in
regard to the subject matter covered. It is sold with the understanding that the
publisher is not engaged in rendering legal, accounting. or other professional service.
If legal advice or other expert assistance is required. the services of a competent
professional person should be sought.

Chippaux, Jean-Philippe.
[Venins de serpent et envenirnations, English]
Snake venoms and envenomations I Jean-Philippe Chippaux ; translation by F.W. Huchzermeyer.

p. cm.
Includes bibliographical references and index.
ISBN 1-57524-272-9 (hbk. : a1k. paper)
1. Venom. 2. Snakes. 3. Toxins. I. TIde.

QP235.C4555 2006
615.9'42---<ic22

10 9 8 7 6 5 4 3 2

2005044486



Contents

Glossary v

Preface vii

Introduction ix

PART I ZOOLOGY

1. The Zoology ofSnakes 3

Palaeontology 3

Anatomy 18

The Systematicsof the Snakes 24

PART 11 VENOMS

2. The Venom Apparatus 47

The General Evolution of the Venom Apparatus 47

The Anatomy of the Venom Apparatus 51

The Composition of the Venom 54

3. The Toxicology of the Venoms 75

Measuring Toxicity 75

Effects on Cells 78

Effects on the Nervous System 81

Effects on the Cardio-vascular System 89

Effectson Haemostasis 91

Necrotizing Activity 107

Toxicokinetics 112

The Utilization ofVenoms in Research and Therapeutics 115

111



IV

4. Antidotes and Immunotherapy

Traditional Medicine

Principles and Mechanisms of Immunotherapy

Medical Treatment

Vaccination

PART III ENVENOMATIONS

Contents

125

125

136

161

164

5. The Epidemiology ofEnvenomations 169

The Ecology of Snakes 169

Human Behavior 182

The Epidemiology of Bites 185

6. Clinic and Treatment ofEnvenomations 211

Symptomatology and Clinical Pathology of Envenomations 211

The Treatment of Envenomations 228

Evaluation of the Availability ofAntivenins and

the Improvement of their Distribution 239

Prevention of Envenomations 242

Appendix 1 Practical Measuring of the LD lQ by the Spearrnan-

Karber Method 247

Appendix 2 Symptomatic Action of Certain Plants 249

Appendix 3 Antivenom Producers and Their Products 257

Appendix 4 French Legislation Regarding the Keeping

of Venomous Animals 271

Bibliography 275

Index 281



Glossary

Absolute density: The real number of individuals per unit ofsurface or volume
after an exhaustive count ofall individuals

Abundance: The number of individuals belonging to one population
Action potential: Electrical wave moving along a nerve fibre and provoking a

muscle contraction
AgIyphous: Maxilla with full teeth not linked to salivary or venom glands-

fang-less
Alethinopbidian: Group of modern shakes, ethymologically "true snakes"
Apodal: without limbs
Apparent density: Relative number of individuals per unit ofsurface or volume as

function of a collection method or collector's activity
Autochthonous: Oflocal origin
Dentition: The number and distribution of teeth on the jaws; this is species specific
Diasteme: Free space on the maxilla separating two series of teeth
Duvemoy: Sero-mucous salivary gland which in the colubrids produces a toxic

secretion, a precursor of the venom gland
Effector site: Precise site on a molecule where an activity is situated
Endemic: Naturally occurring in an area or region
Endothelium: Layer of cells covering the inside of blood vessels preventing leakage

and setting into motion the coagulation in the case of injury
Epitope: The exact site of a molecule to which antibodies bind
Evolutionary radiation: The appearance under environmental pressure of new

zoological forms from a common ancestor
Fibrillation: Repeated short muscular contraction of low amplitude
Haemostasis: Phenomenon or action aimed at stopping a hemorrhage
Incidence: Frequency of an event per period of time (usually one year); in the case

of envenomations the incidence refers specifically to all bites irrespective of
their severity

Jacobson's organ: Sensory organ of snakes associated with the sense of smell 
vomero-nasal organ

Labial: Lip region; the labials are he scales adjacent to upper and lower lips
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VI Glossary

Lethality: The frequency of deaths caused by a given condition
Lorea1: The lateral portion of the head between to eye and the nostril; the loreal

shield is the shield covering this region without contact with eye or nostril
Monophyletic: Zoological groups sharing the same ancestor
Morbidity: The frequency of a disease per period of time (generally one year); in

the case of envenomations the morbidity represents the symptomatic bites and
thus a fraction of the incidence

Naso-vomeral organ - SeeJacobson's organ
Opisthodontous: Presence of a tooth at the back of the maxilla and separated from

the preceding ones by a diasteme
Opisthoglyphous: Presence of a poison fang at the back of the maxilla and

separated from the preceding ones by a diasterne, back-fanged
Pleurodontous: Sentition containing different types of teeth
Population: All the individuals belonging to the same species and living in a given

geographical zone
Prevalence: Number of cases diagnosed at a given moment expressing the present

frequency of an event
Proterodontous: Presence of a larger tooth at the front end of the maxilla
Proteroglyphous: Tubular tooth or tooth with an open canal carried on a generally

short fIXed or slightly mobile maxilla, front-fanged
Purpura: Eruption of red blotches on the skin due to blood seeping out of the

capillaries due to the rupture of the blood vessels or to a hemorrhage problem
Rhodopsin: Retina pigment needed for colour vision
Scolecophidian: Group of primitive still living snakes; ethymologically "worm

snakes"
Solenoglyphous: Tubular fang or one with an open canal situated on a short and

mobile maxilla
Symphysis: Fixed or slightly mobile articulation consisting of cartilage and elastic

tissue
Territory:The space in which an animal moves and where it completes its principal

activities in the rhythm of its existence (feeding, mating, egg laying or giving
birth), lebensraum

Vitellogenesis: Deposition of fat reserves by the females in the ovarian follicles
before ovulation



Preface

While the mythical representation of snakes in all cultures originated from an
ignorance of their true nature, it was also responsible for the delay with which sci
entists took up the study of these very peculiar animals: Often the legends sub
stituted observation and experimentation for their description and explication.
Nonetheless, with the exception of a few countries without venomous species,
poisonous snakebites are feared throughout the whole world and pose a real pub
lic health problem in the tropical regions, in particular in developing countries.

There are approximately 2700 described species of snakes of which 500 are ven
omous and potentially dangerous to people in varying degrees. The majority of
bites result from the unexpected but not purely accidental encounter between
human and snake and in most cases the latter only defends itself against what it
considers to be an aggressor. Epidemiological studies aim at defining the causes
and origins of these encounters. They need to be based on zoological research,
which helps to identify the species involved, to study their ecology and this could
lead to suggestions how to prevent these bites where possible. In addition the
specificity of the venoms has been the subject of detailed biochemical and toxi
cological studies which have allowed us to understand the diversity of symptoms
observed in cases of snakebite and to suggest specific treatments.

Every year there are 6 million snakebites in the entire world, half of them with.
subsequent clinical problems of varying severity.The annual number of fatal cases
is estimated to be 125,000, most of them in Africa and Asia, namely in poor coun
tries where generally treatment is inaccessible. Most snakebites happen in rural
zones during agricultural activities. In contrast, in developed countries where the
dangerous activities are more rare because of the mechanization of agriculture,
accidental bites have appeared over the last few years which occur during recre
ational activities, as well as "illegitimate" bites due to handling ofpet snakes, some
of which are exotic and particularly dangerous. In all cases the envenomations are
really difficult to take care of and to treat.
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Vll1 Preface

However, even beyond what one could consider a simple defense strategy, the
study of the biology ofsnakes, of the composition and mode ofaction of the ven
oms has opened new and fascinating research perspectives regarding the molecu
lar structure of numerous membrane receptors, the intimate mechanisms of
intercellular relations or the discovery of new effective drugs against hitherto
untreatable diseases.

This book offers a synthesis of recent findings and observations, allowing us to

measure these riches and to understand the most significant results.



I ntroduction

In addition to their destructive power or the potential danger that they represent,
snakes fascinate us by their appearance and by the differences which distinguish
them from other vertebrates. The absenceof legs, the sinuous and silent movements
which seem to take place in a different dimension, the moult which is considered
as a rebirth, the agile and thread-like tongue are all characteristics which man has
extolled since the origin of time as evidenced by palaeolithic rock paintings.

Founding divinity of most cultures, the snake is present in all the cosmogonies,
all the mythologies. It appears almost always under its two contradictory aspects,
at times as virtuous power of creation and immortality, at other times monster,
keeper of knowledge and bringing death, a veritable dichotomy between Good
and Evil.

In the judeo-Christian ideology the snake is the tempting demon who has brought
about the perdition of man and his eternal failure, from which divine redemption
alone can absolve. Without doubt the most peculiar aspect of this perception of
the snake is that it is the source of Knowledge and not only a corrupter. This
power, seen as primordial by people, is present in many ancient cultures. It appears
in the Egyptian myth of Isis, jealous of the power of Ra, the Sun God. Isis, who
embodies the feminine ideal in the Egyptian pantheon, creates a snake from clay
moistened by her saliva.The snake bites the Sun God's heel and immediately the
foot swells. Febrile and paralyzed by pain Ra begs for help, which the goddess
gives on condition that he revealshis true identity so she can gain the knowledge
and hold the same power as he. Here one sees the snake only as an instrument in
the hands of the goddess and not the instigator of the plot.

In other civilizations the knowledge is transmitted spontaneously, almost plainly.
The Pythians who had several famous cults in Greece, practiced divination which
was intimately connected with prognosis and healing of ailments and bewitch
ments. Polyidos, a Cretan shepherd, learnt from a willing snake the traditional
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x Introduction

pharmacopoeia which became the corpus of the disciples ofAsclepios, called Aes
culapius by the Romans. The legend tells that the latter separating two snakes
enlaced in copulation created the caduceus, the symbol of medicine, which goes
back to the third millennium before our era. To begin with, the caduceus was the
symbol of Hermes, the messenger of the Gods.

Immortality is a corollary or a consequence of therapeutic competence. In
Mesopotamia, again in Crete and in Greece, but also with the Amerindian Incas,
notably with Quetzalcoatl, and in Africa, it contributes to or accompanies the
medical power, which the serpent exercises over the universe. In Ouidah on the
coast of Dahomey, presently the Republic of Benin, the royal python is a mes
senger of the ancestors, the "spirits", whose recommendations and rules it trans
mits in the temples dedicated to the cult of the serpent. In the Hebrew world the
snake is a symbol of fertility, a reputation that is found in many other societies,
notably in Asia and Africa. It is difficult to explain how the serpent has acquired
it, but doubtless its phallic form associated with the remarkable fecundity ofcer
tain species has played a role.

We know from the Bible that the Hebrews were decimated by snakes at Lake Suph
during their exodus. Yahweh had inflicted this punishment in response to the
recriminations with which they had come to him: "Fiery snakes bit the people
and many died in Israel". "Fierysnakes" means viper in many passagesof the Bible
and the word fiery is the translation of the Hebrew "saraph" which in the middle
ages became the root of "seraphin", In Greek it is translated by the word 1t??????
(prester), which also is the word for the species Walterinnesia aegyptica, an Egypt-

. ian elapid the bite ofwhich is not only neurotoxic but also particularly painful.

The uraeus, which symbolizesthe eyeofRa,becomes in Egypt the crown ofPharaos
ofseveral dynasties. The emblem representing a female Egyptian cobra (Naja haje)
is worn as if protecting the bearer. One understands why the Egyptian cobra rather
than the viper is the suicidal instrument ofCleopatra. In addition to the divine sym
bolism worthy ofa queen ofEgypt, the cobra kills rapidly without pain or physical
deformation, while the viper causes a slow death with painful suffering accompa
nied by haemorrhages, oedemas and ugly necroses. Could the Queen ofUpper and
Lower Egypt in allher beauty leave to posterity on top of her failure and humilia
tion also the image of her disfigured body?
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In the Greco-Latin tradition the danger of serpents is clearly linked to the bite,
the attributes of which are obviously distinct from those of rabies. The snake has
an intrinsic deathly power, which is only occasional in the rabid carnivore and
acquired by chance. This realization derives from a clinical study, which allowed
Aristotle, Hippocrates and Galen to describe the different symptoms presented
by bitten patients as function of different "varieties"of snake or their geographic
origin. This still is limited strictly to an inventory, being descriptive rather than
explicative.

In the Middle Ages, an era struggling to free itself from Antiquity, it was thought
that the danger of a snake came from its fixed stare, which petrifies the victim, a
veritable image of conscience.

In Africa it is often the horn-like pointed last scale of the tail that is seen as dan
gerous. A comparison with the sting of a scorpion, but also the behaviour of cer
tain snakes which use their tail, although inoffensive, to lure and frighten their
adversary, evidently are the origin of this widespread belief

In Europe the tongue, a sensory organ without any toxic function or capacity to
harm, disquiets and for many represents a potential danger. Here again the lan
guage analogy (snake's tongue, forked tongue) is evident, flinging out calumnies,
insults, gossip and chastisements.

The discoveryof the venom and its toxic properties goes back to the Renaissance.
To begin with, an anatomical study allowed people to identify the poison fangs
and to differentiate them from the other teeth. Then "pre-experirnenral" physio
logical studies carried out particularly by Ambroise Pare, Grevin and above all
Baldo Angelo Abati in the 16'h century, Francesco Redi in the 17'h and Felice
Fontana in the 18'"were at the beginnings of the characterization of the venoms
and the description of the toxic function. While Abati described the anatomy of
the venom apparatus with the only error of linking the gall bladder to the poison
fangs, we give credit today to Redi and Fontana for the discovery of the toxicol
ogy and the definition of its fundamental principles.

Although the complexity of the composition of the venoms was sounded by
Fontana, we had to await the 19'h century for the biochemical analysis and the
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study of the different components. From then on the study of envenomation and
research of their treatment could begin. Lucien Bonaparte, the brother of
Napoleon, fractionated viper venom with the help of successive precipitations with
alcohol and ether. At the end of the 19th century Albert Calmette developed the
serum therapy, which up to now remains the only etiological treatment of
snakebites. Subsequently other researchershave separated the constituents ofven
oms through filtration, chromatography, electrophoresis or mass spectrometry and
have described the respective properties of the fractions obtained by these meth
ods. Very recently, molecular studies of the proteins present in the venorns, even
tually modified structurally, have led to the elucidation of the most intimate
cellular mechanisms, thus opening the way to entirely new domains.

Since then the work on the venoms has become oriented beyond the protection
against snakebites to their utilization in biologicaland medical research. Heirlooms
of the 20'h century, but in the 21" full of promise of a fruitful future, these studies
offer particularly fecund avenues to medical research and to modern therapeutics.
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CHAPTER 1

The Zoology of Snakes

Snakes, lizards, amphisbaenes and sphenodons form within the Reptilia the sub
classLepidosaurians. Snakes, lizards and amphisbaenes are characterized by a scaly
skin and because of that they are placed together into a group considered to be
homogenous by wologists: the Squamata. These occur in all terrestrial surround
ings and this shows good adaptation to very diverse environmental pressures.

1. Palaeontology

Snakes are the recent heirs of an ancient zoological group that for a long time
dominated a remote period of prehistory. The reptiles flourished at the end of the
Primary and throughout the Secondary Periods and are represented by many
species that occupy all the environments. The ancestors of the Squamata are found
in the lower Triassic at the beginning of the Secondary, 250 million years ago. At
that time they separated from the archosaurs (dinosaurs, crocodiles and
pterosaurs). The first disappeared after having widely dominated the land masses
and at least partially the shallow waters. The second occupy lakes and littoral envi
ronments. The third gave rise to the birds.

1.1 The evolution of the snakes

The lizards began to diversify at the end of the Triassic (210 million years ago).
During the Jurassic, in the middle of the Secondary (200-150 million years ago)
the radiation - that is the diversificationof forms - responded to the need to adapt
to very varied nutritional regimes, notably vegetarian or carnivorous, but above
all to the size of and the resistance by the prey animals for which an appropriate
set of teeth and musculature of the head was required. Today the specialists agree
in saying that the snakes derived from varanoid lizards, at least that the two share

3



4 Snake Venoms and Envenomations

a common ancestor. They had thus evolved in parallel to the varanids and the
heloderms, which are New World venomous lizards, to which they still are close.
The primitive ancestor with whom they share the structure of the cranium and
the morphology of mandible and tongue, probably was aquatic.

The particular structure of the retina, which in snakes has rods containing rhodop
sine, indicates that the snakesseparated from the lizardsat a relativelyearly period
(between 150 and 120 million years ago). Amongst different proposed hypothe
ses it is admitted today that the primitive forms were burrowing species that pro
gressively lost their legs. The development of the retina also supports this
hypothesis. In addition the primitive families of the present snakes belong to the
suborder Scolecophidians, which are all burrowing. Finally there are great simi
larities with burrowing lizards, which also are legless and have related osteologi
cal characteristics of the skull.

The loss of legs reenforces also the need for an adaptation of the muscles and
bones of the head to allow the prey to be held and to be swallowed. Consequently
several bones of the head are articulated amongst each other and have become
mobile to allow the mouth to be opened wide for swallowing a prey that has
a larger diameter than the body of the snake. The discovery of fossils of snakes
with legs has been the cause of a controversy about the evolution of snakes, as
this a priori primitive characteristic is associated with an enlarged oral cavity
in two species and a small one in the third one. In the first case it must be con
ceded that this primitive characteristic would have reappeared in certain species
with a large oral opening or that its enlargement could have appeared inde
pendently in the two groups. The most economical hypothesis is to accept that
the enlargement of the mouth preceded the loss of the legs and that all groups
which had conserved external legs, have disappeared today. The existence at the
same time in the middle of the Cretaceous (95 million years ago) of snakes
with legs but having a small oral cavity similar to that of the Scolecophidians,
which are a very primitive group, or a large mouth like the Alethinophidians,
which contain the more evolved snakes, appears to confirm this hypothesis. It
should also be noted that the Typhlopidae and the Boidae still have a rudimen
tary pelvic girdle and that some boids have horny dew-claws, which are vestiges
of hind legs.



The Zoology of Snakes 5

The teeth followed a parallel evolution by becoming more pointed and less firmly
fixed to the jaws and ending up as appendages that are implanted into bony sock
ets. The teeth of the Squarnara serve more for holding the prey than for pulling
it apart or grinding it. In fact they penetrate easily through more or less soft and
thin integuments. In snakes the specialization of teeth even went further by taking
the form of the venom apparatus, which will be described in another chapter.

Snakes appeared in the middle of the Cret aceous more than 100 million years ago
(Fig. 1).

In that era the dinosaurs were still dominating. Next to them the snakes are much
smaller animals. The land masses consisted of two continents, Laurasia which later
would become North America, Europe and Asia, and Gondwana which would
divide into South America , Africa and Australia (Fig. 2).

Figure 1
Sua tigraphic dating of the principal snake families (after Rage, 1982)
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6 Snake Venoms and Envenomations

Figure 2
Locality and date of the main snake fossils
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The Zoology of Snakes

l.4ppl1mttophu rkfrmn~; (Simoliopheoidea)
1. Simo/iophis rorh~Imt,,~i (Simoliopheoidea)

2. Parhyrarhis probkmAti('UJ (snake with legs)
Hamiophis U1TaJ411CtUJ (snake with legs)
PDdophis ancD"""is (snake with legs)

3. Dinilysia pdtagonicd
4. ConiophiJ cosgrijfi (Aniliidae)

5. CDniDphis prmdms «Aniliidac)
Coniophis sp. (Aniliidae)

6. Madtsoiawuu:Jagmclln'tnJis (Madtsoiidae)
Madtsoia sp. (Madtsoiidae)

7. Boidae indeterrruned
8. Palaeopheidaeindetermined
9. Boidae inderermined

10. Coniophis sp. (Aniliidae)
11. Dunnophissp. (Boidae)

Hekgr'"prisciftrmis (Boidae)
12. Palaeophis 'po (Palaeopheidae)

DunnophiJ sp. (Boidae)
13. Boidae inderermined

14. PakuuphiJ virgiNltJIJ - P.linoralis (Palaeopheidae)
15.c..i4magr",prim.. (Boidac)

DunnophiJmicrochinus (Boidae)

LitophisJllrgmti «Boidae)
16. Rus.ulJophis 'po (Russellophidae)
17.AnDmalophis bolcenis (Anomalophiidae)
18 Scolecophidia

19. Madt10ia bai (Madtsoiidae)
20. Ggmophis lJOorhinuis (Boidae)

Boavus a!finis (Boidae)

Chrilophis hunfanonuu (Boidae)

Paraepicram bmnspondyl.. (Boidae)
Tali4hattaophis dunni (Boidae)

DunnophiJ microchinus (Boidae)
Ptn"phrn .. scbcherti (boidae)

21. Palarophis 'po (Palaeopheidae)
22. VUllovophis zhyi4n (Palaeopheidae)

23. Nigrrophu mirus (Nigerophidae)
24. Wous«nophiJ novw (Nigerophidae)

25. GigantophiJ gantini (Madtsoiidae)

26. Dawsonophis wyomingnuis (Boidae)
Boavusidelmani (Boidae)

Hubrrophisgrorginuu (Boidae)
Ogmophis romf"'C'"' (Boidae)

27. Eoani/i1lJ sp. (Aniliidae)

28. Pai4ropython 'po (Boidae)

Pakry>< (Boidae)
29. V~ctophiJ wardi (Colubroidea)

30. Cou,brr cardud(Colubridae)
31. TamophiJ"mni (Colubridae)

32. c..lomagr'"'po (Colubridae)
PterygrJboa tk/awarnuiJ (Boidae)

Pollarkophis tkprrs=u (Viperidae)
33. Proptychophis achDris (Colubridae opithoglyphous)

Chari... prcbottar (Boidae)
34. Vipnw sarmatica- Y; ukrainica

- Y; tUgmica(Vipuidae)

<100 Myr
95 Myr
95 Myr
95 Myr
95 Myr
80 Myr
75 Myr
65 Myr
65Myr
65 Myr
65Myr
65 Myr
65 Myr
65 Myr
65 Myr
65 Myr
65 Myr
60 Myr
60 Myr
60 Myr
60 My,

55 Myr
55 Myr
55 Myr
55 Myr
55 Myr
55 Myr
50 Myr
50 Myr
50 Myr
50 Myr
50 Myr
50Myr
50 Myr
50 Myr
45 Myr
45 Myr
45 My,
45 Myr
40 Myr
35 Myr
35 Myr
35 Myr
35 Myr
35 Myr
35 Myr
35 Myr
35 Myr
32 Myr
30 Myr
25 Myr
25 Myr
25 Myr
25 Myr
25 Myr

25 Myr

35. S",",rIII inderermined (Viperidae)

36. 1'"'1'.... "'Pis - V maghrcbUzM (Viperidae)
37. Palaeonaja romani (Elapidae)

39. Colubridae inderermined

39. Natrix sp. (Colubridae]
40. I'"rp<r.'po (Viperidae)
41. Paltuoh~t~rodtJn tihmi (Colubridae)

Dryinoitb'oxyrhachis (Colubridae)

42. SistrItnu inderermined (Viperidae)

43. Minw.rIII inderermined (Elapidae)

44. At1"Otlxml", dehmi (Acrochordidae)

45. Nebr",kophis ,kinncri(Colubridae)
Neonamx ~/ongata - N milgruz (Colubridae)

46. N~_(Colubridae)
c..lrJHr <0..._ (Colubridae)

Tbam""pbis 'po (Colubrldae)

47. E,,_ 'po (Boidae)
48. Gongylspbis 'po (Boidae)

Python maurus (Boidae)

Colubridae inderermined

49. Micnmu galli"" (Elapidae)
Palaeonaja 'po (Elapidae)

50. I'"rp<r.bertu- V. geduyi(Viperidae)
51. T,pblsp, gr7VC1Uis (Scloecophidia)

52. Colombophis po...,i (Aniliidae)
EIIIIICtD s;rtonj(Boidae)

Colubridae inderermined

53. T,pblsp, 'po (Scolecophidia)
54.Mirrwnu indetermined (Elapidae)

55.A~" indetermined (Viperidae)

56.~pbis elinorae (Colubridae)
Hetn'O<UJ"plotyrhin", (Colubridae)
Col""er ,.1. (Colubridae)
1.A.",prop~ltU simila - Ltriangu/um (Colubridae)

Tt'XIlSophiJ wil,on;(Colubridae)

57.EI4p/H bmg;u;-(Colubridae)
Namx'po (Colubridae)

58. Cromhu borrid., - C uiridis (Viperidae)
59.Pytho" 'po (Boidae)

Colubridae inderermined

AtfWhortl", j""."inu (Acrochordidae)

60. Mo.."" sp. (Boidae)
Elapidae inderermined

61. PalaroMja depmri «Elapidae)
62. Ogmophis p/iocomf"'C'"' (Boidae)

63. E"" 'po (Boidae)

64. Python 'po (Boidae)
65. Crotalinac indetcrmined

66. P",uJo ...j. 'po (Elapidae)
WOMmbinartuoortmsiJ (MadlSoiidae)

67. PalaroMja 'po (Elapidae)
68. NIIj. sp. (Elapidae)
69. PalaroMja 'po (Elapidae)
70. PythoIJUbM (Boidae)
71. BitU olduvainuiJ(Viperidae)

72. T,pblD1"'po (Scolccophidia)
c... ... 'po (Boidae)
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22 Myr
22 Myr
20 Myr
20 Myr
20 Myr
20 Myr
15 Myr
15 Myr
15 Myr
15 Myr
15 Myr
12Myr
10 Myr
10 Myr
10 Myr
10Myr
10 Myr
10 My,
10 Myr
10 My,
10 Myr
10 My,
10 Myr
10 Myr
10 Myr
10 Myr
10 Myr
10 Myr
7 Myr
7 Myr
5Myr
5Myr
5 Myr
5 Myr
5 Myr
5 Myr
5 Myr
5 Myr
5Myr
5Myr
5 Myr
4Myr
4Myr
4 Myr
3Myr
2Myr
2Myr
2 Myr
2Myr
2Myr
I Myr
1 Myr
1 Myr
I Myr
I My,
I Myr
1 Myr
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The separation between the Scolecophidians and the Alethinophidians could have
occurred during this era. Lapparentophis defrennei, the oldest fossil attributed with
certainty to the order Ophidians, was found in Gondwana, more precisely in a
region which is now Algeria. This species, which belongs to the super-family
Simolipheoidea, which are mainly marine, is generally considered as terrestrial or
by some specialists as lacustrine or living in fresh water. In the same super-family
there are three related forms found on the two continents: in Laurasia on one hand
several forms of snakes with legs (Pachyrachis problematicus, Haasiophis terra
sancticus and Podophis descouensis), all found in what is now the Middle East; and
on the other hand from Gondwana a Simoliophis sp. from the present Egypt,
which was a marine snake, and Dinilysia patagonica from present day Argentine.
This fossil shows a transition to the modern snakes or Alethinophidians. Simo
liophis rocbebrunei was found in several sites in Europe in layers dated 95 million
years old. Other fossils belonging to the genus Pachyophis were also marine but
without legs and were found in Bosnia.

The dispersion of the snakes belonging to the family of the Simoliopheidae can be
explained by their aquatic way oflife and the predominance ofseas in that era. The
other fossils of the Cretaceous are terrestrial snakes: Boidae or very closely related
forms and Aniliidae and similar forms. All the fossils of terrestrial snakes from that
era come from Gondwana, and this seems to indicate that they existed before the
division of this continent around 120 million years ago. The expansion of the
Boidae into North America could be explained by a land bridge between Gond
wana and Laurasia, probably in the region of the present-day Isthmus of Panama
at the end of the Cretaceous, more than 65 million years ago. This land bridge was
temporary and has much enhanced the exchange of fauna between North and
South America. The separation between North America and Europe was much
narrower than today and the colonization of the latter by Boidae and Aniliidae
could take place naturally. However, the absence of fossil Aniilidae and the rarity
of fossil Boidae in the Far East, at least back to the Cretaceous, tends to show that
a link between Europe and Asia was not workable and that the Veal Sea which sep
arated the two continents until the end of the Eocene was an efficient barrier.

The Simoliopheidae disappeared during the upper Cretaceous, The Booidae per
sisted much longer, notably the Madtsoiidae, which became extinct about one
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million years ago, and the Boidae, which still are present on all continents. The
Aniloidae are still in existence but limited today to Latin America and South
East Asia.

The Palaeocene is a period with few reptile fossils. Particularlyfew Booidae, Madt
soiidae and Boidae have been found there. Numerous fossils before and after this
empty period, particularly in North America and Europe, point at a reduction of
the fauna during that period during which large numbers of plants and animals
disappeared, including the large dinosaurs. It is supposed that the advent of a
severe climate change caused a sudden temperature rise with a greenhouse effect,
perhaps by darkening the atmosphere or the destruction of the ozone layer. How
ever, most likely this extinction was selective and profited the small mammals and
consequently the mammal-eating reptiles, which in turn would have benefited
from it.

During the Eocene (between 55 and 35 million years ago) the northern Atlantic
Ocean was formed leading to the separation of North America from Europe. The
climate cooled down but remained tropical, which explains the diversification of
the fauna. During the Eocene there was a considerable development of the
Alethinophidians with the apparition of many species and large populations. In
addition to the Boidae, the Aniloidea and the Acrochordoidea, which exist since
the Cretaceous, the Colubroidea appeared including the Anomalophiidae, the
Russelophiidae and above all the Colubridae. The first two families disappeared
towards the end of the Eocene or during the Oligocene; the Colubridae are still
present today and contain the majority of species, in number of taxa and also in
population sizes.The fauna continued to be shared between North America and
Europe and many genera and even species are present over this whole vast terri
tory. The snake fauna there is regarded as Euro-American. At the end of the
Eocene (35 million yearsago) a glaciation took place with a severelowering of sea
levelsdue to the ice formation. The lowering of the sea levels allowed new land
masses to appear. Europe, which until then was an archipelago, stabilized and
became a true continent. The disappearance of the Ural Sea, which separated
Europe from Asia, allowed the two continents to reunite. The Asian fauna colo
nized Europe and tended to supplant the Euro-American one, which had become
very vulnerable.
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The Oligocene (35 to 25 million years ago) was a very dry and cold period. The
fauna again became reduced which gave another period with few fossils. Many
families disappeared. The evolution of a burrowing life style because of the severe
climate led to the apparition of new species. The migration of the Asian fauna
towards Europe increased. The fauna became Eurasian. The Boidae still held the
majority, but the Colubroidea moved in.

The Miocene began by Africa colliding with the Eurasian block. This caused a
relative drying out of the Mediterranean and several intercontinental land bridges
appeared at Gibraltar, in the Middle East and perhaps also Sicily. The climate
changed to warmer and more humid conditions. During this period the Colu
broidea exploded with the development of the Colubridae, and the Viperidae and
the Elapidae began to appear. In spite of their severe reduction, the family Boidae
remained, notably in the intertropical zones. This situation enhanced fauna
exchanges between Africa and Eurasia, either in a south-north direction, like the
proboscids, the ancestors of the elephant, which spread into Eurasia, or in the op
posite direction, which very probably was the case with the snakes.

The end of the Miocene, 5 million years ago, was marked by the drying out of
the Mediterranean basin during approximately one million years. This major
event, the consequences of which have not yet been evaluated completely, cer
tainly has contributed to a homogenization of fauna on both sides of the Mediter
ranean. The climate cooling starting with the Pliocene, completed the fauna
changes by pushing back the boids, the e1apids and most of the viperids as well as
many colubrid species towards the tropical and equatorial regions.

It appears that in Australia the apparition ofsnakes, notably the e1apids, occurred
after the Miocene and that their introduction from Asia occurred during the
Pliocene.

The present fauna therefore established itself since the Miocene, about 20 million
years ago; during the Quaternary, since 1 or 2 million years ago, it has accompa
nied the evolution of the human species.
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1.2 The origin of the present species

1.2.1 Primitive snakes or Scolecophidians

There are relativelyfew fossils of the very primitive group of the Scolecophidians,
probably because of the fragility of their skeleton and of their small size.The old
est fossil attributed to this group comes from Belgium and goes back 55 million
years. Two fossils of Typhlops, about 10 million years old, one coming from the
south of Europe and the other one from North Africa, appear to be the oldest
ones from this genus which still exists today.

1.2.2 The Aniliidae and related families

The Aniloidea are also very ancient (90 million years).They have populated South
America and later North America, without doubt using a transitory land bridge
between the two continents around 65 million years ago. They still are present in
three genera with only non-venomous species, and live respectively in South
America (Anilius scytale, a genus with a single species) or in Asia (Anomochilus and
Cylindrophis). The family Uropeltidae consists of7 genera that are all endemic on
the Indian subcontinent. They are all burrowing species that are very close to the
Aniliidae. The two families separated after the migration of the Aniloidea from
Gondwana to Laurasia (65 million years ago). These two families form a transi
tion from the Scolecophidians to the Alethinophidians, to which they belong
indisputably in spite of the relative narrowness of their mouth.

1.2.3 The Boidae and related families

The Boidae are the oldest among the still existing families of the Alethinophidi
ans. They appeared 65 million years ago within a very diversified group which
itself began about a hundred years ago. The superfamily Booidea originally con
sisted of four different families (Madrsoiidae, Palaeopheidae, Boidae and Tropi
dopheidae) but now only has the two latter families; the Tropidophiidae are
reduced to four single species genera, all neotropical. The Xenopeltidae also are
an ancient family, which is close to the Booidea because of certain specializations.

The Booidea originated in Gondwana. From the end of the Cretaceous (about 70
million years ago) to the Oligocene (25 million years ago) they represented a par
ticularly abundant fauna on all the land masses. The descendents are distributed
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between South America, Africa, Madagascar and Australia; the two latter regions
have endemic forms. Profiting from a temporary Caribbean isthmus at the end
of the Cretaceous, Booidea from South America entered Laurasia where they
spread out. The evolution of the Booidea took place in parallel but separately on
the two continents.

This group with its giant species, some possibly longer than 15 meters, disap
peared from the temperate zones and established themselves in the hot regions.
The last boids in Europe go back to the middle of the Miocene (15 million years
ago). Today the boids have about 30 genera distributed in Latin America, Africa
(including Madagascar), South East Asia and Australia. Some species are counted
amongst the longest ofour times, the South American boas (anaconda, Boacon
strictor) and African pythons (Python sebae) and those in Asia (Python reticulatus}.
Specimens measuring up to 10 meters are still recorded. This family does not con
tain any venomous species.

1.2.4 The Acrochordidae

The Acrochordoidea go back to the end of the Cretaceous (50 million years ago)
and are known from two fossils, one found in Niger and the other one in Bel
gium, both belonging to a family which no longer exists today: the Nigerophidae.
They became extinct during the Paleocene (60 million years ago). The first iden
tified arcrochordid came from the Miocene (15 million years ago) from the region
of the Indo-Pakistan impact. Today the acrochordids are represented by three
non-venomous species present on the South East Asian coasts and the Malayan
Archipelago.

1.2.5 The Colubridae

The Colubridae appeared during the Eocene. The first formally identified colu
brid fossil came from Thailand and is approximately 40 million years old. Their
migration to other continents was helped by the lowering of the sea levels and the
emergence of land massesat the end of the Miocene. They invaded Europe some
35 million years ago. The earliest fossils found in Europe were dated to 32 mil
lion years old. The first colubrids of North America are 30 million years old and
probably arrived from Asia across the Bering Straits. Similar if not identical forms
have been found in Africa in more recent strata going back 25 or 20 million years.
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They would have arrived at the time when Africa joined the Eurasian block at the
beginning of the Miocene. For a long time it was believed that the colonization
of South America by the colubrids from North America took place in the Pliocene
when the Isthmus of Panama came into being about 3 million years ago. The dis
covery in Columbia of a 10 million-year-old non-identified colubrid fossil sug
gests that their arrival could have taken place during the Miocene. It is also
possible that an autochthonous group of colubrids could have appeared separately
in South America. The colubrids are in fact a heterogeneous family that could
contain forms ofdistinct origins. The exact period of the Miocene during which
the colubrids colonized Australia remains unknown, but some palaeontologists
think that it could have been very recently. In any case it would have been on
floating rafts of vegetable matter leaving the Asian continent and carried by the
currents of the sea. Whatever is the case, the colubrids never developed truly in
Australia except for Boiga irregularis and Boiga fusca in New Guinea and in the
north ofAustralia.

A 25 million-year-old fossil of an opisthoglyphous colubrid, Proptycbopbis acbo
ris, was found in California. This would be the oldest venomous snake. Today it is
accepted that the opistholyphous maxilla has appeared simultaneously in differ
ent lines of colubrids.

1.2.6 The Viperidae

The Viperidae probably originated in Asia, the only continent that is home to

both the Viperinae and the Crotalinae. This family consists ofvenomous species
only.There are no older Asian fossils than those identified in Europe, where they
also appeared at the beginning of the Miocene, 23 million years ago. The first
fossils of viperids in Europe belong to the genus Vipera that is still alive. The first
crotalid fossils of the genus Sistrurus were discovered in North America and
are 22 million years old. According to the results of biochemical and molecular
analyses the American crotalids are monophyletic. They would have arrived from
Asia about 25 million years ago across the Bering straits at the same time as the
colubrids.

The viperids are totally absent from Australia. Some authors believe that the vi
perids appeared at the beginning of the Oligocene (35 million years ago or even



16 Snake Venoms and Envenomations

longer).This hypothesis is basedon biochemicalproperties of the blood and venom
and also on morphological and anatomical characteristics of the different genera.
The genus Causus is strictly African and doubtless the most primitive of the
viperids. It goes back to 30 or 35 million years.The Bitis spp. would have arrived
thereafter (30 to 25 million years ago); the two forest species (B. gabonica and
B. nasicornis) would have separated much more recently, approximately 3 million
years ago. The other genera appear to have established themselvesabout 25 to 20
million years ago. No fossils exist to corroborate this hypothesis. Curiously these
genera are strictly limited to Africa, while it is generally considered that this con
tinent was colonized at the earliest at the beginning of the Miocene (22 million
years ago). In that case it would have to be admitted that the Viperidae are not
monophyletic, although doubts remain.

Some of the present day species of vipers appear to have existed for 20 million
years: this would be the case of the Southern European viper Vipera aspis while
the northern species, Vipera berus, would be more recent (10 million years).

7.2.7 The Atractaspididae

For a long time the Atractaspididae were classified amongst the Viperidae, but
they separated in fact from the other Colubroidea before the birth of the Vi
peridae. This family is strictly African and Near Oriental and consists of several
genera of which only one has a venom apparatus of the solenoglyphous type'
identical to that of the Viperidae. They constitute a solid argument in favour of
the concomitant apparition of the solenoglyphous maxilla in the two distinct
groups.

7.2.8 The Elapidae

The Elapidae, consisting of venomous species only, would be the most recent
snakes. They still are morphologically similar to the Colubridae and they would
have separated from them about 20 million years ago. It is now thought that the
Elapidae do not constitute a homogeneous group and that it is doubtful that they
should all belong to one and the same family.

The oldest fossils of the cobras (Palaeonaja now extinct and Naja still present) go
back to the beginning of the Miocene (20 million years ago) in Europe. They still
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live in Asia and Africa and they are the oldest known elapids. They originated in
Europe, but their history on the other continents remains obscure. Probably their
arrival in Africa and Asia is recent and this would explain their absence from
America and Australia.

The Micrurusand Micruroides today are strictly American genera and probably
are of Euro-American origin. According to the most recent works in systematics
and molecular biology they would have derived from the Asian coral snakes (the
genera Calliopbis and Maticora), from a common Asian ancestor that would have
crossed the Bering straits before its formation. The oldest fossils belonging to the
genus Micrurus go back to the middle of the Miocene (15 million years ago) and
come from North America. At the end of the Miocene they also populated Europe
from where they disappeared 5 million years ago, well before the cobras that were
still present in Europe during the Pleistocene (1 million years ago).

The mambas (Dendroaspis) are strictly African and have a maxilla that is much
longer than that of the other elapids and is discretely mobile, which distinguishes
them clearly from the other elapids with the exception of certain Australian elapids
which have a very similar maxilla.

The origin of the Australian elapids is unknown. They also are very different from
the Micrurus and the Naja morphologically as well as in the composition of their
venoms. There are doubts about their Asian origins and whether they came on
rafts carried by the currents like the colubrids. Genetic and immunological analy
ses confirm the recent apparition of the Australian elapids, which would go back
to around 7 million years. The Pseudechis and the Pseudonaja would be the oldest
(7 - 6 million years) ant the Notecbis the latest to appear (3 - 2 million years).
There are no fossils to confirm this hypothesis. A fossilof uncertain identification
dates to 4,5 million years and another one identified as elapid was found in the
south ofAustralia in layers going back 2,5 million years.

It is conceded that the evolutionary success of the snakes is linked to the adapt
ability of their mode of locomotion, which allows them to move in all the envi
ronments, and to their holding the prey with notably the apparition of the venom
function. The latter will be the object of a particular chapter.
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2. Anatomy

Snakes are elongate and without individualized limbs.

The skin is covered by scales. During growth the epidermis is shed in one piece
in a processcalled moult. This occurs 10 to 15 times a year during juvenile growth
and 2 to 4 times a year in adults.

The osteological, visceral and sensorial particularities are quite remarkable.

2.1 Osteology

Most of the skeleton of snakes consists of a very large number of vertebrae, 140
to 435 depending on the species, to which pairs of ribs are attached except in the
tail, where these bony appendices are absent or limited to the first caudal verte
brae. The ribcage is open and without a sternum and this allows the passage of
large prey with a much wider diameter than that of the bony thorax. The verte
brae are linked to each other by five articulated surfaces that allow a remarkable
cohesion amongst them. In this way the spinal chord is protected while permit
ting the vertebral column to be flexible. Naturally this disposition is exploited
during locomotion which varies very much with the nature of the ground.

Four types of movement on the ground have been described which depend on the
size of the snake and on the composition of the terrain on which it takes place.
The most frequent type of locomotion is creeping by lateral undulation. The
undulations are wide and rapid and leave a wending and continuous spoor. The
speed can reach 10 km-h', The short and massive snakes move in a straight line
much more slowly. The vertebral column continues to be straight and stretched
out; successivelyeach pair of ribs is lifted and this allows the corresponding ven
tral scale to hook into the substrate and to move the snake forward by a few cen
rirnerers, This movement is similar to that of millipedes. Medium sizesnakes move
on rough ground by a telescopic or accordion-like action. The snakes holds on
with the hind part of the body and lifts the head and moves it forward where it
then serves as hold to pull up the rest of the body, advancing in that way. Finally
on loose soil like fine sand snakes progress by lateral movement. The principle is
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similar to the preceding one, but the head is projected sideways and not ahead of
the animal; the spoor on the ground consists of two parallel discontinuous bars.
Some arboreal snakes can flatten their body and carry out a short flight between
the branches.

Certain species have vestigesofa pelvic girdle: some of the bones of the pelvis and
sometimes an embryo of the femur. However, there is never a sternum nor a shoul
der blade, nor a trace ofa forelimb.

The skull of snakes consists of a large number of small bones that are mostly artic
ulated with one another. Without maxillar and mandibular symphyses and with
the complex arrangement of the proximal articulations of these bones a snake can
ingest a voluminous prey with a diameter larger than its own.

The dentition ofsnakes is of the "pleurodont"
type (Fig. 3).

Figure 3
Dental arrangements in reptiles

Acrodontous Pleurodontous Thecodontous

The internal face of the jaw is oblique form
ing a bony bulge to which the teeth are
attached. They are replaced continuously in
successive wavesaffecting alternatingly one of
two teeth. The replacement teeth grow in the
gingival mucosa and several generations of
teeth of increasing sizecan be seen simultane-
ously.The poison fangs are of the same type ofdentition and consequently a fang
that is pulled out either accidentally or intentionally. is replaced almost immedi
ately and several replacement fangs are ready to take the place of the preceding one
when necessary.

The teeth are thin, pointed and curved inwards. In the boids the teeth decrease
in size from front to back. In the other snakes with the exception of a few rare
fangless colubrids, the teeth increase in size from front to back. Their role is essen
tially to hold the prey and to pierce the integument.

The anatomy of the venom apparatus is described further below.
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2.2 The internal organs

The general layout of the internal organs in snakes is very particular. It is adapted
to the elongated shape of the animal. The viscera are elongated and arranged one
behind the other; some have atrophied.

The heart has two auricles, which are asymmetrical, but only one ventricle like in
most reptiles. An incomplete membrane divides the ventricle and prevents the
mixing of oxygenated blood coming from the lungs with the blood returning from
the body. The position of this organ depends on the way of life of the snake and
allows the heart to compensate for the effects of weight. Generally the heart of
snakes lies at the anterior third for an equilibrated distribution of the blood in any
of the positions adopted by the animal. In the tree-living snakes the heart liesvery
close to the head to facilitate the supply to the brain during climbing. In contrast,
in aquatic snakes the heart is in the center of the body to compensate for the
hydrostatic pressure.

The left lung is missing or atrophied. The right lung takes about one quarter of
the length of the snake and has few alveolae. The respiratory exchanges are rela
tively weak which is partially explained by the low metabolic rate of snakes. The
modest energy requirements and the oxygen reserves are the reason for the pro
longed resistance to anoxia by snakes: elapids can suspend their respiration for 30
minutes and viperids for 95 minutes.

Stools and urine are excreted through one opening: the cloaca, which results from
an anastomosis of the ureters with the intestine. The kidneys are elongate and of
the metanephros type, the filtration of the urine occuring at the end of the
nephron. This is a precursor system to the glomerular filtration of the mammals.
There is no bladder.

2.3 The reproductive organs

The testicles and ovaries are elongated, paired and generally situated one behind
the other. The males have paired and symmetrical copulatory organs, the
hemipenises, which in their resting position are within the base of the tail. These
hemipenises have a cavernous body which allows their erection and on the sur-
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face a complex ornamentation consisting of spines and proruberances which help
to hook the organ during copulation.

The female has herniclirorises that correspond to the hemipenises. The ovaries are
strung out in the abdominal cavity.

Ovulation is generally seasonal. It is preceded by a long period of preparation and
the deposition ofenergy and nutritional reserves which are necessary for the devel
opment of the embryo: vitell ogenesis. During this period relativel y important
anatornic modifications take place. Most of the species are oviparou s but vipers
are ovoviviparous and give birth to little ones that have undergone their develop
ment in the eggs entirely within the oviducts of the female.

2.4 The sensory organs

Snakes have no external ears. The middle ear is rudimentary and only represented
by the columella that replaces the three ossicles which transmit the vibrations of
the tympanum to the internal ear in mammals (Fig. 4).

Figure 4
D iagram of the inner ear of snakes
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2.4. 1 Hearing

Snake Venoms and Envenomations

The columella is the equivalent of the anvil. There is no Eustachian tube nor a
tympanum. The inner ear is organized in a particular way. The semi-circular
canals, utriculus and sacculus are developed normally and serve the functions of
equilibrium. The cochlear canal with the basilar membrane paradoxically is well
developed in spite of the absence of outer and inner ears and forms the only true
hearing organ. The basilar membrane senses the vibrations that are transmitted
not by the organs of the middle ear, but by the quadrate bone which transmits
the vibrations from the head to the internal ear via the columella. Consequently
the snake does not hear in the classicalsense but analyzes the vibrations received
by the whole body and relayed to the internal ear.

2.4.2 Vision

The eyes of the Scolecophidianshave atrophied. All other snakes have a good sense
of vision. They have no eyelidsand the eye is protected by a fixed transparent scale.

The field of vision is relatively large, in the order of 120 to 140 degrees and most
of the species have a binocular vision that is necessary for judging distances and
evaluating uneven terrain. The retina of the Scolecophidians only contains rods
for black and white vision in semidarkness. The retina of the boids has cones for
daytime colour vision in addition to the rods. The more developed species, colu
brids, cobras and vipers, have a relatively complex modification of retina types
with rods and cones ofdifferent shapes which probably enhance the visual acuity
in adaptation to their behaviour.

For visual accommodation and the projection ofa sharp image onto the retina the
lens can be brought forward or retracted by the contraction of the ciliary muscles.
The pupil is round or elliptical and can be dilated or closed depending on light
intensity.

2.4.3 Olfaction

Not much is known about the olfactory capabilities of snakes. In any case, the size
of the olfactory bulbs and peduncles of the telencephalon ofsnakes indicates that
this sensorial function is particularly well developed. Associated is a sense organ
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specific to snakes, the vomeronasal or Jacobson's organ, which is situated below
the nasal fossa with an opening in the vault of the palate (Fig. 5).

The ends of the forked tongue of the snake fit into it and bring adhering sub
stances into contact with the sensory cells lining the organ. The movements of
the tongue are very rapid and this allows volatile substances present in the envi
ronment to be analyzed immediately. This demonstrates the importance of this
sensorial function in the capture of prey, in the preparations for mating and in
the mechanisms of defense.

2.4.4 Thermosensitive receptors

The croralids and some species of boids have heat sensitive pits. In crotalids a pair
of deep pits in the loreum allows the detection of the radiation of a living being,
prey or predator, and to follow its displacernents. In the boids several labial pits
fulfill this function.

The loreal pit of the croralids consists of a cavity that is closed in its middle part
by a membrane which is heat sensitive and linked to the trigeminus nerve, the
facial sensory nerve of most vertebrates (Fig. 6).

Figure 5
Sagittal section of Jacobson's organ
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Figure 6
Diagram of the thermo-s ensitive

pit of a cro talid
(after Newman and Hartline,

1982)
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The membrane abso rbs infrared rad ia
tion and transmits the excitation to the
nerve. The sensitivity is in the order of
0.003° C. In boids the epithelial lining of
the pit consists of very superficial sensory
receptors and this increases th eir sensi
tivity. The number of receptors deter
mines the precision of localiz ing th e
source of heat. The angle of perception is
in the order of 5°.

Thermal detection optimizes vision, not
ably during prey captu re. Thus a moving
prey an im al emitti ng heat is perceived
both by the eye and the rherrnosensitive
pit and this allows it to be distin guished
from a fixed object, even a heat source, or
from a moving but cold one .

3. The Systematics of the Snakes

The reptiles to which the snakes belong, are ectotherrn vertebrates who se tem
perature dep ends on that of the environment . T hey are amniotes who se egg has
a vitelline membrane that enclo ses the embryo and thr ee extra-embryonal mem
bran es: the amnion, th e chorion and the allantois. They have a direct develop 
ment without a larval stage.

The snakes or ophidians togeth er with the lizards and the arnphisbaenes belong
to the order Squamata. They are now classified in two suborders (Table I) .

3.1 Scolecophidians

They prob ably are the most pr imitive of the snakes and are of small size. They are
called "minute" snakes from the Latin "minu tus", which refers to their size and not
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Table I
The classification of snakes (after McDiarmid, in Seigel et aL, 1987)

Family Genera Species Distribution

Scolecophidians
Leptoryphlopidae 2 87 Cosmopolitan
Anomalepididae 4 15 Latin America
Typhlopidae 6 203 Cosmopolitan

Alethinophidians
Anomochilidae 1 2 Sumatra
Uropeltidae 8 47 South of India and Sri Lanka
Cylindrophidae 1 8 South East Asia
Aniliidae 1 1 Latin America

Xenopeltidae 1 2 South East Asia
Loxocemidae 1 1 Central America
Boidae 16 67 Cosmopolitan
Bolyeriidae 2 2 Southern Indian Ocean
Tropidophiidae 4 21 Central America and

Caribbean

Acrochordidae 3 South East Asia, Australasia

Colubridae 255 1405 Cosmopolitan
Atractaspididae 6 55 Africa, Middle East
Elapidae 60 298 Cosmopolitan (tropical)
Viperidae 33 235 Cosmopolitan

to the danger of their bite. In fact, they have no poison apparatus at all. These
snakes are blind and of burrowing habits. Most often the eye is reduced to a pig
menred spot under one or several scales of the head. The body is covered in small
shiny scales, identical on back and belly and also on body and tail. Most of the
species have a vestigial pelvis but no trace of lower limbs. This suborder consists of
three families: the Leptotyphlopidae, the Anomalepididae and the Typhlopidae.
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3.2 Alethinophidians

This group contains the modern snakes whose classical morphology is well known.
The eyes are complete with retinas consisting of rods and cones.

The ventral surface is covered with large scutes that differ clearly from the small
triangular or lozenged scales covering the back.

This suborder consists of fourteen families and the main ones of these are: the
Acrochordidae, the Aniliidae, the Uropeltidae, the Xenopeltidae, the Boidae, the
Colubridae, the Atractaspididae, the Elapidae and the Viperidae. Only the last
four families, which probably are the most recent ones, have venomous species.
It is mainly those, of course, with which we are dealing here.

3.2. 1 Colubridae

The general aspect of the colubrids is the classical one of snakes.

The body is long and thin. The size of the tail varies but it is generally filiform.
The head is rounded and not much set off against the body except for a few
species with a well-defined neck.

The pelvic girdle is totally absent.

The maxilla, the palate, the pterygoid and the dentary carry all the teeth. In con
trast, the premaxilla never has any. The maxilla is long and can have one or sev
eral diastemata. If there are poison fangs they always are in posterior position
(opisthoglyphous),

The head is covered by head shields (Fig. 7).

The colubrids have 250 genera and 1400 species, most of them are not danger
ous to man. This family is far from homogeneous and all attempts at classifica
tion have been fruitless.

The Opithoglypha have back fangs that cannot inoculate large volumes ofvenom,
and only represent a relative danger. Some species have a particularly toxic venom
and fangs positioned sufficiently forward and long to be able to inflict severe and
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even deadly bites, when the animal is
handled intentionally.

Figure 7
Scales on the head of a colubrid
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Colubrid bites occur often: the abundance
of species belonging to this family, their
wide distribution and for several decades
the fascination of naturalists for these
snakes explain this phenomenon. The lit
erature mentions a number of accidents,

some of them fatal, caused by species be-~.
longing to the genera Dispholidus, Thelo-
tornis, Boiga, to which could be added
Toxicodryas which recently was separated
from them, Malpolon, Rhabdophis, Tachy-
menis, Pbilodryas, Oxybelis and Clelia. Some aglyphous colubrids (but generally
opithodonrous ones like Hydrodynates gigas or Waglerophis merremiit have also been
accusedofhaving causedseriousenvenornations.The toxic saliva produced by Duver
noy's gland can be introduced into the body through the bite wound. However, in
spite offrequent bites, no opisthoglyphous species of the genera Psammophis and Cro
taphopeltis appear to have caused any serious envenomations.

DispholiJus. This African genus contains a single species. Dispholidus typus is an
arboreal species of the savannah or the open forest. Several fatal bites have been
described, always during intentional handling.

The venom contains a glycoprotein belonging to the serine-proteases, venobin,
which activates prothrombin. The symptoms are essentially haematological. The
inflammatory syndrome is discrete and there is no characteristic neurological sign.
A specific antivenin is produced in South Africa.

Philodryas. This South American genus consists of 18 terrestrial and ubiquitous
species ofwhich the most important ones are: Philodryas o/fersii, P. aestiua, P. nat
term, P. patagoniensis, P. psammophidea and P. viridissima.

The venom of P. o/fersii contains a rnyotoxin and a fibrinolytic enzyme that catalyzes
fibrinogen and fibrin. The envenomations by Philodryas cause a haemorrhagic
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syndome that is very similar to the one provoked by the Bothrops spp., which have
a similar geographic distribution and this can cause a problem with the differential
diagnosis. In any case, the antivenin prepared against the venom of Botbrops has no
effect on an envenomation by Philodryas. "Whileoccurring frequently the enveno
mations are generally not severe, although P. olfersii and P. patagoniensis have been
made responsible for several deaths following poorly documented envenomations,

Rhabdophis. Nineteen species belong to this Asian genus and are distributed
from Myanrnar to the Philippines. The principal species are: Rbabdophis submi
natus, R. cbrysargos, R. bimalayanus, R. nigrocinctus, R. nucbalis and R. tigrinus.

The venom ofR subminatus has a high toxicity (50% lethal dose of 25 IJ.g per mouse
of 20 g). It has an intense proteolytic activity and an activator of blood coagulation
factor X has been described. Platelet aggregation is strong, but there is no fibrinolytic
or fibrinogenolytic action. This species causes serious and sometimes fatal enveno
rnations, although the capacity of the venom glands is relativelylow.The poison fangs
are particularly long. The envenomation is characterizedby a haemorrhagic syndrome,
at least locally,with permanent bleeding from the bite wound.

Tachymenis. This is a South American genus with five species spread over
Argentina, Chile, Peru and Bolivia. One of these, Tachymenis peruviana, has
inflicted severe envenomations. Its venom has not been studied in detail.

Thelotornis. This is an arboreal African genus with two species: one eastern and
southern, Thelotornis capensis, and the second one central and western, T.kirtlandii.
These are very thinsnakes, called liana snakes, perfectlymimicking their environment.

The venom contains a prothrombin and a factor X activator. It also has a fibri
nolytic action to which is added, according to some authors, a thrornbin-like
action. The symptomatology is marked by a severe and sometimes fatal haernor
rhagic syndrome. There is no antivenin against this species. In view of the absence
of a cross-neutralization with the venom of Dispholidus typus and even more so
with those of the viperids, there is no effective serum therapy.

Boiga. This is an Asian and Australian genus with the principal species: Boiga
dendropbila, B. cynodon and B. irregularis. The venom has a phospholipase action
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and several other enzyrnatic actions of lesser toxicity (phosphodiesterase, amino
acid-oxidase) or moderately toxic and therefore of little danger (cholinesterase
like, proteolytic). The secretions of B. dendropbila cause haemorrhage.

1Oxieodryas. This is a arboreal African genus with two speciesofwhich the main
one is Toxicodryas blandingii.

The venom contains a neurotoxin of light molecular weight (7 to 9 kDa) with an
important synaptic tropism that in its effectsare very similar to that of the elapids.
There is no biochemical or immunological relationship between the neurotoxin
of Toxicodryas and those of the elapids. A cardio-vascular collapse is often seen.
However, there does not appear to be any haemorrhagic problem in spite of an
intense proteolytic action of the venom.

Malpolon. This is a genus of the Mediterranean region,which is represented in the
south ofEurope by Malpolon monspessulanus, and in Saharan Africa by M moilensis.

The envonomation is characterized by a local to regional inflammatory syndrome
(pain, oedema, lymphangitis) and in some cases by neurological symptoms
(paraesthesia, difficult swallowing, ptosis and dyspnoea). A paralysis of the cobra
type is possible but seems to be exceptional. A post-synaptic neurotoxin without
structural relationship to the toxins of the elapids is said to be the cause. In the
mouse a particular toxin provokes a fatal pulmonary haemorrhage.

Oxybelis. This arboreal South American genus has four speciesofwhich the most
widely occurring ones are: Oxybelis jUlgidus and 0. aeneus.

The composition of the venom is unknown, but it appears that the few reported
human envenomations were benign.

Clelia. This genus is present in all of Latin America and its only species is for
est-dwelling, Clelia clelia.

Some envenomations by Clelia have been described. They were always limited to
local symptoms without any systemic spread: oedema, ecchymoses, discrete focal
haemorrhages and sometimes a limited necrosis.
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3.2.2 Atractaspididae

Snake Venoms and Envenomations

This family is a particular case amongst the snakes. It contains several genera of
which only one has a solenoglyphous venom apparatus. The other ones are either
aglyphous or opithoglyphous, which perfectly illustrates the adaptive opistho
dontous route. Successively classified with the Viperidae, then the Colubridae,
the genus Atractaspis together with some African genera of minor importance, has
recently been established as belonging to a distinct family. It is endemic in Africa
and the Middle East and mainly contains primitive burrowing species.

Atractaspis (burrowing adder). This genus has 17 species of which the most
important ones are: Atractaspis bibronii, A. aterima, A. dabomeyensis, A. engadden
sis, A. irregularis, A. microlepidota.

The venom of the Atractapis is composed of enzymes and toxins that are strongly
cardiotropic, the sarafotoxins. The characteristic symptoms are an inflammation
and often a localized necrosis. Severe and sometimes fatal problems of the heart
rhythm often complicate the envenomation. There is no antivenin against the
venom of these species.

3.2.3 Elapidae

This is a heterogenous family and probably derives from several distinct ances
tors, which in parallel but separately acquired a proteroglyphous dentition. It con
tains 60 genera and about 300 species including the marine snakes.They look just
like the Colubridae. The head scales consist oflarge shields (cf. Fig. 7).

In Africa several genera share the different ecological niches. Some of them are
endemic, like the arboreal Dendroaspis and Pseudohaje, Boulengerina, which is
aquatic, Elapsoidea, Aspidelaps, Paranaja and Walterinnesia, which are burrowing.
In contrast, the genus Naja that has many African species occurs in Africa and
Asia, as well as in Europe during the Miocene.

In America the coral snakes (Micrurus and Micruroides) are burrowing and snake
eaters.
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In Asia, in addition to Najaand Bungarus, there are several genera related to the coral
snakes,Maticora and Calliopbis, as well as the king cobra Ophiophagus hannab.

In Australia there are many and particularly diversified elapids. As in Africa there
are terrestrial, burrowing, aquatic and arboreal species. The proteroglyphous sea
snakes form a particular group, if only because of the biotope in which they live.

The symptoms presented in the case ofan envenomation by elapids are typically
those of the cobra syndrome that manifests itself by a locomotor paralysis equally
affecting the respiratory muscles and leading towards death by asphyxia. In some
cases, specified below, a particular symptomatology is observed, either particular
neurological signs but distinct from the classical cobra syndrome, or symptoms
of inflammation, necrosis and haemorrhage.

Acanthophis (death adder). This Australian genus also occurs in Papua New
Guinea and in Indonesia and contains three species, the best known ofwhich is
Acanthophis antarcticus.

The venom is strongly neurotoxic because of the presence of an Cl-neurotoxin. A
specific antivenin is produced in Australia.

Boulengerina (water cobra). This African genus is strictly aquatic and piscivo
rous and has three species ofwhich the main one is Boulengerina annulata. Bites
are rare and usually occur during fishing activities, like cleaning the nets. The
venom contains an Cl-neurotoxin. There is no specific antivenin, but the polyva
lent antivenins prepared for Central Africa appear to be effective.

Bungarus (krait). This Asian genus consists of 12 species ofwhich the principal
ones are: Bungarus candidus, B.[asciatus, B. caeruleus, B. multicinctus. They are
nocturnal terrestrial snakes, living close to human communities. B. candidus is
essentially responsible for bites in the house inflicted during the victim's sleep,
probably as response to a defensive movement. B. fasciatus frequents rice paddies
where at night it causes quite a large number of bites.
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The venom is strongly neurotoxic because ofa pre-synaptic f3-neurotoxin in addi
tion to which certain species also have an a-neurotoxin. The locomotor paralysis
can develop into a fatal asphyxia. Polyvalent or specific antivenins are produced
in India, China and Thailand.

Dendroaspis (mamba). This strictly African arboreal genus consists of four
species: the green mambas Dendroaspis angusticeps in East and Southern Africa,
D. jamesoni in Central Africa, D. viridis in West Africa, all in the forests, and the
black mamba D. polylepis of the savannahs in intertropical Africa.

The venom contains phospholipases that in principle have no pre-synaptic toxi
city, and several types of blocking or facilitating neurotoxins which translate into
a complex and paradoxical clinical picture. The dendrotoxins and the fasciculins
enhance the nervous transmissions, while the u-neurotoxins block this transmis
sion. The delay and the duration of the action of these toxins differ and this leads
to symptoms with a capricious development. The bite of a mamba can be
inflamed and painful. It is above all marked by neurological problems of the mus
carin-like type (sweating abundantly, lacrimation, disturbed vision, abdominal
pain, diarrhea and vomiting), which precede the cobra syndrome. The polyvalent
African antivenin produced in France is very effective.

Hemacbatus (ringhals, spitting cobra). This South African genus is monospe
cific, Hemachatus baemachatus.

The venom can be sprayed from a distance on the aggressor or the prey. When it
is close it aims at the eyesof the victim like the spitting cobras, causing a very pain
ful and blinding inflammation of the conjunctivae if not treated appropriately.
However, the bite with the inoculation ofvenom remains the principal means of
defense or of prey capture.

The venom contains like that of the Naja an a-neurotoxin, which causes a loco
motor paralysis which can develop towards death by asphyxia. An effective
antivenin is produced in South Africa; the one produced in Europe appears to
have a certain degree of cross reactivity.
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Micrurus (coral snake). This American genus contains 64 species of which the
principal ones are: Micrurus corallinus, M. ft/vius, M. hemprichii, M. lemniscatus,
M narduccii, M nigrocinctus and M. surinamensis.

The venom contains a post-synaptic a-neurotoxin that makes it strongly neuro
toxic. Monovalent and polyvalent antivenins are produced in the United States,
Costa Rica, Mexico and Brazil.

Naja (cobra). This genus contains 18 species spread overAfricaand Asia.The prin
cipal species are in Africa Naja haje, N. nigricollis, N. mossambica, N. melanoleuca
and in AsiaNaja naja, N. kaouthia, N. oxiana, N. sputatrix.

The venom ofall these speciesconsists ofphospholipases generally without presy
naptic toxicicity, of cardiotoxins and of o-neurotoxins, which are short or long
depending on the species. Most have a high neurotoxicity. Some (N. nigricollis,
N. mossambica which can spit) cause inflammation at the site of the bite, which
can develop into a restricted necrosis. A polyvalent antivenin for Africa is pro
duced in France; monovalent or polyvalent antivenins for Asia are produced in
India, Thailand, China, Vietnam and the Philippines. The cross reactivityamongst
the species is mediocre, particularly between the Naja spp. from Asia and those
from Africa.

Notechis (tiger snake). This Australian genus contains two species of which the
most important one is Notecbis scutatus.

The envenomation is characterized by the combination ofa locomotor paralysis,
muscle spasms, a haernorrhagic syndrome and sometimes renal insufficiency. A
specific antivenin is produced in Australia.

Ophiophagus (king cobra). This is an Asian monospecific genus, Ophiophagus
bannab, which is morphologically very close to the Naja spp.

The venom is strongly neurotoxic. A monovalent antivenin is produced in Thai
land and a polyvalent one in China.
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Oxyurllnus (taipan). This Australasian genus has two speciesofwhich Oxyuranus
scutellatus has the most wide-spread distribution in Australia, Papua New Guinea
and Indonesia.

The taipans are amongst the most dangerous snakes of the world. Before the Aus
tralian specific antivenin became available, more than 80% of the bites were
lethal. The envenomation combines most of the clinical signs found in snake
envenomations: paralysis, muscle necrosis, a haemorrhagic syndrome and acute
renal insufficiency. The venom contains the l3-neurotoxin with presynaptic tox
icicry taipoxin, a cardiotropic toxin taicatoxin and a prothrombin activating
enzyme. The symptomatology is complex combining neurological problems (the
classical cobra syndrome), disturbance of the heart rhythm and a haemorrhagic
syndrome. The bite is painless and the local inflammation is negligible. Bleed
ing occurs in a third of the envenomations but responds well and quickly to the
antivenin treatment. In contrast, the cobra syndrome responds poorly to the
antivenin, once it is established and artificial respiration is often necessary. A spe
cific antivenom is produced in Australia, which has to be given early (one to two
hours) for optimal efficacy.

PseuJechis (rnulga snake). This is an Australian genus, but one of the six known
species, P. papuanus, also occurs in Papua New Guinea and Indonesia; a second
one, P. australis, also occurs in Indonesia.

The venom is less toxic than that of the other Australian elapids. However, because
of the exceptional capacity of the gland, particularly in P. australis, the enveno
mation can be severe and even fatal. The symptoms are relatively indistinct: mus
cle necrosis and renal insufficiency are the main signs that are seen. A specific
antivenin against P. australis and P. butleriis produced in Australia. The antivenin
produced against the venoms ofNotechis has a cross reactivity against the venoms
of the genus Pseudechis.

PseuJonajll (pseudonaja). Originally this is a strictly Australian genus consist
ing ofseven speciesofwhich one, Pseudonaja textilis, has been introduced by man
to Papua New Guinea.



The Zoology of Snakes 35

The envenomation by the Pseudonaja spp. is dominated by haemorrhagic prob
lems and renal insufficiency. Locomotor paralysis and heart problems with cardio
vascular collapse are sometimes seen. A specific antivenin is produced in Australia.

Seasnakes. Five genera of sea snakes have been described and some of these have
many species (33 species alone for the genus Hydrophis). These snakes are strictly
aquatic, even if they happen to leave the water to come onto the beaches of the
Pacific, and cause very few bites. Accidents mainly occur when the snake is
handled and bites in defense. This happens when traditional fishermen empty
out their nets and when divers try to catch the snake. Contrary to a persistent
reputation, the sea snakes can bite and inoculate their venom without difficulty.
The latter contains neurotoxins that lead to locomotor paralysis and asphyxia
which can be fatal. There is a great risk of drowning when the bite is received in
the water.

The main species are in order of their frequency or distribution:

• Aipysurus eydouxii, A. laeuis;
• Enhydrina schistosa;
• Hydrophis ornatus, H coggeri, H cyanocinctus, H gracilis;
• Lapemis curtus;
• Laticauda colubrina, L. laticauda, L. semifasciata;
• Pelamis platurus.

3.2.4 Viperidae

Although they have a loreal sensory pit, the Crotales have now been placed into the
family Viperidae. Except for the genera Causus and Azemiops, which consist each of
a single-genus subfamily, and even single species in the case ofAzemiops, the whole
family appears relatively homogeneous. In a generalway the Viperidae seem to show
a particularly well-developedadaptability.They have colonized many environments,
some of them as hostile as deserts or boreal regions. Generally they are terrestrial,
but there are some arboreal specieson allcontinents. The Viperinae are found only
in the Old World and the Crotalinae are found in Asia and in America.

This family has 33 genera and 235 species.
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3.2.4.1 Causinae

This single-genus subfamily is relativelyprimitive and strictly African. The head is
covered with head shields that are identical with those of the Colubridae (cf Fig.
7). In most of the species the venom gland is elongated. It occupies the first quar
ter or fifth of the body under the skin. The gland is not surrounded by skeletal
muscle as in the other viperids.

Causus (night adder). This genus has six species ofwhich the most widely spread
ones are Causus rhombeatus and C. maculatus. These species are ubiquitous and
commensal. They are found in gardens and plantations where they eat toads.

The venom is not very toxic for mammals and the envenomations, though pain
ful, are generally not very serious except for an oedema sometimes accompanied by
a temporary fever.There is no antivenin.

Figure 8
Scales on the head of a viperid

3.2.4.2 Viperinae

Their body is robust, the tail
short and the head triangular
with a distinct neck. The head
is covered in small scales that
are identical to those which
cover the back (Fig. 8).

In Europe thereisonly one genus,
Vipera, and it is widely distrib
uted. It ispart ofa Eurasian group
which stretches to South East Asia
and theArabian Peninsula. There
one finds in addition to Vipera,
the genera Daboia, Macrouipera;
Montiuipera, Pseudocerastes and
Eristocophis.

The genera Bitis, Atberis and
Adenorhinos are African.
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The genus Cerastes is endemic in NOM Africa and the Middle East and is of uncer
tain origin.

The monophyletic genus Echis extends from West Africa to India and Sri Lanka.

Atheris (bush viper). This arboreal African genus contains 10 species of which
the most widely distributed ones are: Atberissqamigera and A. chlorecbis.

The venom causes inflammation and haemorrhage. Several deaths have been re
ported after an envenomation by Atberis squamigera. There is no specificantivenin.

Bins. This African genus has 16 terrestrial species, amongst them Bitis arietans
(puff adder), B. gabonica (Gaboon viper) and B. nasicornis (rhinoceros viper).
These thick vipers cause 5% of the bites in the savannah and 10% in the forest.

The venom causesstrong inflammation, necrosisand haemorrhage, A thrornbin-like
enzyme has been isolated from the venom ofB. arietans and from that ofB. gabon
ica. However, the venom of Biarietans causesmore necrosis and that of B.gabonica
more haemorrhage. In addition it contains an inhibitor of the angiotensin conver
sion enzyme, which causesa cardio-vascular shock. The African polyvalent antivenin
produced in France is very effective.

Cerastes (horned viper). This genus lives in the deserts of North Africa and the
Near East and has three species, the two principal ones of which are Cerastes
cerastes and Cerastes uipera. The venom causes strong inflammation and necrosis.
A haemorrhagic syndrome is often observed. There are several polyvalent
antivenins produced in France, in Algeria and in Saudi Arabia.

Daboia (Russel's viper). This Asian genus was monospecific (Daboia russeliit but
three other species have been added: D. palaestinae (Palestine viper) in the Near
East, D. deserti (Desert viper) in Tunisia and North-West Lybia and D. mauri
tanicain North Morocco and North Algeria. They used to be in the genus Vipera
from which they have been separated recently.

D. russelii, the most important species of this genus, has a discontinuous distri
bution from India to Taiwan and Indonesia. This species is diurnal and causes a
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large number of bites amongst agricultural workers, particularly in the rice pad
dies where it abounds. In China less than 5% of the bites are attributed to D. rus
selii siamensis, a subspecies that also occurs in Thailand, where the incidence is
around 15% and in Myanmar, where it is responsible for 70% of the bites. A sim
ilar frequency of bites is observed in certain parts ofIndia with D. russelii russelii,
which perhaps is explained by the behavior of the human population which is
quite similar in those two countries. In Sri Lanka the frequency of bites by D. rus
seliipulcbella does not exceed 5%.

Five subspecies of D. russeliihave been described with a corresponding geo
graphical distribution. The composition of the venom and with it the sympto
matology of the envenomations varies with the geographical regions. In all the
countries the venom provokes inflammatory and haemorrhagic syndromes, which
frequently lead to renal insufficiency. Thrombo-embolic accidents, particularly
involving the brain or the hypophysis, are particular for D. russelii siamemis liv
ing in the south of India and in Myanmar. Neurotoxic and muscular problems,
probably due to the presence of phospholipase A

2
in the venom, are encountered

in Sri Lanka and in the south of India with D. russeliipulcbella. The causes of the
renal insufficiency observed in Myanmar appear to be multifactorial. The venom
of this subspecies (D. russelii siamensis) has a direct nephrotoxic action that can
manifest itself even in the absence ofany systemic symptomatology. This nephro
toxicity must be distinguished from a complication of the haemorrhagic syndrome
that often leads to a destruction of the renal tissue. Monovalent antivenins are
produced in Thailand and China and a polyvalent one in India.

The venom of D. palaestinae is also known to contain a phospholipase A
2

that can
provoke neurotoxic symptoms.

Echis (saw-scaled viper). This genus is widely distributed from East Africa to Sri
Lanka and to Central Asia. It consists of species that are difficult to distinguish
from each other. The most important ones of the eight presently recognized
species are Echiscarinatus (saw-scaledviper) from India to Iran and Uzbekistan
which many authors would divide into four or five related species, E. cotoratus
(painted carpet viper, Burton's carpet viper) from the Arabian peninsula, E.pyra
midum (carpet viber) from the Maghreb to Egypt and Djibouti, E. leucogaster
(white-bellied carpet viper) in the African Sahel and the oases of the Sahara and
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E. ocellatus (West African carpet viper) in the African savannah of the Sudan,
where it is also a complex of species. In India and in Sri Lanka E. carinatus
accounts for 80 to 95% of the bites, like E. oce/latus to which more than 85% of
envenomations are attributed in sub-Saharan Mrica. In Saudi Arabia E. coloratus
causes 60% of the snake envenomations.

The venom of the Echisspp. contains proteolytic enzymes that cause inflamma
tion problems and localized necroses, and a prothrombine activator which pro
vokesa severeand prolonged haemorrhagic syndrome. Many polyvalent antivenins
are produced in France for Africa, in Saudi Arabia and in Iran for the Near and
Middle East and in India for Central and South Asia. Recent investigations have
shown a certain cross reactivity in the antivenins prepared for the venoms of Echis
spp. from far apart regions which translates into a cross efficacy. The main differ
ence between the antivenins resides in the degree of their purification and conse
quently of tolerance.

Macrovipera. This genus was formerly part of the genus Vipera. It consists of
two species distributed from Algeria, where only relict populations are observed,
to Central Asia.The most widely spread one is Macrouipera lebetina (Levant viper).

The venom of the Macrovipera spp. is strongly inflammatory and necrotizing. No
particular haematological problem has been described. A polyvalent antivenin is
produced in France for the Maghreb. Monovalent antivenins are produced in
Algeria and in Iran.

Montivipera. This newly validated genus was formerly part of the genus Vipera
and consists ofeight species, all from the Near and Middle East. The most impor
tant species are Montivipera raddei (Radde's mountain viper) in Armenia and M
xantbina (Ottoman viper, coastal viper) in Turkey.

Vipera. This genus is widely distributed in the Old World from Great Britain to
Finland and Korea in the north to Morocco and Iran in the south. The main ones
of the 24 described species are: Vipera aspis (asp viper) in Eastern Europe, V
ammodytes (sand viper) and V ursinii (field adder) in Central Europe, Vipera berus
(adder, northern viper) in Northern Europe, Vipera latastei (Laraste's viper) in
Southern Europe and North Africa,
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The venom causes strong inflammation, weak haemorrhages and is sometimes
neurotoxic, notably in V. ammodytes and in some V. aspis populations. This neu
rotoxicity is caused by an phospholipase Az that can show a presynaptic toxicity
of varying intensity depending on the individuals. Polyvalent antivenins are pro
duced in France, Germany, Croatia and the United States.

3.2.4.3 Crotalinae

This subfamily looks like the Viperinae but is distinguished by the fact that the for
mer have a loreal thermo-sensitive pit. They are divided into three characteristic tribes.

The tribe ofthe CrottJini is characterized by the presence ofa caudal rattle. They
are divided into two genera, Crotalus and Sistrurus, and occur in North America
and to a lesser extent in Latin America.

CrottJus (rattlesnake). This American genus presents the traditional rattlesnake.
Generally the head is covered in small scales except the supra-ocular shields that
are large and sometimes the frontal ones which can be larger than the other scales.
It has several species in the north and center of the continent, and amongst them
Crotalus horridus, C. adamanteus, C. scutulatus and C. viridisare the most impor
tant ones. The venom contains many enzymes that cause very severe local inflam
matory symptoms, necroses and a severe haemorrhagic syndrome. Also, several
North American species (c. atrox, C. horridus, C. scutulatus) can sometimes cause
a neurotoxicity syndrome. The symptomatology varies but often includes a more
or less severe fibrillation (repeated, short contractions of low amplitude) of the
skeletal muscles, sensory problems (pinpricks, tingling) and a deep tiredness.

C. durissus (cascabel) is the only species found in Latin America. Severalsubspecies
have been described, notably C. durissus durissus in Central America with a venom
which is very similar to that of the other Crotalus spp. and C. durissus terrificus,
widely distributed from Venezuela to Argentina on the eastern side of the Andes
which has a myotoxic and neurotoxic venom. This subspecies accounts for 10 to
40% of the bites depending on the locality. The envenomation is characterized
by indistinct local symptoms, respiratory problems and a diffuse microscopic mus
cle lysis that can lead to renal insufficiency due to tubule-necrosis. Polyvalent
antivenins are produced in the United States, Mexico, Costa Rica and Brazil.
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Sistrurus (pigmy rattlesnake). This strictly North American genus occurs from
Canada to Mexico. It also characteristically has a rattle, but the head is covered
by large shields that resemble those of the Colubridae. On average they are smaller
than the Crotalus spp. and their venom is less toxic. The genus has three species,
the main two of them being Sistrurus catenatus and S. miliaris.

The venom causes strong inflammation and weak necroses and haemorrhages.
There is no specific antivenin but there is a good cross reactivity with the Crotalus
and Botbrops antivenins.

The tribe oftheLacbesini has no tail rattle; the head is always covered by small,
keeled scales. This tribe consists of the genera Lachesis, Botbrops sensu lato, both
endemic in Latin America, and Trimeresurus sensu lata found in Asia and split into
four genera: Ouopbis, Protobothrops, Trimeresurus and Tropidolaemus.

Bothrops (fer-de-Iance, lancehead). This South American genus occurs widely
throughout Latin America. It comprises 39 species, of which the principal ones
are: Botbrops asper (terciopelo), B. atrox(common lancehead), B. bilineatus (green
forest-pirviper), B. brazili, B. jararaca (jararaca), B. jararacussu (jararacussu), B.
lanceolatus (Marrinique lancehead), B. moojeni, B. neuunedi. These species occur
practically in all biotopes, from the primeval forest (arboreal B. bilineatus and ter
restrial B. brazili), to human settlements including the suburbs of large cities like
B. asper, B. atrox, B.jararaca and B. lanceolatus. The frequency of bites varies with
the regions. InBrazil, Venezuela, Guyana and Ecuador B. atrox causes from 40%
(Amazonia) to 80% (Minas Gerais) of the bites. In Central America B. asper causes
20 to 60% of the envenomations, In the State ofSao Paulo B.jararaca causes 95%
of the envenomations.

The venom is rich in proteolytic and haemorrhage-causing enzymes, notably the
rhrornbin-like enzymes that cause blood coagulation. The symptomatology
includes strong inflammation, necrosis and haemorrhage. Many antivenins of
varying quality, efficacy and tolerance are produced in Central and South Amer
ica. The venom of B. lanceolatus causes diffuse micro-embolisms that can lead to
visceral and notably cerebral infarcts, A specific antivenin is produced in France
for this species which is endemic in Martinique.
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Lacbesis (bushmaster). This Latin American genus inhabits forest and dry land
and consists of three species of which the two most important ones are Lachesis
muta in South America and L. stenopbrys in Central America.

The venom causes severe inflammation and sometimes necrosis. Bites appear to
be rare, probably as these species remain relativelyshy. However, in some regions
of South America L. muta has been blamed for 5 to 30% of the bites. In spite of
the imposing size ofsome individuals, the envenomations are lesssevere than one
could fear and what would be suggested by their reputation. Polyvalent antivenins
are produced in Mexico and Brazil.

Protobothrops (habu), This genus comprises eight species that are widely dis
tributed from India to Japan. The main species are Protobotbropsflavoviridis and P.
mucrosqamatus. The former is responsible for 20% of the envenomations in Japan
and the latter for 40 to 50% of the bites in Taiwan and Malaysia.

The venom causes severe inflammation, necrosis,and haemorrhage. It contains a
rhrornbin-like enzyme that accelerates coagulation and provokes haemorrhage
after all the coagulation factors have been used up by the venom. A specific
antivenin is produced in China against the venom of P. mucrosquamatus.

Trimeresurus (Asian pirviper, bamboo pirviper). This genus is distributed from
Sri Lanka to Nepal and from Japan to Indonesia and contains 29 species, the most
important ofwhich are: Trimeresurus albolabris, T.gramineus, T.popeiorum, T.pur
pureomaculatus, T.stejnegeri. In Thailand T.albolabris is implicated in 40% of the
bites while in Hong Kong it is blamed for 60% of the envenornarions.

The venom contains powerful proteolytic enzymes and a thrombin-like enzyme.
The symptomatology includes signs ofseverelocal inflammation, sometimes com
plicated by gangrene or necrosis, and a haemorrhagic syndrome that can be
reduced by symptomatic treatment, even without the help of an antivenin. A
monovalent antivenin is produced in Thailand and a polyvalent one in China.

The tribe ofthe Agkistrodontiniwas formerly together within the genus Agk
istrodon sensu lata; They are distributed in Asia (Calloselasma, Deinagkistrodon,
Gloydius and Hypnale) and in North America (Agkistrodon).
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AgkistroJon (mocassin), This North and Central American genus contains three
species of which the two with the most widespread distribution are Ackistrodon
contortrix and A. pisciuorus. Several hundred bites occur each year in the southern
United States. The venom causes inflammation and haemorrhage. It is moder
ately toxic; without specific treatment the lethality is below 0.1 %. The polyvalent
antivenins produced in France have a cross reactivity which is considered suffi
cient in cases of envenomation with severe symptoms.

CalloselAsma (Malayan pit viper). This Far East genus is monospecific: Callose
lasma rhodostoma. This diurnal species abounds in allofSouth East Asia and causes
a large number of severe envenornarions, particularly in rubber plantations. In
Thailand it is blamed for 40% of the bites and in Indonesia up to 70% of enven
ornations are due to this species.

The venom is moderately toxic and causes severe inflammation, necrosis and
haemorrhage. The first thrombin-like enzyme to be extracted from a snake venom
came from this species. Several monovalent antivenins are produced in China and
Thailand and polyvalent ones in India and Indonesia.

Deinagkistrodon (hundred-pace-viper). This Far Eastern genus has only one
species: Deinagkistrodon acutus. Its common name comes from a legend according
to which the victim could not go further than one hundred paces before collapsing.

The venom causes inflammation and haemorrhage. Lerhality is high, more than
15% without antivenin treatment. A monovalent antivenin is produced in China.

Gloydius (mamushi). This genus is distributed from Afganistan to Japan and
comprises nine species of which the most widespread ones are Gloydius blomhoffi
and G. halys. In some regions of China and Japan G. blomhoffi is responsible for
up to 80% of the bites.

The venom causes inflammation. Symptoms ofneurotoxicity are sometimes observed.
The main complication is renal insufficiency that sometimes is fatal. A monovalent
antivenin is produced in Japan.

HypnaJe. This genus occurs in Sri Lanka and contains species of small size. They
cause a limited number of envenomations of moderate severity.
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CHAPTER 2

The Venom Apparatus

The venom apparatus is a complex device consisting of a specialized gland that
synthesizes a toxic secretion, the venom, and a wounding device, the venom fang,
which can inject the venom into the body of the prey or of the aggressor. This
structure is particularly complex in snakes.

The venoms may have derived from a specialization of digestive secretions, pos
sibly pancreatic, certainly salivary, which originally led to the digestion of the tis
sues. The salivahas a twofold role: it lubricates the food and it starts the process of
digestion. Later the venoms would have developed the capability to kill and to
immobilize the prey with the help of specialized toxins facilitating holding and
swallowing, which are difficult without the help of legs. In any case one can think
that the role of the venom in the snake's defense is secondary, even if it is the one
that concerns us most.

1.The General Evolution of the Venom Apparatus

The evolution of the venom apparatus will on one hand concern the position and
morphology of the fang and on the other hand the structure of the venom gland
and the composition of the venom.

It is generally conceded that the venomous function has appeared relatively late
and progressivelystarting from the differentiation of the salivary glands. From the
point ofview of morphology as well as of biochemistry it appears now well estab
lished that the venom apparatuses of the principal families of venomous snakes
have evolvedseparately: proteodontism in the Elapidae and opisthodontism in the
Colubridae, Atractaspididae and Viperidae. Also, this specializationappears to have
been relatively ancient and on the way to disappear in certain groups, the evolu
tion tending, according to some authors, to suppress the venomous function.

47
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1.1. The evolution of the maxilla

In the aglyphous snakes which do not have poison fangs, the proterodont ones
have teeth which decrease in length from front to back, while on the maxilla of
the opisthodont ones the teeth increase in length from front to back. In both the
apparition of a groove or canal along the length of one or several teeth allows the
penetration of the saliva into the tissues of the prey. In different species this groove
consists of an open canal (grooved fang) or becomes closed completely to form a
tube (tubular fang), which allows the injection of the venom under pressure. In
all cases the fang progressively becomes separated from the other maxillary teeth
(Fig. 9). This more or less marked distance between the fang and the full teeth of
the maxilla is called diastem. In the course of this evolution the total number of
teeth is reduced, ultimately leaving only the fang.

Proterodontism assists the application of maxillo-prefrontal pressure, probably
weaker but facilitatingholding the prey, which means a certain advantage.This route
leads to the proteroglyphous, front-fanged, snakes to which the Elapidae belong.

The opisthoglyphous route is first observed in the opisthoglyphous Colubridae.
The maxilla remains elongated even though it is shortened in comparison to fan
gless opisthodont snakes.The fang is situated at the back of the maxilla, at the level
of the eye or further back. The fang is grooved with normally a wide-open groove.

In a more advanced stage the opisthoglyphous route leads to the solenoglyphous
venom apparatus of the Viperidae. The maxilla is considerably shortened and car
ries only the single fang with replacement fangs ready to take the place of the func
tional fang if it should be lost. The venom fang is tubular and can reach an
impressive size. Because of that it has become mobile in the prefrontal articula
tion: at rest the fang lies horizontally and is erected at the moment of the bite.

1.2. The evolution of the venom gland

The advent of the salivary glands, be it in mammals or in reptiles, goes back 200
million years, which seems relatively recent. In the venomous snakes one proba
bly has to look for the origin of the venom glands in a specialization of the labial
glands. Iguanas as well as amphisbaenes have a series of glands both on the upper
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Figure 9
The dentition of snakes

Aglyphous (fangless):
- full teeth,

-lack of venom gland,
- boas, pythons and most of the colubrids.

Mandible Pterygoid
Opisthoglyphous (back-fanged):
- fangs back on the maxilla (at the
level of the eye) and with a median groove,

- presence of venom glands,
- the remainder of the colubrids,
haemotoxic venom.

Mandible

Proteroglyphous (front-fanged):
- fangs in the front part of the maxilla
that is immobile,

- presence of venom glands,
- cobras and mambas, neurotoxic venom.

Maxilla
Solenoglyphous
(hollow-fanged) :
- fangs in the front part of
the maxilla that is mobile,
- presence of venom glands,
- vipers and crotalids,
haemotoxic and
necrotising venom.
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and lower lips. The evolution of the upper lip glands in the direction of more com
plex enzyme secreting glands would have taken place at the same time as the mod
ification of the cranial bones, of the muscles and of the teeth. In addition to the
flaccidity of the ligaments allowing a wide opening of the mouth common in the
Alethinophidians, the development of the maxilla and of the muscles has led in the
venomous species to the establishment of a sophisticated mechanism for the injec
tion of the venom and ofspecific muscles for the compression of the venom glands.
Certain glands open directly at the base of the teeth and are called dental glands.
They can be considered as precursors of the complex glands observed in snakes and
in those lizards that have developed a venom function like the heloderms. Some
authors believe in any case that these glands cannot be likened to the proper venom
glands, which they rather see as derived from the Duvernoy's gland. This latter which
is very ancient and also occurring in other groups than snakes, notably in certain
lizards, does not necessarily correspond to a venom gland as its role is neither clear
cut nor constant. The Duvernoy's gland produces a liquid which is between saliva
and venom, the purpose ofwhich could be limited to the lubrication of the prey or
to its digestion but also to its immobilization and to killing it quickly, even more so
as in this latter case it proves to be of unequal efficacy.The development of special
ized glands is concomitant with the evolution of the venom itself. The first active
substances have probably been enzymes with the essential aim to digest the prey.

The whole of the histological structures could also have come from the evolution
of another exocrine gland like the pancreas. Many of its enzymes such as amy
lases, phospholipases or proteases occur also in the salivary glands and in the
venom glands. There is a variable degree of homology, but it can reach 90% for
certain enzymes. It appears that sl?me have evolved secondarily to be transformed
into toxins. The cytotoxins of the Elapidae, for example, could have come from
the Phospholipases Al. For other authors the neurotoxins could have been pre
cursors of the cytotoxins, The origin of the sarafotoxins present in the venoms of
the Atractaspididae would be more complex: they would have derived from
endothelins, which are considered as mediators at cellular level acting on the blood
vessels and permitting vasoconstriction.

The development of toxins from pancreatic enzymes also helps to explain the pres
ence of enzyme inhibitors in the blood that protect the snake against its own
venom when it escapes from the venom gland and penetrates into the blood cir-
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culation. These proteins found in the serum of snakes and in charge of neutraliz
ing the venom, generally are albumins or a-globulins with a high molecular
weight. One can thus imagine that in snakes there could have been a process of
eo-evolution of on one hand the toxins derived from digestive enzymes and on
the other hand the antitoxins deriving from enzyme inhibitors. An analogous sit
uation is also observed in certain mammals that possess a natural resistance to
snakebite venoms like mongooses, marsupials and hedgehogs.

2.The Anatomy of the Venom Apparatus

The scolecophidians are considered as the most primitive living snakes. They have
no toxic secretion in their oral cavity. Apparently they also do not have dental
glands and could possible represent an evolutionary line in which these glands
have disappeared.

The Boidae are constrictors; they kill their prey by suffocation. Often their saliva
is toxic, but they lack an inoculating mechanism. Also they are characteristic exam
ples of the precursors of the proterodont route.

The Colubridae have a large variety ofdiverse genera and species. The differenti
ation of the labial glands probably has preceded the specialization of the teeth. All
the same the fangless speciesof Colubridae have higWy toxic venomous secretions
produced by their Duvernoy's glands. However, there are snakes with differenti
ated teeth but without a Duvernoy's gland. In the Opisthoglypha the groove is
situated in the prolongation of the efferent canal of the Duvernoy's gland. How
ever, the injection mechanism is quite different from the one common to other
venomous snakes. On one hand the Duvernoy's gland does not have a wide
lumen, which reduces its capacity to store venom, and on the other hand there is
no muscle directly associated with the gland. Consequently the injection mecha
nism is not very efficient and it is rather by gravity and capillarity that the venom
penetrates into the bite wound while the prey is being held and swallowed.

In the Colubridae the Duvernoy's gland varies from species to species in size, vol
ume and histological structure. The largest and probably the most efficient one is
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seen in Dispholidus typus. The same is the case in the genus Tbelotomis that also has
enormous posterior fangs with a deep groove. In addition the venom of these two
species is particularly toxic.The Duvernoy's gland is a tubular, branched gland with
serous secretions produced in the tubules and mucous secretions consisting of
mucopolysaccharides appearing in the epithelial cellsof the excretory canals. It lacks
a storage reservoir. The secretions of the Duvernoy's gland have multiple enzymatic
activities. One finds proteases, a cholinesterase,phosphatases, a hyaluronidase, a col
lagenase,phospholipases and various enzymes acting on blood coagulation. In some
speciesofopisthoglyphous colubrids the venom appears to be particularly toxic, rap
idly immobilizing the prey, which makes it easier to hold it. Nevertheless, in the
majority of the colubrids the venom acts very slowly and kills the prey in 24 or 48
hours, as in the case ofMalpolon; the Montpellier snake. It is possibly also simply
the quantity of injected venom that produces such differences.

The Elapidae are a family ofvenomous snakes in the strict sense. The skull is sim
ilar to that of the Colubridae, with notably the pterygoid of the same size. In most
of the proteroglyphs the maxilla is short and has one or several poison fangs with
almost closed grooves or a closed tube, followed by 1 to 15 full teeth behind a
diastem ofvariable size. In Dendroaspis as well as in certain Australian elapids the
maxilla has remained relativelylong and has acquired a certain mobility that allows
it a certain see-saw movement around the pterygoid.

The structure of the venom gland of the Elapidae shows characteristics that are
considered as primitive. The venom gland has differentiated itself from the upper
labial gland. Surrounded by a fibrous sleeve it has migrated to behind the eye in
the temporal region where its pear shape is seen prominently on either side of the
head. It is a lobulated gland composed ofserous cells arranged around acini. The
central lumen is relatively small and the secretions are stored in cytoplasmic gran
ules before reaching the lumen of the gland the volume ofwhich increases. In this
the histological structure of the secretory cells is very similar to that of the Duver
noys gland. Also the accessory mucous glands are situated along the efferent tract
and flow into the excretory canal. The latter opens at the base of the fang. The
expulsion of the venom is effected by the contraction of a special muscle which
derives from the mandibular and temporal muscles. The principal difference with
the Colubridae consists in the composition of the venom. This confirms that the
glandular epithelium retains the genetic information needed for the production
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of the glandular secretions. The venom of the Elapidae is rich in toxins acting on
specificcellular receptors and contains a relatively small number of enzymes. Some
of those, amongst others certain phospholipases, have a toxic activity and at the
same time their own enzymatic activity.

In the Viperidae the venom apparatus is very different, in its structure as well as
in its functioning, which probably points at a distinct phylgenetic origin. This
would confirm the hypothesis that the Viperidae and the Elapidae descended from
separate evolutionary lines. Other arguments tend to associate the venom appa
ratus and the venom of the Colubridae with those of the Viperidae which could
have descended from a common ancestor. The particularly important looseness
of the bones of the skull in the Viperidae allows them to hit and to swallow prey
animals ofvery large size.The maxilla is short; it pivots around the ectopterygoid
supported by the pterygoid, two jaw bones of snakes, and this allows the poison
fang to be turned forward. The latter is very long and forms a completely closed
tube that opens at the point of the tooth. A sleeveof mucosa surrounds the tooth
and allows the opening of the canal from the poison gland to connect with the
tube at the base of the fang. The strong muscles surrounding the poison gland
assure an injection under pressure. In addition the length of the fang enables a
deep penetration.

The venom gland is situated in the temporal region. It is well visibleon both sides
of the head. It is a lobulated serous gland. It has been shown in Echis pyramidum
that each of the cells of the central portion of the gland is able to synthesize all
the constituents of the venom. These are produced successively by the secretory
cell and/or at different speeds, which can explain a variation of the toxicity of the
venom during the secretory cycle.The lumen of each lobe allows the storage of a
large quantity of venom. The excretory canal has bulging portions where mucus
is secreted. It opens directly at the base of the poison fang. The venom gland is
surrounded by its own muscles that have derived from the temporal muscles. The
particularly fast toxic action of the venom completes the device designed to pre
vent the prey from escaping. The venom has a complex composition and consists
principally of many and varied enzymes.

The venom apparatus of the Atractaspididae is similar to that of the Viperidae.
However, it distinguishes itself probably because of the burrowing habits of these
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snakes. The Atractaspis hit their prey laterally down and backwards with a single
fang that passes through the discretely opened corner of the mouth. Also the
pterygoid is short and separated from the palate, which allows it to increase the
rotational movement of the maxilla during the erection of the fang.

The venom gland of the Atractaspididae differs from that of the Elapidae and the
Viperidae. The secretory tubules are arranged around an elongated and narrow
lumen and the mucus cellsare at the exit of the gland. There is no accessorygland
and several species have extremely long glands that can stretch one third of the
length of the snake along neck and thorax. The venom contains enzymes and one
particular type of toxins: sarafotoxins.

3. The Composition of the Venom

Snake venom is a complex mixture of proteins. Their fine analysis has been
achieved progressively only as permitted by technological progress.

It is obtained by manual pressure on or electrical stimulation of the salivaryglands
of the snakes. Recently cell culture of the glandular cells has made possible the
artificial production ofvenom in small quantities. However, certain protein frac
tions can also be synthesized by recombination in molecular biology at acceptable
cost. To this end microorganisms are used into which a gene from the venom
gland is inserted which codes for a particular protein.

Native venom is dried in a vacuum or lyophilized,and can be conserved in a sealed
ampoule at low temperature for severaldecades, although certain enzyme activities
appear to change over time irrespective of the process of conservation.

3.1 The synthesis of the venom

The production ofvenom passes through a first phase of rapid synthesis and after
that progressively reaches a plateau that seems to correspond to the saturation of
the gland. Each secretory cell produces all the constituents of the venom. The
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maximum ofvenom synthesis is reached more or leswithin a week and the plateau
in two or three weeks. After a period of strong production of the venom con
stituents the re-absorption ofwater allows the protein concentration to be stabi
lized. The synthesis of the venom stops when the central lumen of the gland,
which acts as reservoir, is full.

It is normally not possible to gauge the quantity of venom injected into a prey,
particularly in man. On one hand it varies with the species of snake in question
{Table II} and on the other hand the circumstances of the bite appear have a strong
influence on the quantity of venom that is injected. The proportion of injected
venom during a bite can vary from 10 to 50% of the gland's capacity. It depends
also on the size of the prey, its species and on the hunger of the snake. It has been
shown that in certain speciesof Crotalus the amount ofvenom injected in a defen
sive bite is twice or three times of that injected when biting a prey.With successive
bites the quantity ofvenom delivered by the snake diminishes gradually. All hap
pens as if the snake delivered the necessary dose to obtain the desired result: immo
bilize the prey or eliminate an aggressor if a confrontation cannot be avoided.

The spray ofvenom by a Naja nigricollis delivers approximately 10% of the vol
ume of the venom gland, which allows a very large number ofconsecutive sprays
{up to 40 times in less than 5 minutes}. In the first droplets one observes a pro
tein of 9 kDa, which is never collected later, which is present in naturally collected
venom {without utilizing any apparatus nor pressure on the glands} and found
only if the snake has been excited before spitting the venom. The analysis of the
proteins present in the venom droplets shows that the concentration of proteins
decreases significantly with time. However, the concentration of cytotoxins
remains more stable although it also decreases. It is as if there was a dilution of
the venom but with the level ofcytotoxin remaining almost constant.

3.2 The chemical composition of the venom

Traditionally proteins isolated from snake venoms are divided in two groups: the
enzymes which generally are of weak acute toxicity and the toxins of which the
pharmacological role is better known and which at least in the Elapidae and the
Atractaspididae form the essence of the toxicity of snake venoms.
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Table 11
The capacity of the glands and the toxicity of the venom

of the main venomous species

Espece

Agkistrodon contortrix
Agkistrodon piscivorus
Atractaspis enggadensis
Atractaspis dahomeyensis
Bitisarietans
Bitisgabonica
Bothrops atrox
Bothrops lanceolatus
Bungarus caeruleus
Causus maculatus
Cerastes cerastes
Crotalus adamanteus
Crotalus atrox
Crotalus durissus terrificus
Crotalus scutulatus
Daboiarusselii
Deinagkistrodon rhodostoma
Dendroaspis polylepis
Dendroaspis viridis
Dispholidus typus
Echis carinatus
Echis leucogaster
Echis ocellatus
Lachesis muta
Micrurusfulvius
Najahaje
Naja kaouthia
Naja melanoleuca
Naja nigricollis
Notechis scutatus
Rhabdophis subminiatus
Sistrurus miliarius
Thelotornis capensis
Vipera aspis

mean glandulaire capacity
(mg ofdryvenom)

40 to 75
80 to 170
25 to 75
25 to 75

100 to 150
200 to 1 000

80 to 200
100 to 200

10 to 20
50 to 100
20 to 30

200 to 850
150 to 600
150 to 500
50 to 150
130 to 250
40 to 75

100 to 200
50 to 100
5 to 10
10 to 50
20 to 75
10 to 50

200 to 1 200
2 to 10

150 to 600
140 to 400
150 to 800
150 to 750

30 to 70
5 to 10
10 to 35

1 to 5
5 to 15

LD50 intravenous
(J.Lglmouse)

218
83
5

45
7

14
91

300
2

185
10
34
44
84
5

16
95

5
12
2

25
35
33

120
6

15
8

12
25

1
25
57
15
20
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3.2. 1 Enzymes

The enzymes are proteins with generally elevated molecular weights. Their cat
alytic properties that distinguish them from the toxins have two major conse
quences. On one hand the degradation product on which in most cases the
toxicity depends, generally has no immunogenic property in the receiving organ
ism. Therefore it does not lead to the synthesis of specificantibodies. On the other
hand the toxicological effects depend more on the time during which the enzy
rnatic reaction is taking place than on the initial quantity of enzymes. They in fact
cause a biological transformation without themselves being modified, which allows
them to carry on reacting as long as they are present in the organism. This ampli
fication is characteristic of the enzyme reaction and thus its toxic effects are essen
tially time-dependent. The enzymes ofsnake venoms vary in their specificity. The
most toxic ones act on blood coagulation or on complement activation, provoke
a cytolysis or accelerate a particular metabolism (phospholipids, glycides).

The venorns of the Viperidae are particularly rich in enzymes.

3.2.1.1 Phospholipases

The majority ofsnake venoms contain phospholipases that hydrolyze free phospho
lipidsand those bound to membranes, into fatty acidsand lysophospholipids (Fig. 10).

Several types of phospholipases are distinguished according to the site of the hy
drolysis. In snake venoms the Phospholipases A2 are the ones that occur most

Figure 10
Site of action of the phospholipases
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often. The lysophospholipids are tension-active and cause cellular destruction,
particularly haemolysis. The Phospholipases A2 affect several physiological sys
tems depending on the type of hydrolyzed phospholipids, haemostasis, neuro
muscular transmission and inflammatory reaction.

The molecular weight of the base monomer is close to 8 kDa, but a polymeriza
tion of the molecule can raise the molecular weight to 36 kDa.

3.2.1.2 Acetylcholinesterase

The Elapidae have an acetylcholinesterase that can hydrolyse acetylcholin, which
is the principal chemical mediator of the transmission of nerve stimuli in verte
brates (Fig. 11).

Figure 11
Site of action of the acetylcholinesterase

(Achoase =acetylcholinesterase)

CH}-COOHJ CH OH3 I
'N-CH -CH -OH• /I 2 2

CH3CH}

CH}?H

~ ~ -CH2-CH-j2-0-r-CH}
CH3CH3

0

HzO

Achoase

This enzyme has a molecular weight of 126 kDa and consists of two monomers
of 63 kDa with a di-sulfur bridge; it is active in an alkaline environment with a
pH of8 to 8.5. It plays an essential role at the synapse where it allows the passage
of nervous stimuli to the postsynaptic membrane. It contributes to the complex
neurotoxic effect of elapid venoms.

3.2.1.3 Phosphoesterases

Many venoms contain various phosphoesterases.The endonucleases hydrolyze the
nucleic acids (DNA and RNA) at the bonds between the base pairs. The exonu
cleasesattack the base at the end of the nucleic chain. They are active in an alka
line pH close to 9 or 10.
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The phosphodiesterases cut the link remov
ing the oxygen from position 3' of the ribose
or the desoxyribose, separating them from
the phosphorus. The 5'nucleotidase produces
a similar cut but at the level of the bond 5'
between the ribose or the desoxyribose and
the phosphor (Fig. 12).
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Figure 12
Site of action of the phosphoesterases
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3.2.1.4 L-amino-acid-oxidase

This enzyme causes the des-arninarion and then the oxidation of the amino acids,
which are transformed into a-cetonic acid (Fig. 13).

Figure 13
Site of action of the L-amino-acid-oxidase
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Its molecular weight is between 85 and 153 kDa. The clinical and toxicological
effects are negligible; it represents less than 1% of the total toxicity of the venom,
which is explained by the low concentration of this enzyme. The attached flavin
adenin-dinucleotide group of this enzyme gives the venom its yellow colour.

3.2.1.5 Hyaluronidase
This enzyme is common in most venoms. It hydrolyzeshyaluronic acid or the sul
fate of chondroitin, which are mucopolysaccharides responsible for the cohesion
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of the connective tissue. Therefore this enzyme probably enhances the diffusion
of the venom after its injection by a bite.

3.2.1.6 Proteases

There are many enzymes that act on the structure of proteins. The venoms of the
Viperidaehave particularlymany ofthem. Theyare also involvedin the tissuedestruc
tion seen during necrosis and in the course ofcertain pharmaco-toxicological phe
nomena like haemostasis problems, as shall be seen later.While it is true that many
proteasesare non-specificand act on a large number ofdifferent subsrrates, there are
some of these enzymes that recognizeparticular molecular sites,which makes them
particularly efficient tools for the diagnosisor treatment ofcertain conditions.

The proteases that act on blood coagulation are classed in two structural groups:
the serin-proteases and the metallo-proteases.

• The serin-proteases are single- or double-chained glycoproteines of 20 to

100 kDa that attach themselves to their substrate with the help of a serin.
They exist in great diversity depending on their zoological origins and their
biological functions. Most of the thrombin-like enzymes belong to this
group; generally their structure is similar to that of the chain B of natural
thrombin. Certain fibrinolytic enzymes and the fibrinogenolytic enzymes
that degrade the chain B13 of fibrinogen also belong to this group. Finally
one finds there certain enzymes that activate prothrombin or protein C.

• The metallo-proteases are single- or double-chained proteins of 20 to 100
kDa. The presence of a metal ion, generally zinc, is indispensable for their
functioning. In addition calcium assures their structural stability. These
enzymes are very sensitive to pH variations and are inactivated in an acidic
environment (pH < 3). There are four groups of metallo-proteases. The first
ones are composed of proteins that do not act on blood coagulation and are
considered as "pro-peptides", precursors of the other metallo-proteases. The
second ones, or the proper rnetallo-proteases, have a low molecular weight
and haemorrhage causing properties. The 30<1 group consists of rnetallo-pro
teases of the 2nd group with an additional peptide chain with a composition
and structure identical to the disintegrins. Finally into the last group are
placed complex metallo-proteases, which in addition to those of the 30<1 group
have a domain rich in cystein which accentuates the stability of the molecule.
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The haemorrhage-causing activity and the specificity of the rnetallo-proteases
are in proportion to their molecular weight. Several fibrinolytic enzymes
and the fibrinogenolytic enzymes that degrade the Aa chain of fibrinogen
are rnetallo-proteases with a molecular weight varying between 20 and 70
kDa. The metallo-proteases with a molecular weight between 50 and 70 kDa
activate factor X or prothrombin. They exert their principal catalytic activ
ity on the vascular endothelium and because of this some have been given
the name haemorrhagins.

3.2.1.7 Other lytic enzymes

Amylase, transaminases and deshydrogenases are also found in small quantities,
but all of these have only a negligible pharmacological and toxic effect in human
pathology.

3.2.2 Toxins

Toxins are proteins of variable molecular weight, but generally less than 30 kDa,
namely smaller than the enzymes. They have the ability to bind to a specific recep
tor, most often a membrane. The tropism of the toxins can be neurological, cardio
vascular, muscular or undifferentiated depending on the anatomical distribution of
the receptors recognizedby them. The toxicological effectdepends on the proportion
of the introduced quantity of toxin to that of the corresponding receptors: it is con
sidered as dose-dependant. Other factors can play a role, particularly the speed of
diffusion of the toxin, which again depends strongly on its sizeand its specificityfor
the receptor. It should be noted that the quantity and the specificity of the receptor
can vary from one animal species to another and that consequently the effect varies
with the experimental model. The resultant of these factors leads to what one can
call a target effect which establishes for a toxin in a given model a linear relation
between the quantity of toxin, the number of available receptors and the pharma
cological effects, namely the toxicity.

The venoms of the Elapidae are particularly rich in toxins.

The toxins can be placed into eight principal families depending on their structure
and/or their mode of action. The neurotoxins are a particularly well-studied class
of proteins (Table Ill). Many toxins belonging to different functional groups show
a "3-finger" configuration or one similar to that called "pear-shaped" or "tangled".



Especes

Acanthophis antarcticus
Bungarus candidus
B. caeruleus
B.fasciatus
B. multicinctus
Boulengerina annulata
Dendroaspis angusticeps

D.jamesoni
D. polylepis
D. oiridis
Enhydrina scbistosa
Hemachatus baemachatus
Hydrophis ornatus
H. coggeri
H cyanocinctus
H. gracilis
Lapemis curtus
Laticauda colubrina
L. laticauda
L. semifasciata
Micrurus corallinus
Mfidvius
M bemprichii
M lemniscatus
M narduccii
M surinamensis

Table III
The classification of the neurotoxins ofsnake venoms

Nrx o- short Ntx a-long Ntx J3 Dendrotoxin Fasciculin Cardiotoxin

toxin C toxin b

ceruleotoxin homologous
n-bungaroroxin l3-bungarotoxin homologous

DTx, C
13S,C,

FAS 1,2,
F 7, C,oS,C,

Vn'I VnIII-l S6C,
toxin-a Vn'N, V'I, Vn2 toxin I, K, B toxin C, FS2
tox.4.11.3 tox 4.9.3, 1, V DV14 toxin 4.9.6.
toxin 4, S Myotoxin
II and IV unnamed homologous
toxin 73A

hydrophitoxin

toxin a, b
laticotoxin
erabutoxin LSIII toxin I



CM-IOA,I4, CM-S, III CM-1O, CN-7, 8, 9,
a-toxin 12 lOB, VIII, 2,

lA,CM
3 o-cobraroxins CM 11, III CM-6, 7, 7A

toxin-d toxin b, 3.9.4 DE I, 1I,I11 VIII, lA

tox. I and III CM I, 11, III VIII, 2, 3, 4

cobrotoxin toxin 3, 4, A, B, unnamed CM-XI, eo-
c'D,E braminA, B

a-toxin unnamed cardiotoxin
toxin B, ~ unnamed homologous VUI

toxin 11 a-toxin unnamed

I11-4 notexin
toxin a, b

taipoxin, OS 2

M. nigrocinctus
Najahaje

N. kaouthia
N. melanoleuca
N. mossambica
N. naja

N. nigricollis
N. nioea
N. oxiana
N. sputatrix
Notecbisscutatus
Ophiophagus hannah
Oxyuranus scutellatus
Pseudecbis australis
P. butleri
P. papuanus
P. porphyriacus
Pelamis platurus
Pseudonaja textilis
Bitiscaudalis
Crotalus terrificus
Daboia russelii siamensis
D. russelii formosensis
Gloydius blomhoffi
Protobothrops

mucrosquamatus
Vipemammodytes
V.aspis
V.palestinae

pelamitoxin
pseudexin

textilotoxin
caudoxin
crotoxin
daboiatoxin
RV-4, RV-7
agkistrodotoxin
trimucrotoxin

ammodytoxin, vipoxin
unnamed
unnamed
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These proteins of 57 to 74 amino acids and 3 to 5 di-sulfur bridges are a particu
larity of the venoms of the Elapidae and are related to each other and the most
important one amongst them is the a-neurotoxin.

3.2.2.1 Postsynaptic neurotoxins

The curare-like toxins act on the postsynaptic membrane and block the trans
mission of nervous stimuli by attaching themselves directly to the acerylcholin
receptor. They consist of a single polypeptide chain of 60 to 74 amino acids and
have a molecular weight of about 7 to 8 kDa, and are folded in 3 loops that are
held in place by di-sulfur bridges (Fig. 14).

Three types are recognized: the short ce-neurotoxins (group I: 60-62 amino acids,
4 di-sulfur bridges), the long ce-neuroroxins (group 11: 66 to 74 amino acids,S
di-sulfur bridges) and the k-neurotoxins (66-70 amino acids.f di-sulfur bridges).
The long u-neuroroxins and the k-neurotoxins show much structural homology
but differ on one hand by their composition of amino acids and on the other hand
by the former ones being monomers and the latter ones dimers. This gives them
slightly different pharmacological properties, particularly regarding the recogni
tion of the cholinergic receptor. While the o-neuroroxins are largely found in most
of the Elapidae, the n-neurotoxins are present only in the Bungarus spp.

The muscarin-like toxins are a dozen small polypeptides isolated from the venom
of Dendroaspis (mamba). Their structure is similar to that of the curare-like neu
rotoxins. They have a molecular weight of7.5 kDa (approximately 65 amino
acids, 4 di-sulfur bridges) and their name derives from their strong affinity to that
part of the cholinergic receptor.

Finally some "unclassifiable" toxins have been isolated, notably from venoms
of the Viperidae. Vipoxin, isolated from the venom of Daboia russelii, has a
molecular weight of about 13 kDa. Its molecular structure is unknown. It does
not act on the nicotine or muscarine receptors, but on the adrenergic receptors,
which is exceptional for snake venoms.

3.2.2.2 Cytotoxins

Approximately 50 polypeptides form this group that is relatively homogenous
because of their greatly homologous structure. The cytotoxins, also called car-'
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Figure 14
Molecular strucrure of an a-neurotoxin
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d ioroxins, are in strucrure and size similar to the short cc-neurotoxins (60-65
am ino acids, 4 di-sulfur bridges, same shape in 3 loops). However, there is no
immunological cross reaction with the neuroroxins. They depolarize rapidly and
irreversibly the cell membrane causing its lysis.
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3.2.2.3 Pre-synaptic neurotoxins

The pre-synaptic blocking toxins or ~-neurotoxins consist ofone, two or four sub
units, depending on their specificorigin. They allhave in common a Phospholipase
A2 function needed for their toxic activity. The elementary subunit consists of a
polypeptide chain of 120 amino acids with 6 to 8 di-sulfur bridges and with a
molecular weight of 13 to 14 kDa. The ~-neurotoxinsare classified in three groups.

• The single-chain ~-neurotox.ins have only one phospholipase sub unit.
Some show an amino acid sequence similar to that of the Phospholipases A2
found in the mammalian pancreas. They are represented by notexin isolated
from Notechis scutatus, an Australian elapid, as well as by the toxins extracted
from the venom ofseveralother Australian elapids (notably Oxyuranus scutel
latus and Pseudecbisporpbyriacus). The others consist of a polypeptide chain
of the same length but with an amino acid sequence that differs from that
of the pancreatic phospholipase. Essentially these toxins are exrraxted from
the venoms of Viperidae: Gloydius blomhoffi, Bitiscauda/is, Vipera ammodytes
and Daboia russelii siamensis.

• The ~-bungarotox.in from the venom of Bungarus multicinctus is formed
by two different polypeptides linked by a di-sulfur bridge. One of the sub
units has a phospholipase activity; its amino acid sequence is similar to that
of pancreatic phospholipase and has a molecular weight of 13 kDa. The sec
ond subunit with a molecular weight of? kDa is homologous with the den
drotoxin present in mamba venom.

• The other known ~-neurotox.ins are also composed of sub-units consisting
of polypeptides. These polypeptides are identical or distinct, but their link is
not covalent and none of the sub-units is homologous with the dendrotox-

. ins. One of the polypeptides is an elementary polypeptide and has a phos
pholipase activity. A dozen of these toxins have been described which occur
in the Elapidae as well as in the Viperidae (cf. Table I1I). The ceruleotoxin
isolated from the venom of Crotalus durissus terrificus consists of two sub-units
of different molecular structure, one of which has a phospholipase activity.
The second sub-unit is smaller and lacks any toxic activity. It is associated
with three peptides that separate themselves from the sub-unit when it binds
to its membrane receptor. Many other American rattlesnakes have ~-toxins
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with an analogous structure and the same could be the case with the venom
of certain Old World vipers. Finallycertain l3-toxins such as taipoxin and tex
tilotoxin isolated respectively from the venoms of Oxyuranus scutellatus and
Pseudonaja textilis show a more complex structure. Taipoxine has three homol
ogous sub-units and rextilotoxin has four sub-units.

3.2.2.4 Dendrotoxins

The dendrotoxins, also called facilitating pre-synaptic toxins, were discovered in
the venoms of Dendroaspis {mamba, an African elapid}.They are proteins of low
molecular weight {6 to 7 kDa} and consist of 57 to 65 amino acids with 3 di-sul
fur bridges, which gives them a tangled structure. These toxins enhance the release
of acetylcholine by blocking the voltage dependent potassium channels.

A structurally similar toxin, calcicludin, has been isolated from mamba venom. It
also consists of about 60 amino acids and 3 di-sulfur bridges but its toxicological
action is very different.

3.2.2.5 Fasciculins

These toxins have also been isolated from the venom of Dendroaspis. They are
polypepridesofapproximately 7 kDa molecular weight, with 60 or 61 amino acids
and 4 di-sulfur bridges. Their structure is very similar to that of the a-toxins and
the cytotoxins, However, none of the amino acids that constitute the active site
of the curare-like neurotoxins is found in the same position in the fasciculins.
There is also no immunological cross reaction with the antibodies directed against
the a-toxins. The fasciculins are cholinesterase inhibitors and prevent the physi
ological regulation of nerve stimulus transmission.

3.2.2.6 Calciseptin

This toxin was isolated from the venom of Dendroaspis polylepis and consists of
60 amino acids with 4 di-sulfur bridges. The molecular structure is the same as
that of the o-neurotoxins.

3.2.2.7 Myotoxins

Myoroxins are peptides of42-45 amino acids (molecular weight 5 kDa, 3 di-sul
fur bridges) without enzyrnatic activity. Essentially they are encountered in the
venoms of Crotalus spp. They bind to the ion channels of muscle cells and cause
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their necrosis. Crotamine extracted from Crotalus durissus terrificus acts on the
sodium channel, while the myoroxin of Crotalus viridisaffects the calcium chan
nel. The rnyotoxin of Philodryas has a molecular weight of 20 kDa and consists
of 182 amino acids with 3 di-sulfur bonds.

3.2.2.8 Sarafotoxins

The sarafotoxins have been isolated from the venom of Atractaspis, a Near Eastern
burrowing snake. They are peptides consisting ofabout 20 amino acids and 2 di
sulfur bridges and a molecular weight ofapproximately 2.5 kDa. They are power
ful vasodilarorsand are structurally and functionally very close to the endothelins,
vasoconstrictor hormones present in the endothelial cellsof mammals.

3.2.2.9 Disintegrins

The disintegrins found in the venoms of Viperidae are peptides of 5 to 15 kDa
consisting of 49 to 84 amino acids with 4 to 8 di-sulfur bridges. They exist in
mono- or heterodimeric conformation and according to their size are classified
into three groups. The short disintegrins, like echistatin and eristostatin,
extracted respectively from the venoms of Echis carinatus and eristocophis
macmaboni, have 49 amino acids and 4 di-sulur bridges. The intermediary dis
integrins of the type of tigramin from the venom of Trimeresurus gramineus, of
kistrin from the venom of Calloselasma rhodostoma, of flavoviridin from Proto
bothrops flavoviridis and of botroxostatin from Botbropsatrox have 68 to 72
amino acids and 6 di-sulfur bridges. The long disintegrins, e.g. bitistatin iso
lated from the venom of Bitis arietans, are the most voluminous ones with 84
amino acids and 7 di-sulfur bridges.

These toxins inhibit the integrins, the trans-membrane proteins that allow the
transfer of extracellular messages to the cytoplasm.

3.2.3 Other compounds

3.2.3.1 Nerve growth factor

The nerve growth factor (NGF) was serendipitously discovered in cobra venom
and is a protein of 116 amino acids rolled up with 3 di-sulfur bridges. Frequently
it occurs in dimeric form. It is essentially present in the venom of the Elapidae
and has a molecular weight of20 to 40 kDa. It has no enzyme activity and no
toxicity. The nerve growth factor assists the differentiation of the sensorial neu
rons in the sympathetic ganglions.
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3.2.3.2 Proteins which act on thrombocytes

Many molecules of varying molecular weight and structure act on the blood
platelets or thrombocytes, They mask the effector sites on the cytoplasmic mem
brane or stimulate the degranulation of the thrombocyte.

The agregoserpentins are single- or double-chained glycoproteins of 25 to 80
kDa and a typical example is a protein isolated from the venom of Trimeresurus
gramineus. The base subunit is a glycosilated polypeptide chain without enzymatic
activity. They are equally present in the venoms of Crotalus durissus terrificus (con
vulxin), Protobothrops mucrosquamatus, Tropidolaemus wagleri (triwaglerin), Both
rops jararaca (botrocretin and bothrojaracin), Calloselasma rhodostoma (agretin)
and Trimeresurus albolabris (alboagretin).

Thethrombolectins have a molecular weight between 26 and 30 kDa. They con
sist of two identical subunits, Several rhrornbolectins have been extracted from
the venoms ofBothrops atrox, Crotalus atrox, Deinagkistrodon acutus, Lachesis muta,
and even from an elapid, Dendroaspis jamesoni.

Mambin was isolated from Dendroaspisjamesoni kaimosae and has a structure sim
ilar to that of the postsynaptic neurotoxins, fasciculins and cytotoxin. It has 59
amino acids and 4 bi-sulfur bridges that give it a "three-finger" configuration.

3.2.3.3 Enzyme inhibitors and activators

Several molecules exert a specific activity on certain natural enzymes ofvertebrates.
Generally these proteins are without any toxic or clinical effect, but none-the-less
present a potential pharmacological interest.

Bothrojaracin from the venom of Botbrops jararaca is a double chain protein of
27 kDa, similar to botrocetin, causing aggregation of the blood platelets; it inhibits
natural thrornbin and the TSV-Pa activates the plasminogen.

A double chain glycoprotein of 21 kDa of Deinagkistrodon acutusinhibits factor
X. A very similar protein but with a molecular weight of 27 kDa has been
extracted from the venom of Protobothrops f/avoviridis.

Finally the inhibitors of the enzyme that converts angiotensin I into angiotensin II
need to be mentioned as they cause severe clinical problems. One of them present
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in the venom of Bothrops moojeni has been the object of many studies and has
become the leader ofantihypertensive drugs used therapeutically. It is possible that
other inhibitors of the angiotensin conversion enzyme exist in certain venoms of the
Viperidae like Bitis arietans in particular.

3.2.3.4 Cobra venom factor

The cobra venom factor (CVF) consists of several oligosaccharide chains and a
polypeptide chain linked together by di-sulfur bridges. The functional zone of the
molecule is found on the peptide chain but it appears that the presence of the sac
charide chains is necessaryfor the CVF to function. The average molecular weight
of the known cobra venom factors is 130 to 160 kDa. The CVF activates the
serum complement. It acts principally on fraction 3 of the complement (C

3
) and

secondarily on fraction 5 (CJ

3.2.3.5 Dendropeptin

This peptide was isolated from the venom of Dendroaspis angusticeps at the begin
ning of the 90s. It consists of 38 amino acids and a di-sulfur bridge giving the
molecule the form ofa ring ofalways 17 amino acids. By its structure and its prop
erties dendropeptin belongs to the family ofcardiac diuretic factors (arriopeptine
or atrial natriuretic peptide and brain natriuretic peptide).

These peptides play a hormonal role in renal excretion and the regulation ofarte
rial pressure. In addition dendropeptin facilitates the liberation of the second
hormonal messenger (cyclic adenosine monophosphate or cyclicguanosine mono
phosphate) in the endothelial cells.

3.3 Variability of venoms

The variability of venoms has been reported since antiquity based on clinical con
siderations and recently based on experimental proof. Subsequently it has been
largely confirmed by biochemical and immunological techniques.

The methodology used in the study ofvenom variability is ofconsiderable impor
tance. In effect, the techniques used can cause marked differences in the observed
results. The clinical study, can show many differences in the symptomatology of
envenomations caused by the same species of snake in different patients, is not
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exempt from this rule. In addition to the variability of the venom of the species
in question, the conditions of the bite on one hand and the physiological reac
tions of the bitten subject on the other hand can explain very different clinical
disorders. Experimental studies during which the parameters are controlled are
equally prone to many artifacts. Using the venom of a single and correctly iden
tified snake brings the necessary guarantee to the evaluation ofvariations in the
different stages of the analysis. Mixing of venom from different animals leads on
the contrary not only to a risk of an identification error or the inclusion of an
"intruder", but also introduces a confusion between individual, sub-specific and
specific variations in the case ofspecies complexes, that are a frequently observed
phenomenon in zoology,

3.3. 1 Variations between species

The variability between different snake families is, as we have seen, extremely large.
The venoms of the Elapidae are rich in toxins with a strong neuro-muscular tro
pism; the venoms of the Viperidae have an arsenal of complex enzymes that act
on many systems, particularly coagulation. A second levelof variability concerns
the genus, which certainly has a large number of common chemical structures,
but all the same one can observe important biochemical and immunological dif
ferences. At species or subspecies level the similarity between the venoms is still
stronger. One could qualify this as phylogenetic variability.

3.3.2 Ontogenic and environmental variations

Within a population, even within a small group of related individuals, one can still
find important variations in the venom which are ofgenetic origin as was con
firmed about 20 years ago. An alkaline fraction that is absent in males has been
demonstrated in females of Crotalus adamanteus and Calfoselasma rhodostoma.

When one analyses the composition of the venom of an individual throughout
its life, one notices a strong biochemical stability. However, some authors have
described significant variations in the venom taken from one individual at differ
ent times in its life. A variation in toxicity as a function of age has been demon
strated in a single specimen of Crotalusatrox. The venom of young Bothrops
jararaca has a higher toxicity for frogs than that ofadults, which corresponds to
the fact that the young B.jararaca eat frogs and lizards, but the adults don't. This
phenomenon has not been observed in B. alternatus that eats mammals at all ages.
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Certain proteins appear, disappear or become modified during a life span, partic
ularly in the same individual which induces differences in the venom synthesized
at birth and that synthesized in adulthood. In certain species the enzyme potential
appears to develop during growth and to decrease in senescence. Without doubt
the digestive action is more useful to adults swallowing larger prey than to juve
niles. The latter, on the contrary, would derive an advantage from the immobiliz
ing and immediate toxic action, allowing them to capture and quickly immobilize
their prey. However, certain observations, like the great variations in enzyme activ
ity in a specimen of Pseudonaja textilis during the year, cannot be explained.

Nutrition does not modify the composition of the venom, nor does the rhythm
of the seasons, not even, as has been suggested, important physiological factors
like reproduction or hibernation. The characteristics of bothrojaracin, one of the
components of the venom of Bothrops jararaca, are constant in a given individual.
The observed seasonal variations were insignificant and related to the quantity of
venom and the proportion of bothrojaracin, not to its structure. The seasonalvari
ations mentioned by some authors generally are due to methodological artifacts:
at different times of the year the analyzed venoms consisted of mixtures of ven
oms from different individuals, apparently sometimes belonging even to different
popularions, With regard to clinical observations ofa more pronounced severityof
bites in certain seasons, they could be linked to the average age of the population,
which when older would consist oflarger individuals capable of delivering larger
quantities ofvenom. This is seen particularly in countries with a moderate climate
when after the end ofwinter the snakes emerge from hibernation. These are adults
looking for food or for a sexual partner. In autumn on the contrary, the young
ones are in the majority, looking for their future territories. The lower quantity of
venom in these individuals, more than an improbable qualitative difference, is the
probable reason for the lower severity of envenomations in autumn.

However, environmental conditions can exert a significant influence on venom
composition. It has recently been shown that the biochemical variation of the ven
oms ofdistinct populations of Calloselasma rhodostoma was strongly correlated to
the nutritional regimen of the studied populations. This could mean that the avail
ability of certain prey species could exert a selective pressure on the composition
of the venom.
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The venom variations appear to relate at the same time to the concentration of the
different fractions as well as to their biochemical structure. Several genetic mech
anisms can explain these phenomena. The gene coding for the synthesis of a pro
tein could consist of several alleles that lead to sufficient structural modifications
to effect a significant functional variation. The metabolism ofa protein is regulated
under the influence of endogenous and exogenous factors, which affect the syn
thesis of a molecule or its expression. Finally, with the aim at efficacy, nature
doubtlessly has favoured a certain redundancy of molecular structures, which would
be capable of responding to a range ofvariable and unexpected situations. Thus it
has been shown that one and the same snake can excrete severalmolecular variants
of the same protein. The mix of several toxins in the venom ofan individual would
allow it to maintain a sufficient toxicity under varying conditions, like the multi
plicity of prey animals whose sensitivity to each of the variants would differ. The
genetic origin of the composition of the venom appears to be confirmed by the fact
that the right and left venom glands of the same snake synthesizechemically strictly
identical venorns, as has been demonstrated several times.

The impact of these biochemical variations can also change the immunological
sites that are recognized by the antibodies used in the treatment of envenoma
tions. Consequently the antivenom prepared from a venom could have a reduced
efficacy with regard to venoms of individuals of the same species but from a dif
ferent location. The random mixing of venoms from different populations of
snakes is a precaution which has appeared to be insufficient, as the World Health
Organization has been induced to create an international venom reference center
to study this problem and to find a solution.





CHAPTER 3

The Toxicology
of the Venoms

The toxicology of a venom results from the pharmacological action of its differ
ent components and from the response by the envenomed body. It is a complex
individual phenomenon that necessitates a particular approach: perfectly con
trolled experimental conditions, repetition of trials and mathematical and statis
tical analysis of the observations.

1. Measuring Toxicity

The toxicity of snake venoms is evaluated by in vivo experiments aiming at deter
mining the dose that causes the death of half of the tested animals (LD). The
most frequently used experimental animal is the white mouse. The route of
administration of the venom (or the toxin) varies: subcutaneous, intramuscular,
intraperitoneal, intravenous, intracerebro-ventricular, However, the intravenous
route gives the most homogeneous results; it is generally part of the standardized
methods. To be reproducible and comparable the trial conditions are strictly cod
ified. Environmental and experimental conditions can have a marked impact on
the results (Table IV).

The model generally regarded as the most representative of the development of the
pharmacological effectsis represented by a symmetric and asymptotic sigmoid curve
for the values 0 (no effect or 0% lethaliry) and 1 (maximum effect or 100% lethal
iry). This method is based on the most frequent and most common dose/effect
relation. The present statistical methods allow the modeling of the whole curve of
toxicity by merging the three points of inflection in order to describe the whole of
the phenomenon. They also allow the prediction of the confidence limits of the
LD~o with the help ofa simple calculation (Annex 1). A graphic technique further
facilitates obtaining the result with the help of a log/probit transformation of the

75
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TableN
Factors influencing LD 50 variations

Factors Variation

animal
species
strain
age
mass
sex
nutrition
season

technique
route of injection
Injected volume
solvents
temperature of the inoculum
ambiant temperature

venom
species
age
sex
geographical origin
individual variations
dessiccation of the venom
conservation of the venom

strong
moderate
low
low
low
unknown
unknown

strong
non-significant
non-significant
moderate
moderate

strong
moderate
non-significant"
moderate
moderate
moderate
non-significant

• the variations linked to sex can be masked by individual variations

experimental data that transforms the sigmoid curve into a straight line (Fig. 15).
This makes it possible to infer by direct reading the LO so and the confidence lim
its for a given risk.

Other models are based on the hypothesis that the time ofsurvival is dose-depend
ent. They allow the use of all the animals in the trial in the same calculation, as if



The Toxicology of the Venoms 77

Figure 15
Graphical determination of the mean toxicity (IDso')
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each group was dependent on
the others and thus to reduce
the total number of animals to
be inoculated. Certain practical
procedures allow the reduction
of the confidence limits. How
ever, they have the inconven
ience to favor either the most
toxic or the most rapid acting
substance to the disadvantage
of the other components of the
venom. In effect, the principle
of this method (direct observa
tion of the time of survival)
limits the time of measurement
of the survival time of each
successively inoculated animal
to several minutes. This disad
vantage probably is small in
the dose-dependent toxins; it is
likely to be more important
with regard to the time-depen
dent enzymes.

Invertebratesare used more and
more often for toxicity tests (cockroaches, diptera larvae). New biological models
such as isolated tissuepreparations (neurons, muscle or cardiac fibers, ganglions, cell
cultures) tend to replace the laboratory animals.

The World Health Organization prescribes other more specific tests for measur
ing in particular the defibrinating activity, the hemorrhage-causing activity and
the necrotizing activity.The principle of these tests is to inject increasing doses of
venom into animals and to quantify the reaction after a defined time interval. The
defibrinating activity is measured by taking a blood sample and determining the
residual fibrinogen or measuring the clotting time in an untreated test tube with
evaluation of the quality of the clot. The haemorrhage causing and necrotizing
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activities are evaluated in animals as a function of the diameter of the lesions on
the inside of the skin at the point of injection, 1 or 3 days after the injection of
the venom. The units are defined as the quantity of venom necessary to obtain a
precise reaction (10% of the initial value of fibrinogen for the minimal defibri
nating dose, a lesion with a diameter of 10 mm for the minimal hemorrhage-caus
ing or necrotizing doses).

Factors causing a variation of the toxicity depend on the venom itself, the com
position of which could differ, on the envenomed animal (species, weight, size,
sex, physiological state, environmental conditions) and on the experimental con
ditions (route of administration, speed and volume of injection, qualities of the
solvent). In practice it is seen that the most important variations are linked to the
venom and a lack of homogeneity of the animals used. The experimental condi
tions and the employed method are coincidental, with the exception of the route
of injection (Table V) and perhaps certain environmental conditions like ambi
ent temperature.

2. Effects on Cells

The venoms of the Elapidae contain a large quantity of toxins acting on the cell
membranes. The cytotoxins have many properties that have led to giving them
different names: cardiotoxin, direct lytic factor, membrane toxin, haemolysin,
cytolysin and cytotoxin, names which they have retained.

The principal property of cytotoxins is the power to cause the lysis of the cell
membranes. Different modes of action using different regions of the molecule
depending on the type of affected membrane, appear to be at the origin of this
definite phenomenon. For a long time the observed effects were partially due to
contamination during the preparation of the extracts: neurotoxins when the iso
lation ofcytotoxins was carried out by fractionated precipitations, phospholipases
up to recently when molecular sieving and ion exchange columns were used for
purification. The synergy between cytotoxin and phospholipase is remarkable and
their reciprocal contamination causes a large increase in the cytolytic power of
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Table V
Variations of the toxicity ofvenoms as a function

of the route of administration

LDso LTso
{J-Lg/mouse} {minutes}

IV IP IM se IV se
Agkistrodon contortrix 218 210 522
Agkistrodon piscioorus 84 102 502
Crotalus adamanteus 34 38 274
Crotalus atrox 44 74 356
Crotalus durissus terrificus 5,6 5 28
Crotalus scutulatus 4,2 4,6 6,2
Crotalus viridis 9,6 9 26
Dendroaspis jamesoni 8,41 11,88 11,88 8,41 80
Echis ocellatus 11,88 11,88 33,49 33,49 85
Naja melanoleuca 7 10 40 65
Naja nigricollis 28 65 80 350
Sistrurus miliarius 58 138 502
Vipera berus 11 16 129
Cytotoxine 3,5 8 40 150
Toxin a 0,15 0,2 25 40

both of them. The relationship of the two molecules remains uncertain and it is
still unknown whether the cytotoxins have a phospholipase activity and whether
they act via an enzymatic mechanism or by fixing themselves on a particular
membrane receptor.

The present hypothesis is that an electrostatic bond between cytotoxins and cer
tain neutral or acidic phospholipids allows the cytotoxin-phospholipid complex
to penetrate the carbohydrate layer of the cell membrane. The presence of the
complex in the superficial layer of the cell membrane causes a weakening of the
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membrane via a still unknown mechanism. The cytotoxin-phospholipid binding
is blocked in the presence of calcium ions and to a lesserdegree magnesium ions.
In any case, the increase in volume of the cell, which fills itselfwith water, appears
to be linked to a disturbance of the ion exchanges somewhere in the membrane,
which allows us to suppose that the cyrotoxins act at the level of the ion channels,
notably sodium. A connection between the cyrotoxins and the glycoproteins of
the cell membrane surface, some of which are believes to perhaps play a role of
membrane receptor for cytotoxins, has not yet been proven. Only experiments
carried out on membrane fragments, which are difficult to interpret, support this
hypothesis.

The cytotoxins depolarize the cytoplasmic membrane ofexcitable cells.They acti
vate phospholipase C which hydrolyses the triglycerides of the membrane, pro
ducing on one hand an alteration of the membrane and on the other hand an
inhibition of the calcium/magnesium pump which causes a loss of calcium into
the extracellular environment. The increased calcium concentration triggers a
muscle contraction. Striated, smooth and cardiac muscle are all affected by this
depolarizing action as well as neurons to a lesser degree. The fact that only
excitable cells are lysed supports the hypothesis ofa specific cytotoxin receptor on
the cytoplasmic membranes of the excitable cells, but this receptor has not yet
been identified.

The disintegrins inactivate the integrins, which are transmembrane heterodimer
ics that transmit to the cell from the outside the messages of growth, migration
and differentiation and which strongly support the inflammatory response and
cellularadhesion. The disintegrins are more common in the venoms of the viperids
and present variable specificities, Most inhibit the 131 and 133 integrins and will
have multiple impacts at the level of the diverse involved systems (inflammatory
response, immune defense, blood coagulation, hormonal regulation) as well as
consequential effects on these latter reactions (interruption of signals from the
exterior, inhibition ofcell adherence, blockage of platelet aggregation). The speci
ficiry of the disintegrins is linked directly to the variability of the membrane recep
tors that recognize them. The disintegrins of Echis and Eristocophis inhibit more
particularly the cell adhesion of the immnunoglobulins G and of fibronectin
respectively.
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Many snakes have a venom that can quickly immobilize a prey. Probably this has
partly become necessary due to the absence of legs that could help to hold the
prey during its agony. The substances that carry out these functions block the
nerve conductivity, preventing the transmission of the signals that enable motil
ity. The nervous signal is propagated along the nerves by means of a short depo
larization of the cell membrane. This depolarization is transmitted from one nerve
to another or from nerve to muscle across a synapse, which assures the link
between these different elements with the help of a neuro-rnediator, The neuro
toxic venoms act either before the synapse on the axon or after it directly on the
post-synaptic membrane at the neuro-muscular junction or specifically on the
neuro-mediator.

3.1. Transmission of the nervous signal

The muscular contraction is the consequence of the arrival ofan electric wave at
the level of the striated muscle fiber. The depolarization of the membrane that
assures the transmission of the nervous signal along the axon, triggers the release
ofa neuro-mediator at the synapse which allows the signal to be transferred across
the synapse so it can reach the muscle and provoke the muscular contraction.

3. 1.1 Propagation of the nervous signalalong the axon

At rest there is a difference in the electrical potential on the two sides of the mem
brane. A stimulus provokes the releaseofpotassium out of the cell and instead the
penetration into the cell of sodium. This phenomenon causes an inversion of
the electrical potential called depolarization. The passage of the sodium and potas
sium ions across the cell membranes takes place through specific channels
(Fig. 16).

These consist of protein groups the structure of which is modified on arrival of a
variation of the electrical potential of the membrane of a predetermined value,
therefore their name voltage dependant ion channels. The transfer of the ions is
an active mechanism and necessitates a minimal amount of energy. The sodium
channel is activated more rapidly than the potassium channel, which explains the
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Figure 16
Neuro-muscular synapses and the nerve stimulus
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amplitude and the brevity of the depolarization. As it travels along the ion
exchange it allows the nervous signal to be propagated along the axon in the form
of a wave called action potential.

On reaching the end of the neuron, the depolarization of the presynaptic mem
brane allows the penetration ofcalcium into the cell due to the intervention ofa
particular voltage-dependant channel, and this triggers the release ofacetyl choline
into the inrer-synaptic space or synaptic gap.

3. 1.2 Crossing the inter-synaptic space

The synapse presents itself as an interruption between two neurons or between a
neuron and the muscle that it governs (cf Fig. 16). The acetylcholine releasedinto
the synaptic gap establishes a brief contact with a specific receptor on the post
synaptic membrane. The cholinergic receptor consists of five subunits each with
variable affinities for different substances. This receptor is itself connected to an
ion channel allowing the transfer of sodium and potassium from one or the other
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side of the postsynaptic membrane. In this way the depolarization of the postsy
naptic membrane allows the propagation of the action potential and the contraction
of the muscle. These channels are called cherno-dependent channels as they are
sensitive to the action of a particular molecule. Two types of receptors are identi
fied by their response to particular substances. The nicotine receptors which have
an altogether relative homogeneity, are found in the ganglions of the vegetative
nervous system, the motor plates of the skeletal muscles, the medulla of the adre
nal gland and some zones of the central nervous system (spinal cord and the optic
roof essentially); the muscarin receptors respond to muscarin, an alkaloid of cer
tain fungi (the toadstool for example) and are widely distributed in the brain and
in the ganglions of the parasympathetic nervous system. Their activation leads to
an ion exchange: sodium ions penetrate and potassium ions leave the cell. Accord
ing to their function one distinguishes presently nicotine and muscarine receptors.

After the activation of the cholinergic receptor acetylcholine is hydrolysed by an
enzyme that is present in the synaptic gap: acetylcholinesterase. Then the recep
tor finds itself free, ready to receive a new molecule of acetylcholine. Certain
synapses respond to stimulation by other chemical mediators: adrenaline, -y-amino
butyric acid or GABA in mammals and glutamate in arthropods.

3.2. Snake venom effects on nerve conductivity

The neurotoxins of snakes are classifiedin four groups according to their point of
intervention and their mode of action.

3.2.1 Postsynaptic toxins (a-toxins)

They bind specifically to a cherno-dependent receptor and disturb its function
ing: the first that were discovered were the curarizing toxins which bind to the
cholinergic receptor of the postsynaptic membrane. They act in the same way as
curare, an alcaloid extracted from strychnos, South American plants.

The diversity of cholinergic receptors in the nervous system with regard to their
structure and to their localization in the nervous system allows two types of neu
rotoxins to be distinguished: the nicotine-like toxins which selectively recognize
the nicotine receptors ofacetyl choline and the muscarine-like toxins which bind
to muscarine receptors and were discovered more recently.
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Toxins binding to adrenergic receptors are also found in snake venorns, but they

are rare.

However, a toxin with an action on GABA or glutamate-dependent receptors has

not yet been isolated from snake venoms. Such toxins occur nonetheless widely
in the animal world, notably in scorpions, spiders and mollusks.

3.2.1.1 Nicotine-like toxins

The molecular structure of nicotine receptors varies according to their distribu

tion in the nervous system. The c.-neurotoxins have a stronger affinity to the
nicotine receptors of acetylcholine in the peripheral neuro-motor plates than to

other ones.

Short and long neurotoxins have an identical mode of action. Their site of bind

ing on the cholinergic receptor of the neuro-motor plates of the striated muscle
fibers (motor muscles) is the same and it induces the closure of the ion channel

(Fig. 17).

Figure 17
Mode of action of snake neurotoxins
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The nervous flux is blocked which causes a flaccid paralysis identical to the one
seen in curarization. The strong binding of the neurotoxin to its receptor explains
the persistence of the paralysis and the difficulty habitually encountered to remove
the neurotoxin from the receptor. Between the short and the long neurotoxins
there is a clear difference in their affinity to the cholinergic receptor. The long
neurotoxins bind and dissociate themselves more slowly than the short ones.

The toxic site of the curarizing neurotoxins, the site of their binding with the
receptor, is concentrated at the level of a dozen amino acids close to each other
when the molecule takes on its tri-dimensional shape (cf. fig. 14). The aspect of
{his region of the molecule is incidentally very similar to that of the curare mol
ecule. The epitopes, the regions of {he molecule to which the antibodies attach
are close to {he toxic site in some and in distant regions for others. Thus one can
envisage two types of antibodies, "protective" and "curative" antibodies and {heir
clinical and therapeutic importance will be shown later.

The K-neurotoxins have in contrast to the u-neuroroxins a high degree of affin
ity to the cells of the parasyrnpathetic (ciliary ganglions) and sympathetic gan
glions (lumbar ganglions). The binding to {he central nicotine receptors (cervical
ganglion, retinal ganglion, cerebellum, corpus striatum) is equally strong {hough
slightly les pronounced. This selectivity confirms that there are several types of
nicotine receptors.

The action of the x-neuroroxins is translated into a blockage of the cerebellar
(motor co-ordination, equilibrium and orientation), cortical, particularly of the
prefrontal cortex (capability to move) and optic functions.

3.2.1.2 Muscarin-Iike toxins

They have the property of binding to the muscarin receptor ofacetyl choline. The
specificity of the muscarin-like toxins for the receptors of the type m" essentially
present in the central nervous system, is stronger and sometimes even exclusive,
than for the receptors of the type mz that are found in certain organs like the heart,
or of the sympathetic nervous system.

3.2.1.3 Adrenergic toxins

Vipoxin is one of the rare known adrenergic toxins extracted from snake venoms.
It has no action on the nicotine and muscarine receptors. It shows an equal affinity
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for the a, and a
2

adrenergic receptors but does not act on the b receptors. Injected
intravenously it does not present any toxicity. However, when injected intracere
brally into an animal, it causesconvulsions.

3.2.2. Presynapticpara/yzing toxins (~-toxins)

Their paralyzing action is exerted by inhibiting the releaseof acetyl choline. They
are present in the venom of many elapids and of certain viperids, Their mode of
action is lesswell known than that of the curare-like neurotoxins.

Depending on their specific origin they consist of one, two or four subunits and
all have in common a phospholipase-like action that is necessary for their toxic
activity. The inhibition of the phospholipase-like action of the ~-toxines by one
or other process leads to the loss of toxicity of the toxin. However, the mode of
action of the ~-toxins on the membrane and on the receptor to which they bind
appears to be variable, depending on which one is considered. This is because of
the own specificity of each toxin as well as of the presence of different receptors
in the tissues of the animals used in the experiments. ~-Bungarotoxin acts on the
voltage dependant potassium channel while crotoxin binds to a not yet identified
protein membrane.

The ~-toxins cause similar neuro-physiological problems at the end of the motor
nerves, although they do not intervene on the same receptors as the a-toxins. At
lethal dose the ~-toxins cause a muscular paralysis by stopping the transmission
of nervous signals. As with the curare-like toxins or a-toxins death is induced by
the paralysisof the respiratory muscles. However, the neurophysiological mecha
nism appears to be very different. The progressive blockageofacetylcholine release
under the action of ~-toxinsoccurs in three stages. After a rapid diminution of
acetylcholine releaseby the pre-synaptic membrane, one can observe a brief phase
of recovery before a complete and definitive drop. The first phase is independent
of the phospholipase activity of the ~-toxin and would be due to the direct action
of the toxin on the membrane receptor. In mammals the second phase is equally
independent of the phospholipase action of the ~-toxin and would indicate a par
tial repolarization of the membrane that would allow the liberation ofsmall quan
tities of acetyl choline in the synaptic gap. In frogs this second phase depends on
the phospholipase function, which seems to indicate a different mode of action
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linked to a hydrolysis of the cytoplasmic membrane, even though its neurophys
iological translation is the same. During the third phase, finally, the catalytic activ
ity on the phospholipids of the membrane leads to the definitive arrest of ion
exchanges from one side of the neuron to the other.

The first two phases suggest on one hand binding to a membrane receptor and
on the other hand an intervention on an ion channel, which may very well differ
with the toxin (probably the potassium channel for 13-bungarotoxin). In addition
the catalytic action of the phospholipase Az on the architecture of the muscle fibre
is seen as a muscle necrosis that varies in importance with the toxin. It is very high
in the toxins of marine and Australian elapids and is characterized by an increased
myoglobinuria that sometimes causes renal insufficiency.

Two toxins present in the venoms of Dendroaspis can be included in this group:
calciseptin and calcicludin that act on the receptor of the calcium channel and
inhibit its physiological functioning. However, their toxicity and their mode of
action are still poorly known and it is likely that their role in the envenomation
is negligible, at least in humans.

3.2.3 Pre-synaptic facilitating toxins

The facilitating toxins act at the same time at the pre-synaptic level and facilitate
the release of acetyl choline (cf. Fig. 17).

The 50% lethal dose (LD) that can kill half of the trial animals, is about 2000
times higher than that of 13-bungarotoxin, a paralyzing pre-synaptic neurotoxin,
which has a non-phospholipase sub-unit that is structurally homologous to the
dendrotoxins. In any case, injected intracerebrally the dendrotoxins are as toxic
as most of the known 13-toxins.

The dendrotoxins show an elevated affinity to certain voltage-dependent potas
sium channels. They facilitate the release of acetyl choline in the synaptic gap and
cause a strong depolarization of the postsynaptic membrane. The precise mode of
action at the level of the pre-synaptic membrane has not been elucidated. It has
been shown that the dendrotoxins remain only a few minutes in contact with their
target and that their effect continues long after their elimination.
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The symptoms include convulsions, epileptic disorders, demonstrating a direct
action on the central nervous system, and respiratory paralysis, the true cause of
death, which originates peripherally.This complex symptomatology clearly proves
that that the dendrotoxins act on widely distributed receptors in the nervous sys
tem. The weak toxicity of these toxins during natural envenornations limits their
clinical interest.

3.2.4. Fasciculins

They inhibit acetylcholinesterase and prevent the destruction of acetylcholine in
the synaptic gap. Through this they allow an increase of the acetylcholine con
centration in the synaptic gap. The cholinergic receptor is thus stimulated per
manently by the acetylcholine that detaches itselfcausing a repeated depolarization
of the postsynaptic membrane. This is translated into strong, short and repeated
muscle contractions, or muscular fibrillation (fasciculation, from which the name
for these neurotoxins derives). In parallel the cholinesterase inhibition effect on
the parasympathetic system is seen as well. This symptomatology can persist for
hours. At a higher dose the respiratory muscles become paralyzed which can be
retarded significantly by high doses of atropine (50 mg.kg·l). This effect on the
neuro-muscular synapsescould be connected to an action on the voltage-depend
ent potassium channels.

The presence in the same venom of dendrotoxins and fasciculins, the actions of
which complement each other, illustrates the synergisitic effect that certain tox
ins can have amongst each other. While the former induce a rise in the releaseof
acetylcholine in the synaptic gap, the latter enhance the duration, which in con
sequence would lead to the muscle contractions and their persistence. In spite of
a moderate individual toxicity the morbidity-causing effect is considerable.

3.2.5 Myotoxins

The myotoxins of viperids and colubrids inhibit the potassium or calcium chan
nels without altering the acetylcholine receptors. It is possible, at least in certain
cases, that the myotoxins act by their necrotizing ability, as the potassium chan
nels in particular cannot function if the muscle fiber is not intact; this would
therefore be a non-specific effect.
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The action of venoms on certain functions can be complicated secondarily by a
cardio-vascular attack. The inflammatory syndrome or haemorrhage problems
provoke a lowering of the blood volume, which has repercussions on the blood
pressure and on the heart. The central and peripheral neuro-muscular attacks and
the respiratory impairment would equally have important cardio-vascular conse
quences, if only by variations of the partial pressure ofgases in the blood.

4.1. Hydrolysis of the endothelium

The haemorrhagins are zinc-dependent metallo-proreases that act directly on the
vascular endothelium. These enzymes share a common physiological action but
are not structurally homogenous. They are found in most venoms of viperids as
well as in the venom of certain Australian elapids and of colubrids. They attack
the basement membrane of the endothelium. This causes on one hand an imme
diate extravasation of blood, which escapes from the blood vessels causing an
edema or a rash, and on the other hand an activation of the physiological blood
coagulation independent of the direct action of the venoms on blood coagulation.

The action of the haemorrhagins can be focal and cause bleeding at the point of
the inoculation of the venom, or systemicand produce distant haemorrhages, con
tributing to a haemorrhagic syndrome.

The non-specific cytolysis,whether due to enzymes or to cytotoxins, can equally
affect the fibers of the myocardium and the vascular endothelia, and thereby cause
destruction and disturbances of varying intensity.

4.2. Effects on blood pressure

The action of the venom can induce a state of shock via two mechanisms.

• Certain peptides inhibit the conversion enzyme which hydrolysesangiotensin
I into angiotensin 11 with a double consequence: on one hand angiotensin
11 disappears and no longer excercises its vasoconstrictive activity, as well as
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that of aldosterone with its role of sodium retention, and on the other hand
the levels of the powerful vasodilators bradykinine and prostaglandins
increase. The consequence of these mechanisms is a severe drop of periph
eral resistance causing the arterial pressure to drop as well. This drop is early
(a few minutes after the inoculation of the venom), fast and severe. The heart
rhythm is not modified and this excludes a direct cardiac toxicity.This phe
nomenon is observed with the venoms of certain viperids like the Botbrops
spp. in South America and Bitisarietans in Africa.

• Also a cardiogenic shock can be encountered with venoms that contain a car
diotropic toxin like the sarafotoxins of the venoms ofAtractaspis or taica
toxin found in the venom of Oxyuranus scutellatus.

The mode of action of the sarafotoxins is largely described by reference to
the endothelins, hormones that play an essential role in the local regulation
of blood pressure. The sarafotoxins cause the reversible contraction of the
smooth muscles with a marked preference for certain organs depending on
the sarafotoxins under consideration. The sarafotoxins bind to cellular recep
tors; the activation of phospholipase provokes the hydrolysis of phospho
inositide, a merabolite of arachidonic acid, and the release of prostaglandins.
Simultaneously they cause the cellular uptake of calcium. The sarafotoxins
increase the force of contractions of the heart muscle fibers (positive
inotropic action) without disturbing the rhythm in the beginning, but later
can evolve towards a slowing down of the auriculo-ventricular conduction
(1" degree auriculo-ventricular block, namely an increase in the PQ inter
val). The disturbance of the conduction affects the electrical command cen
ters of the heart (notably the auriculo-ventricular node) and leads to an
arythrnia most frequently in the form ofa ventricular bradycardia and a de
synchronization of cardiac excitation.

Taicatoxin blocks the calcium channel of the heart muscle fiber and this leads
to a sinusoid bradycardia with an atrio-ventricular block.

Dendropeptin is a direct competitor of atriopeptin. This hormone encour
ages the renal excretion ofsodium and has a vasodilatory activity; it inhibits
aldosterone. It appears that its impact on arterial pressure is modest.
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5. Effects on Haemostasis

On one hand the impermeability of the vascular system is assured by the vascu
lar walls consisting of fibers and more or less disjointed endothelial cells and on
the other hand by blood coagulation which limits the fluidity of the blood and
its running out of the blood vessels.

Figure 18
Stages of haemostasis and of fibrinolysis

Snake venoms, particularly those of the viperids, interfere with all the mechanisms
of coagulation. The role of haemostasis is to prevent haemorrhages and schernat
ically it includes three in-
timately interconnected
periods (Fig. 18).
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ing steps of coagulation.
This is followed by the
platelet step which allows
the aggregation of the platelets and the formation of the platelet plug around
which the thrombus will be formed. During the third step or the actual coagula
tion, the thrombus forms and solidifieswith the help of a fibrin net that holds the
blood cells in place (fibrin formation) and consolidates the platelet plug. The fib
rin net organizes itself under the action of an enzyme, thrombin, which is pres
ent in the blood in its inactive form: prothrombin. Its activation (thrombin
formation) sets in motion the cascade ofenzymatic reactions that allow the blood
to coagulate.

After that the physiological destruction of the thrombus or fibrinolysis allows the
blood vessel to become permeable again. While the three steps of haemostasis take
place within a few minutes, at most 20 or 30, fibrinolysis occurs much later
around the third day and this allows the vascular endothelium to repair itself.
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5.1 The physiology of haemostasis

In the normal state blood coagulation is the result of an ensemble of biochemical
reactions that can take place simultaneously or successively. Classically, blood coag
ulation is primed by a vascular wound. However, in practice the activation of an
enzyme complex belonging to any of the steps of haemostasis can be induced by
various general or localized circumstances.

5. 1.1 Platelet aggregation

The adhesion of the platelets or thrombocytes amongst each other and to the vas
cular endothelium is provoked by a lesion of the latter. Von Willebrandt's factor
is a protein that recognizes both, the collagen and the receptors of the thrombocyte
membrane and it assures a covalent bond berween these different substrates and
this leads to the aggregation. The main membrane receptor is a glycoprotein,
GPIb, which does not need a specific activation. A second receptor, GPIIbIIA, is
an integrin, a transmembrane protein, which needs to be activated first by adeno
sine di-phosphate (ADP) and thrombin.

Once agglutinated the thrombocytes release their granules which contain vaso
constricting factors (serotonin, platelet growth factor or PDGF, thromboxane A

2
,

which also mediates inflammation) and factors that support cellular adhesion and
thus platelet aggregation (fibronectin, von Willebrandt's factor, fibrinogen, ADP
which also mediates inflammation).

5. 1.2 Blood coagulation

5.1.2.1 Thrombin formation

The formation of thrombin depends on the prothrombinase, which transforms
prothrombin into thrornbin. Prothrombinase is an enzyme complex consisting
of the activated factor X (= Stuart factor) together with factor V (= pro-accelerin).
For exerting its catalytic activity the complex needs to bind onto phospholipids
of tissue or platelet origin in the presence of calcium ions. Prothrombinase breaks
the specific peptide bonds of the prothrombin molecule (Fig. 19) and succes
sively allows the release of prethrombin 2 and then after a second hydrolysis of
natural thrombin (u-thrombin). The latter is a proteolytic enzyme of the serin
proteases group that causes the conversion of fibrinogen to fibrin during fibrin
formation.
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Figure 19
Hyd rolysis sites o f the prothrombin molecule (after Samama, 1990)
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5.1.2.2 Fibrin formation

Fibrinogen is a large glycoprotein of 340 kDa and consists of six protein chains
assembled in symmetric pairs. Thrombin releases two pairs of small peptides, the
fibrinopeptides A and B (Fig. 20) triggering the polymerizat ion between them
and the formation of a net of soluble fibrin (Fig. 21).

The release of the fibrinopept ide A happens quickly; in the place left vacant the
monomers polymerize longitudinally in the form of "protofibrils", The fibrinopep
tide B detaches itselffrom the protofibrils more slowlyand this allows a lateral poly
merization that leads to the formation of thicker fibers: the soluble fibrin. The

Figure 20
Transformation of fibrinogen to fibrin monomers (after Samama, 1990)
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Figure 21
Formation of the fibrin net (after Samama, 1990)
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activity of the factor XIII or fibrin stabilizing factor (= FSF) leads to an insoluble
fibrin which forms a stable clot. The insoluble fibrin is obtained by transamina
tion, the formation of new chemical bonds between the monomers of the poly
merized fibrin.

5.1.2.3 Fibrinolysis

The stabilized clot persists for about 72 hours before being degraded by plasmin.
Under normal conditions the fibrinolysis has to be regarded as a regulatory sys
tem that assures an equilibrium with coagulation.

Plasminogen binds to the fibrin during the formation of the latter. At its release
the tissue activator of plasminogen binds equally to the fibrin and hydrolyses the
plasminogen that transforms itself into plasmin. Plasmin is thus included in the
thrombus and thereby protected against physiological inhibitors. The latter can
intervene to neutralize it only after the destruction of the clot. The activity of plas
min is exerted on fibrinogen, soluble fibrin and stabilized fibrin. Only the hydrol
ysis of the latter generates the specific fibrin degradation products (FOP) that are
different from the products of fibrin degradation obtained after the digestion of
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fibrinogen or of the soluble fibrin (F0J:' The difference between FOP and FOP
n g

is difficult to establish with the help 0 current techniques. It is due to hydrogen
bonds and covalent bonds that characterize the stabilized fibrin and are resistant to
the activity of plasmin. This distinction becomes important in cases of enveno
mation and their treatment.

5.1.3 Mechanisms regulating haemostasis

In addition to the physiological fibrinolysis which has been described above and
which has a slow action after the stabilization of the thrombus, the control of the
different chemical reactions falls under complex auto-regulating mechanisms.

5.1.3.1 Local regulation

Membrane phospholipases form a privileged interface limiting the phenomenon
to the injured area and reducing the risk of its extension.

5.1.3.2 Systemic regulation

Most of the coagulation factors exert inhibiting effects on the reactions further
upstream and this allows the slowing down of the coagulation process. In verte
brates two principal mechanisms assure the regulation of coagulation in the long
term: the serin-proteases system of inhibitors (serpins =serine protease inhibitors
with anti-thrombin III in the leading role) and protein C, which is induced by
rhrornbin in the blood circulation. Protein C hydrolyses on one hand the acti
vated factors VIII and V thus blocking the physiological reactions of the coagu
lation and on the other hand the inhibitor of the plasminogen activator that
triggers fibrinolysis as described above.

5.2 The mode of action of snake venoms on haemostasis

Each venom contains an ensemble of substances that either enhance or inhibit
the coagulation at several levels (Fig. 22). Whichever the mode of action, this is
often translated by a clinical haemorrhagic syndrome, sometimes sudden, more
often progressive and possibly with a fatal outcome.

5.2. 1 Coagulation factors

Although several mechanisms ofaction have been identified, the most general case
can be schematized by invoking the principle of substitution: a protein present in
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Figure 22
Snake venom actions on blood coagulation
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the venom has analogue properties to one of the coagulation factors and takes its
place. When the coagulation process is activated (processofdisseminated intravas
cular coagulation or DIe syndrome) it persists until one or several coagulation
factors have been used up, consumed (= consumption phenomenon) and leads to
a haemorrhagic syndrome due most often to an afibrinogenaemia. One can
oppose two large groups ofcoagulation factors: the activators of prothrombin and
the thrombin-like enzymes.The activators of the other coagulation factors, notably
the activators of factor V, appear to be secondary from a clinical point of view.

5.2.1.1 Activators of factor V

Severalvenoms ofviperids, notably Daboia russelii, Vipera aspis and Bothrops atrox,
contain proteins that activate factor V and sometimes other coagulation factors. It
is generally the serin-proteases that cause a controlled hydrolysis of factor V. The
factor V activator extracted from D. russelii, RW-V, acts on a site that is equally
the target of thrombin. However, in contrast to thrombin the RW-V is not inac
tivated by antithrombin Ill, even in the presence of heparin. Although the struc
ture of thromboeytin, extracted from the venom ofB. atrox, is very close to that of
factor V activator extracted from the venom ofD. russelii, it has a much wider range
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of activities than the latter: it hydrolyses not only factor V, but also factor XIII, fac
tor VIII, prothrombin and fibrinogen and activates the thromboeytes.

The importance of these activators appears to vary from one venom to another.
They have been discovered through their action mechanisms and their additional
activities and these constitute their principal interest. The isolated activation of
factor V, particularly in the absence of phospholipase and of calcium, generally
leads to a modest clinical manifestation.

5.2.1.2 Prothrombin activators

Normally prothrombin is hydrolysed at the site of two peptide bonds (Arg
27 1



Thrm) and then (Arg
32o-11e3

) by the activated factor V, namely bound to factor
V and to a phospholipid and in the presence of calcium. This reaction releases
natural thrombin or o-rhrombin (cf. Fig. 19). The prothrombin activators are
ranged in five groups.

• The first group consists of the majority of prothrombin activators encoun
tered in snake venoms and a typical representative is ecarin extracted from
the venom of Echis carinatus. They hydrolyze the bond (Arg

32o-Ile3
) only

and this leads to the formation of meizothrombin that has different prop
erties from those of o-thrombin. Also this activator is independent of any
co-factor and does not need factor V, phospholipids or calcium. The pro
thrombin activators isolated from the venoms of Trimeresurus gramineus and
of Botbrops jararaca belong to this group, as well as those from most of the
venoms of colubrids: Dispholidus typus, Thelotornis kirtlandii, Rhabdophis
tigrinus.

• The activators of the second group hydrolyze prothrombin at the same sites
as the physiological prothrombinase complex: the result is thus a natural
thrombin. The efficacy of these prothrombin activators is multiplied by a
factor of 1 to 19 million in the presence of phospholipids, of the activated
factor V and of calcium. The representative of this group is the prothrom
bin activator ofNotechis scutatus.

• The third group consists of the activators from certain venoms ofAustralian
elapids like the one of Oxyuranus scutellatus that has the same hydrolysis site
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and does not require the presence of factor V but only of phospholipids and
calcium.

• Group 4 consists of prothrombin activators that transform prothrombin to
prethrombins 1 and 2, substances which do not have any enzymatic activ
ity and therefore are not toxic. Acutin extracted from the venom of Deinagk
istrodon acutus represents the type. It is found in the venoms ofAmerican
and Asian crotalids (Crotalus, Agkistrodon and Calloselasma respectively).

• Finally carinactivase, an enzyme isolated from the venom ofEchis carinatus,
presents a composite structure combining a metallo-protease of the type of
ecarin (group 1) with a di-rneric peptide that allows the presentation of the
enzyme to its substrate and facilitates its hydrolysis.

Clinically it is not always possible to differentiate between the effect of the pro
thrombin activator and that of the other factors acting on the coagulation, at least
with the venoms ofviperids, notably Echis carinatus. However, in certain African
colubrids tThelotomis kirtlandiz] or in Australian elapids (notably Notechis scuta
tus, Pseudonaja textilis and Oxyuranus scutellatus) the prothrombin activator appears
well to be principally responsible for the sometimes severe haemorrhagic syn
dromes seen by clinicians.

With regard to therapy it has to be noted that the prothrombin activators gener
ally are not sensitive to the normal serin-protease inhibitors. Ecarin is inhibited
by EDTA and 2-mercaptopurinol, but not by trypsin inhibitors nor by di-iso
propylfluorophosphate, iodoacetate or parachloromercurobenzoate.

5.2.1.3 Thrombin-Iike enzymes

Very many snake species have enzymes that can transform fibrinogen to fibrin
(Table VI; Fig. 23).

However, none is identical with natural thrombin, not even with meizothrombin.
This is seen already in their structure. While prothrombin consists of two peptide
chains with a di-sulfur bridge all thrombin-like enzymes extracted from snake ven
oms consist of a single polypeptide chain. In addition depending on the species
the site of hydrolysis (allowing the release of fibrinopeptides A or B), the action
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Table VI
Principal thrombin-like enzymes of snake venoms

Snake Thrombin-like Confirmed inhibitors
enzyme heparine hirudine others

Agkistrodon bilineatus bilineobin + 0 DFP- PMSF
-AT III

Agkistrodon contortrix venzyme + 0 PMSF
Bitisgabonica gabonase 0 0 PMSF
Bothrops alternatus balterobin 0 PMSF
Botbrops asper 0 DFP
Bothrops atrox batroxobin

(Reptilase") 0 0 benzamidine
Bothrops atrox thrornbocytin 0 0 DFP
Bothrops insularis + PMSF
Bothrops jararaca bothrojaracin
Bothrops jararaca bothrombin +/- DFP
Bothrops jararacussu D-V
Bothrops lanceolatus F-II-la 0 PMSF
Bothrops moojeni batroxobin

(Reptilase",
Defibrase") 0 0 PMSF

Calloselasma rhodostoma ancrod (Arvin", 0 0 DFP- PMSF
Viprinex") -AT III

Cerastes cerastes cerastoeytin DFP- PMSF
Cerastes vipera cerastobin DFP
Crotalus adamanteus crotalase 0 DFP
Crotalus durissus terrificus DFP-PMSF
Crotalus horridus 0 PMSF
Deinagkistrodon acutus acuthrombin 0 DFP-EDTA

-PMSF
Deinagkistrodon acutus acutin 0 DFP
Gloydius blomhoffi brevinase
Gloydius halys pallabin DFP - PMSF

-AT III
Gloydius ussuriensis calobin
Lachesis muta 0 0 DFP
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Table VI. continued
Principal thrombin-like enzymes of snake venoms

Snake Thrombin-like Confirmed inhibitors
enzyme heparine hirudine others

Lachesis stenophrys gyroXIn 0 0 DFP-EDTA
-PMSF

Ovophis okinavensis okinaxobin 0 0 DFP-PMSF
Protobothrops f/avoviridis flavoxobin + DFP-PMSF
Trimeresurus elegans e1egaxobin
Trimeresurus gramineus grambin 0 DFP-

leupeptin
-PMSF

Trimeresurus stejnegeri stejnobin DFP-PMSF

DFP =diisopropylfluorophosphate
PMSF =Phenylmethylsulfonylfluoride
AT III =antithrombin III

Figure 23
Snake venom actions of the formation of the fibrin net
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on the other coagulation factors (factors V, VIII, X, prothrombin, fibrin stabiliz
ing factor, platelets) and the sensitivity to various natural or therapeutic inhibitors
(hirudin, heparin alone or together with antithrombin Ill, di-isopropylfluo
rophosphate, phenylmethylsulphonylfluoride) are very different. The thrornbin
like enzymes are placed into three groups according to the function of the released
fibrinopepride.

• Most of the known thrombin-like enzymes release only fibrinopeptide A.
The fibrin which is constituted rapidly by longitudinal polymerization (fib
rin I) cannot be stabilized by factor XIII or fibrin stabilizing factor (FSF),
which cannot exert its action on the incomplete fibrin: therefore the throm
bus remains friable.

• The rhrornbin-like enzymes of the second group hydrolyze fibrinogen at the
level of the fibrinopeptide B. The resulting fibrin II has a lateral polymer
ization only and is not more stable than fibrin I and the thrombus also
remains friable.The enzyme produced by the North American crotalid Agk
istrodon contortrix as well as the enzyme extracted from the Asian crotalid
Gloydius halys belong to this group.

• The enzymes of the third group release simultaneously the fibrinopeptides
A and B. Gabonase from the venom of the African viperid Bitisgabonica
leads to a normal polymerization of fibrin and a stable thrombus. However,
in common with the other thrornbin-like enzymes gabonase cannot be
linked to the thrombin since it has none of the coagulation factors on which
the thrombin acts (factors II, V, VIII) and it has no effect either on protein
C or on the platelets.

Some rare thrombin-like enzymes have an agglutinating action on the thrombo
cytes. Cerasrobin, a serin-protease isolated from the venom of the small North
African and Near Eastern viperid Cerastes vipera, has simultaneously an enzyrnatic
activity leading to the hydrolysis of fibrinogen and a degradation of the proteins
of the thrombocyte membrane.

In contrast to natural thrombin most of the thrornbin-like enzymesare not inhibited
by heparin or hirudin, which considerably reduces the interest of these substances
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in the treatment ofviperine envenomations. However, almost all the thrombin-like
enzymes from snakes are inhibited by di-isopropylfluorophosphare. Also generally
there is an antithrombin 11 protecting effect associated with the antivenorn-serum
in experimental envenomations by certain viperids like Calloselasma rhodostoma
which has a venom particularly rich in thrornbin-like enzymes.

5.2.2 Direct anticoagulant activity

The anticoagulant activity of snake venoms uses four different modes of action.

5.2.2.1 Activation of protein C

The venoms ofseveral viperid species, notably of the genera Agkistrodon, Bothrops
and Cerastes, contain protein C activators. The activation of protein C is 15 times
more rapid with the activator extracted from the venom ofAgkistrodon contortrix,
venzyme (Prorac"), than with its natural activator, thrornbin. It takes place inde
pendently of thrombomodulin, a protein of the cytoplasmic membrane and indis
pensable for the physiological activation of protein C, and in the absence of
calcium. However, it requires the presence ofvitamin K. The protein C activator
isolated from the venom ofA. contortrix is a serin-protease of around 40 kDa and
is inhibited by phenylmethylsulphonylfluoride and antithrombin Ill. The activa
tion of protein C by snake venoms inhibits coagulation by hydrolyzing the acti
vated factors VIII and V and triggering fibrinolysis by degrading the inhibitors of
the plasminogen activator.

5.2.2.2 Fibrinolysis

Snake venoms contain on one hand proteolytic enzymes which have properties sim
ilar to those ofplasmin and are capable ofhydrolyzing fibrinogen and fibrin and on
the other hand serin-proteases which activate plasminogen and further the release
of natural plasmin. One of them, isolated from the venom of Trimeresurus stejnegeri,
reproduces exactly the cleavage of plasminogen by plasminogen activators as seen
in man. It is also known that the hydrolysis of soluble fibrin is more complete and
rapid than that of stabilized fibrin. The thrombus produced by the action of the
thrombin-like enzymes ofviperid and crotalid venoms is no exception. This explains
why the thrombi seen clinically in casesofviperid envenomations are friable.

Most of the proteolytic enzymes isolated from the venoms of viperids or crotal
ids have a predominantly fibrinogenolytic activity and behave like thrornbin-like
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enzymes able to hydrolyze fibrin (Table VII). Some are clearly fibrinolytic, notably
those present in the venoms ofAgkistrodon (American croralids), of Deinagk
istodon, Trimeresurus or Protobotbrops (Asiatic crotalids). Many of these enzymes
are inhibited by EDTA and some are sensitive to the normal protease inhibitors
(s-amino-caproic acid, di-isopropylfluorophosphate, phenylrnethylsulphonylflu
oride, di-thiothreitol).

The role of the plasminogen activators released by the activity of the snake ven
orns, particularly those of the viperids, is probably more important in cases of
human envenomation. In addition to an exogenous activation fed by proteolytic
enzymes, most often serin-proteases, the snake venoms stimulate all the endoge
nous pathways but principally the plasminogen activators of tissue origin, notably
urokinase. The activation of plasmin allows the hydrolysis of fibrin to take place
and to a lesser degree that of fibrinogen as well.

The analysis of the products of fibrin degradation after a viperine envenomation
shows a predominance of FDP , which are products of non-stabilized fibrin exclu-

g

sively; in effect these FD Pg cannot come from a degradation of fibrinogen which
has been used up rapidly from the beginning of the envenomation and is no
longer available. Also the absence ofFDP

n
from the hydrolysis of stabilized fibrin

is explained by the formation of an abnormal thrombus under the action of the
thrombin-like enzymes present in the venoms ofvipers and crotalids.

Certain chemical inhibitors amongst those that are used habitually in therapeu
tics appear to be effective on snake venoms in vitro. Their in vivoactivity has not
yet been subjected to systematical therapeutic research.

5.2.2.3 Inhibition of coagulation

Several proteinase inhibitors have been isolated from snake venoms. Their mode
ofaction has not been elucidated entirely. These proteins are rarely specific: They
act simultaneously on several coagulation factors. In any case their clinical impor
tance is admittedly minor.

Inhibitors of factors IX and X have been isolated from the venoms of Deinagkis
trodon acutus and Echis leucogaster. A thrombin inhibitor, bothrojaracin, has been
extracted from the venom of Bothrops jararaca. All these inhibitors bind to the
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Table VII
Principal fibrinogenases of snake venoms

Serpent Common name fibrinogenolysis fibrinolysis

Agkistrodon contortrix fibrolase a>~ a>~

Agkistrodon pisciuorus ~-fibrogenase +~ +
Bitisarietans PAYprotease +a/~ +"1
Bothrops asper +a>~

Bothrops atrox +a +a
Bothrops jararaca jararafibrase +a>~ +
Botbrops moojeni +a>~ +a
Calloselasma rhodostoma a-fibrogenase +a +
Calloselasma rhodostoma kistomin +a>"1 +
Cerastes cerastes cerastase a>~ a>~

Crotalus atrox atroxase a>~ a=~

Crotalus atrox catroxase a>~

Crotalus atrox ~-fibrogenase ~>a

Crotalus basiliscus basiliscusfibrase a>~ a>~

Crotalus basiliscus basilase a=~ a>~

Crotalus molossus M4 +a>~ +a/~

Crotalus viridis CVO protease V +a/~ +
Deinagkistrodon acutus +a +a
Echis carinatus fibrinogenolysin +a>~ +a>~

Gloydius blomhoffii +a/~ +a/~

Gloydius halys protenase L4 a +
Gloydius halys ~-fibrogenase a>~ a>~

Lacbesis muta +a +
Macrouipera lebetina fibrinogenase ~+a

Macrooipera lebetina lebetase a>~ a=~

Naja kaouthia +a +a
Naja naja +a +a
Naja nigrico//is +a +a
Naja niuea +a +a
Ovophis okinavemis +a
Philodryas olfersi +a +a
Protobothrops mucrosquamatus a-fibrogenase +a +
Protobothrops mucrosquamatus ~-fibrogenase ~>a

Trimeresurus gramineus a-fibrogenase +a +a
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corresponding factor while it is inactive and prevent them from combining with
the corresponding activation complex. It is a classical competition phenomenon.

5.2.2.4Hydrolysis of the phospholipids

The phospholipids play a fundamental role in coagulation by acting at different
levels. They are an essential element in the architecture and organization of the
cytoplasmic membrane, particularly of the cytoskeleton of the blood platelets. The
platelet phospholipids release thromboxane A

2
, a powerful vasoconstrictor, and

the endothelial phospholipids generate arachidonic acid, the precursor of
prosraglandins, which are important mediators of inflammation. Finally the tis
sue and serum phospholipids render an indispensable support to the initiation of
several biochemical reactions, in particular the fixation of the "prothrornbinase"
complex.

Clinically the phospholipases act predominantly at the level of the membranes.
However, the phospholipases A

2
of the venoms of elapids release lysophospho

lipids that can be of tissue or serum origin. Their tensio-active effect provokes the
destruction of erythrocytes. The toxic effects appear to be secondary even if the
haemolysis is severe.

5.3 Effects on the blood platelets

The snake venoms possessmany substances that can act on the thrombocytes, The
activation or inhibition of the blood platelets, sometimes observed in the same
venom, have in principle no severe clinical expression.

5.3. 7Activation ofplatelet aggregation

Platelet aggregation is an indispensable mechanism for the formation of the
haemostatic plug and it is enhanced by several types of proteins in snake venoms.

Most of the serin-proteases extracted from snake venoms stimulate the platelets.
They can provoke simultaneously the aggregation of the platelets and their degran
ulation. Cerastobin, a serin-protease extracted from the venom of the North
African viper Cerastes uipera, can activate the platelets while at the same time allow
ing the hydrolysis of fibrinogen. Thrombocytin extracted from the South Amer
ican crotalid Bothrops atroxhas a mode ofaction on the platelet membrane similar
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to that of thrombin, recognizing the same receptors. Cerasrocytin from the venom
of Cerastes cerastes has the same properties. However, cerastatin also from the
venom of Cerastes cerastes binds to a different site from that recognized by throm
bin. Croralocytin from the venom of Crotalus horridus is more powerful than
thrombocytin and probably has a different mode of action: It agglutinates the
platelets in the absence of exogenous fibrinogen like natural thrombin. Like all
the serin-proreases in snake venoms, those that induce platelet activation have a
very variable sensitivity to the different natural rhrornbin inhibitors: antithrom
bin Ill, heparin and hirudin.

The agregoserpentins that are found in the venoms of many American and Asiatic
crotalids do not have an enzymatic activity. Calcium is indispensable for their activ
ity. Under their action the platelets do no longer react in the presence ofcollagen,
one of the principal inductors of their activation. This suggests that the mode of
action of the agregoserpentins is similar to that of collagen and like the latter is
expressed by the aggregationof the platelets. However, the agregoserpentinsare not
inhibited by salycilates (aspirin and indometacin) with the exception of the one
isolated from the venom of Protobothrops mucrosquamatus. Triwaglerin from the
venom of Tropidolaemus wagieri activates the phospholipase C.

The thrombolectins stimulate the release of the cytoplasmic granules and their
contents allow the platelets to aggregate. They would act by binding on a yet
unidentified membrane receptor.

Finally the phospholipases A
2

hydrolyse the membrane phospholipids that release
arachidonic acid, the inductor of platelet aggregation. However, some phospoli
pases provoke a platelet aggregation independently of the release of arachidonic
acid, even in the presence of an inhibitor of the latter.

5.3.2 Inhibition ofplatelet activation

Many enzymes that hydrolyse the inductors of platelet activation are present in
snake venoms; they have an indirect anti-aggregating action. Bothrojacaracin from
the venom of Botbrops jararaca is a specific inhibitor that acts on four levels. It
inhibits the binding to thrombomodulin, a membrane protein that activates pro
tein C. It reduces the activation of protein C by o-thrombin, It prevents the asso
ciation between u-thrombin and fibrinogen. Finally it enters in competition with
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heparin at two binding sites on the thrombocyte membrane. Bothrojaracin causes
an inhibition of thrornbin both when free and when bound to the blood clot.

Several phospholipasesA
2

act like inhibitors of thrombocyte activation. The modes
of action, as far as they are known, are variable. The alteration of the cytoskele
ton and the increase in the intracellular concentration of cyclic adenosin
monophosphate (AMPc), which assures the transmission of the hormonal signal
into the interior of the cell, are the principal causes of the inhibition of platelet
aggregation.

In the same way dendropeptin enhances the release from the endothelium of
AMPc and of cyclic guanosine monophosphate (GMPc), which plays the same
role as AMPc.

Although mambin from the venom of Dendoaspis has a structure of the type "neu
rotoxin with three fingers", it does compete for the fibrinogen-integrin bond and
inhibits platelet aggregation.

The disintegrins enter into competition with the mediators of platelet activation
at the level of the integrins, which are transmembrane proteins with receptors
responsible for intercellular exchanges and for cyto-adherence. Thus they oppose
the formation of the platelet plug by inhibiting platelet aggregation.

Certain metallo-proteases are active on the platelets; their yield appears to be pro
portional to their molecular mass. The addition of new protein domains poten
tiates their enzymatic activity. The metallo-proteases ofgroup 3 which in one part
of their molecule show a strong analogy with the disintegrins and those of group
4 which add a domain rich in cystine, block platelet aggregation.

6. Necrotizing Activity

Viperine envenomation combines a strong local inflammatory and necrotizing
activity and this is grouped under the name viperine syndrome which is distinct
from the complex haernatological symptomatology which is important for the
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immediate vital prognosis. This severe syndrome causes some 100,000 amputa
tions annually throughout the world.

6.1 The pathogenesis of the viperine syndrome

The local and regional processseen in a case of viperine envenomation is caused by
four strongly synergic factors that are difficult to dissociate (Figs. 24 and 25).

6. 1. 1Non-specific enzymatic activity

The enzymes in the venom of viperids have strong hydrolytic capabilities. The
phospholipases A

2
have an effect on the membrane polysaccharides. The

hyaluronidases hydrolyze the mucopolysaccharides of the connective tissue, which
enhances the diffusion of the other components of the venom. The pro teases
attack the different structural tissues, muscle, bone or endothelium, as well as the
functional proteins like certain coagulation and complement factors and diverse
chemical mediators.

6. 1.2 Inflammatory response

The action of phospholipases on the cell membranes produces in addition to
structural destruction the releaseof arachidonic acid, which is the precursor of a
number of strongly inflammatory substances, notably the leucotrienes that increase
capillary permeability and the prostaglandins that cause vasodilation and poten
tiate bradykinin and the thromboxanes. The presence of plasmin sets in motion
the kinin system, which could also be activated directly by the venom. Bradykinin
is strongly vasodilatory which accentuates the hypotension and extravasation
induced by the destruction of the endothelium and is expressed by the apparition
or increase of edemas or rushes. In addition it causes pain. The stimulation of the
complement system by the venom causes on one hand the formation of histamine
which is also induced by plasmin and/or certain enzymes of the venom, and on
the other hand the direct production of bradykinin. Histamine triggers the relax
ation of the smooth fibers of the arterioles and the contraction of the efferent
venules, which results in capillary stasisand furthers extravasation. Finally the acti
vation of the cellular immune system causes the release of cytokines with multi
ple effects on inflammation and the defenses of the organism in general.
Interleukin 6 (IL-6) appears early and stimulates the synthesis of inflammatory
proteins. IL-8, which induces the adhesion of rnonocytes to the vascular endothe-
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Figure 24
Aetio-pathogenesis of necrosis
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liurn, appears much later. One does not observe the production ofIL-I, another
cytokinin which enhances the adhesion of the leucocytes to the endothelium and
which increases the synthesis of prostaglandins, nor that of the tumor necrosis fac
tor (TNF) that has similar properties. In the end the consumption of the coagu
lation factors under the direct action of the venom or linked to the destruction of
the endothelium leads to a lasting inability of the blood to coagulate, which fur
ther amplifies the extravasation of blood. In this way many factors contribute to
augment the inflammatory response and the edema that has a strong tendency to
expand.

6.1.3 Infection-inducing factors

The third factor that intervenes is secondary infection. The oral cavity of snakes
is strongly septic. Many bacteria have been found there, notably Enterobacter and
Pseudomonas, which can be introduced during the bite. Also the bacteria present
on the skin of the victim and on the instruments eventually used for treatment,
can contaminate the wound. First aid application, particularly certain traditional
practices such as scarification and plasters, but also surgical interventions, are an
evident source of secondary infections.

6. 1.4 Iatrogenic factors

The last factor is mechanical: therapeutic actions which aim to slow down the dif
fusion of the venom or to extract it, contribute in effect to arrest the blood circu
lation and cause an anoxia in the tissues. The tourniquet is the most frequently
used first aid application in tropical countries. Sometimes it stays in place for sev
eral hours, even days. Local incisions, another very common practice, alter blood
circulation and tissue perfusion and increase the contact surface between venom
and cells.

One must well distinguish between necrosis due to the generally circumscribed
tissue action of the venom and gangrene which is induced by tissue anoxia and
secondary infections and which affects a larger region and generally is of iatro
gelllc ongIn.

6.1.5 Specific myotoxicity

The venoms of crotalids induce necroses of the skeletal muscles. These are both
local, at the site of the injection of the venom, and systemic. In the venoms of
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Crotalusspp. four groups of molecules have been identified which are responsible
for muscle necroses: cardiotoxins, haemorrhagins, myotoxins and phospholipases
Az• In the Bothrops spp. it is mainly the phospholipases Az•

The action of the cardioroxins, also called cytotoxins, is non-specific: they hydrol
yse the cell membrane.

The haemorrhagins destroy the basement membrane of the vascular endothelium
and this provokes a muscle anoxia either because of lacking vascularization or
because of the constriction caused by the edema.

The myotoxins enter into contact with the cell wall, bind to particular receptors
and cause an alteration of the permeability for calcium, leading to a shrinking of
the cell and a localized necrosis. This effect takes place progressively until the
whole muscle fiber is destroyed. This phenomenon can be visualized perfectly by
electron microscopy and manifests itself through a strong increase of the lactate
dehydrogenases, enzymes present in the cytoplasm of muscle cells.

The myoroxin of Philodryasolfersiihydrolyses the transverse striations of the skele
tal muscles and causes the degeneration of the muscle.

The phospholipases Az alter the cytoplasmic membrane. One can compare their
action with that of the J3-neurotoxins, which are described further below.

6.2 Pathogenesis of the necroses caused by elapids

Certain elapids cause dry and limited necroses that develop into a localized mum
mification of the site of the bite. This necrosis can have two aetiologies.

The first one is specific. It is a muscular necrosis due to the phospholipase action
of the J3-neurotoxins of Australian and marine elapids and which are also found
in certain viperids. A similar clinical, histological and biological symptomatology
has been observed in envenomations by certain Micrurus spp., notably M.
nigrocinctus, M alieni, M. frontalis and M. carinicauda. It manifests itself by a
myoglubinuria, a destruction of striated muscular fibres and a considerable rise
of serum creatinine-phosphokinase (CPK). Its concentration is proportional to
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the amount of inoculated venom as well as to the microscopically determined
myo-necrotizing effect. Thus the CPK level indicates the intensity of the muscle
necrosis. The relative proportion of the different iso-enzyrnes allows also to iden
tify the affected organ and to localize the site of the necrosis.

The other one is non-specific and due to the cytolysis which is provoked by the
cytotoxins which are particularly abundant in the venoms of elapids. In the first
stage of the necrosiscaused by the venom ofNaja nigricollis one can observe a vas
cular congestion, an edema and a degeneration of the basal layer of the skeletal
muscle around the point of inoculation. The signs of transformation appear within
5 minutes. One hour after the injection of the venom an infiltration by a mixed
population of cells is noted. Twenty-four hours after the injection of the venom
the necrotic zone and its periphery are strongly colonized by polynucleated neu
trophils and eosinophils, macrophages and mast cells.A depot of fibrin is seen in
the blood vessels. After 18 days an epithelium and a basal layer of the muscle are
in a stage of repair. The destroyed tissues leave behind a fibrous scar tissue that is
complete after 28 days.The myo-necrosis is caused by one or severalspecificcom
ponents of the venom, which is shown by the speed with which the lesions appear.
However, it is probable that the lesions are partially caused (or enlarged) by hypox
aemia due to both the deposition of fibrin in the vessels and the edema.

The phospholipases of which the venoms of elapids are equally rich, can also
explain the pain and the edema, though localized but present, which are seen in
envenomations by Naja nigricollis, Naja mossambica and Dendroaspis.

The other factors, secondary infection and tourniquet, can very well add to the
direct effects of the venom and lead to a more severe condition.

7. Toxicokinetics

After intravenous injection the venom is distributed within minutes throughout
the body and then is slowly eliminated in a linear fashion. The half time of elim
ination of the venom is approximately 12 hours. Three days after the injection
there remain less than 3.5% of the initial dose.
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The intra-muscular injection is more representative ofa natural bite and causes a
more complex syndrome. Within 10 to 15 minutes the venom enters the circu
lation and its levels increaseprogressively, reaching a maximum within a few hours.
Certain clinical studies suggest that this peak concentration is reached in less than
half an hour, while experimental injections show that it occurs in approximately 2
hours. The diffusion of the venom in the body is slower than after using the intra
venous route. It is probably governed by a law of mass diffusion and begins with
a phase of very steep rise which after about 10 minutes becomes less steep then
reaches a plateau before declining again progressively. The process of resorption
stretches over 72 hours and this contributes to the maintaining of high plasma
levels of the venom. The total bio-availabiliry of the venom is about 65% of the
injected quantity and does not vary with the dose that is administered.

Irrespective of the experimental conditions, notably the quantity ofvenom given
(Fig. 26), the distribution of the venom is rapid (a few minutes to a few hours)
while its elimination is slow (in the order of 3 to 4 days).

The distributed volume is higher than the volume in the plasma and this demon
strates the transfer of venom from (he vascular to the cellular compartment. The
fraction of non-modified venom excreted in the urine is constantly less than 5%.

Figure 26
Diffusion of the venom in the vascular compartment after intramuscular administration

(after Audebert et al., 1994)
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Figure 19
Hyd rolysis sites o f the prothrombin molecule (after Samama, 1990)
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5.1.2.2 Fibrin formation

Fibrinogen is a large glycoprotein of 340 kDa and consists of six protein chains
assembled in symmetric pairs. Thrombin releases two pairs of small peptides, the
fibrinopeptides A and B (Fig. 20) triggering the polymerizat ion between them
and the formation of a net of soluble fibrin (Fig. 21).

The release of the fibrinopept ide A happens quickly; in the place left vacant the
monomers polymerize longitudinally in the form of "protofibrils", The fibrinopep
tide B detaches itselffrom the protofibrils more slowlyand this allows a lateral poly
merization that leads to the formation of thicker fibers: the soluble fibrin. The

Figure 20
Transformation of fibrinogen to fibrin monomers (after Samama, 1990)
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To start with the venom passes into the superficial tissues where it reaches a peak
within 15 to 20 minutes for the venom of Naja for example. In the deep tissues,
to which the toxin rich venoms of elapids diffuse preferentially, the concentration
of venom is two to three times higher than in the blood (Fig. 27).

Figure 27
D iffusion of veno m and antivenom in the anato mical comparunents

(after Isrnail et al., 1996)
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The maximum venom concentration in the deep tissues is reached within 1 to 4
hours depending on the specie s. This explains the appearance of clinical signs
between 30 minutes and 1 hour and their progressive increase in 4 to 8 hours.
The venoms of viperids appear to diffuse more slowly. They accumulate more in
the liver and the kidneys. In the case of an intra-muscular injection a large pro
portion of the venom is retained around the point of injection.

After that, one observes the phenomenon of redistribution of the venom from the
deep tissues to the central compartment for which it has however a lesser affinity.
This redistribution is probably enhanced by the elimination of the venom fol
lowing the law of mass distribution . To this phenomenon can be added a slow
release of the venom, wh ich has been confirmed by many experimental and clin
ical studies. This hypothesis could explain the re-appearance of the venom in the
circulation 7 to 10 days after the bite, observed by many clinicians after the treat
ment had been stopped. The precise site of retention of the venom in the body is
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not known. Certain specialists suggest that the venom is bound at the site of the
bite from where it is released progressively. However, most think that it is kept in
the lymphatic system, a hypothesis indirectly supported by the ineffectiveness of
the instrumental aspiration of the venom at the point of the bite.

The venom is eliminated via the urinary and digestive route.

8. The Utilization of Venoms
in Research and Therapeutics

The great efficacyof venoms and the diversity of their pharmacological properties
have always fascinated naturalists. The ancients, above all Aristotle, have exploited
the rich symptomatology seen after snake bite envenornations to include diverse
snake products, venom but also blood and viscera, in the remedies used in those
times. Theriac is an example of this and has been perpetuated until recent times.

The rationalism of the 18m century and then the experimentation of the 19m cen
tury and finally modern technology have allowed a development of the study of
venoms and their utilization in biological research as well as in pharmacology.

The venoms ofsnakes are not the only ones to be utilized in research and in medi
cine. All the zoological groups have been involved: invertebrates (worms, sea
urchins, cones [snails]' insects, scorpions, ticks and spiders) and vertebrates (fish
and even mammals) with the exception of birds.

8.1 Uses in basic research

In 1901 Richet discovered anaphylaxis while studying the venom ofsea anemones,
which have histamine-like effects that exacerbate a physiological reaction. A few
years later Arthus working with snake venom defined hypersensitivity. A factor
present in cobra venom activates the fraction C

3
of the complement, which is an

essential factor of the inflammatory response. Secondarily the consumption of the
C

3
leads to its depletion and indirectly induces a state of immune tolerance. The

science of allergy was born.
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At the beginning of the last century Calmette described the haemolysis caused by
cobra venom. In 1911 Delezenne explained this phenomenon by demonstrating
the effect of phospholipase on lecithin and the tensio-acrive effect of lysolecithin.

In 1949 Rocha e Silva isolated the bradykinins that are released during the pen
etration of crotalus venom into the body. The bradykinins are released sponta
neously during the local inflammatory response. The viper venoms induce and
amplify this natural phenomenon in the body.

The renin-angiotensin system has been explored with the help of the inhibitor of
the conversion enzyme of angiotensin I to angiotensin n, which was extracted
from the venom of Bothrops jararaca. Angiotensin Il is a powerful vasoconstric
tor. It increases the peripheral resistance and in so doing causes the arterial pres
sure to rise.

In 1957 Sasaki purified the neurotoxin of Naja siamensis, which reproduces
entirely and exclusively the curare-like effect of the venom discovered a century
earlier by Claude Bernard. With this tool it has been possible to purify the cholin
ergic receptor of the postsynaptic membrane and to describe precisely its molec
ular structure. The diverse but remarkably specific toxins obtained from venoms
of elapids allowed the demonstration of the complexity of this receptor and the
diversity of its active sites. The stimulation ofeach one of them explains the com
petitive inhibitory effects of certain substances that can be used in pharmacology
and in therapeutics. Other toxins affect distinct receptors that are sensitive to L
glutamate, to the GABA system, to catecholamines or to other mediators of the
central or peripheral nervous system. It is interesting to note that there is a close
relation between the synaptic transmission and the growth of the neuron or the
multiplication of the inter-neuronal connections.

The use of a-bungatoxin marked with radio-active iodine (Il3S) has allowed one
to understand the auto-immune etiology of myasthenia gravis, a disease which
manifests itself by a severe insufficiencyof muscular contractions leading to a com
plete motor paralysis. In fact the number of cholinergic receptors is considerably
lowered as a consequence of their progressive destruction by the antibodies pro
duced by the patient against them. Many pathologies linked to a dysfunction of
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the acetylcholine receptors (Parkinson's disease, Alzheimer's disease, depression,
schizophrenia, neuralgias) can be studied with the help of the neurotoxins. The
toxins that affect the potassium channel, like the dendrotoxins, have allowed one
to demonstrate the progressivedisappearance of the Kv1.1 receptors of the potas
sium channels in senescence and their early and significant reduction in
Alzheimer's disease and this opens new therapeutic perspectives.

The nerve growth factor (NGF) discovered by chance in cobra venom enhances
the rapid multiplication of peripheral nerve fibers. This peptide protects the neu
rons and orientates the connection of the neuronal fibers amongst each other.
Used in cell cultures the NGF enhances the development of synapses and has
allowed one to explain this process.

Watson and Crick used the nucleotidases of the venom of Naja, particularly the
5'nucleotidase for determining the structure of the DNA molecule. These enzymes
have long been used to determine the base sequences of the different nucleic acids
before the discovery of the restriction enzymes.

The arnino-acid-oxidases of snake venoms are remarkably specific; they have been
used to verifythe isomerism of synthetic amino acids and to purify a-cetonic acids.

The phospholipases are used to study the physiology of the thrombocytes and of
the pathological disorders that cause certain thrombo-embolic accidents. The very
great specificity of venom phospholipases has allowed to demonstrate the anom
alies of the phospholipids of the platelet walls of certain patients with a history of
thrombo-embolic accidents. The level of arachidonic acid in particular is signifi
cantly different in these latter patients from that in persons without a history of
thrombo-embolisms.

The phospholipases Pt, of snake venoms are used to solubilize the intra-membrane
proteins and explore the functions of the different phospholipids that play a role
in cell wall physiology.

Other enzymes involved in blood coagulation disorders have also been used to

study this complex physiological phenomenon.
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8.2 Uses in diagnostics

The lipid disturbances caused by certain metabolic or infectious disorders can be
elucidated by reactions that use snake venoms. One of the first, Weil's reaction,
was in common use at the beginning of the 20'hcentury for the early diagnosis of
syphilis. At the start of the treponema infection the blood cells of the patient are
abnormally sensitive to the lytic factors of cobra venom.

In I952 a pregnancy test was developed which exploited the sensitivity of horse
erythrocytes to serum lysophospholipids, which are more abundant in pregnant
women, after their release by cobra venom phospholipases. The fact that this prop
erty was non-specific soon became apparent as an unacceptable limiting factor.

The strong covalent bond berween the u-neuroroxins and the cholinergic recep
tor is exploited for the titration of the level of antibodies produced against the
receptors in patients suffering from myasthenia gravis. The cholinergic receptors
coupled to o-neuroroxins are exposed to the serum of the patient. The antibod
ies against the receptors bind to the preparation. After the elimination of the excess
reagents it is possible to titrate the quantity of receptors saturated by the anti
bodies and to measure the concentration of the latter. The disease expresses itself
with symptoms identical to a cobra envenomation and its treatment uses an
immunodepressant medication (corticoids, cyclophosphamide, azathioprin) and at
the same time acetlycholinesterase blockers (neostigmin, edrophonium).

The enzymes involved in blood coagulation are widely used for the diagnosis of
coagulation problems. Amongst them the thrombin-like ones simulate the effect of
natural thrombin without reproducing it completely.They allow the application of
coagulant treatments with local or general effects that are remarkably effective.

The thrombin-like enzymes from viperid venoms allow the study of the forma
tion of fibrin, the thrombus formation time, due to the transformation of fib
rinogen into fibrin, under certain pathological circumstances. The coagulation
failure can be linked either to an insufficient level of fibrinogen, to the presence
ofa natural, therapeutic or toxic inhibitor, or to a congenital or acquired qualita
tive anomaly of the fibrinogen. Reprilase" time is used for detecting the presence
ofan inhibitor of fibrin formation. This haematological test consists of replacing
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thrombin used in the original thrombin time test by a thrornbin-Iike enzyme
which is not sensitive to the classical thrombin inhibitors, notably heparin, and
this allows the titration in patients who have been treated with heparin. Repti
lase" is made from barroxobin, a thrornbin-like enzyme extracted from the venom
of Botbrops atroxand B. moojeni.

Stypven® derived from the venom ofDaboia russelii, is used as a reagent to produce
prothrombinase directly without passing through the phases of tissue contact or
platelet activation or antihaemophilia factors. Stypven" has properties which are ana
log to factor VII (proconvertin) and allows the activation of factor IX (anti
haemophilia factor); this latter generatesprothrombinase and constitutes the essential
physiological way of the first step ofcoagulation.The activated factor IX obtained in
this way differs morphologically from the factor IX that is activated naturally by the
extrinsic route, which confirms that Stypven" acts directly on factor IX. In this way
it is possible to localize a deficit in blood coagulation situated at the level of pro
thrombinase formation. Stypven" is also a direct activator of factor X in the absence
ofphospholipids as shown by the partial cleavage of the native molecule which pro
duces an active Stuart factor that is different from the one formed naturally and
which undergoesa second reducing cut. The venom ofD. russelii is utilizedfor meas
uring the activity of factor X in patients with a coagulation deficit,

The plasma factor V can also be titrated with the help ofvarious venorns, amongst
them those of D. russelii and Oxyuranus scutellatus. A protease that activates pro
thrombin transforms prothrombin into thrornbin in the presence of a complex
containing factor V, phospholipids and calcium. This property is used by several
tests, e.g. Chrornozyrne" TH which contains a chromogenic substrate. The hydrol
ysis of this substrate releases a pigment in a quantity proportional to the concen
tration of factor V in the plasma to be tested.

In the case of a vitamin K deficiency prothrombin is synthesized in an abnormal
manner and does not present the carboxyglurarnate groups that are necessary for
its activation to rhrornbin. Ecarin obtained from the venoms of most of the Echis
spp. can activate the incomplete fragment of prothrombin called acarboxypro
thrombin that allows to confirm the existence ofan abnormal prothrombin. Tests
using a chromogenic substrate have been developed. There are many causes of
vitamin K deficiencies: hepatic insufficiency, nutritional deficiencies and above
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all overdosing with anticoagulants using an antivitamin K. Ecarin is also used to
supervise the coagulation time of patients which have been treated with hirudin,
an anticoagulant extracted from the medicinal leech and given to patients which
are allergic to heparin. Similarly, carinactivase 1 extracted from the venom ofE.
carinatus, which needs the presence ofcalcium and the integrity of the Gia domain
of prothrombin, could be used to monitor oral anticoagulant treatments. The pro
thrombin activator present in the venom of Pseudonaja textilis, Texrarin", is active
in the absence of phospholipids. This particular property is exploited in a test that
allows the hydrolysis of prothrombin in patients suffering from a haemorrhagic
lupus by producing antibodies against phospholipids.

Protac" extracted from the venom ofAgkistrodon contortrix is used to artificially
activate the protein C for carrying out its titration. Protein C is a glycoprotein
produced by the liver and has a double anticoagulant effect. On one hand it
inhibits the activated factors V (proaccelerin) and VIII (antihaemophilia factor A)
and on the other hand it stimulates fibrinolysis. The Protac" test allows to verify
the integrity of protein C. Its congenital and acquired failures are the cause of a
large number of spontaneous thromboses, notably superficial thrombophlebitises
and arterial thromboses.

Botrocetin from the venom of Bothrops jararaca is a powerful platelet aggregating
agent and allows the diagnosis ofseveralhaemorrhagic diseases ofgenetic origin like
von Willebrand's diseaseand the haemorrhagic thrombocytic dystrophy of Bernard
and Soulier.The former is caused by a lack of the von Willebrand factor that is asso
ciated with factor VIII and necessary for the adhesion of the blood platelets. In con
trast to the peptides usuallyused for titrating the von Willebrand factor, like ristocetin,
which recognizesonly its polymers of high molecular weight, botrocetin binds to all
the conformations of the von Willebrand factor, whatever their structure in the
plasma. This permits a more sensitive diagnosis of the different pathological forms
ofvon Willebrand's disease.The disease of Bernard and Soulier is characterized by
the absence of glycoprotein I on the thrombocyte wall and is expressed by an anom
aly of their adhesion. Consequently the first step ofhaemostasis is strongly disturbed
and these conditions are marked by a prolonged bleeding time.

The haemorrhagins of venoms ofcertain viperids have been proposed for the diag
nosis of patients suffering from congenital or acquired capillary fragility.
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Treatments based on snake venoms have been part of folkloric or mystic reper
toires for a long time. Not long ago the venom of Vipera aspis was used against
clinical rabies (1835), the venoms of cobras and crotalids have been used for the
treatment of epilepsy (1908) and viperid venoms for the control of haemorrhages
(1935). With the exception of the latter that are still in use, all the other ones have
been abandoned because of their inefficacy and danger.

Venoms also play a role in homeopathy in diverse indications.

Analgesic preparations containing venoms of Naja or of Crotalus durissus terrificus
that were commercialized in the 1930s, have disappeared again in the 1960s. They
had relatively important side effects, but some claimed anti-edernatous, anti
inflammatory and even anti-tumor properties. Their main advantage was that they
were not habit-forming like the morphines. While the pain-relieving properties
of these heroic medicines were questioned by many practitioners, they were aban
doned because of improvements of other treatments. If the anti-rumor properties
are disputable, the synaptic block achieved by the neurotoxins, causing the immo
bilization of the joint, could explain its analgesic effect in rheumatism.

They were also prescribed as anti-convulsives.

Notexin is a pre-synaptic neurotoxin isolated from the Australian elapid Notecbis
scutatus, which destroys the nerve ends. It is used in local treatment to eliminate
abnormal neurons found in congenital neuropathies and thus to allow the regen
eration from healthy nerve cells.

The use of venoms as haemostatic agents goes back to the end of the 18lh century,
when Fonrana in 1767 described the coagulant effects ofviper venom. The com
plete, more or less diluted venoms ofAgkistrodon, Notecbis, Naja and Bothrops
have been used in trying to treat spontaneous or accidental haemorrhages in
haemophilia, trauma and diverse pathologies of haemostasis. A better identifica
tion of the venom components with coagulant activity and above all the devel
opment of purification techniques have led to the commercialization of several
pharmaceutical specialties. At present Reptilase" and Borhropase" are sold as
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haemostatic agents for local treatment. Their importance in therapeutics has
decreased since the development of substitution treatments and the use of natu
ral thrornbin of human or bovine origin. However, it could rise again because of
the real risks inherent in this type of therapy, particularly the contamination with
unconventional infectious agents (bovine spongiform encephalopathy), hepatitis
viruses or that of human acquired immunodeficiency syndrome... The absence
of cross immunogenicity between the different thrombin-like enzymes allows their
use to be alternated.

Batroxobin (Bothrops moojeni) provokes the cleavage of fibrinogen into fib
rinopeptide A and allows the release of fibrin 1, which stimulates the plasmino
gen activators of the vascular endothelium and activates protein C. The friability
of the fibrin formed by barroxobin discards any risk ofvascular thromboses. Also
the fibrinogen levelsare lowered by consumption and the anticoagulant activities
of plasmin and of protein C will reduce blood viscosityand consequently also any
thrombo-embolic risks. Bothrojararacin extracted from the venom of B.jararaca
partially inhibits thrornbin by blocking the receptors of fibrinogen and heparin
while leaving certain catalytic properties, which give it an anti-thrombosis activity.
Ancrod (Cafloselasma rhodostoma) has for a long time been used as haemostatic
under the name ofArvin" and today it is offered as anti-thrombotic under the
name of Viprinex". Several of these thrombin-like enzymes are presently objects
of promising clinical trials in the United States, in China and notably in Brazil.
A limiting factor of this kind of treatment during its prolonged administration
could possibly be the development of antibodies to the enzyme that often has a
high molecular weight. However, this risk is now limited by the large range of
thrornbin-like enzymes, which are hardly related immunologically to each other.

The control of thromboses benefits equally from the metallo-proreases, which
have a fibrinolytic or fibrinogenolytic activity. Fibrolaseextracted from the venom
ofAgkistrodon contortrix and the plasminogen activator isolated from the venom of
Trimeresurus stejnegeri, TSV - PA, could be utilized as fibrinolytic agents in vas
cular embolisms. These two molecules can be produced by genetic engineering
through recombination.

Thrombin is used in surgery as a biological suture to obtain the adhesion of two
cellular surfaces.The catalytic action of thrombin on fibrinogen allows the in situ
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polymerization of fibrin with tissue proteins. The risks ofcontamination inherent
in natural thrombin give preference to the thrombin-like enzymes of viperid ven
oms. Vivostar" (batroxobin) is used in surgery since 1995. Batroxobin is incubated
with the patient's serum. The batroxobin is removed from the clot of fibrin 1 at an
acid pH, and then placed into solution again with a neutral swab to be applied to
the wound where it causes an immediate polymerization. This type of biological
suture has the advantages of being diffuse, resistant, resorbable and clean.

The inhibition of cellular adhesion provoked by the disintegrins could be put to
use under many circumstances, notably certain thrombo-embolic pathologies due
to platelet aggregation. Echistatin is offered under the name of aggrastat
(Tirofiban" for the prevention of thromboses in angina pectoris.

Lebecetin, a disintegrin of the venom of Macrouipera lebetina, is the object of
experimental research with a view to its use as anti-cancer drug, particularly against
melanoma. Eriststatin, a disintegrin extracted from the desert viperid Eristocophis
macmahoni, does not have any direct cytotoxic action on malignant melanoma
rnetastases but induces an apoprosis, a premature self destruction of these cells by
an intrinsic cytotoxic action. Contortrostarin extracted from the North American
crotalid Agkistrodon contortrix inhibits the adhesion of many cancer cells to struc
tural proteins, which prevents them from passing through the basement mem
branes and blocks their dispersion in the body. Several viperid disintegrins share
this property and they could thus limit the metastatic process that is the cause of
dissemination of cancer cells in the body.

From the venoms of Bitis arietans and Calloselasma rhodostoma it has been possi
ble to purify factor VIII (antihaemophilia factor A), which can be given to
haemophiliacs.

A substance of small molecular weight isolated from Botbrops jararaca blocks the
degradation of bradykinin, which is a powerful vasodilaror. This molecule can also
inhibit the enzyme which allows the conversion of angiotensin I to angiotensin H,
a vasoconstricting hormone of the renin-angiorensin-aldosteron system. Aldosteron
provokes a sodium retention and loss of potassium, factors which enhance arterial
hypertension by increasing the extracellular volume. This substance thus acts on
two levels: it causes on one hand a drop of the plasma level of angiotensin II and
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of aldosteron, both implicated in raising arterial pressure, and on the other hand
a risein the level of bradykinin. The drugs that have been synthesizedon the model
of this molecule (Captopril", Lopril", Captolane") reduce the plasma volume and
the peripheral resistance, which are the principal causes of arterial hypertension.
In addition these drugs do not have a rebound effect, which is one of the serious
side effects in this type of treatment.

Hyaluronidase is used for enhancing the diffusion ofaqueous substances in edemas
and haematomas. Its use in combination with drugs has been proposed to enhance
their penetration to their site ofaction.

The cobra venom factor, or CVF, acts on two fractions of the complement, C
3

and Cj' The activation of C
3

is generally more important and leads to its deple
tion as consequence of a higher consumption. This property is experimentally
exploited to induce a state of tolerance in casesof transplantation of heterologous
cells. The administration of CVF twenty-four hours after the injection of
myoblasts, indifferentiated muscle cells, enables them to survive and to colonize
the muscle suffering from Duchenne's muscular dystrophy. Inaddition xenograph
transplants, particularly in pigs, have been significantly prolonged in animals
treated beforehand with CVF.



CHAPTER 4

Antidotes and
Immunotherapy

Envenomations can be treated by intuitively following two complementary routes:
the symptomatic approach that aims to correct the pathological effects caused by
the venom and the inhibition of the active principle after its penetration into the
body. Traditional and modern medicine both pursue the two objectives. Com
bining the empirical knowledge of the former with the experimental deductions
of the latter could optimize the treatment of snakebites.

1. Traditional Medicine

The choice of plants used by traditional healers is based on a range of reasonssome
of which may appear to us far removed from Cartesian logic. However, the role
played by empirical knowledge cannot be neglected and the results of centuries
of medical observations are not without interest. Progressivelywe shall reach, via
the clinical experience of practitioners, an experimental reasoning, which will cor
respond better with our rationalism.

1.1 Physiognomy

The evocative aspect of certain plants has sparked the idea of using them to treat
a condition, which appeared to be linked directly to the image presented by the
plant. In this way Paracelsus developed the "theory of signatures" according to
which the form, the colour and even the taste express the therapeutic properties
of each plant. Rauwolfia serpentine, Apocynaceae, of which is known that it has
no antidotal effect, but well a tranquilizing effect, has roots which look perfectly
like snakes, as indicated by its name.

125
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1.2. Folklore

Old legends could also have suggested to the healer the virtues revealed by a divin
iry or a supernatural being more knowledgeable than we are. Opbiorrbiza mungos
(Rubiaceae) would, according to Hindoo legend, be eaten by mongooses when
they were bitten in a fight with a king cobra. No anti-venom effect of this shrub
has been found to this day.The flower of Feretia apodantbera (Rubiaceae) would
be an appreciated food ofsnakes: therefore it is used, crushed and swallowedwith
water, by a bitten person to prevent the envenomation.

1.3. The repellent effect

With the repellent effect we enter the domain of observation. Nobody can say
with certainty by what means some healers discovered the repellent properties of
plants. They might have observed the absence of snakes in certain areas with a
strong specific plant population. Or they could have tested patiently the plants
that are supposed to allow snake charmers to manipulate their charges more safely.
However, experimental results often confirm these repellent properties.

1.4 The symptomatic effect

Without doubt the pharmacological action of certain plants gives relieve to
patients presenting disorders as a consequence of the bite of a venomous animal.
The treatment aims at combating the symptoms seen in an envenomation; evi
dently there is an interest in moderate or severe casesof envenomation. The rep
utation of a plant can be illusory or arbitrary in the light of criteria named above.
It can also have derived from a verified effect after fortuitous discovery or after
deductions based on clinical observations.

The symptomatic effect can either re-enforce an antidotal effect of be confused
with it.

The principal reason for the use of the therapeutic preparation is to reduce the
clinical problems seen during the envenomation. It will be directed to more or
less intricate symptoms with variable importance for the patient, depending on
the biting snake, the susceptibiliry of the victim and the therapeutic interventions
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that have taken place after the bite. Today the range ofsymptoms can be explained
by a better knowledge of the composition of the venoms and the toxico-kinetics of
their components, but the traditional pharmacopoeia follows a more clinical route,
which isolates the symptoms and considers them independently of each other.
These symptoms can be placed into two groups, respectively for the viperids and
the elapids (Table VIII).

Table VIII
Comparison of symptoms of envenomations byviperids and elapids

Symptoms Viperidae Elapidae

Pain frequent and severe generallyanaesthesia and
paraesthesias

inflammation frequent and severe rare
digestive sometimes frequent and severe
cedema extensive rare and light
paralyses no yes
respiratory no yes
haemorrhages abundant no
shock/ coma yes yes
necrosis frequent and extensive rare and limited

Many plants have properties that can be used for treating these clinical problems.
Often they are administered together with recognized anti-venom drugs, from
which they differ, though, by a more widespread use, often being available to the
public. An exhaustive list of plants that can be used within this framework is pre
sented in Annex 2. For some of these the symptomatic effect has not been con
firmed and is in need of appropriate experimentation. Also there are sometimes
side effects that can cause complications or accentuate the toxicity of the venom
(Table IX).

7.4.7 The analgesic effect

This property is often confounded with an anti-inflammatory effect. The effect
of the venom of viperids is particularly painful and sometimes needs a vigorous
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Table IX
Desirable symptomatic properties for the use of anti-venomous plants

Symptoms

Pain

CEdema
Necrosis
Fear

Infection
Haemorrhages
Respiratory problems
Digestive problems
shock, low arterial
pressure
Fever

Paralysis

Desired activity

analgesic, anti-
inflammatory

anti-inflammatory
anti-inflammatory
sedative

antiseptic
haemostatic
respiratory stimulant
antispasmodic
cardiotonic
circulatory stimulant
diuretic
anti-inflammatory

motor stimulation

Side dIets

haemorrhages

haemorrhages
haemorrhages
Lowering of arterial

pressure

respiratory depression
toxic

Lowering of arterial
pressure,
haemorrhages

toxic

analgesic treatment. The poppy, Papaver somniferum, and even certain Solanaceae
(Dartura sp. Nicotiana tabacum) are currently prescribed by some traditional heal
ers. Others make use of powerful sedatives like Rauwolfia sp., from which an anti
hypertensive, reserpine, and raubasine, an agonist of the benzodiazepines, have
been extracted, or Valeriana officinalis from which the antispasmodic and febrifuge
valerian is derived.

1.4.2 Anti-inflammatory action

The anti-inflammatory effect is currently used more widely. It has been observed
with the flavonoids, the rri-terpenes, the sterols other than the corticoids, and the
saponins. The flavonoids for example inhibit the enzymatic reactions that allow
the synthesis of prostaglandins from arachidonic acid. Aristolochid acid is
extracted from many plant species of the genus Aristolochia, which occur widely
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around the world. This acid is a competitive antagonist of most of the phospho
lipasesAz ofsnake venom, against which it has been tested. Cepharantin, an alka
loid extracted from Cepharanthus cephalantha (Menispermaceae) inhibits the
phospholipases in vitro. The aqueous extract of Diodia scandens has an antihista
mine and antiseroronine action. The antihistamines are essential humoral media
tors of inflammation while the role of serotonine in inflammation is less evident.
Velutinol A, a steroid obtained from the rhizome of Mandeuilla uelutina (Apocy
naceae), strongly reduces the inflammation caused by the phospholipases,

1.4.3 Localaction: anti-edematous, antisepticand anti-necrosis

These symptoms are often poorly separated by traditional healers who confound
or associate with each other pain, inflammation, edema, gangrene and necrosis
and look for a general wound treatment. In any case, certain plants have more
direct anti-edematous or antiseptic properties. It could be interesting to distin
guish them from the anti-inflammatory plants, as they have a systemic mode of
action, which could be of great interest even outside of envenomations.

1.4.4Action on haemostasis

Several properties of the venoms are involved and it is difficult to determine the
mode of action of those plants that show a real efficacy.

A local haemostatic effect that assures the protection of the vascular walls allows
to compensate for the action of the haemorragins which destroy the vascular
endothelium. The latter cause an extravasation of the blood responsible for the
persistent bleeding at the site of the bite, at old scarsand even on healthy endothe
lium, which results in a purpura or sero-haemorrhagic rashes. Certain plants have
a haemorrhagic action by activating the coagulation system or by their proteolytic
ability, dissolving the blood clot (papaya, pineapple for example); they will oppose
the first stage of disseminated thromboses induced by the action of the venom.
This proteolytic action, sometimes similar to that of physiological plasrnine, can
prevent the later complications of viperine envenomations.

These properties must be distinguished from the direct inhibition of the enzymes
of the venom, which activate blood coagulation. This constitutes a specific anti
dote effect, as will be seen later.



130 Snake Venoms and Envenomations

1.4.5 Indirect supporting action: diuretic, cardia-tonic

Enhancing diuresis is a major worry of the traditional healer, who wishes to rap
idly eliminate the toxin. Many plants have recognized diuretic properties and are
widely employed in febrile conditions or intoxications to accelerate recovery.

Also in the presence of a somnolent or comatose state the traditional healer can
administer a restorative, which quite often is a cardio-tonic.

1.5. Antidote effect

This effect can be confirmed through rigorous experimental study only. The anti
dote can act against the venom in two manners. The systemic antidote acts on a
function that has been disturbed by the venom and act through competition or
pharmacological antagonism. It protects or re-establishes the physiological func
tion targeted by the venom. The specific antidote inhibits at the molecular level
the toxic component of the venom. It directly opposes the venom itself

1.5.1 Systemic antidotes

They concern a physiological function targeted by the venom. Three modes of
action can be described: competition, antagonism and immune stimulation.

1.5.1.1 Competition

Competition leads to the substitution of the venom by the antidote at the level
of the effector site. Depending on the toxicity of the competitor itself and its
capacity to activate or inhibit the corresponding function, the antidote would be
more or less effective. The substitution can be specific if the same effector site is
touched or it could be paraspecific (or crossed) if a neighbour site is concerned
but modifying the effector site sufficiently to prevent the toxic effect.

This competition could be linked to a molecular similarity as in the case of a pep
tide isolated from the bark of Schumanniophyton magnificum and the cardiotox
ins of Naja. This peptide has a molecular weight of 6 kDa and an amino acid
composition close to that of the eytotoxins of e1apids. The inhibiting action of
the peptide on the cardiotoxins is dose dependent, suggesting a competition at
the level of the effector site of the cell wall. Atropine, the alkaloid of the bel
ladonna and several other Solanaceae, is a competitor of the neurotoxins present
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in the venoms of Dendroaspis (mamba), which bind selectively to the muscarin
receptors of acerylcholin.

An extract of the root of Securidaca longepedunculata, a shrub of the African savan
nabs, apparently binds close to the cholinergic receptor of the post-synaptic mem
brane (Fig. 28) and thus prevents by steric hindrance the neurotoxin of Naja from
attaching itself and inducing a paralysis through a neuromuscular block.

Figure 28
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A similar action could explain the inactivation of the neurotoxin of Naja siamen
sisby an extract of Cucurma sp. The antagonism of this extract acts as well on a
nerve-muscle preparation as on a mouse in vivowhen the venom and the antidote
are given by the same route. However, the extract of Cucurma does not inactivate
d-tubocurarin.

Strophantus gratus, from which ouabain is extracted, inhibits the potassium pump
and stimulates the calcium pump (positive inotropic and negative chronotropic
effect), two systems which are much affected by the neurotoxins ofsnakes.

1.5.1.2 Antagonism

The antagonism depends on an opposite effect ofantidote and venom on the same
system. The venom triggers a reaction of the body, which is contested directly by
the antidote.

The anti-cholinesterase effect of Physostigma uenenosum (or Calabar bean) and of
Tabemantbe iboga is similar to that of neostigmine. This latter inhibits the hydrol
ysisofacetylcholineand thereby maintains the mediator on its receptor,which pre
vents the neurotoxin from binding and allows the passageof the nerve stimulus.

Mandeoilla velutina inhibits bradykinin,which plays an essential role in inflammation.

The alcohol extract of Diodia scandens (Rubiaceae), a plant that is widely used
against snake bites in the Nigerian savannah, is inactive in normal plasma but
inhibits the coagulation induced by the venom of Echis ocellatus when the latter
is added to fresh plasma. The extract appears to oppose the effect of one of the
coagulant factors present in the venom of E. ocellatus.

The roots of Hemidesmus indicusand to a lesser degree those of Pluchea indica,
two Indian medicinal plants, inhibit at the same time the coagulant and antico
agulant factors of the venom of Daboia russelii and reduce significantly the toxic
ity of its venom.

Many plants have an effect on platelet aggregation as caused by the venoms of
viperids. Thus Capsicum ftutescens, chilli pepper, is anti-aggregating and Aloevera,
the aloe, is aggregating.
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1.5.1.3 Immune stimulation

This property leads to the rapid elimination of the toxin by phagocytosis and the
destruction ofantigens before or after complex formation of the complement. The
antidote can also control the proliferation of lyrnphocytes in response to the
inflammatory stimulus and the production of lymphokines. A clear nonspecific
stimulation of the immune response is seen after lymphocytes are placed in con
tact in vitrowith Boerhavia difJitsa. The increase in efficacyof the immunotherapy
trough the treatment with plants is attributed to an improvement of the presenta
tion of the toxic antigen to the antibodies. This has been confirmed with extracts of
Cucurma longa, Hemidesmus indicus, Dioda scandens and Okoubaka aubreuillei.

1.5.2 Specific antidotes

They act directly on the venom and inhibit its activity. This inhibition can result
from a molecular deformation, a direct chemical action on the venom or a major
modification of the chemical environment. In the first two cases this efficacy
depends directly on the probability of the two molecules meeting each other,
resulting from the speed of their diffusion and their respective concentrations.
The specific immunoglobulin perfectly fulfils this function when it binds to the
antigen (enzyme or toxin of the venom), enhancing its precipitation and/or its
elimination through the kidneys or the immune system. Certain plants have a spe
cific inhibitory activity against the toxic enzymes of venoms. Plant extracts with
an anti-phospholipase action have thus been identified.

The mode ofaction of punarnavosid, an anti-fibrinolytic extract of Boerhavia dif
fusa, is due to a direct inhibition of the fibrogenases of the venom, although the
mechanism still has to be elucidated. Also the methanol extract ofa South Amer
ican cedar (Guazuma ulmifolia) inactivates the rhrornbin-like enzyme of the
venom of Bothrops asper and significantly reduces its toxicity.

The ethanol extract of the roots of the Taiwanese plant Aristolochia radia inhibits
the haemorrhagic activity of Trimeresurus gramineus, Protobothrops mucrosquama
tus and Deinagkistrodon acutusbut is without effect on the venoms of Naja atra
and Bungarus multicinctus. The mode of action is still unknown.

1.5.2.1 Inhibition by altering the shape of the molecule

The shape of the molecule can be altered by the occupation of the active site of the
toxic protein or ofa nearby site, which modifies the conformation of the active site.
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1.5.2.2 Inhibition by chemical modification

Some authors have described an oxidation or a reduction of the enzyme involved
in one of the toxic actions of the venom. Also a total or partial hydrolysis of the
toxic compound can be observed. This has been seen with schumanniofosid
extracted from Schumanniophyton magnificum, or with the rrypsine inhibitor
extracted from the soya bean (Soja hispida).

1.5.2.3 Modification of the chemical environment

The chelation of a co-enzyme (notably calcium) or the mobilization of the sub
strate (fibrinogen for example) by the antidote with or without its transformation,
can limit the activity of the enzymes of the toxin and consequently its toxicity.

1.6 Mechanical treatment

1.6.1 Tourniquet

This treatment was recommended by Galen in the 2nd century AC. Several exper
imenters in the 17"'and 18"'centuries, notably Francesco Redi and FeliceFonrana,
who were the first to study the action ofviper venom in animals, confirmed these
observations. More recently it was shown that the tourniquet does not prevent
the death of the animal when the dose of the injected venom surpasses a certain
threshold; however, all the authors agree that the tourniquet delays the onset of
symptoms and that these are severelyaggravated when the tourniquet is removed.
Also the many and severe complications caused by leaving the tourniquet in place
for too long a time are known: gangrene, which necessitates a large amputation,
and even fatal septic shock. From this can be concluded that the tourniquet,
although it presents the advantage of slowing down the diffusion of the toxin,
bears two important risks: On one hand it concentrates the venom which will
suddenly be released into the blood stream when the tourniquet is lifted and on
the other hand it causes an anoxia in the distal tissues which is a source of major
complications independently of the effects of the venom itself

1.6.2 Aspiration

The extraction of the venom has been recommended ever since the envenoma
tion has been associatedwith the penetration ofan exogenic substance. The ration
ality of this method - the physical elimination of the venom through the point
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of penetration - is evident. However, its efficacy has still not been demonstrated
in spite of many attempts.

Sucking the wound, a romantic and probably inefficient method, can be danger
ous to the operator, more because of his contact with the secretions of the victim,
notably his blood, than by a hypothetical penetration of the venom into the
mucosa or an oral wound of the helper.

The black stone, a fragment of bone toasted or burnt by craftsmen, and the var
ious systems of instrumental aspiration of the venom (Aspivenin", Extractor",
Venom-Ex") belong into a category that is very close to traditional therapy. Orig
inating in India the black stone arrived in Europe around 1650. It was mentioned
for the first time in a 1656 document popularizing Far Eastern customs. Accord
ing to this document both Chinese musk and the black stone would have come
from the head of poisonous snakes. According to the then recommendations the
stone is placed on the wound. There it adheres strongly while extracting the
venom from it and releases itself spontaneously when the poison is absorbed. Sub
sequently it is regenerated by boiling it in milk and thus can be used indefinitely.
The same recipe still exists today. The remedy has a strong symbolism. Its leg
endary origins, its jealously guarded production method, the "proofs" of its effi
cacy, its regeneration in milk, the traditional antidote, which in its virginal
whiteness contrasts the black of evil, all contribute to its reputation. The black
stone still is widely traded in developing countries.

The systems of instrumental aspiration have been subjected to experimental stud
ies, which have shown their low efficacy. The venom diffuses in the body very
quickly and the local effect of aspiration is too limited to render a sufficient yield.
The amount of retrieved venom is negligible and the course of the envenomation
is not altered significantly between treated and the control group. Also some
authors draw the attention to the fact that the aspiration with the help of an ap
paratus using strong negative pressure enhances the development of necrotic
lesions in the place where the suction apparatus has been applied. Therefore this
method carries the risk of losing precious time and of causing an aggravation of
the lesions, particularly when it is accompanied by the removal of debris or an in
cision of the skin.
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1.6.3 Chemical denaturation

Snake Venoms and Envenomations

The local application of chemical substances is also practiced frequently. Various
products are used and quite often their use lacks a scientific foundation. The var
ious acids, bases, detergents and biological liquids (notably bile and urine) are
founded more on irrational criteria than on rigorous experimentation. To inhibit
the venom still present at the site of the bite is an interesting intervention if it is
carried out early. Some enzyme inhibitors can play this role efficiently. However,
one has to avoid aggressive substances that carry the risk ofaggravating the lesions.

The use ofdisinfectants does not reduce the toxicity of the venom, but it helps to
prevent secondary infections which play an important role in local complications.

1.6.4 Physicaldenaturation

Heat in the form of a flame or cautery provokes severe burns. Irrespective of the
possible effect of heat on the venom, the burns cause severe lesions that are out
of proportion with the improbable efficacy of this method. The electric shock of
South American Indian origin is controversial. This treatment appears to be based
on an Amazonian legend according to which the Indians treat the envenornations
by electrocution with the help of an electric fish. Even if this curious practice
should be real, it would not prove that it was efficient. It is painful and danger
ous. The pseudo-scientific justifications - ionization of the proteins of the venom,
stimulation of the defenses of the body or vascular elecrro-spasrn that slows down
the diffusion of the venom - are ridiculous in view of the total inefficiency proven
in many clinical and experimental studies.

The rapid diffusion of the venom limits in most cases the applicability of these
methods, which often have severe secondary effects.

2. Principles and Mechanisms
of Immunotherapy

The therapy with antivenin is now more than a century old. After its discovery
its therapeutic use has rapidly developed since the end of the 19'h century.
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Sewall immunized a pigeon in 1887 against the venom of Sistrurus catenatus by
repeated injections ofglycerinated venom. Even if the experimental protocol was
not precise and not standardized, the pigeon could survive up to six times the
lethal dose of the venom. Roux and Yersindemonstrated in 1888 that the blood
of an animal immunized against diphtheria toxin protects a naive animal against
diphtheria. In 1890 Behring and Kitasaro confirmed clinically the passive trans
fer of immunity against diphtheria and tetanus and by this fact invented serum
therapy. Based on this discovery Chauveau proposed to apply to toxic cellular
secretions the attenuation procedures used for microbial secretions. Under the
influence and with the collaboration of Bertrand, Phisalixproved in 1894 the anti
toxin property of blood of animals vaccinated against viper venom using a heat
attenuated venom. In the same year Calmetre, who had worked on cobra venom
in Saigon and later at the Institut Pasteur in Paris, studied three immunization
protocols and observed like Phisalix and Berrrand that the serum of vaccinated
animals also had a therapeutic effect. Calmette was the first to prepare an
antivenorn serum for medical use against the bite of Indian cobras and became
the veritable promoter of the antivenin therapy which left the first results of
Phisalix and Bertrand and even more so those of Sewall somewhat in oblivion.
After Calrnerte who commercialized the antivenin against cobra venom in Saigon
in 1896, many physicians developed antivenins in their countries or in the
colonies belonging to their countries. Successively McFarland in 1899 in Philadel
phia in the United States, Brazil in 1901 in Sao Paulo in Brazil, FitzSimons in
1903 in Johannesburg in South Africa, Lamb in Bombay and Semple in Kausali
in India in 1904, Lister 1905 in London in the United Kingdom, Tidswell in
1906 in Sydney in Australia, Ishizaka in 1907 in Tokyo in Japan, all produced
antivenorn sera based on the protocols of Calmette.

Immunological progress rapidly led to anti-diphtheria and anti-tetanus vaccina
tion: the diseases are caused by well-identified toxins which could be modified into
non-toxic anatoxins which still have the same antigenic properties as the toxin.
However, snake toxins, rich in varied substances, have up to now not lent them
selves to human vaccination, even though interesting attempts exist. Antivenins
still are the only specific treatment of envenomations: thus they are amongst the
small number of centennial medications still in use. Although the mode of prepa
ration of antivenins has not much changed since their discovery, the purification
procedures and the mode of utilization have been modified profoundly and this
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has lead to the abandonment of the term serum therapy in favor of that of immu
notherapy or antivenom therapy.

2.1 Production of antivenin

2.1.1 Immunization of the animal

The injection of raw venom is often poorly tolerated by the receiving animal. This
has led to the preparation of an anatoxin by detoxifying the venom while con
serving its immunological properties. Since the preparation of the first antivenins
many techniques have been proposed for the detoxification of the venom. The
most common ones are the combinations with aldehydes: formalin proposed by
Ramon since 1924 or glutaraldehyde. Often an adjuvant is added to the detoxi
fied or un-deroxified venom. The precise role of the adjuvant has not been eluci
dated, but it is thought that it slows down the resorption of the venom and
strongly stimulates the immune reaction. Most commonly used are Freund's adju
vant, bentonite, aluminium hydroxide and sodium alginate.

The immunization protocol depends on the toxicity and the immunogenicity of
the venom, the speciesofanimal to be immunized and the quality of the response
of the hyper-immunized animal. The quantity of injected venom has to be adjusted
continuously by repeated controls to obtain a sufficient antibody riter,Ten to fifty
injections spread over a period of three to fifteen months are necessary for a good
immunization. When a suitable antibody titer has been reached the animal is bled
onto an anticoagulant (sodium citrate) and purified, treated and then conditioned
for its sale in liquid form or more rarely lyophilized. The animal of choice for the
immunization is the horse, but other species can also be used.

The antivenins can be monovalent, when only one venom is used, or polyvalent,
when the immunized animal receives a mixture of venoms from several species.
The choice of one or the other type depends on many considerations. Principally
a monovalent antivenin is more effective in the treatment of an envenomation by
the corresponding species, but this is not the absolute rule. A toxic antigen that is
present in small quantity in the venom of Dendroaspis angusticeps does not immu
nize the horses while a closelyrelated antigen abundant in D. jamesoni protects the
horses against the antigen ofD. angusticeps. Consequently the polyvalent angusti
ceps-jamesoni serum is more effective against the venom ofD. angusticeps than the
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monovalent D. angusticeps one. It appears that the related antigens are acting syn
ergistically to lead to a better immune response. Lists of producers of antivenins
are drawn up regularly (cf. Appendix 3).

2.1.2 Purification of the antivenin and quality control

The antivenins, which used to be utilized in their untreated form, are now purified
in successive stages to obtain a stronger efficacy and a better tolerance (Table X).

Table X : Preparation of anti-venom seraH

1. Immunisation of the animal (horse)
• detoxification of the venom
• utilization of an adjuvant
• repeated injections (increasing doses)
• collection of serum and verification of the protective activity

2. Concentration of the protective fraction
• elimination of cellular elements by centrifugation
• harvesting the 'Y-globulins with ammonium sulfate or the fixation of the 13-

and Cl-globulins and of thealbumin by ion exchange chromatography
• elimination of the insoluble fraction by centrifugation
• enzyrnatic hydrolysis by pepsin or papain to detach the Fe fracton of the IgG
• coagulation of the Fe and inactivation of the complement at src or

separation of the Fe fragment by ulrrafilrration through a membrane
• elimination of the denatured proteins by centrifugation, [iltration or

chromatography
• viral inactivation by heating in the liquid phase
• harvesting 'Y-globulines with ammonium sulfate at a higher concentration
• dialysis
• elimination of fats by adsorption on aluminium hydroxide
• antimicrobial sterilization by microfiltration through a millipore membrane

3. Controls and standardization tests
• titration (neutralizing activity)
• stability
• specificiry (precipitating activity)
• quality tests (bacteriology - absence of pyrogens)
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After the elimination of the cellular elements by centrifugation, the non-immune
proteins, pa rt icu larly albumin, are also removed aft er thei r precipitation with
ammonium sulfare by a further cent rifugation . Some prod ucers carry out a ch ro
matography for separating the immunoglobulins from the et-and l3-globulins that
have no immuno logical properti es.

The albumi n and tho se globulins that do not take pa rt in th e imm une reaction
can also be preci pitated by cap rylic acid . T his technique appears to give a bett er
yield tha n ammonium sulfare and to facilitate the purifi cation of the IgGs or th eir
antibody fractions. However, it has not been used at large scale because of the dif
ficulty to stan da rdize production .

Then th e v-globulins are subjected to a co nt rolled proteolysis (Fig. 29).

Figure 29
Fragmentation o f the therapeutic immun oglob ulins
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The immunoglobulin G (IgG) is a voluminous protein of a molar mass of 150
kDa, which is composed of two thermostable fragments Fab which carry the
immunological function (Fab = fragment antigen binding) and a thermolabile
fragment Fc which reacts with the complement and allows the precipitation of
the complex formed by the antigen and the antibody and thereafter its elimina
tion from the body. A digestion by pepsin separates the Fc fragment from the
F(ab') 2 fragments, which have an average molar mass of 90 kDa and carry two
antigen binding sites like the immunoglobulin. A papain treatment separates the
Fc fragment from the individualized Fab fragments of an average molar mass of
50 kDa, which carry only one antigen binding site. These characteristics give the
fragments F(ab\ and Fab biological properties which differ from those of the orig
inal IgG. The fragment Fc is separated from the specific fragments Fab and Ffab'),
by ultrafiltration through a membrane using their difference in molecular mass.

A further purification chromatography is added by some producers.

Sterility can be achieved through heating against viruses and by filtration through
a micropore membrane against bacteria.

The precipitation with caprylic acid allows one to obtain afrer an appropriate enzy
rnatic digestion purified immunoglobulin fragments. It appears that this method
avoids the contamination of the Flab'), by IgG or other immunologially inactive
globulin fragments. However, the Fab obtained afrer fractioning by caprylic acid
would be of lower quality.The preparation, though, which is purified in this man
ner, lends itself to parenteral administration.

Before the final conditioning the product undergoes at each of the stages of purifi
cation various controls that allow:

• to verify its composition by physico-chemical tests;

• to demonstrate its innocuity by inoculating appropriate culture media, by
immunochemical tests for purity, by toxicological tests, the inoculation of
animals to confirm the absence of pyrogens;

• to guarantee its efficacy by immunological tests measuring the protective
efficacy.
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While the first two categories of tests are well codified, it is not entirely the same for
the control of the protectivepower.A first immunologicalverification can bebasedon
irnrnunoprecipitarion tests, by immuno-electrophoresis in a gel or by Western blot.
The immunoglobulin fragments must react with all the protein fractions of the
venom, which were separated by electrophoresis. In this way the different immune
sera from different animals or from different production sourcescan be compared in
this way,or cross reactions with other venoms can be demonstrated. It is even possi
ble to evaluate quantitatively the precipitating antibodies of the prepared serum.
However, a precipitating reaction does not necessarily imply a functional neutraliza
tion: the precipitating epitopes can be different from the neutralizing ones. Also some
powerful immunogens may have no or only low toxicity and certain toxic proteins
may be only weakly antigenic. The immunolocial controls do therefore not suffice.

The true standardization of the antivenins implies a verification of their neutral
izing power, of their specificiry and the stability of these characteristics over time.
Two types of tests, in vivo and in vitro, can be used to verify the neutralizing power
of the antivenin. Their principle is identical: it consists of measuring the lower
ing of the toxic effectsof the venom, animallethality or particular biological activ
ity in the presence of increasing concentrations of antivenin.

For the in vivo tests the venom/antivenin mixtures are prepared in varying pro
portions and injected into the animal to evaluate the effect of the antivenin on
the lethal effect of the venom or on a particular biological activity. One can work
with a fixed quantity ofvenom (often defined as so many LD 5} and varying quan
tities of antivenin or the other way round. The venom/antivenin mixture is incu
bated at 37°C for a set time before being injected into the animal. The animals
are placed under observation and in this way the quantity ofvenom is determined
which leads to the death of 50% of the group, which corresponds to the quantity
of venom neutralized by the antivenin. Often this quantity is expressed as num
ber of LD50 per ml ofantivenin. To be strict it would be preferable to express it as
mg of dry venom per unit of volume with the LD 50 referring to the trial animal
and not necessarily to man or other animal species.

In medical practice the inoculation of the venom always occurs before the admin
istration of the antivenin, sometimes with a long delay. In consequence sequen
tial procedures have been proposed as well as other parameters like the fatal time
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limit (FTL) or the last mortality time (LMT). These procedures are very suitable
for the neurotoxic venoms. They permit the evaluation of the antigen/antibody
affinity and the extraction capability of the latter, meaning its capacity to wrench
the toxin off its receptor. However, they appear to be lesswell suitable for the ven
oms with toxic enzymatic activity, which cause a cascade of reactions running its
own course once triggered, even after the enzyme has been neutralized. It is seen
on one hand that the quantity of antivenin necessary to neutralize the lethal effect
of the venom increases as the delayed administration of the antivenin approaches
the fatal time limit and on the other hand that it becomes impossible to protect
the individuals when this limit has been reached or passed.

However, when one wants to standardize the methods which determine the neu
tralizing power of an antivenin, the venom/antivenin pre-incubation is the most
commonly used technique: the results are free of the influences of the toxicoki
netics of the venom and of the pharmacokinetics of the serum and depend above
allon the concentration of antibodies and their neutralizing capacity. It is possible
to establish a neutralization curve of the antivenin with regard to increasing quan
tities of venom. This curve can be linear with each dose of venom being neutral
ized by a proportional quantity of the antivenin: from this one can conclude that
only one toxic antigen is active or that the other toxic components, if they are
there, are neutralized more efficiently (Fig. 30).

Figure 30
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Often the curve is bent, be it that one toxic component present in small quantity has
for that reason induced few neutralizing antibodies or that a toxic component pres
ent in largequantity reveals itselfas poorly immunogenic. This is the reasonwhy one
has to use at least two lethal doses of venom, when one uses the method of variable
volumes of antivenin to determine its protecting tirer, In this way one determines the
volume ofantivenin capable of neutralizing the lethal dose of the chosen venom: the
seroprotection then is expressedas the dose of antivenin which reduces an elevated
number oflethal doses, generally3 to 10 L0

50
, to one simple L0

50
(EO).

Whatever procedure is used, the statistical calculations are done in the same way
as for the determination of the LO50'

The in vitro tests allow the evaluation of a particular activity of the venom and its
neutralization after mixing the venom with the antivenin. Several such tests have
been recommended for the determination of the neutralizing power of an
antivenin. The neutralization of the haemolytic action of the venom tested on rab
bit, sheep or human erythrocytes appears to correlate with the neutralization of
the lethal action in mice. The fibrinolytic activity is evaluated on plates with sheep
or cattle fibrin obtained by coagulating fresh plasma. The proteolytic activities are
estimated from the action of the venom on various substrates, most often casein.
The principal problem is to define a reproducible technique. However, in testing
the capacity of an antivenin it becomes increasingly necessary to neutralize each
toxin individually, particularly the neurotoxins and the myotoxins.

Quantitative ELISA tests can usefully add to the in vivo and in vitro tests. For this
purpose micro-titration plates are lined with the venoms used for the preparation
of the antivenin. The serum is incubated on the plate in varying concentrations
and the presence of antigen-antibody complexes is revealed by an antibody
directed against the immunoglobulins and conjugated with an enzyme that reacts
on a substrate that releases a colorant (Fig. 31).

The intensity of the colour reaction as a function of the concentration of the
antivenin and obtained after the addition of a fixed quantity of the substrare, can
be compared to the OE

50
or to the neutralized L0

50
• The same can be done with

the toxic fraction or the main toxin of the venom. This type of test can be devel
oped if close correlations with the in vivo tests are found.
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Figure 31
Mech ani sm of the ELISA test
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2. 7.3 Stability of antivenins

The stability o f antivenins is good, as lon g as cert ain precautions are taken . Liq
uid sera have to be stored in the refrigerato r at +4°C, which is sometimes difficult
in the tropics . H owever, they remain stable at ambient tem peratures provided they
are protected from light. The protective titer of an antivenin varies little after hav
ing been exposed to 3TC for on e year. No bacterial development is seen . How
ever, the ant ivenin looses pro gressively its clearnes s with tim e and temperature.
The observed tur bidi ty is caused by the coagulation of heterogenous proteins and
formall y prohib its the use of the anti ven in, even th ou gh its prot ective powe r is
un changed : rhe injection of the precipitate seen in the antive nin carries the risk
of causing a sudde n act ivation of the complement thus provoking an anaphylac
tic shock. If kept under good condi tio ns, liquid antiven ins keep their properties
intact for at least five years, lyophilized ones even longer: the laid down norms are
well within the experiment ally obs erved limits. The legal exp iry tim e of liquid
antivenins kept under refrigerati on is th ree years and that of lyophilized prepara
tions five years at ambi ent temperatu re.

The efficacy of ovine Fab does not ap pear to be altered after Storage at 50°C for
60 days and only shows a slight decrease after 30 days at 70°C. H owever, shaking
significantly reduces its activity.
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2.2 Mode of action of the specific immunoglobulins

2.2. 1Antigen-antibody binding

The action of the antivenin is based on the contact of the antibody with the cor
responding antigen. This can be modeled by a simple statistical problem of the
two parts meeting each other in a dynamic biological system. The ideal would be
that the antibody diffuses in the same environment and under similar conditions
than the antigen. One also has to be certain that first neutralization occurs and
then the elimination of the antigen-antibody complex. Neutralization of the anti
gen is a distinct property from precipitation. Neutralization causes a structural
change that prevents the normal functioning of the native antigen. If the struc
tural change affects the active site of the antigen, then its activity will be modi
fied. One can distinguish two types of active antibodies, notably against the
neurotoxins:

• The "protective" antibodies which recognize an epitope close to the toxic site
ofa free toxin, which prevents its binding on its receptor; however, once the
toxin is bound to its receptor the epitope may no longer be accessible to the
antibody. This function is confirmed by polyclonal antibodies and is
exploited in immunotherapy.

• The "curative" antibodies can recognize an epitope distant from the active
site and can bind to the toxin when it is already tied to its receptor, to wrench
it loose from it; this property has been demonstrated with the help of rnon
oclonal antibodies.

In practice this distinction is formal and probably there is a gradient of activity.

2.2.2 Cross-reactivity of antivenins

Cross reactions have been demonstrated by immunodiffusion and ELISA tests.
They are seen frequently between related species. However, the existence ofcross
precipitation reactions does not necessarily mean that there is a cross protection.
The antivenin against Crotalus atrox neutralizes the venoms of five rattlesnake
species but not that of C durissus terrificus, the only one characterized by the pres
ence ofa lethal neurotoxin, crotalin, which C atrox does not have. A weak cross
neutralization exists between the venoms ofAsian and African cobras, except for
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the venom of Naja nigricollis. The antivenins prepared from the venom of the
Indian viper Echis carinatus are as effectiveagainst the venoms of the African vipers
E. ocellatus and E. /eucogaster as antivenorns prepared from the venoms of these
two species. However, cross reactions are not necessarily reciprocal: The antivenin
prepared from the venom of Botbrops jararaca reacts twice as strongly with the
venom of B. moojeni than the antivenin of B. moojeni with the venom of B.
jararaca. The cross reactions cannot really be foreseen and have to be verified indi
vidually and this makes it necessary to choose carefully the venoms to be used for
the preparation ofan antivenin.

2.2.3 Pharmacokinetics of antibodies

The composition of antivenins can differ by the degree of purification and above
allby the nature of the antibodies which they contain: complete immunoglobulins
(IgG) and immunoglobulin fractions (Ptab'), or Fab). These differences are
very important with regard to the speed of diffusion and the distribution of the
antibodies.

The apparent distribution volume of the antibodies in the form of IgG can be
superimposed on the vascular compartment (cf. Fig. 26). In the tissues the IgG
disperse much more slowly than the venom, as they have a strong affinity for the
vascular compartment where they tend to remain. The IgG reach their maximum
concentration in the superficial tissues in 6 hours and the deep tissues in 30 hours.
The distribution volume of the Ffab'), is twice as high than that of the plasma
volume, which suggests a better tissue distribution than that of the IgG, even
though still mediocre. In addition they diffuse more rapidly than the IgG: in 1
hour in the superficial tissues and 6 hours in the deep tissues. Theoretically the
Fab diffuse more rapidly in all the compartments than the other types of anti
bodies because of their small size. Their affinity for the deep tissues is five times
stronger than that of the IgG and two times more than that of the F(ab\. How
ever, their speed of diffusion differs little from that of the F(ab')2'

In contrast to the venom which diffuses largely in the tissue compartment, the
IgG and the F(ab')z diffuse only weakly outside the vascular department. How
ever, the rapid decrease of venom plasma concentrations after the administration
of the antivenin confirms that the serotherapy eliminates the venom not only from
the general circulation but also from all the tissues (Fig. 32).
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Figure 32
Neutralization of the venom by immunoglobulin fragments

(after Riviere and Bon, 1999)
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Also the venom is eliminated from the body more quickly than the antivenin. In
practice it appears that the life span of the F(ab\ is about 3 to 4 times longer than
that of the toxins, quite sufficient to allow them to meet the toxins and to bind
to them. The eventual failure of some immunotherapy treatments is therefore not
linked to a too rapid elimination of the immunoglobulins but to a failure of the
antigen/antibody contact because of an insufficient concentration of the antivenin
or of a poor neutralization. This can be explained by a lack of specificity of the
antibodies as well as by the persistence of functioning of the active site.

The half-life of the F(ab')2 is approximately 50 hours. As the glomerular filter in
the kidneys is impermeable to molecules with a molar mass above 50-60 kDa,
antibodies in the form ofIgG or F(ab')2 are eliminated by the cells of the immune
system. The fragments Fab are eliminated 10 to 20 times more quickly than the
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IgG and have a five times better distribution in the vascular compartment. They
are just on the threshold of renal filtration and are eliminated via the urine.

A significant superiority of the immunoglobulin fragments F(ab')2and Fab above
native IgG has never been demonstrated. However, the use ofwhole IgG presents
some theoretical disadvantages in comparison to the administration of
immunoglobulin fragments. The quantity of protein injected is higher for the
same level of efficacy and the fragment Fc of the IgG binds to the complement;
these two factors bring about a considerable risk of side effects. The advantages
of using the fragments Ffab'); and Fab over those ofIgG have to be considered in
the light of their respective disadvantages (Table XI).

Table XI
Comparison of the properties of immunoglobulin and its fragments

Properties IgG Fab2 Fab

method of harvest precipitation precipitation + precipitation +

pepsin papain
distribution > 6 hours 3 hours 1 hour
elimination (half-life) > 100 hours 60 hours 10 hours
tissue affinity 1 2 5
complement fixation yes No* no
immunological affinity lto2 1 to 2 1
excretion immuno- immuno- renal

competent cells competent cells

'activation of the complement alternative route

The quantity of proteins administered is similarly reduced in the two prepara
tions. The F(ab\ does not bind on the complement but activates the alternative
route of the complement, thus enhancing the release of C

3
' with clinical conse

quences which are difficult to evaluate. On one hand the venom spontaneously
activates the complement but on the other hand it releases interleukine 6, which
provokes a synthesis of anti-stress proteins that protect against anaphylaxis. What
ever is the case, the activation of the complement by the immunotherapy has never
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been demonstrated clinically.The fragment Fab is aprioribetter tolerated and its
neutralizing power has been widely confirmed. In contrast, its excellent diffusion
into the deep tissues appears to cause the immune complexes to remain at this
level which retards their elimination. In addition the short half-life of free Fab
reduces the length of their activity and imposes the need of repeated administra-,
tions that may cause side effects and be dangerous because of the higher doses of
injected proteins. Finally the elimination of the antigen/antibody complexes
becomes the main limiting factor. Taking place exclusively via the kidneys, the
elimination of the complexes formed with the Fab can be blocked if they exceed
the threshold size ofglomerular filtration, which frequently appears to be the case
with the proteins of snake venoms. The risk of kidney damage that is marked by
a noticeable decrease ofcreatinine excretion, is therefore a real one with this type
of immunoglobulin fragments. The not eliminated immune complexes remain in
circulation in the cardio-vascular system and some of them can still have their
toxic sites. The immune complexes formed with the F(ab')2are eliminated by the
immune-competent tissues, liver, spleen and lymph nodes, which is quick and
independent of their molecular weight and avoids nephro-toxicity.

2.3 Use of specific immunoglobulines 
indications for the immunotherapy

The use ofa monovalent antivenin, which in theory is more effective, depends on
the formal identification of the snake that caused the envenomation. The nor
mally used clinical criteria can be insufficient. If the identification of the snake is
uncertain, a polyvalent serum has to be used against the main poisonous species
known in the geographical region in which the envenomation took place. The
fact that the polyvalent serum also has a cross-reactivity provides a further mar
gin of safety.

2.3.1 Quantity of injected venom

This great unknown should determine the quantity ofantibodies to be adminis
tered. The quantity ofinjected venom normally is estimated according to the inten
sity of the clinical symptoms. Their early appearance is generally a sign ofseverity.
Because of the lack of precision of this method immunochemical tests have been
proposed to quantify the venom in the blood and in the urine: passivehaemagglu
tination, radio-immuno-titration, immuno-electrophoresis. These tests lack sensi-
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tivity with the exception of the radio-immuno assay (RIA), which is difficult to set
to work (cf.Table XVI). The ELISA tests are able to detect the early presence ofvety
small amounts of venom in the blood, the urine and even in organ samples. The
relative ease of use and the short delay waiting for the results are important advan
tages in medical practice; kits for this purpose are presently being evaluated.

These tests can also be used to evaluate the efficacy of the antivenin. However,
they are not entirely without faults. Non-specific cross reactions can occur or the
sensitivity could be insufficient. In a general way there is an inverse relation
between sensitivity and specificiry: there is a higher risk of false reactions in the
zones of high sensitivity.

In spite of these few drawbacks these tests have been used to verify whether there is
a correlation between the quantity of circulating venom and the intensity of clin
ical signs. Scales of severity have been drawn up and compared with the quantity
of venom in circulation and also sometimes with the quantity of venom excreted
in the urine.

2.3.2 Indications for antivenin

Antivenin is the only specific medication directly able to neutralize the effect of the
toxins present in the venoms: the principle of its use can therefore not be contested.

The indication of the antivenin will depend on the circumstances of the bite, the
delay since the bite, the symptomatology, the medical environment and particu
larly the availability of an intensive care unit. In Europe antivenin is indicated in
a child if the envenomation is certain and in the adult if it is severe and accom
panied by haernatological signs. In tropical countries the indication is wider, par
ticularly in children and in pregnant women in the presence of clinical or
biological signs pointing at an envenomation. Induced bites represent a particu
lar case: the identity of the snake is certain, and the bite inflicted by an animal in
a particular state of aggressiveness is potentially more severe. Also some patients
are recidivists and therefore are exposed to reactions of sensitization to the venom
or to the antivenin. The immunotherapy is not indicated if after an observation
period of three hours no clinical or biological manifestation appears. The sever
ity scales or scores established by different authors aim at defining and facilitating
the indication for an immunotherapy (cf. Table XV).
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For many the immunotherapy appears now as a global treatment of envenoma
tions and no longer only as an antidote to the lethal effectsof the venom; the anti
venin prevents the development oflocal and haematological complications like the
thromboses seen in casesof envenomations by Bothrops lanceolatus. It reduces the
time of hospitalization of the patient, in itself already an important indication.

2.4 Optimization of the therapeutic protocol and
administration of the antivenin

The rules for the administration of the antivenin remain controversial regarding
the delay beyond which the immunotherapy looses its efficacy, the route ofadmin
istration and the posology.

2.4.1 Delay of administration

It is agreed that immunotherapy, once the indication is given, is the more effec
tive the earlier it is administrated. However, a long delay between the bite arid the
start of treatment does not lead to the exclusion of the immunotherapy. The same
dose of antivenin given at different times after the injection of the venom leads
to an identical level of neutralization (Fig. 33).

Figure 33
Effects of delayed administration of F(ab')2s (after Riviere et 01., 1997)
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AB long as the damage that has occurred before the treatment is not definitive, the
efficacy of the serum therapy, even if late, can be significant. In addition, in some
cases the anti-toxin antibodies are able to destabilize the cellular toxin-receptor
bond. Also the clinical signs appear slowly, like the hemorrhages after bites by
Echis spp., due to a defibrinating action of the venom, which are severe but appear
slowly. Recovery without sequels has been reported in patients bitten by viperids
and treated after delays. It is not possible to determine a time limit after which an
immunotherapy no longer has an effect on the envenomation, but the posology
has to take into account the delay before the first administration of the immuno
therapy and must be adjusted as a function of the clinical state.

2.4.2 Route of administration

In view of the potentially more rapid diffusion of the toxins with their generally
lower molar mass than that of the antibodies, the intravenous route is presently
recommended by most authors. This has also been proven experimentally. The
speed ofdiffusion and of the bio-availabiliry are significantly greater than by other
routes, particularly the intra-muscular one, which is up to now recommended by
many producers of antivenins. The dose necessary to neutralize 1 DL,oo is four
times higher when given intramuscularly then when given intravenously. The
intra-muscular injection is not very effective and does not avoid the adverse reac
tions. The subcutaneous injection around the site of the bite should be prohib
ited: it is painful, ineffective and can induce local complications without avoiding
the general side affects.

Most often the antivenin is given by slow perfusion, diluted in an isotonic solu
tion. The slow,direct injection allows one to reduce by more than half the injected
quantity for an equivalent efficacy and a more rapid clinical improvement. Also,
the perfusion allows one to adjust the administration of the antivenin and to facil
itate the control of eventual adverse reactions.

2.4.3 Posology

It is based on the diagnoses of the snake responsible for the envenomation taking
into account the mean glandular capacity, on the delay before the start of the
immunotherapy, on the clinical state, on the titer of the antivenin and on the
medical environment. Age, sex and body mass of the patient are not important
criteria.
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In the absence of an up-to-date facility for the evaluation of the amount of toxin
in the circulation, one tries to have an excess of antibodies for the elimination of
all free toxin from the circulation in the body.The saturation of the vascular com
partment with F(ab')2Ieads to a complete and durable neutralization (Fig. 34).

Figure 34
Effects of different doses of F(ab')zs (after Riviere et al., 1997)
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In contrast, insufficient doses show rapidly their ineffectiveness, even if they tran
siently neutralize the venom, by the re-appearance of venom from the deep tis
sues. However, beyond a certain quantity of antivenin the therapeutic benefit
becomes negligible. The scalesof clinical severity can serve not only for deciding
on the indication for the immunotherapy, but also for better adapting its posol
ogy. Doses of 100 to 150 ml given in one day are recommended in the case of
tropical snakes. Presently much lower dosage rates are under consideration.

2.5 Adverse reactions caused by antivenin

The side effects observed during the immunotherapy are due to the administra
tion of foreign proteins, the previous sensitization of the patient to horse serum
or the presence of immune complexes that are difficult to eliminate by the body
(Table XII).
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Table XII
Classification of the side effects caused by immune therapy

155

antibody antigens Cells mechanisms

HSI IgE non-specific mast cells release of histamine
HSII IgG/lgM cellular K cells activation of the C'

(cytotoxicity)
HS III IgGlIgM soluble polynuclear activation du C'

saturation of the
immune complexes

HSIV variable T lyrnphocytes release of lymphokines

HS = hypersensitivity

The first of these effects are the non-specific type I hypersensitivity reactions that
are in proportion to the amount of injected proteins. They appear within min
utes of the administration of the antivenin. The sensitization to horse proteins
corresponds to a type III or VI hypersensitivity response with immediate (less than
12 hours) or delayed reactions (l to 3 weeks). Generally these reaction are benign,
particularly the type I hypersensitivity reactions. However, sometimes they can be
sudden and severe as in anaphylactic and anaphylactoid shocks. Finally the type
11 hypersensitivity reactions are specific and caused by the venom itself. They need
a previous sensitization, a previous contact, and thus occur in persons who had
already been bitten or those who handle venom. These are generally violent ana
phylactic shocks, potentially fatal in the absence ofappropriate treatment.

2.5. 1 Early effects

They occur in sensitized patients who previously had received an antivenin or anti
toxin (e.g. anti-tetanus serum) immunotherapy, but also in patients who had no
previous immunotherapy. In the first case one speaks of anaphylactic reaction and
in the second one of anaphylactoid reaction. The presence in the antivenin of a
strong proportion of Fc fragments, which have no antibody activity but activate
the complement, can induce an anaphylactoid shock, but this can also be caused
by the venom itself. The frequency with which these accidents occur is estimated
variably. Some poorly purified antivenins can lead to up to 30% of side effects or
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even more. However, the sudden, life threatening anaphylactic shock appears to
be rare, particularly with purified immunoglobulin fragments. In addition to dif
ferences in the nature of the commercial antivenins, the variation of incidence and
intensity of side effects can also be explained by the perception and interpretation
of the symptoms by the patient or the physician.

2.5.2 Delayed side effects

They are lesswell known than those discussed above. The heterologous antibod
ies of the antivenin need approximately three weeks for their elimination from the
body, which during this time produces its own antibodies against the not yet elim
inated serum. In a certain number of cases the precipitating complexes are formed
quickly and from this derives the name "9th day disease" sometimes given to this
late reaction which is also known as serum disease or immune complex disease.
The precipitating complexes are deposited on the walls of the small blood vessels
and provoke a series of usually moderate symptoms, mainly fever, urticaria,
adenopathies, arrhalgias and nephropathy with proteinuria. The severe forms, a
glornerulopathy with neuropathy, are the exception. Generally the course is benign
with a spontaneous recoverywithin two to four days. Generally a treatment is not
necessary. If the symptoms are severe, corticoids or antihistamines can be given.
However, this type of accident, like the preceding one, can constitute a contra
indication for a later immunotherapy.

Skin and conjunctiva tests have been proposed to try to recognize patients likely
to suffer from intolerance reactions to antivenin. Generally their predictive value
is regarded as unsatisfactory. Also a positive test does not preclude an immunother
apy if it is required by the clinical state of the patient. Consequently these tests
tend to be abandoned. The incidence of side effects, whatever their nature or their
intensity, is estimated variously but would be below 5% of patients treated with
the new generation of antivenins composed of highly purified immunoglobulin
fragments. With these products the incidence of serious and severe side effects
now lies far below 1%.

In spite of the reduction of the risk of side effects precautions have to be taken
systematically: availability of appropriate drugs (adrenalin, corricoids) and post
therapeutic observation.
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Several solutions can be envisaged to improve the immunotherapy with the aim
to obtain a greater efficacy and a better safety of use.

2.6.1 Improvements of the immunization of the animal

Antigen quality

The quality of the venoms used for the immunization must be monitored rigor
ously.A logical choice of venoms serving for the preparation of antivenins should
be based on the combination of a large number of fractions and a low toxicity.
The use of toxic fractions isolated beforehand can increase the protective titer of
the antivenin and reduce the quantity to be injected while at the same time avoid
ing the formation ofantibodies against non-toxic proteins.

Purified toxins can be used to enrich a venom which is poor in toxins and even
to substitute it: it has been shown that the antibodies against crotoxin, the prin
cipal toxin of the venom of Crotalus durissus terrificus, can neutralize the effects
of the complete venom.

Through cloning the toxins of elapids or viperids one can envisage a production
with the same aims. The production can be perfected by trying to select recom
binant variants that are less toxic and more immunogenic.

Finally, attempts to produce venom in vitro by culturing cellsof the venom glands
are still in the experimental stage.

2.6.1.2 Immunization procedures

In addition to the production of anavenoms and anatoxins by various physico
chemical processesor by molecular biology techniques, other processes have been
proposed, in particular the use of liposomes. The venom is incorporated into an
emulsion of sphingomyeline and cholesterol stabilized in membrane form. The
administration of such preparations by oral or parenteral route is followed by a
rapid rise in specific protective antibodies. The subcutaneous route appears to be
the most effective one, as the antigens remain in contact with the tissue
macrophages, which are the most efficient cells to present the antigens. The slow
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release of the antigen from the liposomes and its diffusion via the Iyrnphaticsallow
the continuous stimulation of the immune system. The presence of bacterial
liposaccharides in the liposomes can improve the immunological response. How
ever, because of its toxicity it cannot be used in man. Other adjuvants have been
tested; their efficacyvaries with the animal species that is used and can be negli
gible, particularly in the horse.

2.6.2 Improvement of antibody quality

2.6.2.1 Purification of antibodies by immuno-affinity

This technique would allow the retention of the specific antibodies only. The
purification of sera by immuno-affinity can be carried out on gels that are chem
ically coupled to the antigens of the venom. Proteins that do not react with the
gel are eliminated from the preparation, while the specific antibodies are retained.
Thereafter these are recuperated by a change of pH, which destabilizes the anti
gen-antibody bond. The antibodies harvested in this way are specific for the
venom used and have a higher specific neutralizing capacity. The doses to be
administered can therefore be smaller, which can help to reduce the incidence of
secondary reactions. However, the cost of production is higher. There is also the
risk of inadvertent contamination by the venom liberated from the coupling gel.

2.6.2.2 Isolation of specific immunoglobulins

The isolation of the IgG
T

, which are the principal IgG of the horse involved in
neutralizing the venom, would reduce the quantity of injected heterologous pro
teins. However, the IgG

T
are strongly glycosylated and can cause allergies, which

leavespart of the problem unresolved.

2.6.2.3 Fragmentation of antibodies

The controlled enzymatic digestion of the immunoglobuIins allows to obtain dif
ferent types of active fragments. The respective advantages and disadvantages of
the F{ab\ and Fab have already been discussed (cf. Table XI).

It is also possible to prepare the Fv fragments that are dimers made up by the
combination of the first domain of the heavy and the light chain of the IgG. First
obtained by chemical cleavage they have lately been synthesized by molecular
biology techniques. Their pharmacokinetic characteristics have not yet been
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established, but they offer interesting possibilities. Molecular biology also allows
the construction of the single chain or scFv (single chain Fragment variable),
variable fragments of antibodies, but their experimental use in immunotherapy
has not yet been tried. It is not yet certain whether they have real therapeutic
advantages, particularly if one considers the production constraints. In contrast
they can be used in the identification and titration of circulating venom in an
envenomation.

2.6.2.4 Production of monoclonal antibodies

At first view the use of monoclonal antibodies offers an alternative solution to the
use of polyclonal antibodies presently in use. They are obtained after fusion of
spleen B lymphocytes of hyper-immunized mice with murine myeloma cells.The
hybrid or hybridoma cells have the potential of unlimited multiplication and
secrete antibodies ofdetermined speciflciry, Monoclonal antibodies derived from
a single cell clone can combine only with one single epitope. In contrast the poly
clonal antibodies produced by multiple cellular clones can combine with most of
the antigenic determinants of the antigen. A certain number of neutralizing rnon
oclonal antibodies has been described and the neutralization of the lethal power
of the toxins by these antibodies has been studied. A monoclonal antibody against
the post-synaptic neurotoxin ofNaja nigricolliscauses the dissociation of the com
plex formed by the toxin with the post-synaptic acetylcholine receptor. They then
combine in a ternary complex receptor-toxin-anribody that has no toxicity. A
monoclonal antibody which in vitro inhibits the enzyrnatic activity of crotoxin,
the phospholipase Az neurotoxin of Crotalus durissus terrificus acting on the pre
synaptic level of the neuro-muscular junction, also neutralizes in vivo the lethal
power of this toxin. The murine antibodies can cause an immune reaction in man.
One has tried to reduce this reaction by "humanization", by transplanting the
hypervariable regions of the murine antibody, which carry the neutralizing func
tion, onto constant regions of a human antibody. Such chimeric molecules, pro
duced by molecular biology techniques, have already been realized against
lymphocytic receptors or in antiviral therapy. They have better pharmacokinetic
parameters than the murine monoclonal antibodies and do not appear to provoke
an immune response. These processes can be applied to the Fab or the Fv. These
techniques are not only costly but the use of monoclonal antibodies for the treat
ment of human patients is contra-indicated as long as they are produced by tu
mour cells.
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2.6.2.5 Changeof animal species

Other species than horses are suitable for the production of antivenins for thera
peutic use: in this way hypersensitivity reactions due to a previous injection of
equine serum can be avoided. They have amongst other advantages the one that
they do not produce sensitizing IgG

T
• Some commercial antivenins have already

been prepared from sheep (Annex 2). However, the non-conventional transmis
sible agents (NCTA) throw a shadow over the present way of antivenin prepata
tion; as long as many unknowns remain with regard to the mode of transmission
of these conditions and their early detection is not solved in a simple fashion, one
hesitates to recommend the wider use ofantivenin derived from hyper-immunized
sheep. In the present state of knowledge it will be better also to avoid bovines,
which in any case are rarely used for therapeutic sera. There are some goat
antivenins, anti-Bungarus multicinctus, esui-Calloselasma rhodostoma, and anti
Vipera latasti, or prepared from rabbits (anti-Naja naja).

In the particular context of the NCTA there is also the possibility of obtaining
neutralizing antibodies from birds. They can be harvested easily from the eggs.
The avian antibodies have a high protective power and do not react with human
complement, which reduces the frequency of side effects. However, the IgG of
the fowl are strong allergens and the general yield could be much lower than from
the horse. One could also wonder about the possibility to study the tolerance and
the yield from larger birds, geese, turkeys, ostriches, as their production is being
developed and their eggs are underutilized.

Recently the attention has been drawn to the immunoglobulins of the camelids.
Some of the immunoglobulins of the camelids lack a light chain, which on one
hand reduces their molecular weight and on the other hand enhances the recog
nition of the epitope.

2.6.3 Improvement of treatment protocols

The treatment ofenvenomations is not standardized and the practices are largely
empiric, not very rational, ineffective and even dangerous (subcutaneous injec
tion around the bite, under-dosage in children, posology independent of the sever
ity of the envenomation or clinical problems).
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2.6.3.1 Adaptation of the posology

The immunological titration of the venom and of the antivenin in circulation is
already possible with the help of ELISA tests. The limits of these tests have been
mentioned. Yet they offer the possibility to better adjust the quantity of antivenin
needing to be administered. In the absence of this possibility one relies on the
symptoms and their development to evaluate the severity of the envenomation
and to deduce the quantity of immunoglobulins needing to be administered and
the need of their repetition.

2.6.3.2 Potentiating the antivenin

This allows to reduce the quantity ofantivenin to be injected and thereby the side
effects and the cost of the treatment. An effort is made to find adjuvants which
re-enforce the neutralizing power of the antivenins and which could have an an
tagonistic affect on the venoms. The effect of certain drugs or plant substances on
envenomations has been known for a long time. In some cases the theoretical ben
efit of such a substance has been confirmed in clinical experiments.

3. Medical Treatment

3.1 Treatment of the neurological problems

The neurotoxins that bind to the cholinergic receptor of the postsynaptic mem
brane are antagonized by neostigmine. Neostigmine acts by inhibiting cho
linesterase, the enzyme that destroys acetlycholine after its action on the receptor
of the postsynaptic membrane. In a cobra envenomation the administration of
neostigmine keeps the acetylcholine on its receptor authorizing the passage of the
nerve signal and compensating the blockage of the latter caused by the binding
of the neurotoxin on some of the receptors. In other terms, neostigmine enhances
a competition between the physiological mediator of the nerve stimulus acetyl
cholin and the neurotoxin that hinders the conductivity of the nerves. The lim
its of a treatment with neostigmine will therefore depend on the number of
receptors left unoccupied by the neurotoxin at the time of the treatment. It is thus
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important that the treatment be given early unless it is given in conjunction with
an immunotherapy freeing the cholinergic receptors that are immediately occu
pied by the neostigmine. In a single dose neostigmine triples the delay before the
onset of the lethal effectsof the venom, while the same dose in fractionared amounts
increases the delay by five times.

The 4-aminopyridin and its derivatives block the potassium channels and enhance
the penetration of calcium into the pre-synaptic cells and stimulate the release of
acetylcholin, These substances increase the excitability of the nerve fiber and pro
long its action potential. These potassium channel blockers are more particularly
active on the diaphragmatic synapses. One therefore has a 13-neurotoxin antago
nist that is probably less active against an intoxication by a- neurotoxins.

The facilitating toxins or dendrotoxins of the venoms of Dendroaspis are antago
nized by atropine. These toxins act on the postsynaptic membrane and enhance
the release of acetylcholine into the synaptic gap. These repeated and intensive
discharges of acetylcholine cause an excitation of the parasyrnpathetic receprors
in the heart muscle fibers, the smooth muscles of the digestive tract and of the
lungs and of the central nervous system. Atropin binding to the same receptors
prevents the acetylcholine from binding. In contrast to neostigmine, the effect of
atropine does not depend on an early treatment. In effect, the action ofacerylch
line is short because of the action of acetylcholinesterase. The effect of atropine
on the venoms of elapids, which have no facilitating toxins, aggravates the respi
ratory problems while potentiating the curarizing neurotoxins: There is thus a real
danger if they are not used with discretion.

3.2 Treatment of local symptoms

In the case of the venoms of viperids the anti-inflammatory and analgesic effect
of many drugs will be ofparticular use. However, substances acting on blood coag
ulation have to be avoided as they can aggravate the haemorrhagic syndrome that
also occurs in viperine envenomations.

The salycilate anti-inflammatories will have to be avoided apriori because of their
action on the blood platelets and on haemostasis. The corticoids have a power
ful anti-inflammatory action and cause quite an enzyme inhibition, which can
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be beneficial in some viperine envenomarions, One has to take into account the
contra-indications of the corticotherpay, particularly the haemorrhagic compli
cations and the immune suppression, which can accentuate the risks of a local
infection.

3.3 Treatment of the haemorrhagic syndrome

The treatment of the haemorrhagic syndrome is much more difficult.

The sulfuric polyester of pentosane (Hernoclar") has shown experimentally and
clinically a certain efficacy although the reason of this has not been elucidated.

Heparin and its derivatives are often recommended but appear to be of use only in
some particular instances. Generally, as we have seen already, heparin has no
inhibitory effect on the thrombin-like enzymes of the venoms of viperids. How
ever, one cannot exclude the fact that experimental administration of heparin
reduced the toxicity ofcertain venoms.

Heparin also reduces the myoroxic effects of the venom of Botbrops jararaca and
increases the efficacy of the antivenin. Drugs that inhibit the enzymes of the fib
rinolytic system, tranaxemic acid (Exacyl") or e-amino-caproic acid (Hernocaprol")
can be prescribed when a primary or secondary fibrinolytic activity is suspected. It
is probably also that property which explains the efficacy of the corticoids. Cer
tain inhibitors are being evaluated either for local or if their tolerance permits for
generalized application. Experimentally the efficacy of antithrombin III in syn
ergy with the antivenin has been demonstrated against certain viperid enveno
mations, Antithrombin III would act by inhibiting certain coagulating substances
of the venom even when the antivenin is found to be insufficient. Experimentally
EDTA has an indisputably inhibiting action on many venom enzymes, notably
the merallo-proteases. Human clinical trials confirm this observation. Para-bro
mophenacyl bromide (Batimastat") is an inhibitor of the metallo-proteases and
its efficacy in local lesions due to the venom of Botbrops asper has been confirmed
experimentally.

The thrombolytic drugs like streptokinase or urokinase could be of interest in cer
tain envenomations, provided they are administered very early, at the moment
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when the action of the venom is too coagulant and can provoke visceral
embolisms. The efficacy of these drugs still is controversial.

3.4 Supportive treatments

Finally, the action ofsome drugs remains unexplained. The antihisramins reduce
the toxiciry of the venoms and porentiate the effect of the immunotherapy. It is
possible that the mode ofaction should be researched at least in part at the levelof
the inflammatory response that would be regulated and limited as far as its calami
tous effectsare concerned. However, the fact that the toxicity ofelapid and viperid
venoms is reduced in similar proportions leads to the thought that either a direct
effect on the venom or an immune stimulating effect could be the cause of that.

The lethal effect of severalsnake venoms can be reduced by certain common drugs
like chloroquin and chlorpromazine with regard to the venoms of Bungarus
caeruleus and B. multicinctus or dexamethasone against the venom of Oxyuranus

scutellatus. Other drugs like diltiazem, nicergoline, verapamil, also give a protection
against the lethal effect of these venoms.

Diuretics accelerate the elimination of the toxins which are not bound by antibodies.

Experimental results confirm the role of certain plants used in traditional thera
peutics and their different properties can become useful for symptomatic treat
ment (cf. Table IX). The conditions of their use still have to be defined to

guarantee their tolerance and their efficacy and the necessary human clinical tri
als will have to be carried out.

4. Vaccination

Vaccination has been envisaged as a replacement of the immunotherapy. Techni
cally, effectiveanaroxins are availablewhich can be injected or given in the form of
active liposomes by the oral route. In Japan the clinical analysis of Protobothrops
bites has let to the conclusion that the victims of severe envenomations due to the
introduction of massive doses of venom into their body, could benefit from an
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immunity, even a weak one, against the venom; it would delay the appearance of
symptoms and allow a more efficient treatment. The haemorrhacic factors have
been purified, inactivated by formalin and injected with adjuvants into volun
teers. A sufficient antibody tirer was reached after the third injection. However,
morbidity and mortality remained unchanged and the trial was abandoned as a
failure. Recently trials were carried out in Myanmar against the envenomation by
Daboia russelii. The immunization of the volunteers was achieved with three doses
with acceptable side effects. The immunological titer appears to protect against
one lethal dose of the venom. The duration of the protection and the efficacy of
the vaccine have not been evaluated for ethical reasons.

The main difficulty encountered with vaccination is the delay between the pene
tration of the antigen and the immune response. In the case of a microbial agent
the pathogenic effect is delayed by several hours at least and generally by several
days, which leaves time for the antibodies to be mobilized against the intruder. In
the caseof an envenomation the toxic action is immediate and leaves little time for
the immune response and the production of a sufficient quantity of antibodies.

The benefit of the vaccination of part of a population must be measured against
the risks of side effects for all the vaccinated subjects. In addition many problems
remain linked to a large-scale vaccination of a population, notably in developing
countries.





PART III

Envenomations





CHAPTER 5

The Epidemiology
of Envenomations

The frequency of bites and their severity depend at the same time on the human
activities and those of the snakes. The circumstances of the encounter between
man and snake are not by chance and several factors contribute to the risk of
snakebites. In addition to occasional or accidental bites, illegitimate bites linked
to the voluntary manipulation of snakes have been observed for several decades
and particularly in the industrialized countries.

1. The Ecology of Snakes

The activities of snakes are difficult to quantify. For the epidemiologist two types
of information are important and often sufficient, the density of a population and
its composition. The population density of snakes varies in space and time and
explains to a large part the incidence of bites. The taxonomic composition, which
is the proportion of the various species encountered in a precise area, has an effect
on the severity of the bites.

Different methods are used to collect snakes and to study their demography, ecol
ogy, physiology and ethology.The techniques of observation depend on the objec
tives and have variable constraints. Most often they are used in combination.

• Active capture can be by opportunity or targeted and consists of collecting
the snakes dead or alive as they are found. This is carried out along a natural
transect (forest edge, river bank, cliff) or an artificial one (fence, road, rail
way line). The result can be measured as unit of surface, distance or time.
The collected information is of demographic, ethological or physiological
nature. A chosen method may introduce a large but often unforeseeable bias.
The choice of place and time is selective and has a strong influence on the
interpretation of the results. However, it can also be perfectly representative
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of a given epidemiological situation (notably occupational activity) and
express a determined potential risk.

The exhaustive capture in a delimitated area probably is the only suitable method
for the determination of the real population density. In practice the area is defined
and closed in by a fine mesh net and all the snakes within are caught.

• Trapping in its different forms is a passive form of collection derived from
the preceding one. It consists of placing the devices designed to attract and
hold the snakes. There are two types of traps: the shelter that simulates more
or less the natural resting place of the snake without retaining the snake by
force, and traps that prevent the animals from escaping. Trapping can have
the same methodological limitations as active capture. Particularly the type
of trap, the material used, the spot where it is placed and the frequency of
visits all affect the results and their interpretation. The selection of animals
to be caught cannot be controlled any better than is the case with active col
lection. In addition the devices are often costly and attract attention and
many interferences, intentional or otherwise, sometimes malicious, which
hinder the observations.

• Marking is a more rigorous and informative method. It can be done with the
help ofpaint, rings, tattoos cuts on the scales or radio-active isotopes. These
methods are simple but some of them are temporary or traumatizing; all can
have an effect on the behavior of the animal or on facilitating its capture by
predators. A recent technique consists of placing a small transponder ofonly
a few mm" under the skin of the animal with the help of a syringe. In all
these cases it is necessary to handle the animal for marking it and later for
its identification, which may cause an observational bias and can be dan
gerous. Also the animal must be found again, which is another limiting fac
tor. Since a few years there are small radio transmitters that send a
continuous signal on a constant frequency and the snake can be forced to
swallow such a transmitter or it can be implanted surgically (telemetry or
radio tracking). Although this procedure is more costly, it renders any fur
ther contact with the snake unnecessary and does not oblige the investiga
tor to make visual contact with the snake as the transmitted radio signal is
sufficient to determine the exact whereabouts of the snake every time that
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this is required. In this way the observer does not interfere with the move
ments of the snake. These techniques require a large investment of material
and/or time but they furnish detailed information. They can serve to give
precise information on the movements of the snakes (distance, duration,
causes, circumstances) and certain physiological (growth, longevity, sexual
cycle), ethological (prey, predators, day-night cycle) and demographic param
eters (abundance, fecundity, mortality).

The marking and recapture technique, which consists of marking simultaneously
a large number of animals that are then released to be recaptured later, is one of
the most often used procedures for demographic studies.

1.1 Demography

The population density can be expressed in three different ways.

• The absolute (or real) density is the exact number of snakes per unit of sur
face area, ofvolume, or in some particular casesof linear measure (length of
rivers or of hedges). This is an ecological indicator that is difficult and costly
to obtain. It is of great importance for the demographic study of a popula
tion. However, it does not address the complexity of the circadian cycles of
the snakes, which are active at variable times during the day and the night.
For the epidemiologist this information is often more important than the
actual density of a population.

• The apparent density answers this need. It is less precise than the absolute
density as it depends strongly on environmental conditions, on the behav
ior of the snakes and on the research methodology. It corresponds to the
number of snakes collected during a defined activity over a limited surface.
This number is placed in relation to 100,000 potential catchers and can then
be compared with the number of observed bites.

• The abundance corresponds to the number of individuals in a population.
The abundance figures produced by marking and recapture are probably the
most reproducible values and come closest to the real density while still leav
ing the possibility ofan epidemiological interpretation. The principle is based
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on the frequency of capture of marked individuals in relation of the total
result of the collection. The approximate total sizeof the population can then
be figured out with the help ofa simple formula.

Principally the absolute and apparent densities are proportional in the same loca
tion provided that the relation between the controlled parameters (number of
catchers/number of exposed persons, time of capture/time of exposure, surface
areas) is taken into account.

The differences in density allow the comparison of the abundance data between
sites or more often at different periods. In this way it is possible to evaluate the
effect of a natural or artificial event on a population or more generally the sur
veillance of the demographics ofa population.

1.2 Abundance and apparent density

The demography is linked intimately to fertility and mortality. The numbers of
progeny and the longevity differ very much between species. Vipers and cobras
live on average between 5 and 15 years, crotalids 25 to 30 years and boas and
pythons 50 years and more. The colubrids can live for 5 to 30 years.

The apparent density varies with space as land use of the area (plantations, divi
sion into lots) creates different environments with a direct influence on the behav
ior of the snakes. Depending on the species and the ecological changes taking
place the snakes are either attracted or repelled. The apparent density also fluctu
ates with time under the influence of seasonal and physiological factors that affect
their behavior.

Accumulations of snakes can have natural (hibernation, mating), accidental (inun
dations) or circumstantial causes (land use). Snakes do not have a developed social
behavior. However, the concentration of individuals can become necessary by envi
ronmental constraints or by localized but dispersed favorable conditions. In tem
perate climates the snakes have to adapt to the climatic variations and to the rigors
ofwinter. Considerable numbers of snakes can come together in a communal bur
row. These shelters can be natural cavities that are unoccupied or burrows shared
with other animals. Different species, even prey animals together with their pred-
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ators can thus find a place in the same refuge. It is possible that these accumula
tions help the individuals to maintain their thermal equilibrium. At the end of
winter the reproductive Vipera aspis attracts severalmales that intertwine and form
a ball or knot, and this might increase the chance of her being fertilized.
Thamnophis sirtalis is known for the accumulation of several thousand, up to

8,000, individuals in a winter shelter, which appears to enhance conditions for
mating in spring. The nuptial parade can assemble several tens of males around
one single female. As the same thermal conditions are required for gestation, there
is also a tendency for the females to gather in a favorable place. It appears that this
is rather because of the opportunity than of a real need to be together. For the
same reason the females may also lay their eggs in the same place. Eggs of differ
ent clutches and even of different species can be found together in such a place.

The variations in population density can have natural, accidental or circumstan
tial causes. A lowered rainfall is accompanied by a strong decline in snake popu
lations, because of the decrease of prey animals as well as because of unfavorable
environmental conditions, notably the dryness of the soil. Bush fires used in devel
oping countries for the practice of slash and burn cultivation cause a significant
reduction of snake densities in comparison to uncultivated areas (Fig. 35).

Figure 35
Comparison of absolute snake densities in burned

and unburned savannah (after Barrault, 1971)
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decrease of the snake population density and of the number of species from the forest to
the Sahel, The destructionof snakes by man isfar from negligible ascauseof their decline.
This destruction can be intentional (hunting poisonous snakes, but particularlyfor food
and for their skins) or involuntary (road kill). Human population increasehas a nega
tiveeffect on most snake species even though it may be beneficialfor some of them.

The population density varies with species and with geographical regions. The pop
ulation density of the Mediterranean colubrid Natrix maura is about 10 individu
als per hectare in the Massif Central and 30 in the plains of Languedoc. That of
Malpolon monspessulanus, the Montpellier snake, is 10 individuals per hectare. The
population density of the Far Eastern colubrid Rhabdophis tigrinus can be more
than 42 individuals per hectare. On the island of Guam (Micronesia) densities of
80 to 120 individuals per hectare have been reported. Some species of colubrids
even reach densities of several hundred individuals per hectare. Most often this
happens at certain points, which can be explained by particular local conditions.

In venomous snakes the numbers are often smaller: 5 to 10 Agkistrodon contortrix
per hectare in North America or Protobotbropsflavoviridis on certain Japanese islands.
On the Amami islands the density of P. flavoviridis is between 1 and 8.2 individu
als per hectare, it is 11 specimens per hectare on the island Minnajima and 32 per
hectare on Okinawa. In some cultivated areas it can reach some 20 individuals per
hectare while in residential zones it is on average 2.5. The distribution of the pop
ulation is, in fact, very irregular and next to areas entirely freeofsnakes one can find
localitieswith severaldozen individuals on a few hundred m', which brings the gross
density to more than 600 crotalids per hectare. In northern Europe (Finland and
the UK) densities of 5 to 15 vipers per hectare are observed. In southern Europe,
notably in France, larger densities are sometimes mentioned. In tropical countries,
South East Asia and sub-Saharan Africa, zones with several hundred snakes per
hectare have been described. Such is the case ofEchis ocellatus in the Sudanese savan
nah where the density per hectare can reach several dozen specimens.

1.3 The territory

Few facts are known on the territories of snakes, but the sum ofobservations tends
to prove that the space in which a snake moves is limited and constant throughout
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its life. Probably this space is in proportion to the snake's biornass, namely its sizeand
its energy requirements. However, some circumstances can push the snake to leave
its normal territory. Environmental changes,whether natural (flooding, fires) or inten
tional (construction, land use), are reasons for leaving the territory. Climatic con
straints (rainy season in the tropics or winter in the temperate zones) and human
activities, also often seasonal, equally influence movements of snake populations.
However,communal burrows can be far from the individual territory and oblige the
snake to move quite far in spring to regain its territory: 350 m for Thamnophis sir
talis males, but up to 18 km for females, 1.5 km for Vipera berus, Agkistrodon con
tortrix and Crotalus horridus, 2 to 4 km for Crotalus atrox and C viridis. However, a
migration in the strict sense has never been observedexcept in certain marine snakes.

The configuration of the territory is adapted to the biotope: linear in hedgerows
or mountains, while in forests, scrublands, heaths, fields and fallows it is polygo
nal and larger. To measure the surface of a territory is quite difficult: Depending
on the mathematical method, an exaggeration can double or triple the really uti
lized surface. In effect, snakes generally move along the same paths, following their
own spoor.

The territory changes little during the life of the snake. The translocation ofsnakes
causes a five times higher mortality than normally expected. Displaced snakes
show an abnormal behavior: They move more often and over longer distances
than those that stayed in their original territory. The daily distances are increased
threefold and the territory tenfold, which also confirms that the type of calcula
tion artificially increases the surface of the territory. In subsequent years these
movements tend to become normal again. Even in temperate countries after hiber
nation the snake finds again the place it had occupied the preceding year. How
ever, some species can change their territory without being forced to do so by
major ecological constraints. Such is the case with Vipera aspis, which in this way
shows it great ability to adapt to very different ecological and climatic environ
ments. These changes are relative, though; the newly occupied territory always
includes a part of the old one.

The territories of Vipera aspis and V berus vary between 300 rrr' and 2 ha depend
ing on the landscape. On average it is 5,000 and 6,000 m', The daily distance cov
ered by a viper is about 10 m on average.A male moves about three times further
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than a female . The females move infrequently, over short distances and only for
short times with long periods of inactivity in between, while gravid females move
even less frequently and over still shorter distances (Fig. 36).

Figure 36
Territory of Viperaaspis in scrubland in the Vendee

(afrer Naulleau, 1977)

Rhabdophis tigrinus moves on average 55 m in one season and about 120 m in the
following season. The maximal distance covered during a season is 345 m. Colu
berconstrictor in the United States has a territory of a dozen hectares, six times the
size of that of the European viper according to the same method of calculation.
However, the occupied surface varies on average from 0.4 to 12 ha depending on
the region. These differences are due to food preferences (insectivorous in a con
tinental climate and carnivorous in an oceanic climate), individual nutritional dif
ferences depending on energy needs, and prey abundance, which in turn is linked
to environmental constraints. The dail y movements of this species, also called
"racer" are on average between 33 and 105 m according to the studies. Surface
areas in the order of 10 hectares have been mentioned for some species. The ter
ritory of certain North American crotalids covers between 8 and 28 ha with an
average distance covered during a year of 600 to 1,900 m. Protobothrops fiauouiridis
moves approximately 200 m a day in a maximal area of 700 rrr', Each individual
returns to its starting point at the end of its circuit. The daily distance covered by
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Bitisgabonica in Equatorial Africa is 25 m for the female and 50 m for the male.
Essentially these movements take place at night. The territory covers between 0.8
and 1.6 ha. In addition to methodological inaccuracies, great variations can be
caused by the high biomass of a snake that needs more prey, or by unfavourable
environmental conditions like deserts where the scarcity of prey animals forces
the snake to cover longer distances. The Pacific Ocean marine elapid Aipysurus
laevis has a territory of 1,500 to 1,800 m' with a reef length of approximately
150 m.

Factors influencing the size of the territory are both environmental (temperature,
plant cover, prey abundance and predation pressure) and physiological (energy
requirements, reproduction, state of health).

1.4 Movements and emergences

Snakes move for four reasons, except in temperate countries during hibernation,
which is a time of absolute rest.

• Huntingleaves intervals of rest of several days or weeks needed for digestion.
It takes place at regular hours that differ with species, and is the main cause
for the individual movements of snakes during the day-night cycle. It is lim
ited to the territory of the snake. This activity can change with the rhythm of
the seasons. Temperature, sunshine and humidity probably are the essential
factors. There can be seasonalvariations: in spring Vipera aspis prefers to hunt
during the day, but in summer also sometimes at night, particularly if it is very
hot during the day. In the tropical regions the times are regular and constant
except for the strong rains, which incite the snakes to leave their shelter.

• Thermoregulation is assured in the poikilotherm snakes by an exposure to the
sun, which allows the warming of the body.The length of the basking period
depends on the ambient temperature, the metabolic requirements and the
state of health of the snake. As it cannot by itself raise its temperature in the
case of fever, it has to place itself into the sun to warm up. The excursions
of the snakes also depend on the climatic conditions: sunshine, relative
humidity, temperature of the air and of the substrate on which the snake
moves or rests.
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• Matinggenerally is a seasonal activity. The mating season does not affect the
absolute population density, but the snake's search for a sexual partner
increases the frequency of human/snake contacts and this is in line with a
significant increase of the apparent density. In countries with a temperate
climate mating takes place in spring just after the end of hibernation. In trop
ical regions mating generally occurs at the end of the dry season. It is to be
noted that the males go in search of females. This appears to be a general
phenomenon in snakes and is the reason for a very skewed sex ratio in cer
tain seasons. In tropical areas the sex ratio can reach seven males for one
female in the mating season. (Fig. 37).
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Figure 37
Seasonal variation of the sex ratio of snakes
in a humid tropical region (French Guyana)

In the Languedoc the sex
ratio of Vipera aspis varies
from 0.8 to 3.7 males per
female according to the
season and the sexual ac
tivities of the snakes. Sev
eral speciesof snakes have
a diphasic sexual cycle,
having two reproductive
seasons. Some species,
particularly in the humid
equatorial region, are
polyesuous and reproduce
throughout the year.
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During gestation the females move little because of reduced nutritional
requirements. In contrast they bask to regulate their temperature, which has
to remain high for the maturation of the eggs.

• Birth (hatching) is also a seasonal activity and following it the young snakes
have to go in search of their own territories. The conquest of their own terri
tories is anarchic and takes a long time. During this period there is a multipli
cation of total numbers, which is seen by a very significant increase in the
number of collectedspecimens. The number of eggslaid by the oviparoussnakes
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and of youngstersgiven birth by the ovoviviparous snakesvaries with the species.
It can be up to 10 eggs in Dendroaspis viridis and Causus maculatus, 15 eggs in
Dendroaspis polylepis and Lachesis muta, 20 hatchlings in Trimesurus albolabris,
20 to 25 eggs in the Naja spp. and Causus rhombeatus, 30 hatchlings in Cal
loselasma rhodostoma and Bitisarietans, 40 hatchlings in Bitisgabonica, around
50 hatchlings in Botbrops atrox and around 100 eggs in large females ofPython
sebae. These numbers cause a sudden increase in snake population densities,
which decline rapidly during the following months due to heavy predation. It
appears that there is a great diversity in the modalities ofdispersion of the new
born snakes. The dispersion is immediate, continues during the first few days
and can involve large distances. However, some young ones right away show a
more sedentary behavior,even more so ifenvironmental conditions induce them
to further restrict their movements. For the rest, the movements appear to be
dictated by chance and can take them on a circular trajectory back to their start
ing point after a more or lessprolonged journey.

It has to be noted, though, that while egg laying is economical for the female
which is freed quickly from the burden of her eggs, it is costly for the popula
tion because of the destruction ofeggs. In contrast it has been shown that ges
tation renders females vulnerable because of an increase in predation exerted
on them.
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Figure 38
Seasonal variation of the abundance

of snakes in French Guyana
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The combination of these
different constraints is the
reason for the seasonal vari
ations of population densi
ties (Fig. 38). In any case
most authors have found
that sexual behavior is the
main factor influencing the
relative population density
of snakes.
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1.5 The composition of populations

In epidemiology the composition of populations can be limited to the venomous
species present in a biotope or a particular site. The identification of dangerous
speciesallows one to anticipate the number and severity ofenvenomations as well
as the main symptomatology to be expected. Experience has shown that there is
a strict correlation between these results and morbidity or lethality,

Water and agricultural works certainly are a major factor in the redistribution of
snake popularions, The attraction or repulsion ofcertain species leads on one hand
to a modification of the snake population density and on the other hand to a selec
tion for certain species.

Each species has its own preferences which attract it to a biotope or which drive
it away as a consequence of ecological changes, mostly produced by man.
Schematically the snake species can be separated into three groups:

• wild species which keep away from inhabited places and tend to disappear
with agricultural development; some of these are seriously threatened;

• indifferent species, the behavior of which does not appear to be much af
fected by human influence on the environment;

• commensal species which flourish in the immediate human environment.

Riverine or traditional village agriculture uses a small surface if one considers the
respectivesizeofeach lot. The limited surface of the fields explains why there is no
clear rupture with the neighboring natural environment. The snakes found there
are the same as those in the adjacent bush and their behavior is very similar.

In contrast in commercial plantations the acreages used and their ecological par
ticularities in relation to the natural environment turn them into a specific entity.
Each type of plantation has a structure and a population linked to the cultivated
product and to the agricultural methods used. Banana plantations are an excep
tion as the culture methods vary from one farm to another and this leads to
important differences between snake populations (Fig. 39). In some banana plan
tation the mulching which helps water to be retained at the foot of the trees, shel-
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Figure 39
Snake populations on plantations in sub-Saharan Africa
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ters a large population of the semi-burrowing viperid Causus maculatus. Other
plantat ions that are irr igated by ditches in whi ch water circulates between the
blocks of trees, are attractive to Afro natrix anoscopus, a piscivorous colubrid which
is aggressive but without dan ger to man.
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In Panama the Bothrops spp. (croralids with a hemorrhage-causing and necrotiz
ing venom) constitute 25% of the snake populations on certain fruit plantations
where the lethality is high. InJapan the Protobothrops spp. (crotalids with a mainly
necrotizing and sometimes hemorrhage-causing venom) form up to 90% of the
populations on the southern islands, mainly occupied by rice paddies. Venomous
snakes are rare in pineapple plantations; they are represented by arboreal species
in rubber tree plantations (elapids in Africa, elapids and crotalids in Asia), by
mammal-eating snakes in palm plantations and aquatic ones in rice fields.

In urban zones there is a much stricter selection of species. However, some ven
omous snakes show a disquieting commensalism with man (Bothrops atrox in
South America, Naja nigricollis in interrropical Africa and certain species of cro
talids in South East Asia). While the snake population is thin, the human popu
lation there is very high and consequently there is a considerable risk of
encounters.

Many venomous species are ubiquitous and commensals of man. In Europe Vipera
aspis adapts remarkably to environmental transformation, though without leav
ing the strictly rural environment. In contrast in tropical regions Causus macula
tus, Naja nigricollis and to a lesser degree Echis ocellatus, Naja melanoleuca,
Dendroaspisjamesoni and D. viridis stay in the urban environment with a prefer
ence for rubbish dumps, where their preferred prey abounds.

2. Human Behavior

2.1 Agricultural and pastoral activities

Human activities in the rural environment represent a real exposure to snakebites.
However, important variations are seen as function of the biotope. This is due to

the behavior of the snakes as well as to the agricultural practices.

In the industrialized countries a small proportion of the population is engaged in
agriculture, which in addition is heavily mechanized. Consequently the risk of
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snakebites is reduced. Even in industrialized countries that have many speciesdan
gerous to man, the incidence remains low. However, tourism and recreational
activities in contact with more or less managed nature are growing steadily and
this increases the relative risk ofaccidents.

If in temperate countries snakebites are rare events, their incidence can be con
siderable in tropical or equatorial countries.

Non- or poorly mechanized agricultural activities are the source of the largest
number of accidents. It is possible to quantify more precisely the risk ofexposure
by measuring the time taken for the work and its nature. This is relativelyeasy in
a commercial plantation where the number of workers and their work are pro
grammed and measured precisely. It is more difficult in subsistence plantations
for which this type of information is not always available.

Human occupations are also seasonal, particularly in the plantations and this
shows that the distribution of snakebites due to human/snake encounters is not
dictated by chance.

In some cases the agricultural work program leads to a paradoxical situation where
the number of bites does not correspond to the observed population density of the
snakes. Some agricultural activities, even if only short, lead more than others to a
contact between workers and snakes. Only a closesurveillanceof the apparent den
sity allows the identification of the unforeseen event that leads to the paradoxical
situation. The manual cleaning of the irrigation ditches in banana plantation is a
perfect illustration of this phenomenon. It takes place outside the seasonsof inten
siveactivities (of man as well as of snakes) and during a short time span and with
a small number of personnel, yet it still represents a particularly high risk.

The number of people cultivating at anyone time in traditional village planta
tions is small, meaning a low density of workers with variable working hours.

In large commercial plantations human density is high and often the workers are
engaged in a collectiveactivity. Regular hours tend to uniform the risk. There the
incidence is generally higher than in villageplantations. The morbidity varieswith
the species composition of the snake population and this shows the importance
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of its identification. In some banana plantations a ten times higher incidence is
registered than in adjoining subsistence plantations. However, the lethality there
is much lower. In any case, even though half of the specimens collected are Causus
maculatus, a small and relatively aggressive viperid, the risk ofsevereor lethal com
plications is low because of the weak toxicity of the venom. Lethality is limited
on the plantations in certain developed or emergent countries (japan, Central
America) because of a health service specially designed for combating the risks of
snakebite. Functional sequelae nonetheless affect 10% of the bitten persons
because of the particular character of certain venoms.

2.2 Other activities

Some activitiesfavor contact with snakes: hunting, fishingand camping offer equal
occasions for an encounter.The snakesare hidden under stones, under heapsof dead
wood, in the bushes and can attack when surprised or when they feel cornered.

Amongst tourists and expatriates the incidence ofenvenomations probably is less
than 10 per 100,000 persons a year. This is because their activities do not lead to
contact with venomous animals and perhaps also because of a certain prudence
in their behavior or due to appropriate protective clothing. In contrast the risk
linked to certain types of behavior has to be underlined. In some tropical coun
tries walking barefoot even in the house, sticking a hand into a hole in a tree or
rock or termite mount can have dire consequences.

Much attention is also given to the risk ofenvenomations in armies called to oper
ate in zones populated by venomous snakes. Whatever the incidence - of 10 to
50 bites per 100,000 soldiers operating in tropical regions - the main preoccu
pation of headquarters on one hand is to have in place the specific means to treat
the envenomations correctly (appropriate anti-venoms in sufficient quantity) and
on the other hand to avoid an outbreak of panic amongst the troupes facing a risk
for which they are not prepared. An American study showed that in Vietnam the
fear of snakes predominated above all other fears suffered by the soldiers during
the campaign. According to official sources the American army lost 5 to 10 sol
diers per year during the course of the Vietnam war as a consequence of enveno
mations, which is negligible in view of the number of deaths in combat or even
due to traffic accidents or perhaps suicides.
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2.3 Handling snakes
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In contrast and particularly in industrialized countries a new type of bites has been
developing over the last three decades. In the Anglo-Saxon literature they are called
illegitimate bites and hazardous bites in the first Francophone publications ("mor
sures hasardeuses"); but the term induced bites appears to be more appropriate
("morsures induires"). They happen to professionalor amateur herpetologists during
the intentional handling of snakes. The development of the phenomenon of the
new companion animals (NCA) amongst which reptiles are well represented, leads
to the prediction of an increase and expansion of this risk, also in emerging coun
tries. Induced bites have remarkable particularities: the aggressor is identified, often
there is an intensive care unit nearby, at least in industrialized countries, and access
to therapeutic information pertinent to the field of envenornations is simple and
rapid. However, severe clinical casesare observed: generally the snakes kept in cap
tivity are dangerous species; in addition they are well nourished and inclined to inoc
ulate more venom as they are being handled with little possibility of fleeing.

3. The Epidemiology of Bites

Our knowledge of the epidemiology of snakebites is very patchy. It is likely that in
the developing countries where they occur most frequently, the victims of snakebite
envenomations do not reach a health care cenrer for a variety of reasons. Also the
health statistics do not distinguish in these countries between snakebites and other
accidents or intoxications. Also the reponing ofcasesofenvenomation is not oblig
atory except in a few countries (Myanmar for example). Although one cannot speak
of a deficient system of health information, the lack of precision does not allow the
adoption of measures directed against this public health problem.

3.1 Study methods

The basic terminology is not universally used.but is encountered more and more
in recent publications.

• Incidence: This is the total number of bites reponed per 100,000 inhabitants
per annum irrespective of their severity.This figure allows the identification
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of the need for services in a region or in a particular sector ofactivity. In this
latter case it will not be expressed per 100,000 inhabitants but per 100,000
people at risk within a studied sector of activity (agriculture, students, sol
diers in a campaign, tourists etc.). The incidence is total if all the accidents
have been reported in an exhaustive fashion. It is apparent or relative if the
registration of accidents has been carried out only partially. One can for
example consider the bites registered by the public health system and leave
out the cases presented to other health centers (private or traditional) or those
not presented because of being too far away from any health care center or
because death occurred during transit. Certainly the ideal is to count all the
events (total incidence) and if necessary evaluate them in one equation.

• Morbidity: This is the total number of bites causing clinical problems which
need medical care per 100,000 inhabitants or persons concerned by the
enquiry per annum. This index is important for measuring the severity of
the accidents and to define the health needs of a region. The morbidity is
easier to establish than the incidence. In effect the practice shows that enven
omations are reported more often than asymptomatic bites, which often
escape in a modern health care system or are not registered by it. The advent
of severe clinical problems often leads the victim or his family to demand
assistance from modern medicine even if at first traditional medicine had
been solicited. The geographical distance from an official health care center
is a parameter that now becomes of great importance. If the symptoms are
indistinct the victim may be inclined not to consult such a service. Inversely
a severeenvenomation can cause the death of the victim before his/her arrival
at the dispensary or hospital. It is important to note the delay between the
bite and the arrival at the health care center. It quantifies not only the dis
tance between the place of accident and the hospital, but also the motiva
tion of the victim to come for a consultation and finally his adherence to the
health care system.The comparison between incidence and morbidity defines
the level of severity of snakebites in a given region. In relation to this level
the mean delay of consultation allows one to evaluate the confidence
accorded by the population to the care system offered and the efficacyof the
means of evacuation to the latter. In tropical zones a delay of less than two
hours is very good and points at the correct use of the health system. In
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excessof six hours it shows insufficient means of transport or a lack ofcon
fidence in the health care system. It is necessary also to record the precise
symptoms observed in the patient. In practice it is most often sufficient to
record the proportion of the major syndromes observed (neurotoxic, hem
orrhagic, inflammatory, necrotic).

• Lethality: This is the percentage ofdeaths due to envenomation out of the total
number of snakebites. It is a sensitive indicator of the severityofsnakebites in
the region studied. The lethality includes many factors related to the snake
speciesencountered, to the activity of the population and to the offered health
services. It is necessary to relate the lethality to the total incidence in order to
avoid a bias through the involuntary selection ofvictims. Most often it is cal
culated on the basis of hospital statistics and thus the lethaliry is arbitrarily
exaggerated, loading the real risk ofsnakebites.The number ofdeaths generally
is easy to establish from official sources. The hospital registers have to be con
sulted first of all, but one has to take into account the deaths that occurred
outside the medical system, which happens often in tropical countries. The
mean consultation delay can serveas an indicator: the higher it is, the higher is
the risk of finding deaths not registered by the medical statistics.

• Mortality: This is a current medical index. It is the number of annual deaths
due to snakebite in relation to 100,000 inhabitants. The information does
not provide any data on the circumstances of the snakebites nor on their
severity. It allows one to establish geographical comparisons of the snakebite
risks and of the health care measures which are provided as response. The
mortality also allows one to verify the figures of incidence and lethality, pro
vided they were obtained by different and independent means. The mortal
ity equals the product of incidence times lerhality,

3.2 Circumstances of the bites

Snakes only bite to defend themselves and to protect their escape. No species is
aggressive in the sense that it would deliberately attack people. In addition the
inoculation of the venom is a voluntary act. It is therefore not an unavoidable phe
nomenon but the response to a critical situation.
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The bite therefore is the direct consequence ofaccidental or intentional approach
ing between man and snake. There is a distinction between the dry bite without
penetration of the venom, the envenomation, which results from the pharmaco
logical action of the venom and the reaction of the body that is triggered by it.

3.2.1 Activities at the time of the bite

In industrialized countries practically all bites happen during recreational activi
ties, when the victim disturbs the snake or steps on it. Accidents of an occupa
tional nature involving farmers, foresters or road workers have become the
exception, either because of the heavy mechanization of their activities or because
they wear protective clothing against bites. In contrast hikers, sportspeople and
strollers are dressed in much lighter clothes and have a more careless attitude
towards the risk posed by snakebite. They expose themselves by lying down in the
grass, bringing their hands close to a potential shelter like a heap ofwood or
stones, a rock cleft, a declivity, a hedge, or even by sitting down on pack wall.

In tropical regions, particularly in developing countries, the accidents are linked
much more often to occupational activities. Three quarters of the bites happen
during agricultural work, hunting or while walking to or from work.

Traditional methods of agriculture lead to a serious exposure, notably when the
hands are close to the ground or the tools are primitive and short.

3.2.2 Induced bites

The geographical distribution of induced bites is the opposite of that of haphaz
ard or accidental bites. They are mainly observed in industrialized regions with a
high urban density.The annual incidence is low. In France it is approximately one
or two cases per million inhabitants per year. In the United States the induced
bites form 20% of the envenomations treated in hospitals. This phenomenon
tends to become general, even in some emerging countries. In the Johannesburg
region 60% of bites treated in hospitals are induced bites.

There is no seasonalor day/night periodicity.The accidents happen almost exclu
sively to adults, most often young adults, prevalently males. In more than 90%
of the cases the bite occurs on the hands.
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The risk most often involves the snake keeper rather than a visitor or neighbor
and depends on two factors: the number of snakes kept and the time ofexposure
of the handler. The relative risk increases clearly up to a number of about 50
snakes kept and then decreases and becomes stable beyond 1,000 snakes. The
experience acquired by the handler reduces the risk significantly. The relative fre
quency of bites is around one accident every five years irrespective of the experi
ence of the handler and the type of manipulation. Contrary to a widespread
opinion hobbyists are not more exposed than professionals, doubtless because the
latter handle venomous snakes more often and longer at each session thereby pro
portionately increasing their exposure. Perhaps also their attention decreases invol
untarily during prolonged handling. The simple keeping of snakes does not a

prioricause great risks. The dangerous activities are cleaning the cages without
bothering to remove the occupant, veterinary care, and venom collection. Most
of these can be carried out under safe conditions, if the snake is handled with the
help of instruments or after it has been anaesthetized. However, certain acts that
are also known to be dangerous lead to a similar frequency ofaccidents, probably
because of their trivialization or the inattention of the handler.

The morbidity is higher than 55% of the bites. Complications, notably necroses,
occur frequently, at least in more than 15% of the cases. The lethaliry remains
high in spite of the precautions that can be taken: early and quick evacuation to
an experienced medical center, availability of suitable therapeutic means. The
probable reason is that the snakes responsible for the accidents belong to species
with strongly toxic venom and that the individuals often are of large size. In addi
tion handling the snake and keeping it in captivity can provoke in it a stronger
aggressive reaction leading to the injection of a larger quantity ofvenom.

3.3 Characteristics of bites

Apart from induced bites that mainly affect men, the incidence is equal in both
sexes in industrialized countries. There is also no particular age of exposure.

In temperate countries the bites occur between spring and autumn, mainly during
the day. There is an increase during the summer vacations.
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A large proportion of the bites, between 50 and 70% depending on the COUntry,
occurs on the lower extremities. The hands are involved in a quarter or third of
the accidents, head and body in the other cases.

In developing countries young men are most often involved: they receive between
50 and 75% of the bites. Although children represent close to half of the general
population, they are rarely bitten, as are women. Yet these latter are engaged in
activities with a risk similar or even higher than that of men.

The seasonal incidence of accidents is linked to the behaviour of the snakes and
to the agricultural calendar (Fig. 40).

Figure 40
Seasonal variation of snakebites in West Africa
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There are some geographical variations linked to agricultural practices: in forest
regions the bites are more spread out throughout the year, while in the savannah
the accidents occur more frequently in the rainy season (Fig. 41). The relation
with rainfall figures shows its direct effect on human and snake behavior (Fig. 42).
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The majority of bites occurs
during late afternoon or early
evening. Some take place dur
ing the night in the house and
are inflicted during sleep by
snakes moving in the house in
search of prey.

More than 80% of the bites
are on the lower limbs , mainl y
below the knee, but large geo
graphical variations are seen.
Bites of the hand are rare with
out being exceptional, notably
in peasants working with tools
with a short handle or in chil
dren while expl oring with
naked hands burrows in search
of small vertebrates to add to
their nutrition.

3.4 Severity of bites

The severity of bit es is influ
enced by several facto rs. The
toxicity of the veno m and the
quantity injected by the snake
evidently are essential elements.
These factor s depend on the
species of snake, its size, the
capacity of its veno m glands,
their state of filling and the cir
cumstances of the bite.

Age, size and state of health of
the victim and the site of the bite
are equally impor tant elements.
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Figure 41
Seasonal variation of snakebites

in relation to rain fall
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Figure 42
Seasonal variation of envenoma tions in the south

of Japan (after Sawai et al. in Rodda etaI., 1999)

o Other
o Road
• Residence
11 Field



192 Snake Venoms and Envenomations

The delay before a consultation will also have important consequences. A delay
is a source of complications and diminishes the efficacy of the treatment in pro
portions that are difficult to evaluate.

The prognostic factors of an amputation have been studied in Brazil in almost
3,000 patients bitten by Bothrops spp. Twenty-one patients (7%) underwent an
amputation. A significant correlation was noted between the risks of amputation
on one hand and on the other hand the month of the accident, the hour at which
the bite occurred, the size of the snake, the anatomical site of the bite, the pres
ence of systemic bleeding and renal insufficiency. The patients bitten in a finger,
during the cool months, between 0 h and noon, by a snake longer than 60 cm,
and who presented blood blisters, abscessesat the site of the bite, systemic bleed
ing and/or renal insufficiency, have a significantly higher risk than the other
patients. These different characteristics are due to the behavior of a particular
species, the venom ofwhich is more toxic and leads to this type ofcomplications.

Care rendered defectively due to the lack of health structures or the absence of
appropriate materials and medicines increases the risk of an unfavorable course irre
spective of the delay ofconsultation. The first aid given, if it is aggressive - tourni
quet, incisions, scarification, septic cataplasm or other - brings the danger of
reducing the circulation, infecting the wounds or provoking hemorrhages. A sec
ondary infection aggravatesthe local lesions and leads to invalidating sequels. Ina
study in Thailand iatrogenic complications linked notably to prolonged artificial
respiration in cobra-type envenomations, occurred in 25% of the patients. Local
secondary infections and tetanus affected 15% of patients suffering from enveno
mation. Amongst other causes a therapeutic error, failure of the artificial respira
tion or its blockage due to incompetent or overworked medical personnel, or lack
ofappropriate therapeutic means or the absence ofantivenin were incriminated in
more than half of the deaths. A delay in consultation through negligence, through
inaccessibilityofhealth care centers or delayed becauseof first seeking an occidental
treatment, was directly responsible for 20% of the deaths. InAfrica the lethality
could be reduced by 90% if a correct treatment could be instituted in time.

The frequency and characteristicsofdry bites, those that are asymptomatic because
inflicted by a non-venomous snake or by a venomous one which did not inject its
venom, have been studied in many countries: United States, Brazil, India, Thai-
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land, Japan, Cameroon, Ivory Coast, South Africa and Kenya. Depending on the
biotopes and the credibiliry of the medical statistics of the country, they represent
20 to 65% of the bites. Even in France the incidence of dry bites is very variable.
Globally it is considered to be close to 50%. A more precise study carried out in
the Yonne, a rural department south east of Paris, has found this incidence to be
less than 20% of the patients. In Brazil and Thailand it rises to 40% of bites and
in West Africa to 40% in the savannah and 60% in the forest. In Gabon and Kenya
the prevalence of drybites reaches 80%. The epidemiology differs between the pop
ulations with dry bites and those that suffer from envenomations. The sex ratio
and the hour are identical, but the age of the victims, the site of the bite and the
season are not the same in any given geographical region. This is due probably to
behavioral differences of the snakes responsible for the bites.

3.5 Geographical distribution of envenomations

The real frequency ofenvenomations throughout the world and their severiryremain
largely unknown, with the exception of some countries where these events are rare
or correctly reponed (TablesXIII and XIV; Fig. 43). This information is essential to
determine the steps to be taken in casesof bites, to foresee which stocks of medicines
are needed, notably antivenom sera, and to define the course of medical treatment.

Table XIII
Incidence and severity of snake bites world-wide

region population number of bites number of number of
(x 1()6) envenomations deaths

Europe 750 25000 8000 30
Middle East 160 20000 15000 100
USA-Canada 270 45000 6500 15
Latin America 400 300000 150000 5000
Africa 750 1000000 500000 20000
Asia 3000 4000000 2000000 100000
Oceania 20* 10000 3000 200
Total 5100 5400000 2682500 125345

• population of the regions with terrestrial venomous snakes
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Table XIV
Incidence and severity ofsnake bites in the most exposed countries

(the numbers in brackets correspond to recent figures)

country incidence morbidity lethality in mortality
(bites (envenomations hospitals (deathsl

1100000 h.) 1100000 h.) (% deaths) 100000 h.)

Spain 5,5 2 0,8 0,02
Finland 3,8 0,5* 0,02
France 3,5 0,4 0,2 0,00
Great- Britain 0,7 0,3 0,01 104

Italy 2,5 1 0,2 0,002
Poland 0,3 0,3 0,001
Sweden 2,6 0,5* 0,01*
Switzerland 0,6 0,14 0,1 0,001

Saudi Arabia 10
Israel 7 1,3 0,03
Jordania 0,36 6,2 0,02

Canada 1 0,8 0,01 104

United States 10 2,5 0,3 0,005
Mexico 1 0,7 0,007

Brazil 15 1 0,1
Colombia 10 5 1,6
Costa Rica 30 3 0,4
Ecuador 125 30 5 1,5
French Guyana 125 75 2,2 1,5

South Africa (35) (5) (0,5)
Benin 200-650 20-450 3-15 10,1
Burkina Faso (600) (7,5-120) (1,9-11,7) (0,3-2,4)
Cameroon (75-200) (5-10)
Congo (12-430) (20) (1-6,6)
Cote d'Ivoire 100-400 2-5
Gabon (20-90) (2,5)
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Table XIV (continued)
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country incidence morbidity lethality in mortality
(bites (envenomations hospitals (deathsl

1100 000 h.) 1100000 h.) (% deaths) 100000 h.)

Gambia 14**
Guinea (100-150) (18)
Kenya (150) (5-70) (2,6-9,4) (0,5-6,7)
Mali (90) (6,8-17,6) (15,8)
Natal (South 100

Africa)

Niger (5,1-6,9)
Nigeria 160 (48-603) (100-150) (2,1-27) 15,6
Senegal (15-195) (20-150) (7) (1,5-14)
Togo 130 3 4,5
Zimbabwe 3,5 (1,8-5)

Korea 5
India (65-165) (1,4-6,8) (1,7-20) (1,1-2,5)
Indonesia (2,5)

Japan 1-580 0,2-580 0,7 0,01
Malaysia (400-650) (130-300) (0,4-1) 0,2
Myanmar 35-200 35 10 3,3
Nepal 110 3,8-5,2 5,6
Sri Lanka (250) (45-60) (4-22) 6
Taiwan 30-300 80 2,1-2,7 1,6-2,7
Thailand 10 0,9 0,05

Australia 3-18 0,1-0,4 0,03
Papua New Guinea 215-530 3-85 1,9,6 7,9

• before the present use of the serum therapy
•• children
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Figure 43
World-wide distribution of snakebite morbidity
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3.5. 7 Europe

In Europe snakebites are relatively rare. T he snakes responsible for accidents
belong to the genus Vipera, which in Europe are represented by some species that
are not among the most venomous ones: V. ammodytes, V. aspis, V. berus and V.
latastei and their subspecies.

In France the mean incidence has been estimated to be around 3.5 per 100,000
inhabitants (Fig. 44). T his corresponds to approximately 2,000 bites or close to

500 envenornation s and one death per year.

There are around 50 induced bites per annum causing one death every five years.
In the Department of the Yonne, about 150 km southeast of Paris, an annual inci
dence of 5 cases per 100,000 inhabitants has been observed. These cases certainly
are not distributed homogenously in the Department, but the incidence appears
to be largely representative of envenomation accidents in rural regions of Western
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Europe. Studies carried out in
Vendee, in the Limousin, the Poi
tou and the Massif Central cor
roborate the results from the Yon
ne. Men are bitten more often
(61% of the accidents) than wo
men. Children below 16 yearsare
involved in 40% of the cases,but
persons of60 years and over only
in 10%. Most of the cases occur
in summer, between May and
September. In this period fall
90% of the cases with a peak in
July. Most of these cases are
treated by general medical practi
tioners, although lately there has
been a net increasein the number
ofcases treated in hospitals.

Figure 44
Distribution of the incidence of
snakebites in Metropolitan France

• Anti-poison center
The numbers indicate the annual regional incidence

In Great Britain there are about
200 hospitalizations per annum due to snakebites, but no deaths have been
reported since 1975. More than half of the bites affect the hands, which proba
bly is in relation to high frequency of induced bites.

In Switzerland the morbidity is low, approximately some tens of envenomations
per annum.

In Spain the annual incidence can pass above 2,000 bites including 3 to 7 deaths
per year.

In Italy the number of bites lies between 1,500 and 2,000, with 800 envenoma
tions annually and almost one death on average. Induced bites appear to be rela
tively rare in southern Europe (Spain, Portugal, Italy, Greece).

No precisenumbers are available from Germany, but it is known that induced bites
occur very frequently there.
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In Poland the number of envenomations is estimated to be on average 150 per
year with a death occurring every two or three years.

In Sweden there are about 200 to 250 envenomation per annum. The lethaliry
has become practically zero since the use of anti-venom while it was 0.5% before
its use.

In Finland where 150 to 200 bites are recorded each year, the mortality was 0.5%
before the 1960s, but has been reduced considerably since the regular use of
antivenom serum. More than 70% of bites are treated by serum-therapy and about
one third of the casesare hospitalized.

In a population of750 million inhabitants the number of snake bites in Europe
reaches 25,000 cases, of which 8,000 present a patent envenomation. Most vic
tims are hospitalized and receivean appropriate treatment. Some 30 deaths occur
each year, mostly involving induced bites by exotic venomous snakes.

3.5.2 Near East and Middle East

In the Near East there are more, more diversified and more dangerous venomous
species than in Europe. The main ones are Macrouipera lebetina, Daboia palaesti
nae and Montiviperaxanthina; also there is Atractaspis enggadensis. The elapids
(Najahajeand Walterinnesia aegyptica) rarely are responsible for bites. The species
of the genera Cerastes and Pseudocerastes - the former are relativelycommon in the
south and east of the Mediterranian Region - appear to be relatively less danger
ous. The epidemiological data concerning snakebites remain very patchy.

In Israel 200 to 300 envenomations are reported annually; the morbidity is ten
times higher in rural cultivated zones, The mortality is 0.03 per 100,000 inhabi
tants per year. Most bites occur on the lower extremities. The lethality is low
because of early and correct treatment.

In Saudi Arabia 85% of the bites are observed in the hot season and 60% affect
adults. The number of envenomations is estimated at 2,500 per annum.

In Jordan around 20 patients with snakebite envenomation are admitted to hos
pitals. The lethaliryof these cases is 6.2%
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As in North Africa it is likely that scorpion stings occur much more frequently. In
a population of around 160 million inhabitants the number of snakebites can be
more than 20,000 per annum with 15,000 envenornations and around 100 deaths.
Probabl y the frequency of hospitalization of the victims is lower than in Europe.

3.5.3 The Americas

In Canada and the United States the incidence of snakebites is not much different
from that observed in Europe. Mote than 45,000 snakebites happen each year in
North America of which approximately 10,000 are due to venomo us species and
6,500 need medical interventions. People from 15 to 30 years make up 50% of the
patients. In 45% of the cases the bite is inflicted du ring an agricultural activity and
60% affect the feet. More than 90% happen during the day between 6 and 20 h.
The number of induced bites there is one of the highest in the world. The lethal 
ity is low if one considers the high toxicity of the venom of the crotalid species that
are encountered in those regions. The agricultural states in the south have a higher
mortality than those in the north, part icularly in the indu strial ized states (Fig. 45).

Accordingly less than 15 death s are recorded each year. Also these deaths are gen
erally caused by a delayed start of the treatment or, in certain communities, by a
refusal to undergo medical treatm ent .

Figure 45
Snakebite morbidity in the Uni ted States (after Parish, 1980)

D <1/1 00,000
D < 5/ 100,000
0 <10/100,000
• < 15/100,000
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In Central and South America the prevalence ofsnakebites is significantly higher.
The crotalids cause most of the envenomations with notably the genus Botbrops
in all ofSouth America, followed by Crotalus durissus durissus in Central America
and Crotalus durissus terrificus in South America. The use of antivenom sera has
clearly improved the prognostics of the envenornations. The particular effort to

develop antivenoms with better tolerance and higher efficacysince about 10 years
ago needs to be mentioned here.

In Mexico there are about 1,000 envenomations per year.This figure is influenced
on one hand by a strong urbanization and on the other hand by certain under
estimation of this phenomenon. The morbidity is three to four times higher in
rural zones, but still low. Less than 10 deaths are reported every year, which
appears to be very much under-estimated. One third of the bites happen in sum
mer. Almost half of the victims are peasants bitten during agricultural work. Three
quarters of the bites affect the lower members. Crotalids are responsible for 45%
of the envenomations and the Bothrops spp. for 43%. Mexico is a zone of high
endemicity of scorpions with a morbidity of 65 envenomations per 100,000
inhabitants per year.

In Ecuador close to 4,000 cases of envenomations are hospitalized each year and
around 200 of these die. In the forest regions the incidence can reach 1,000 bites
for 100,000 Indians (Native Americans) per year.

In Costa Rica a little over 1,000 envenomations are declared of which 30 to 40
die. The highest incidence is observed in the high-rainfall and agricultural regions.
Close to one quarter of the deaths occurs in patients between 10 and 19 years.
Young men engaged in agricultural activities suffer most of the envenornations.
The mortality has declined from 5 in 100,000 inhabitants in 1950 to less than 1
in 100,000 in 1990, because of more frequent and earlier hospitalization and an
improvement of the antivenoms. In Columbia about 4,000 envenornations are
counted per year for 100,000 inhabitants in rural areas with 200 deaths and 250
patients suffering sequelae, mostly necroses. Bothrops spp. are incriminated in 95%
of the cases, notably B. asper.

In Brazil25,000 envenomations are reported each year for the whole country, but
the incidence in the state of Amazonia lies between 350 and 450 bites per 100,000



The Epidemiology of Envenomations 201

inhabitants. The morbidity can reach 200 envenomations per 100,000 inhabi
tants a year. The mortality lies at 0.4 death per 100,000 inhabitants in the south
of the country against 5 per 100,000 inhabitants in some regions in the north of
Brazil. Equally the lethality is below 1% in the south of the country (0.3% in Sao
Paulo, 0.7% in the Ceara) but can go up to 6.5% in northern forests. In Bahia
the incidence varies between 25 and 120 bites per 100,000 inhabitants, of which
60% occur in the rural zone. Peasants represent 65% of the victims. In Belo Hor
izonte the frequency of bites is 15 times higher in the country than in the urban
zone, and 7 times higher during agricultural work than for any other activities.

In French Guyana 110 to 120 envenomations are hospitalized every year with 2
or 3 deaths. The incidence lies between 45 and 590 bites per 100,000 inhabitants
per year depending on the region.

The total incidence of snakebites in Latin America isestimated at 300,000 accidents
for 400 million inhabitants. Half of these are envenomations that need an appro
priate treatment, ofwhich probably only two thirds of the victims benefit in real
ity.The annual number of deaths due to envenomations probably surpasses 5,000.

3.5.4 Africa

In North Africa the morbidity is close to 15 envenomations due to snakebite per
100,000 inhabitants which is negligible in comparison to scorpion stings which
amount to 550 per 100,000 inhabitants per year. Most envenomations are caused
by viperids (Macrovipera lebetina, Echis pyramidum, Cerastes cerastes and C. vipera)
while the bites of Naja hajeand Walterinnesia aegyptica are the exception.

In Sub-Saharan Africa the prevalence is strongly under-estimated by the medical
authorities. This has two reasons: On one hand the case reporting system is not
appropriate and on the other hand a large proportion of the victims do not go to
the modern health care centers. Most of the epidemiological studies are focal and
in view of the heterogeny of situations observed on the continent do not allow an
overall evaluation of the morbidity.

Many venomous species are found in Africa.Amongst the viperidsEchis ocellatus and
E leucogaster have to be mentioned which cause close to 90% ofthe envenomations
in the Sahel and the savannah zones. The vipers of the genus Bitis, in the savannah
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B. arietans and in the forest B. nasicornis and B.gabonica, are incriminated in a small
number ofaccidents, which always are serious, though. In the forest as in the savan
nah Causus maculatus is a small and not very dangerous viper, but often involved
because of its aggressiveness and its ubiquity. The elapids belonging to the genera
Najaand Dendroaspis, the former ones in the savannah as well as in the forest and
the latter ones more in the forests, they produce fewer bites, but these are generally
severeand need an early treatment. In the savannah zone during the rainy season 10
to 20% ofall hospitalized patients are admitted because ofsnakebites.

In Senegal there is a great disparity of incidence in the different regions. In the
southern forest zone the incidence is probably above 200 bites per 100,000 inhab
itants per year. In the Sahelian regions, particularly in densely populated ones, the
annual incidence is around 25 bites per 100,000 inhabitants. The lethality is high
everywhere, around 7%. In rural zones traditional medicine is consulted preva
lently. In Sine-Saloum 95% of the victims consult a traditional healer first or
instead ofa medical dispensary. The mortality can be high in some places: in the
south, in Casamance it reaches 14 per 100,000 inhabitants.

In the Gambia, where the morbidity is doubtless close to that in Casamance, the
lethality in children is 14%. The mean delay before consultation is over 10 hours
after the bite.

In Guinea the morbidity is between 100 and 150 envenomations per 100,000
inhabitants per year, with a lethality of 18% and 2% amputations. The incidence
certainly is under-evaluated. In the southern forest region the cobra syndrome is
seen in 35% of the cases and the inflammatory or viper syndrome in close to 30%.

In the rubber plantations in Liberia the annual incidence is 420 bites per 100,000
laborers and the morbidity 170. However, the lethaliryis below 1%.

In the south of the Ivory Coast the annual morbidity lies between 200 and 400
envenomations per 100,000 inhabitants with a lethaliry of 2%. In the Lagune
region the morbidity lies close to 100 envenomations per 100,000 inhabitants per
year; in the forest the morbidity is above 200 envenomations per annum and the
same applies to the mountainous region. More than 80% of the victims are 15 to
50 years old. In the north of the country, in the savannah, the morbidity lies at
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230 envenomations per 100,000 inhabitants per year with lethaliry of 3 to 5%.
Agriculturallaborers are particularly affected, notably in the industrial plantations,
where 25% of the bites occur in 1.5% of the population. The incidence can reach
3,000 bites per 100,000 workers, ten times more than in the neighboring subsis
tence plantations.

In the south of Ghana the morbidity is 20 envenomations per 100,000 inhabi
tants with a lethality of 0.2%. These figures are relativelyold and certainly repre
sent an under-evaluation of the real number of cases.The towns are not free of
this phenomenon as even the largest ones have an incidence of 10 bites per
100,000 inhabitants per year.

In Togo the health services record an averageof 5,000 cases per annum with 150
to 200 deaths.

In Benin 4,500 envenomations are recorded by the public health services with
more than 650 deaths. There is a great geographical disparity. In the South the
morbidity lies between 20 and 450 envenomations per 100,000 inhabitants per
year with a lethality of 3% to 10%. In the north the incidence lies between 210
and 650 cases per 100,000 inhabitants with a morbidity as high as 300 enveno
mations per 100,000 inhabitants and a lethality ofclose to 5%. In the industrial
sugar plantations the incidence is 1,300 bites in 100,000 workers with a lethaliry
below 1.5%. In the rural environment the annual incidence is 430 bites per
100,000 inhabitants, including dry bites. Most of the bites occur during the rainy
season. Less than one third of patients bitten by a snake consult a hospital, 80%
of the patients first seek the help of traditional medicine. The population at risk
consists mainly ofactive men. Men receive twice as many bites than women and
over 60% of the patients are between 21 and 50 years old. The frequency of
inflammatory syndromes is 66%, that of hemorrhagic syndromes 12% and
necroses occur in 5% of the cases.

In Mali the morbidity is close to 100. The mean lethaliryis 7% of hospitalized
caseswith peaks in certain regions.

In Burkina Faso the morbidity lies over 100 casesper 100,000 inhabitants with a
lethality of 2 to 12% depending on the kind of therapy applied. The morbidity
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in Ouagadougou, the capital of Burkina Faso with a population of approximately
750,000, lies at 7.5 envenomations per 100,000 inhabitants and most of the cases
occur in the periphery of the town, in a still poorly and irregularly serviced zone.
In the rural zones the incidence is much higher. The sex ratio of patients is 1.5
male to 1 female. More than 40% of the victims are over 15 years old. Studies car
ried out in the Ouagadougou region (Mossi area) revealed that the incidence could
reach 500, even 700 bites per 100,000 inhabitants. The morbidity reported by
the health system lies between 35 and 120 envenomations per 100,000 inhabi
tants, which translates into 7,000 and 10,000 envenomations per year causing
200 deaths as reported by the national health services. Several studies on treat
ments sought have shown that less than a third of the bite victims consulted health
care centers, From this can concluded that the health statistics record only 35%
of the envenomations and scarcely 20% of the deaths. Also, half of those would
happen before any therapeutic intervention. The average delay separating the bite
from the consultation in a health care center exceeds in effect 50 hours. In spite
of this more than 15% of hospital beds are occupied by snake envenomation vic
tims during the rainy season.

In Niger the incidence appears to be relativelylow, probably because of low human
as well as snake population densities that limit the encounters. However, the lethal
ity is high because of the very low rate of consulting modern health care centers,
which in addition are under-equipped. Most of the bites occur in the rainy sea
son. Almost 3 out of 4 victims are male and the average age of the patients is 28
years. These are mainly peasants bitten while working in the fields.

In 1993 a survey was carried out of households and health care centers in 6 states
in Nigeria. The incidence was 155 snakebites per 100,000 inhabitants, close to
200,000 bites every year. In the states with a high incidence this lies between 250
and 400, whereas in the other states the incidence varies between 10 and 70 bites.
The overall lethaliry is 9.8%. In more than half of the cases the victims consult
traditional healers; in some of the states this proportion can reach and even sur
pass 90%. Overall one third of the patients consult a heath care center, where the
preferred treatment is anti-venom serum, if it is available. A serum therapy is
administered to 60% of the envenomed patients. While it is probably the most
severe cases which benefit from this, it does not prevent a very high lethaliryof
hospital patients with an average of 27% ranging from 4.8 to 41.6% in different
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states. In the Benue valley in the north east of Nigeria the annual incidence of
snake bites can surpass 600 cases per 100,000 inhabitants. The morbidity lies
above 150 envenomations per 100,000 inhabitants and the lethaliry is close to
15% in the absence of specific anrivenorn treatment; the bites are caused mainly
by Echis ocellatus as in the whole of the north of Nigeria. The majority of the bit
ten people are young adult men engaged in agriculture or hunting. Inflammatory
syndromes (pain and edema) are observed in 80% of the cases and local or sys
temic bleeding in 60% of the patients.

In the Northern Province of Cameroon, into which the Benue valley continues,
a similar incidence of between 200 and 300 envenomations per 100,000 inhabi
tants has been observed. The lethaliry equally is close to 10% in the absence of
antivenom treatment. Echis ocellatus represents 85% of identified snakes having
caused bites. A standardized specific treatment has reduced the lethality to 1.5%
of the bites. The population at risk consists of people between 15 and 44 year of
age, predominantly male. Most of the bites occur during agricultural work. In the
cotton growing area 40% of the bites take place during the 3 months of field
preparation and cotton sowing.

In Gabon about one hundred envenornations are treated each year. The morbid
ity is low, but the lethality is at 2.5%.

In the Congo Republic the incidence lies between 120 and 450 snakebites per
100,000 inhabitants per year in the forest. In urban areas it is 11.5 bites per
100,000 inhabitants. Curiously the morbidity is 20 envenornations per 100,000
inhabitants and the lethaliry varies from 1 to 7%. Most of the patients consult
traditional healers and it is likely that a considerable number of bite cases does
not reach a hospital.

In rural areas of Kenya the incidence is 150 bites per 100,000 inhabitants per year
and the morbidity lies between 5 and 70 envenomations. Barely 20% of the bites
are symptomatic and 70% of the bites are treated with the help of traditional med
icines.The lerhality of hospital casesis 3.6% but can reach 9.5% in the absence of
appropriate treatment. The mortality variesfrom region to region between 0.5 and
6.7 per 100,000 inhabitants per year. Less than half of the victims consult a mod
ern health care center and 70% of those have first receiveda traditional treatment.
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In Zimbabwe the morbidity is 3.5 envenomations per 100,000 inhabitants, which
appears to be under-reported, with a lethaliryof hospital cases between 1.8 and
5%. As many men as women are treated and the mean age lies between 21 and
30 years.

In South Africa the overall annual morbidity is 35 per 100,000 inhabitants with
a lethaliryof up to 5%. The mean mortality is estimated to be 0.5 per 100,000
inhabitants per year. Children below 10 years, mostly in the black population,
represent 40% of the bites. In Johannesburg more than half of the envenomations
treated in hospitals since the 1970s are induced bites. In the Natal Province the
morbidity is estimated at 100 envenomations per 100,000 inhabitants per year.
More than 90% of victims treated in health care centers have first been treated by
a traditional healer.

The disorganization of health services in many countries because of economic
crisesor civil or military insecurity, makes it particularly difficult to render service
to the patients. That is partly the reason why less than 30% of the patients are
treated in a health care center.

In a population of 800 million people a million snakebites occur each year in
Africa,The 500,000 resulting envenomations cause 20,000 deaths of which only
half are known to the health services. In effect, the proportion of victims who con
sult a health care center after having been bitten by a snake, is estimated to be
below 40%.

3.5.5 Asia

In Asia there is a great variety of situations becauseof the diversity of human activ
ities and of snake species involved in accidents. The frequency of bites byelapids
(Naja, Bungarus) is generally higher than in Africa, The viperids are represented
by the Viperinae (Daboia, Echis, Vipera) as well as by Crotalinae (Protobothrops,
Deinagkistrodon, Calloselasma, Gloydius, Hypnale).

In Japan generally the incidence of snakebites is very low, approximately 1 case
per 100,000 inhabitants. However, the morbidity is much higher on the south
ern archipelagos of the country because of the tropical situation and the prepon
derantly agricultural economy. There close to 350 bites per 100,000 inhabitants
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per year have been reported with a lethaliry of 0.7%. There are large variations
between the islands and they are linked essentially to the cultivated surface and
the agricultural techniques used. On Okinawa the morbidity lies at 35 enveno
mations per 100,000 inhabitants, 130 on Amamioshima and 580 on
Tokunoshima. Close to 40% of the envenomations occur in the sugar cane plan
tations. The morbidity lies at about 120 envenomations per 100,000 inhabitants.
In this country as in Taiwan, in Thailand and in the south ofChina and of Korea,
the snakes causing most of the accidents are the Trimeresurus spp. and the Proto
botbrops spp., notably P. flavoviridis.

In Korea the lethality of hospitalized cases of the envenomations lies at 5%.

In Taiwan 15,000 to 20,000 bites are reported each year with close to 500 deaths.
More than 60% of the bites occur during agricultural activities.

In continental China, where medical statistics are not accessiblewith the excep
tion of rare medical publications, the lethaliryof hospitalized cases is 1%.

In Thailand about 10,000 envenomations are counted annually, which appears to
be quite underestimated. Calloselasma rhodostoma is responsible for 35 to 40% of
the bites, Timeresurus albolabris for 25 to 30%, Daboia russelii for 15%, Naja atra
for 10%, N kaouthia for 5 to 10 % and Bungarus candidus for 1%. Trimeresusus
macrops could be implicated locally in a high percentage of bites, but generally it
is considered as relatively rare. The sex ratio is even and the population at risk con
sists to 70% of active adults. More than 60% of the bites occur between noon and
midnight with a peak at dusk. Half of the bites occur in or close to the houses.
The lethaliry has been reduced by 90% with the use of antivenom serum and the
standardization of the treatment protocol.

In Malaysia the incidence is 450 bites per 100,000 inhabitants per year and the
morbidity lies between 130 and 300 envenornations per 100,000 inhabitants. The
lethality of hospitalized cases lies below 0.5%. In half of the hospitalized enven
omation cases the bites are caused by Calloselasma rhodostoma.

In the Philippines a very high mortality has been reported amongst rice farmers.
For the whole of the population morbidity and mortality are unknown.
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In Myanmar the incidence lies between 35 and 200 bites per 100,000 inhabitants
with a certainly under-estimated morbidity of 35 envenomations per 100,000
inhabitants per year. The mortality is the highest in the world: 35 deaths per
100,000 inhabitants per year. Daboioa russelii is credited for 60 to 70% of the
envenornations, the same as in certain eastern provinces of India. In these regions
where less than 40% of the patients consult a health care center, the incidence lies
between 200 and 500 bites per 100,000 inhabitants per year with a morbidity of
100 to 200 envenomations and a lethality of between 2 and 20 deaths per 100,000
inhabitants.

In Nepal more than 20,000 bites are treated each year by the medical services and
more than 1,000 deaths are reported. More than half of the bites occur during
the 4 to 5 months of monsoon. The accidents involve mainly active young per
sons. The lethality lies between 3.8 and 5% and the mortality is estimated at 5.6%
deaths per 100,000 inhabitants per annum. Elapid bites represent 20% of the
envenomations.

In India the incidence varies between 60 and 165 bites per 100,000 inhabitants
per year.The morbidity reaches70 envenomations per 100,000 inhabitants in the
regions with a prevalently rural economy like in Maharashtra where the mortal
ity is 2.4 per 100,000 inhabitants per year.The lethaliryof hospitalized caseslies
between 1.5 and 20%. The bites of viperids occur two times more often than
those of e1apids. The former takes place in the afternoon and early evening
between the month ofjune and November. The latter are distributed throughout
the day/night cycle with an increase during the night, and throughout the year
with a peak in June. Elapid bites occur more often in towns and in densely pop
ulated zones, while the viperids bite mainly in the rural regions during agricul
tural activities.The lethaliry is 25% for the envenomations by e1apids and 6% for
those by viperids.

In Pakistan the lethality of hospital cases is 0.5%. Envenomations occur in 65% of
the bites and affect the lower member in 85% of the cases.

In Sri Lanka the incidence is 250 bites per 100,000 inhabitants per year and the
mortality approaches 6 per 100,000 inhabitants with peaks in some places of 18
per 100,000 inhabitants. However, less than 20% of the patients consult hospi-
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tals for treatment. Daboia russelii and Naja naja are the most dangerous species
with respectively 40% and 35% of deaths. Echis carinatus is present in Sri Lanka
but appears to be rarely implicated in the accidents, while in India and Pakistan
it is responsible for 80 to 95% of envenornations,

In Asia with a total population of around 3 billion inhabitants, the incidence of
snakebites is estimated at 4 million accidents per year, half of which cause an
envenomation. The number of deaths lies at 100,000 per year.

3.5.6 Australia and Oceania

In Australia around 3000 bites are counted each year. The incidence of snake bites
lies between 5 and 20 per 100,000 inhabitants. The mean mortality is 0.03 per
100,000 inhabitants, four deaths per year. Most of the bites are inflicted by species
of the genus Pseudonaja; which cause about half of the deaths, followed by Notechis
spp. and Oxyuranus spp.

In Papua New Guinea the incidence varies between 200 and 525 bites per
100,000 inhabitants. The envenomations represent 1.1% of all the deaths and
more than 20% of violent deaths, accidents and suicides.

The rest of the Pacific is free ofvenomous snakes with the exception of the marine
snakes, which have a neurotoxic venom, but because of their habitat and their lack
of aggressiveness they cause very few accidents.

With a population of 20 million inhabitants Oceania has 10,000 snake bites with
3,000 envenomations per year causing about 200 deaths.

3.6 The medical response to snakebites

The medical response to snakebites poses two types of problems: the speed of
intervention and the efficacy of the treatment.

In the industrialized countries there are intensive care servicesas well as data banks
on envenomations. They are regularly kept up to date at anti-poison centers or
the equivalent in the respective country and give the practitioner access to infor
mation and advice.
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In developing countries the mediocrity of the care offered and the distance
between health care centers do not allow an early hospitalization of the victim, if
at least his initial reaction is to go to a dispensary (Fig. 46). The mean delay of
consultation is from 16 to 48 hours in Nigeria, depending on studies and districts,
12 hours in northern Cameroon and 7 hours in Brazil. In France it is largely below
2 hours.

Figure 46
Delays of consultation after snakebites in West Africa
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The accessibility of health care centers, the competition by the traditional healer,
the cost of modern treatment (one to two times the average monthly income of
a family in Africa) which is rarely covered by the state or the institutional sector,
the available therapeutic resources of the health care center and the severity of the
envenomation are the main criteria on which the decision of the victim or of his
family and friends is based.



CHAPTER 6

Clinic and Treatment
of Envenomations

Snakebites present a rnedico-surgical emergency and their frequency can in cer
tain countries pose a real public health problem. This varies with the nature of
the snake fauna and the state of the health care structures.

Also, the therapeutic approach to the envenornations has evolved over the last
decades: the prognosis of survival is no longer the only one to be considered.
Increasingly attention is given today to local and regional complications and to
the duration of the treatment.

1. Symptomatology and Clinical
Pathology of Envenomations

Neuro-muscular syndromes

In principle the injection of the venom is painless. There are exceptions like the
bites by Dendroaspis spp. or certain Naja spp and also Walterinnesia aegyptia.
Neuro-muscular symptoms appear early and rapidly develop into one of the syn
dromes that are characteristic of the envenomation by e1apids (Fig. 47).

Often at the beginning of the envenomation the nonspecific clinical signs are
taken as fear reactions and divert the diagnosis of the practitioner who has little
experience with snakebites. The acute forms ofstress can in effect be confounded
with a beginning cobra envenomation and vice versa. However, the unobtrusive
ness and the slow and progressive worsening of the symptoms should point at a
diagnosis of envenomation rather than stress without envenomation. The symp
toms of the latter generally are severe and complete from the start.
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Figure 47
Chronology of an envenomation by elapids
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1. 1.1 Muscarine-like syndrome

The muscarine-like syndrome seen after the bite of Dendroaspis spp. (African
elapids) is accompanied by objective signs that permit an early diagnosis. It is
linked to the dendrotoxins or facilitating toxins, which enhance the release of
acetyl-choline and thus the transmission of nerve impulses.

With the Dendroaspis spp. and certain Naja spp. the injection of the venom is par
adoxically sometimes painful. Before the cobra syndrome described below devel
ops, the patient will complain about diffuse sensorial problems. Generally this
begins with diffuse "cold" sweating together with lacrimation and an abundant
flow ofsaliva.Soon after a dysphagia appears, described as "a lump in the throat",
which prevents the patient from swallowing his saliva. Nausea accompanied by
epigastric pains and exceptional vomiting and diarrhea appear rapidly. Visual dis
turbances - spots, briefluminous stars or more prolonged "swimming before the
eyes"- then the impression ofdouble vision because ofaccommodation difficul
ties follows with auditory sensations, humming or whistling in the ears (tinnitus);
these symptoms are not really severe, but cause a strong fear in the victim. The
examination of the patient reveals a narrow constriction of the pupil or myosis
and sometimes a trismus, in the form ofa contraction of the jaws which is either
spontaneous or is triggered by a stimulation of the palate with an instrument (e.g,
tongue depressor).
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1. 1.2 The convulsive syndrome caused by the fasciculins

The fasciculins inhibit cholinesterase, which degrades acetyl-choline and inter
rupts the transmission of nerve signals. They act in synergy with the dendrotox
ins provoking particular motor problems. These begin with superficial trembling,
starting from the site of the bite and progressingalong the member up to the body.
This trembling gives way to shaking which follows the same path. Progressively
they are transformed into cramps and finally spasms. The development towards
convulsions or epileptic crises has never been reported in man and appears to be
unlikely because of the weak concentration of the toxins.

1. 1.3 The cobra or curare-like syndrome

The cobra syndrome is the logical continuation of the signs described above. The
neurotoxins blocking the nerve transmission lead to a motor paralysis.The clini
cal picture is that ofa more or less pure and rapid curarization depending on the
specificity and the mode of action of the neurotoxin involved.

The cobra envenomation progresses rapidly. It mayor may not be preceded by the
symptoms described above, which can be observed in a blurred form in all elapid
bites, and is accompanied by a progressive resolutionofallthe neuro-muscular signs.

After a procession of paraesthesias starting from the bite and progressing towards
the body and the head, which are essentially sensorial (anaesthesia, stinging, tick
ling, feeling chilly) and hardly accessible to an objective examination, the first
clearly visible physical symptom is the bilateral and symmetrical ptosis, the irre
pressible closing of the eyelids. Almost simultaneously one observes the appari
tion of a trismus, the contraction of the jaws, either spontaneous or triggered by
the stimulation of the palate by a tongue depressor, which is bitten forcefully by
the patient. The sign of the captive tongue depressor is also observed in tetanus,
which has a similar aetio-pathogensis. Slowly the patient loses altogether his abil
ity to communicate. His voice becomes hoarse and then extinguished. Hypoten
sion is obvious and sometimes develops into a state ofshock. Dyspnoea appears;
it is translated into the slowing of the respiratory rhythm and accompanied by a
"thirst for air". The victim becomes somnolent and responds less and less to exte
rior stimuli. Cut off from his surrounds by not being able to communicate, the
patient gives a comatose impression. However, he is conscious and understands
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all that is said around him without being able to react. He has more and more dif
ficulties breathing and progressively asphyxiates until he dies from respiratory
arrest. The progression towards the terminal stage can take 2 to 10 hours depend
ing on the quantity of injected venom and the size of the victim.

This syndrome is not accompanied by any neuro-muscular or cerebral lesion. The
terminal coma is a quiet coma during which the consciousness is never changed
and which is the translation of the motor paralysis without sensorial effect.

The envenomation caused by snakes which have pre-synaptic neurotoxin of the
type f3-bungarotoxin is, in addition to the cobra syndrome described above, often
accompanied by a rnyotoxiciry, which leads to a muscle destruction. The bio
chemical examination shows a myoglobinuria and an increase ofcreatine kinases,
intercellular enzymes, which are released by the destruction of the striated mus
cle fibers, Sometimes an acute renal insufficiency complicates the clinical picture.

Certain Australian elapids cause in addition severe haematological problems.

1.2 The viper syndrome

The viper syndrome, sometimes split into inflammatory and necrotic syndromes,
is associated with pain, edema, skin problems and necrosis. Hematological prob
lems are often present but constitute a distinct entity regarding its etiology and
its course (Fig. 48).

The pain is immediate. It is caused by the penetration of the venom. It is always
fierce, transfixing, sometimes causing fainting. It radiates rapidly towards hip or
shoulder and precedes the other inflammatory symptoms. At first it is probably
of mechanical origin (injection of the venom under pressure and into depth) but
its persistence later is tied to the complex mechanisms of inflammation, notably
the presence of bradykinin.

The edema appears less than halfan hour after the bite. It is the first objective sign
of the envenomation and as such needs to be followedwith full attention. It is volu
minous, hard and extended. It stretches along the bitten member and increases in
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Figure 48
Chronology of an envenomation by viperids
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volume during the first few hours, stabilizing after 2 to 6 hours. A simple classifi
cation allows one to monitor its course and to modulate the treatment (Table XV).

The edema has a strong inertia: It decreases very slowly, which makes it poor indi
cator of clinical improvement and of healing. For a given species the extent of the
edema is in proportion to the quantity of injected venom and therefore of the se
verity of the envenomation. Paradoxically the inrra-compartrnental pressure re
mains moderate even in the case of a spectacular increase of the volume of the
edema. The muscle compression is limited to the muscle fascicles into which the
venom was injected. The functional consequences generally are reasonably favor
able. Measuring the intra-cornpartmenral pressure allows one to evaluate the risk
of a tissue anoxia through vascular compression (Volkmann syndrome) and to apply
a surgical treatment, which, however, is very controversial.

The skin problems are linked essentially to the size of the edema and the existence
of a hemorrhagic syndrome. The skin loses its elasticity, stretches and cracks, caus
ing fissures, which generally are superficial but are sources of secondary infections
and hemorrhages. The signs of hemorrhage (ecchymoses, petechiae, purpura,
blood blisters) appear more slowly.The ecchymoses are a sign on which the sever
ity can be judged.
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TableXV
Clinical severity score

Level of severity
(score)

stage 0

stage 1

~tage 2

stage 3

stage 4

stade 5

<Edema

Absent

rises along the leg or the
lower arm without reaching
the knee or the elbow

reaches the knee or the
elbow

passes beyond elbow or
knee without reaching
shoulder or hip

reachesshoulder or hip

passes shoulder or hip

Bleeding

Absent

bleeding at the point of the
bite lasting more than
one hour

bleeding from other skin
lesions than the point of
the bite (scarification,
wound)

bleeding from healthy
mucosa

bleeding from untraumatized
skin

exteriorisation of an
internal haemorrhage
(haemoptyalisrn,
haematemesis, melaena)

The necrosis is progressive. It first starts with a black dot that can become visible
one hour after the bite. It extends both superficially and into the deep tissues. It
continues as long as the venom is present in the body. Later in the absence of a
secondary infection, which can evolve towards gangrene, the necrotic zone dries
up and mummifies. The severity depends on the composition of the venom and
the injected quantity. Some venorns, like that of Botbrops brazili, a crotalid of
South American forests, have a strong proteolytic potential which causes a deep
muscular necrosis without a sign of skin lysis. In all cases the muscle necrosis
causes a considerable increase of the muscle creatine-phosphatases. The increase
of these cytoplasmic enzymes above the pathological threshold is seen in 75% of
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patients with a complete or partial viper syndrome, viz. a large edema with or
without necrosis. This rise ofcreatine-phosphatases is early and returns to normal
within three days after the start of the regression of the edema.

Gangrene is a secondary complication of the tissue anoxia, and generally occurs
after a tourniquet has been too tight and kept in place too long or after other local
interventions. It does not show any notable clinical difference compared to the
classical gas gangrene.

It is important to distinguish between a subcutaneous envenomation, which in
its extension does not cause an inrra-cornpartrnental pressure, and an intramus
cular envenomation that can be complicated by a Volkmann syndrome causing
tissue anoxia and a high risk ofgangrene.

1.3 Necrosis through cytolysis or the cytolytic syndrome

The differential diagnosis between the viper syndrome and the necrosis caused by
the venom of certain elapids (notably Naja nigricollis and N. mossambicai can be
difficult. The inflammatory syndrome caused by the venoms of the elapids is gen
erally absent or indistinct. The phospholipases A

2
that abound in elapid venorns,

have different substrates and a more neuro-muscular tropism. They do not have
proteolytic enzymes affecting tissue structures or certain metabolic systems like
coagulation or the synthesis of bradykinin and thus cause considerably less symp
toms of inflammation, particularly pain and edema. The elapid venoms generally
cause necroses with a slower development and a more limited extent than those
of the viperids. The necrosis is dry. It mummifies rapidly and the necrotic lump
falls off spontaneously if it has not been removed surgically during the stabiliza
tion of the wound.

1.4 The hemorrhagic syndromes and haemostasis problems

The bites by vipers or crotalids appear clinically in the form ofa hemorrhagic syn
drome, either primary (in rarer cases) or secondarily, following a patent throm
bosis syndrome or one that was not diagnosed because of the instability of the
thrombus. The etiological diagnosis of the hemorrhagic syndrome is never easy,
even with the help ofa specialized laboratory. However, in most cases it is a rapid
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afibrinogenaemia essentially due to the trornbin-like enzymes or the prothombin
activators.

1.4.1 Clinicaldiagnosis

The primary thrombosis syndrome is rare, except with certain species (Bothrops
lanceolatus and perhaps B. brazilt). The venom of these crotalids, respectivelyfrom
Martinique and Amazonia, causesa sudden coagulation of the blood inside the ves
sels. Even though the thrombi formed in this way are abnormal and instable, they
are sufficient to cause disseminated embolisms and infarction in the body which can
affect any organ, like the heart (myocardial infarct), the kidneys, the lungs or other
vital organs. Death or severe sequelaecan be observed. In addition to heart and cere
brallesions with a serious prognosis, kidney problems occur most frequently. The
visceralcomplications and their possible sequelae are described further below.

The hemorrhagic syndrome most often establishes itself insidiously. Generally it
begins with a discrete and permanent flow of blood from perforations caused by
the poison fangs. The victim shows this bleeding at his arrival, which aprioridoes
not alarm the uninformed practitioner. It is important to take into account the
delay between the bite and the arrival at the health care center for measuring the
length of time of this bleeding. The persistence of this sign demonstrates a blood
hypo-coagulability at least locally.At this stage the haemorrhagins of the venom
alone can be responsible for the flow of blood, which may seem insignificant. This
situation may remain stable for several hours and even several days.

Bleeding can occur away from the bite, in a recent wound caused by an inten
tionally therapeutic intervention like scarifications, incisions or the relieving ofa
voluminous edema. The wound can also be spontaneous as a result of a severe
increase of the volume of the integuments, which become stretched and fissured.

Ecchymoses are subcutaneous suffusions of blood. They appear within 24 or 48
hours and are the first sign of exteriorization of the systemic hemorrhagic syn
drome. They are a sign of the severity of the envenomation and have a serious
prognostic with a sensitivity of 85% and a specificity of 100%.

At a more advanced stage hemorrhages can appear in old scars of reputedly healed
wounds.
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Finally the hemorrhages appear on the mucosae and the healthy skin in not pre
viously injured places. The failure of coagulation provokes the escape of blood
from the vessels- or extravasation - which appears as a purpura (eruption due to
intradermal hemorrhages), unstoppable bleeding from nose and mouth, blood in
sputum, urine and stools, and even cerebral and deep visceral haemrrhage. The
development towards a severe anaemia or a hypovolaemic shock can bring about
the death of the patient within a few days.

1.4.2Clinical pathology - additional tests

Often there is a disagreement between the clinical pathology and the clinical pic
ture. The appearance of the clinical signs can be retarded considerably in relation
to the biochemical disturbances. Biochemically the onset of the hemorrhagic prob
lems is sudden, within minutes or hours of the bite; the fibrinogen is consumed
early and a fibrinolysis can rapidly complicate the situation. In certain cases, bites
by Echis spp. for example, the exteriorization of the hemorrhagic syndrome may
appear only several days after the bite. Often a persisting bleeding from the bite
wound or from scarifications applied after the accident, are the only clinical man
ifestation of the hemorrhagic syndrome.

Whereever this is possible, a complete range of hematological tests, including a
haemogramme for evaluating the severity of the anaemia as well as coagulation
tests, should be carried out before and after each therapeutic intervention:
antivenin, symptomatic treatment. Most of the envenomation accidents occur far
from health care centers which have a laboratory; some simple clinical pathology
tests carried out at the bedside of the patient, can be very useful to guide the treat
ment and monitor the patient.

The coagulation time in an untreated tube confirms the hemorrhagic syndrome
and allows to judge the quality of the clot that forms. This test is simple, quick
and very reliable (Fig. 49).

Five milliliters of venous blood are taken with a syringe and emptied into an
untreated tube, without anticoagulant and preferably new, never having been in
contact with soap or a detergent, or carefully washed, rinsed and dried. The tube
is placed on a stable stand for 30 minutes. After this period of incubation the con
tents of the tube are examined: if it has not clotted or if the clot is incomplete,
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Figure 49
Coagulation test in an unt reated tube
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friable or quickl y dissolved after a light shaking of the tube , there is a coagulation
problem. This test can be repeated as long as the patient is under observation: it
will provide information on the development of the hem orrhagic syndrome.

The other tests, if they are available, allow a more precise diagnosis of the mech
anisms of the coagulopathy. The fibrinogen level has collapsed in all the cases.The
prothrombin time and the cephalin time provide information on the clot and its
state. Measur ing the fibrin degradation products (FDP) allows the detection of a
fibr inol ysis. The precise ident ification of the fragments allows one to distinguish
between a reactional fibrinolysis (FDP), which results from the destruction of
stabilized fibrin of a normal clot, or a primary fibrinolysis or the degradation of
an abnormal clot consisting of soluble fibrin caused by the action of the venom
(FDP). Several tests are used to evaluate the intensity of the fibrinol ysis (time of

g

lysis of a clot of diluted blood, von Kaulla's test, or the time of lysis of a clot of
euglobulins, measuring the protease activity of plasma, Astrup's platelet test, etc.).
Sometimes they are difficult to interpret in the particular context of the presence
of numerous and varied pr oteolytic enzymes in the blood of the pat ient. The
platelet count is down in the case of a disseminated intravascular coaguloparhy
(DIe syndrome), which is diagnosed frequentl y in viperine envenomations caused
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by species that have no thrombin-like enzymes in their venom. It is rare in other
cases. The bites of Echisocellatus, which has a prothrombin-like enzyme in its
venom, causes a DIe syndrome in 62% of the patients, while an isolated fibri
nolysis is found in 20% and an afibrinogenaemia in 15% of them.

Measuring the intra-cornpartmental pressure allows one to follow the progression
of the edema and to determine the need for an eventual surgical intervention.

Ultrasonography equally is very useful for the surveillance of the edema as for the
adaptation of the treatment. An increase of the echo from the muscles points at
a vascular failure and a high intra-cornparrmental pressure.

The thrombo-elastogramme is sensitive and detects early disturbances (Fig. 50).
They indicate the risk of a hemorrhagic syndrome without though formally identi
fYing its etiology. The length of the segments r and k on the thrombo-elasrogramme
inform on the thromboplastin formation, that is on the delay before the formation
of the clot, and on its quality.The amplitude of the two arms of the fork (amx) pro
vides information on the structure of the clot and its stability. In the caseofa begin
ning viperine envenomation, rand k are much shortened and amx increased.
Thereafter, as the haemostasis factors have been used up and because of the inabil
ity of the blood to coagulate, arnx is reduced and disappears completely. However,
the thrombo-elasrograrnme does not allow an etiological diagnosis of the observed
hemorrhagic syndrome; it is mainly used for showing its existence and for moni
toring it.

The anemia develops quickly. The patients presenting a hemorrhagic syndrome
lose 25% of their hemoglobin in a few hours. It is a hypovolemic anemia, which
is proportional to the duration and severity of the hemorrhagic syndrome

The number of leucocytes increases in most of the envenomations, except for the
envenomations by the Australian elapids, in which the leucocytes diminish. The
increase is in the order of 20 to 30% and affects mainly the polynuclear neu
trophils and eosinophils. They normalize rapidly after the patient has recovered.

Systematic and repeated tests are necessaryfor monitoring kidney function at least
during the first days for proteinuria, haematuria, uraemia and creatininaemia, as
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Figure 50
Diagnosis of haemorrhage problems by thrombo-elastograrnme
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well as the blood N-acetyl-~-D-glucoseaminase,which is a cytoplasmic enzyme
that is increased by the destruction of the cells of the kidney tissues. Levels of this
enzyme can increase well before an acute renal insufficiency becomes apparent.

Testing for blood in the urine, simply with the help of a strip, for detecting a
beginning haematuria, measuring the haematocrit in a heparinized capillary tube
to evaluate the dilution of the blood, and determining the coagulation time in an
untreated tube, can be ofgreat help in isolated health care centers,
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1.5 Haemolysis
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In general the haemolysis syndrome remains subclinical. The anemia remains dis
crete, it is exceptional to see an icterus and recovery is spontaneous. However, it
is not impossible for certain visceral, particularly renal, complications to be caused
by the haemolysis. Other factors can also be involved in such developments, which
occur several days or weeks after the accident.

1.6 Visceral complications

1.6.1 Complications of envenomations by elapids

Envenomations by African elapids do not change any other function than respi
ration. No neurological, cardiovascular or renal sequelae have ever been described
after correctly treated envenornations.

The spray of venom of the spitting cobra into the eyes causes a severe conjunc
tivitis generally without sequelae. However, if the treatment is too late or too
aggressive, it can lead to permanent corneal lesions with reduced visual acuiry or
even blindness.

Most often therefore the complications are iatrogenic or nosocomial.

1.6.2 Complications of envenomations by viperids

Sequelae occur in 1 to 10% of envenomations by viperids. They are linked to
necrosis, which in the end can necessitate an amputation, or to the thrombosis
syndrome that can lead to visceral infarction away from the site of the bite. This
is seen frequently in envenomations by Bothrops lanceolatus in Martinique, in
which 30% thromboses are observed against 3% hemorrhagic syndromes. In addi
tion this species causes 5% necroses.

Two etiologies can explain the nephrotoxiciry of viperine envenomations. Clini
cally they are different and this allows the treatment to be adjusted.

• A direct nephrotoxicity is observed in 25% of the bites by certain viperids,
notably by Bothrops moojeni or Daboia russelii, immediately after the bite. It
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can appear in the absence of a patent systemic envenomation. The functional
disturbances are retarded, sometimes remain indistinct and only the reduced
glomerular filtration detected by the appearance of N-acetyl-I3-D-glu
coseaminidase in the urine allowsone to establish the diagnosis within hours
following the bite. The other biochemical parameters (protein, urea, creati
nine) remain normal for a long time. Histologically the epithelium of the
proximal tubuli is destroyed in its superficial part. The lesions are similar to
those seen in the nephrosis syndrome. They affect the epithelial cells of the
nephron, the functional unit responsible for the filtration of the urine, and
the structural fibers that hold it in place, but never the basement membrane.
These lesions probably are caused by the enzymatic activity of the proteases
and the phosphlipases Az of the venom, which affect the epithelial cells of
the proximal tubuli. The immunotherapy allows to achieve a recovery in 3
to 5 days with complete tissue repair. If in contrast an acute renal insuffi
ciency occurs, it causes 5% of the deaths due to D. russelii.

• A non-specific nephrotoxicity is observed with the venoms of many viperids.
The symptoms appear slowlyand progressively but always are clinicallyman
ifest. The biochemical signs are in contrast early and many and are easily
detected, even in developing countries (proteinuria, uraemia, creatininuria,
haematuria). The histological lesions are distributed randomly along the
tubulus and the glomerulus leading to their complete destruction. The base
ment membrane is always affected. This mechanism is totally independent
of an immune pathological reaction, shown by the absence of deposits of
immunoglobuline or complement on the glomerulus. Most likely it is linked
to the hemorrhagic syndrome, notably disseminated intravascular coagula
tion, and to the haemolysis, which provoke a persistent ischemia of the blood
capillaries of the renal parenchyma and a deposition of fibrin on the vascu
lar endothelium. A vascular spasm has sometimes been incriminated in cases
of envenomations by Bothrops spp.

This type of complication is also encountered following bites by Atractaspis spp.
and Bitis gabonica. In contrast, renal complications are to our knowledge not
observed after an envenomation by Echisspp. except for those that can accom
pany a hemorrhagic or allergic syndrome.
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The nephrotoxicity of an immune-allergic reaction, notably of iatrogenic origin,
is not excluded, but it is exceptional and appears to be unlikely with the presently
produced highly purified antivenins.

1.6.3 Cardia-vascular complications

The venom of the Atractaspis spp., snakes in Africa and the Near East, is strongly
cardiotoxic due to the sarafotoxins. These peptides cause an increase in the force
of the contractions of the heart (positive inotropism) and cause a vasoconstriction
with an auriculo-ventricular block. Clinically the envenomation is characterized
by a transitory hypertension with an increased diastolic pressure and characteris
tic disturbances of the electro-cardiogramme: a prolonging of the PQ segment by
more than 0.25 second and a flattened T wave which later becomes inverted in
certain divergences. The bradycardia is regular and regresses in three days except
that complications can cause the death of the patient.

The taicatoxin of the venom of certain Australian elapids (Oxyuranus spp.) causes
a sinusoid bradycardia with atrio-ventricular block and an inversion of the T-wave
in one third of the patients.

1.7 Eye injuries caused by spitting snakes

Spraying of venom into the eyes occurs often. It is done by the African spitting
snakes (Naja nigricollis, N katiensis, N mossambica, N pallida, N crawshayiand
Hemacbatus bemachatus) and certain populations of Asian cobras (N sputatrix).
The venom is projected forcefully in the form of small droplets. It can reach a tar
get situated at two meters distance. When the eyes are hit, there is immediately a
strong burning sensation like in conjunctivitis. A symptomatic local analgesic,
anti-inflammatory and antiseptic treatment is sufficient if it is applied in time and
after a thorough rinsing of the eyes with water, physiological saline solution (salt
in water 9 g.!-I) or artificial tears.

1.8 Identification and titration of the venom

The titration of venom circulating in the body of the snakebite victim has for a
long time been the object of research (Table XVI). It is not so much the specific
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Table XVI
Principles and effectiveness of techniques wed for the detection and

titration ofvenoms dans in living tissues

Date Name and principle Sensitivity Delay of Remarks
(IJ-g·lo

, ) response

1950 Biological test: 500 24 h. Does not allow
measuring the LD 50 identification of
from blood or tissues the venom
of the victim

1965 Immunodiffusion: 100 24 h. Simple technique
precipitation of the which does not
antigen! antibody require complicated
complex in a gel apparatus or reagents

1970 Agglutination: 50 2 h. Reagents needing
agglutination of prior preparation
erythrocytres or latex
particles to which the
venom has been fixed

1975 Radio-immune-essay: < 1 20 h. Costly and complex
immunological reagents and
reaction detected by apparatus
radio isotopes

1975 ELISA: irnmuno- 2 2 h. Simple and relatively
enzymatic method inexpensive tech-

nique; needs reagents
prepared in advance

1980 ElA: immuno- 0,5 1 h. Higher sensitivity
enzyrnaric method than the preceding
revealing the immune method because of a
complex by a colour colour reaction
reaction

1990 Mass specrrometry: < 10" 2h. Technique cannot be
measure of the molecu- used for titration;
lar mass after ionisation requires specific
et volatilization of the calibration marked
sample in a vacuum by an isotope
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diagnosis of the species incriminated in the bite, but rather the precise determi
nation of the quantity ofvenom in circulation and its diminution under the treat
ment. It allows monitoring the development ofenvenomation and treatment.

The first methods lacked sensitivity and precision. The blood of the victim, a
homogenate of tissues from the site of the bite or a saline solution in which organs
of the victim had been incubated to extract the venom from them, were injected
into a mouse to evaluate the toxicity of the extract; depending on the symptoms
shown by the mouse one could deduce the nature of the toxin.

Immunological methods have replaced these rudimentary techniques. They con
sist in using the affinity of an antibody for an antigen from which it has derived.
This specificiry and the sensitivity of the reaction were first exploited in precipi
tation reactions (Ouchterlony tests and derivatives). The samples, blood or extract
of tissues from the victim (containing the antigens), are placed in a gel close to

the antibodies. While diffusing through the gel the two substances meet each other
and form an insoluble complex that precipitates in the gel and becomes visible to
the naked eye. This precipitation reaction is marked by an opaque arch in the
transiucent gel and allows one to confirm the presence of the venom and to iden
tify its origin.

This property has been improved by various methods. The fixation of the antibod
ies onto particles like red blood cellsor microscopic latex beads allows the demon
stration of the phenomenon without a gel. Using radio isotopes for marking the
antibodies allows the detection of invisible antigen-antibody complexes. The
immuno-enzyme techniques (enzyme-linked immunosorbent assay, ELISA, or
enzyme immuno assay, EIA) use the specificityofan enzymatic reaction to improve
the detection of the reaction by measuring the quantity of liberated substrate and
the production ofa particular colour (cf Fig. 31). These different reactions are suf
ficiently sensitive to be proportional to the concentration of the venom and this
allows a specific and precise measurement. Mass spectrometry could improve the
sensitivity but it remains a technique that is poorly adapted for diagnosis.

Today the immuno-enzyme methods are used to evaluate the elimination of the
venom during the course of the treatment. It is now possible to follow the curve of
elimination of the venom and to adapt the immunotherapy according to the results.
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2. The Treatment of Envenomations

The severityof an envenomation is caused by the action of the toxic components,
which has the following chronology:

• Thepostsynaptic neurotoxins act first and cause a respiratory arrest after a delay
of between 30 minutes and 8 hours after the bite.

• Thepre-synaptic neurotoxins are slower but produce similar symptoms leading
to a respiratory paralysis in 1 to 12 hours.

• The hypovolaemic shock caused by the venoms of viperids is very early and
occurs between 30 minutes and 2 hours.

• The cardiotoxic effect of certain venoms ofAustralian e1apids or of Atractaspis
spp. occurs in 2 to 12 hours.

• The hemorrhagic syndrome, with exceptions, is delayed by several hours or
days; death occurs through anaemia or hypovolaemic shock after 8 hours to
6 days after the bite.

• Necrosis organgrene occurs much later and is observed between 3 days and
1 month after the bite.

• Visceral complications appear 15 days to 2 months after the bite except when
caused by the bite of Botbrops lanceolatus, in which case they appear within
a few hours.

The intravenous injection of venom is rare but has particularly severe repercus
sions because of the rapid onset of the symptoms (30 minutes to 1 hour) and of
their severity (cardiotoxicity of the cytotoxins and of the phospholipases).

2.1 First aid

These are immediate interventions at the place where the bite took place, and
these should be recommended to peripheral dispensaries or those of commercial
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enterprises as well as to poorly equipped health care centers (Table XVII). Above
all it is important to avoid all aggressive treatments that could burden the vital or
functional prognosis. Tourniquet, incisions, cauterization, which have not proved
their advantages or their efficacy, sometimes can cause dreadful complications.

Table XVII
First aid to be rendered after a snakebite

Calm the victim and reassure the accompanying persons
Disinfect the wound
Immobilize the bitten limb
Additional medical treatment:

• pain = analgesic
• oedema =anti-inflammatory
• bleeding = haemostasis
• neuro-muscular problems = antihistamines
• respiratory problems =artificial respiration

Evacuate the patient to a health care center

Without delay the wound has to be cleaned carefully and the evacuation of the
patient to be organized.

While a tourniquet should not be placed because of the toxic and septic compli
cations, it has been demonstrated experimentally and also clinically that the in
terruption of the lymphatic circulation draining the bitten limb, can reduce
significan tly the diffusion of the venom (Fig. 51). For a long time this practice
was reserved for the neurotoxic envenomations caused by the elapids for which
this protocol appears to have proved itself. It has been argued that in the case of
bites by viperids the edema rapidly increasing under the bandage could hinder the
blood circulation and cause an anoxia as if a tourniquet had been applied. The
practice appears to weaken these fears (Fig. 51) and as long as it is carefully mon
itored, it is now stipulated to apply a bandage in all cases of snakebite. The pres
sure of the crepe bandage has to be so much weaker as the edema is more
voluminous. Consequently many specialists recommend placing a tight crepe
bandage and to immobilize the limb during the whole period of evacuation to a
health care center,
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Experimental elapid envenomation (Sutherland etaI., 1979)

Figure 51
Effect of a pressure dressing on the diffusion of the venom

In the presenceof neu
rotoxic signs (paraes
thesia, fibrillation) the
injection of corticoids
and if the local signs
are severe, the adminis
tration of an analgesic
in combination with
an anti-inflammatory,
can be considered, as
long as this does not
delay the evacuation
any further.

However, the release of
the venom can be as
sudden as after loosen
ing a tourniquet. This
makes it necessary to

have a specific treat
ment ready to be used
at the moment of tak
ing off the bandage
to neutralize the ven
om that is suddenly re
leased into the body.150
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At this point in the logistics the availability ofan antivenin or even more ofa life
support unit, cannot be expected. Their availability at this level can be envisaged
in industrialized countries only.

2.2 Admission and additional treatment

The admission has the double objective of re-assuring the victim and of estab
lishing as quickly as possible his actual state (Fig. 52).
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Figure 52
Simplified algorithm of diagnosis,

monitoring and treatment of snakebites

Clinical examination
To confirm the envenomation

+
Coagulation test

Checking for haemorrhage problems

Intravenous immune
therapy

Oedema and/or bleeding
and/or negative test

Trismus, palpebral
ptosis, dyspnoe and

test is negative

IntravenousUrunune
therapy

Clinical and
Clinical observation haematological
____ ____observation

Discharge from hospital when examination and test are negative

Clinical examination
and test are negative

Observation> 3 hours

Patient can be discharged
if examination and
test remain negative

In principle the clinical examination allows one to distinguish immediately
between a viperine envenomation with its striking symptomatology - pain,
inflammation, bleeding or even necrosis - from a cobra envenomation that is
dominated by neuro-muscular problems. This distinction is theoretical, as one
can sometimes observe inflammation and necrosis after bites by e1apids and a
paralysis in a viperine envenomation. However, these paradoxical syndromes are
more limited and their clinical expression is very much different and will be
described further below.

The interrogation evaluates the delay between the bite and the arrival at the health
care center and identifies the treatment and therapeutic measures already applied.

The coagulation test in an untreated tube, already described above (cf Fig. 49),
is a useful precaution in countries where viperids are known to occur and it
has no contra-indication. It is equally important for the diagnosis and for the fur
ther monitoring of the course of the envenomation in cases of the hemorrhagic
syndrome.
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Placing an intra-venous catheter should be a matter of routine.

The administration ofa type HI antihistamine (chlorpheniramine: Polaramin") can
be justified on one hand because of its sedative effect that re-assures the victim, and
on the other hand becauseof the antitoxic and potenriating effects, which although
not explained have been confirmed in many experiments and clinical observations.

2.3 Immunotherapy

This remains the treatment of choice. It is the only etiological therapy and should
be administered as soon as possible in sufficient dose and by the intra-venous
route. The principle has been discussed in a preceding chapter where it was
demonstrated that the immunotherapy should be considered as a comprehensive
treatment of the envenomation and not only as an antidote to the lethal effects
of the venom, which often are aleatory,

The indication of an immunotherapy should be considered in all cases of symp
tomatic envenomations irrespective of their supposed severity ((Table XVIII).

In effect the secondary effects of the allergic type, which have been put forward
by some practitioners, have become exceptional since the advent of the purified

Table XVIII
Indications for the immune therapy

1. Venomous snake identified with certitude

2. Envenomation confirmed clinically:
• intense pain
• extensiveoedema
• cardio-vascular shock or fallingarterial pressure
• respiratory problems
• neuro-muscular problems (ptosis, shaking, contractions, paralysis)
• persistant local bleedingor spontaneous haemorrhages

3. Positive coagulation test
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antivenin immunoglobulin fractions. The secondary effects are in any case treated
more easily than severe envenomations, Also the development of an envenoma
tion often is unpredictable. Finally it has been shown that even in benign enven
ornations the immunotherapy reduces significantly the time of hospitalization.

The earlier it is given the more effective is the immunotherapy. However, a long
delay between the bite and the beginning of the treatment should not lead to its
exclusion, as it is not possible to set a time limit beyond which the immunother
apy is no longer active. The posology will in any case take into account the delay
before the start of the treatment.

The intravenous route is evidently the most appropriate one as it is the quickest
one and leads to a maximum of efficacy.

The slow perfusion of antivenin diluted in glucose or salt solution has its parti
sans: the diffusion of the antibodies is constant and prolonged. Also it can be
interrupted in the case of adverse reactions. The direct injection allows one to
quickly obtain a high concentration of antibodies. The benefits of the one or the
other technique have never been studied precisely. One can think that in the pres
ence of a severe envenomation the direct intravenous injection would have a
quicker and perhaps more decisive effect. The risk of side effects is not increased
by this treatment: which ever the mode of administration, severe side effects
remain below 0.5% while benign side effects are in the order of 5%. In the one
case as in the other the antigens of the venom are attracted towards the blood com
partment where the antibodies are. They will bind together to form immune com
plexes, which will be destroyed by the body in the organs of the immune system.
In developing countries the direct injection has the further advantage of lowering
the cost of the treatment by reducing the injection materials.

At present the recommendation is to administer the quantity ofantibodies sufficient
to neutralize the number of LD\0' which are on average in the venom glands of the
snake in question, 5 ml in the case of Vipera aspis, 10 ml for a bite of V.ammodytes
and 20 ml in most of the other cases. This dose will have to be repeated depending
on the development: two hours later in the caseofan aggravation or in the absence of
an improvement, six hours after the first administration in the case of disquieting
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Figure 53
Protocol for the immune therapy

Admission 2nd and following days

C C C

]LlB B B B B
Examinations

Immune !! ! !therapy

• { C =c1incal examination
B =coagulation test

• 1 hour

clinical or biochemical
signs, neuro-muscular
or hemorrhagic. The
repetition every six to
eight hours on the first
day and later depend
ingon the development
during the following
days is decided by the
medical team according
to their experience and
the state of the patient
(Fig. 53).

2.4 Medical treatment

2.4. 1 Treatment of the cobra and muscarine-like syndromes

The beginning ofa dyspnoea, presumed to be due to a respiratory paralysis (severe
cobra envenomation), neccessirates the use ofartificial respiration, eventually with
endotracheal intubation. This needs to be continued as long as spontaneous res
piration has not returned, which may take several days and even several weeks. A
tracheotomy should be avoided if at all possible: It is rarely necessary and often
develops into mechanical or infectious complications which can be serious and
debilitating, particularly in developing countries.

Some authors administer neostigmine, which appears to potentiate the effect of
the antivenin. Prostigrnine" can be given in tablet form or as injection in the dose
.of80 rng-kg'. Neostigmine and above all edrophonium (133 mg-kg:'), which is a
short-acting anticholesterase drug, are even more effective if their dose is frac
tionated. The slow intravenous injection of atropine (0.6 mg for an adult or 50
ug-kg' I for a child) followed byedrophonium (Tensilon": 10 mg for an adult or
0.25 mg-kg' for a child) allows one to discover the effect of a cholinesterase pres-
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ent in the venom. The treatment will consist in the administration ofa long-act
ing anti-cholinesterase like neostigmine.

Atropine has been shown experimentally to be very effective against the mamba
venom. The action of atropine at the dose of8 j.Lg.kg-1 is slow but long lasting but
there is quite a risk of overdosing. In the case of a light envenomation the drug
can be administered per os, otherwise by the parenteral route: 10 mg and there
after 1 mg every 5 min until the symptoms have disappeared. Scopolamine can
also be used as well as its synthetic derivatives, which have not proved to be of
greater efficacy or to be easier to use. Atropine potentiates the curare-like effect
of the neurotoxins and it is risky to use it in cobra envenomations.

The drug 3,4-diaminopyridine enhances the releaseofacetylcholine from the pre
synaptic membrane by blocking the potassium channels and leaving open the cal
cium channels. Experimentally used at a dose of 2 j.Lg.kg-l intravenously, it has
been used successfully for treating the neurotoxicity of certain l3-neurotoxins,
notably that of Bungarus fasciatus.

Trypsin has been recommended as local injection with the aim of destroying the
venom. Experimentally it appears to be active against the venoms of the elapids,
provided it is administered in less than 10 minutes after the penetration of the
venom.

Chlorpromazine (Largactil") helps to obtain a powerful sedation.

2.4.2 Treatment of the haemostasis problems

The appearance of a hemorrhagic syndrome during an envenomation poses a poor
prognosIs.

2.4.2.1 Substitution therapy

Transfusions (full blood, plasma, PPSB, fibrinogen) only give an illusory solution
as long as the venom is present in the body, as the supply of new substrate only
re-activates the enzymatic action of the venom. Consequently the exclusiveuse of
a transfusion cannot be justified, except as last resort to compensate for extreme
losses when they constitute a major risk factor. A blood transfusion can also be
envisaged in the case ofa massive haemolysis which is the exception, even in the
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cases of an envenomation by elapids which have venoms rich in phospholipases.
Such a therapy can in any case not be viewed in isolation.

The injection of vitamin K is of no interest in an emergency treatment. In the
longer term it enhances the restoration of the factors of the prothrombin complex
and in that capacity its therapeutic use is justified during the convalescenceperiod.

2.4.2.2 Chemical inhibition of the venom

The enzyme inhibitors sometimes are an efficient resource, but they have to be
used with many precautions.

Heparin had a great reputation, particularly in France, based on isolated and prob
ably poorly evaluated experiments and clinical successes. Heparin binds to
antithrombin III and exerts an inhibiting action on the serine-pro teases that par
ticipate in the coagulation. It intervenes therefore in all the phases ofcoagulation:
thrombin formation and fibrin formation. In addition it allows the release of the
tissue plasminogen activator and thereby enhances the fibrinolysis. At a low dose
heparin inhibits mainly the Stuart factor. The inhibition of thrombin occurs only
at doses that are 5 to 10 times higher. Also heparins with a low molecular weight
have practically no inhibiting effect on thrombin. The thrombin inhibiting action
needed for the treatment of the disseminated intravascular coagulation (DIe) syn
drome therefore requires relativelyhigh doses ofheparin of high molecular weight.
The hemorrhagic syndrome observed in snake envenomations is generally regarded
as a DIC syndrome and for it a heparin therapy appears to be justified.

In practice it has been shown that the inhibiting power of heparin on most of the
thrornbin-like enzymes is weak or nil. Also it is presently admitted that most of
the envenomations involve an afibrinogenaemia, which sometimes is combined
with fibrinolysis, but not by a DIC syndrome. Consequently the heparin therapy
has lost many of its partisans and its use in the treatment of bites by exotic snakes
has diminished considerably.

The inhibiting activity of the anrifibrinolytics on the enzymes in viperid venoms
has not been explored experimentally. These drugs (aprotinine, a-amino-caproic
acid and tranexamic acid) are rarely used in the treatment of snakebites. It would
be of interest to have them evaluated with more precision.
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2.5 Treatment of the viper syndrome

237

The treatment must be considered in toto. While the survival of the patient occu
pies the foreground, the grave risks ofseveresequelae linked to the syndrome, must
not be neglected. The objective must therefore be to limit the risks of complica
tions, notably necrosis and gangrene, in order to preserve future functionality.

In first aid all aggressive or dangerous gestures must be strictly forbidden, like
placing a tight tourniquet, local incisions, the use of physical or chemical agents
meant to destroy the venom or delay its diffusion. These heroic treatments are still
seen too often and they are probably responsible for most of the sequelae.

In contrast it is essential to disinfect the wound carefully, as soon as possible after
the bite, and after that regularly two times a day in an antiseptic solution (qua
ternary ammonium, Dakin's solution) in a prolonged bath. The preventive use of
broad-spectrum antibiotics has its partisans, but its usefulness has never been
proven. The therapy with hyperbaric oxygen has given disappointing results, but
where it is available, it can prevent or contain gas gangrene.

The removalof tissuedebris is often recommended by surgeons, but it does not pre
vent the necrosis.The value of incisions in the prevention ofa Volkmann type com
plication is limited to caseswith a high intra-comparrrnental pressure. However, the
latter is well controlled by an early immunotherapy at elevateddoses. Consequently
the indication for such a surgical intervention is the abnormal pressure increase
within a muscle compartment. This remains a rare eventuality in comparison to the
lesions caused by the venom itself and for which the only therapy is the
immunotherapy. Without even mentioning the danger ofa surgical intervention in
the case ofa viperid bite, the prevention of necrosis is now practically assured just
by an early immunotherapy. Also, for limiting the necrotizing action of the venom,
it has to be neutralized well by the antivenin immunoglobulin fragments, and this
often needs much higher does than those recommended to prevent the death of the
patient. However, the therapeutic protocol has not yet been laid down preciselyand
is still largelyempiric. One must simply think that an excess ofantibody in the cir
culation will take care of the enzymes present in the body.

The symptomatic therapy retains its importance, if only to relieve the patient.
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The pain often resists against all classical medication. It may be necessary to use
narcotic pain killers or a locallregional anaesthesia. at least in the first few days.
The salicylatesare contra-indicated because of the risk of hemorrhages. The cor
ticoids, which present similar risks. can still be used if the blood coagulation is
controlled, because of their inhibiting effects on many of the enzymes contained
in the venoms. The edema can also be combated with the help ofdiuretics, which
in addition will enhance the elimination of the venom. It will be necessary to
watch the hydro-electrolyte equilibrium in view of the additions (immunother
apy by perfusion) and the eventual losses. Evidently this will be very difficult to
monitor in peripheral health care centers in tropical countries.

The use and local application of enzyme inhibitors. notably EDTA, can be pro
posed. Their general administration is still in the experimental stage.

The etiological complexity of the viper syndrome, the absence of excessive intra
comparrrnental pressure, the risks of hernorrhage, and the danger of secondary
infection, particularly in the tropics, all argue in favor of a prepared wait and see
approach. Drainage incisions or a decompression fasciotomy have never proved
themselves and often lead to complications. The excision of necrotic areas is bal
anced by the need of repeated interventions that are suffered poorly and are
demoralizing because of their evident inefficacy. Surgery comes into its own rights
after all venom has been eliminated from the body and the lesions have become
stabilized, which may take severalweeks. Some caseswhich allow one to suspect a
deep muscular lysis (notably bites by B. brazilit) can justify an exploration and an
eventual drainage of the deep tissue lesions.

2.6 Treatment of the complications

In addition to necrosis, the treatment ofwhich has been discussed above. the two
other main complications happening in the course of a viperine envenomation
are cerebro-meningial hemorrhage, probably the cause of large part of the deaths,
and renal insufficiency.

The first one is difficult to avoid if the hemorrhagic syndrome is not treated prop
erly from the start. It could benefit from a treatment with corticosteroids together
with mannitol.
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The second one can be prevented by an early stimulation ofdiuresis and its main
tenance at the level of about 50 ml per hour during the whole duration of the
envenomation. It is absolutely necessary to carry out regular checks for protein
uria and microscopic haematuria. The treatment of renal insufficiency includes
peritoneal dialysis which is the more effective the earlier it is started.

Figure 54
Principles of clinical monitoring of

snake envenomations

{

Haematuria

Proteinuria

Coagulation test in untreated tube

{
Measure the oedema

Local
Measure the necrosis

{

Arterial pressure

General Hespiration
Neuromuscular disturbances

Bleeding

examination

2.7 Monitoring

The patient has to be
monitored until his
complete recovery.
This will comprise
clinical examination
and biochemicaltests,
and their thorough
nessand precision will
depend on the infra
structure and means
ofthe health carecen
ter (cf Figs. 52 and
54).

The local developments (edema and necrosis) are monitored twice daily, as well
as the clinical and biochemical examination of the nervous (reflexes), the respira
tory (rhythm), cardiovascular (arterial pressure) and renal systems (quantity and
quality of the urine).

3. Evaluation of the Availability
of Antivenins and the

Improvement of Their Distribution

Although antivenin is the only specific treatment ofenvenomations and is very effi
cient, it is found paradoxically that it is under-used, particularly in those countries
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which are most in need of it: the developing countries. Recent studies carried out
in these countries including in Asia, where the situation is better, though, show
that the use of antivenins presently is below 10% of the actual needs, and even 1%
in some countries in sub-Saharan Africa. This important difference can have four
causes,which are not exclusive, though.

• An ignorance of the needs, due to the lack of pertinent epidemiological
information and of precise determination of the medical problem;

• An insufficient supply because of both too Iowa quantity produced and a
deficient distribution;

• A usage rate affected by poorly analyzed particularities like the inability
of the health structures to treat snake envenomations, the refusal of certain
users to use Western medicine or an opposition to the use of the product by
the victim or his family or by the health care personnel;

• A high price of the product, the price of which in some cases equals sev
eral months' income of a peasant family.

3.1 Analysis of needs, supplies and usage

One has to distinguish between demand and needs, which is defined by the gap
between the actual state of health and the desired state of health. The latter con
sists of a compromise between the aspiration of a population trying to exclude the
risk and a reasonable objective in view of the available means, particularly in a
developing country.

With regard to antivenin the problem of supply is situated at two levels: the pro
ducer and the prescribing physician. The first, contrary to what is normally
observed in pharmaceutical distribution, shows an excessive prudence in the dis
tribution of his product. The producer considers primarily the high cost of pro
duction of the antivenin, particularly of the highly purified antivenin
immunoglobulin fractions, in relation to a restricted and/or insolvent market. The
difficulties to capture the needs of the market have led most of the producers to
reduce considerably their volume of production in an effort to adapt to a clearly
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diminishing demand. Consequently of the 64 producers, who produced 158 snake
antivenins in the 1970s, there were only 22 left in 2000 who sold 73 antivenins.

The prescribing physician on the other hand is subjected to real or supposed con
straints, which considerably limit his orders. Amongst the reasons given by the
health personnel for limiting their stocks, one can cite the high price of the prod
uct, the difficulries of storing it under the climatic conditions in tropical coun
tries and the short expiry time.

The use is influenced by a complex approach linked to the way the public sees
envenornations, the therapeutic choices and the appropriateness of the response
by the health system. The envenomation is always feared as a natural or acciden
tal disease event. In many communities it is seen as a punishment or vengeance
that can be deflected by traditional methods rather than by modern medicines.
In many developing countries the initial and sometimes the only help is sought
from traditional medicine. This choice often is accentuated by the difficulties to
reach a health care center or by the dilapidated state of the health care structures.
Finally, the lack of education and the poor availability of health care personnel are
the cause of a chronic under-use of the antivenins.

This situation feeds a vi
ciouscircle(Fig. 55), which
illustrates the complexityof
the problem.

Figure 55
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The response to the lack ofsupply appears to be more complex. Contrary to what
is generally proposed it is not the improvement of the product itself that is the
cause. The technological level reached today can be considered as sufficient. An
effort still has to be made to reduce the price of the antivenin, e.g. by simplifying
the presentation and the packaging, or by de-localizing and rationalizing the pro
duction. In addition one can propose new ways of financing: subsidies by the state
or by communities, participation by agricultural enterprises, private contributions,
cost recovery, adherence to the protocol of orphan medicines which consists of
supporting research and production, to develop investments and the production
of the product and contribute to the training of the health care personnel.

The essential point seems to be the improvement of distribution, particularly in
rural areas.The placing of stocks in necessaryquantities should correspond to the
needs when they have been worked out precisely. It can also be necessary to

employ new commercial practices (gratis exchange ofexpired lots, monitoring the
distributors, price fixing).

The training of the health care personnel with a view to improving the admission
and treatment of the patient remains essential.

4. Prevention of Envenomations

The prevention aims on one hand to reduce the number of snakebites and on the
other hand the severity of the envenomations and the mortality. It can be organ
ized at three levels. One can control the snakes, prevent the bites or at least reduce
their frequency, and organize the admission ofenvenomation cases,which should
be an objective of priority in developing countries.

4.1 Snake control

For the control of snake populations several strategies have been proposed with
varying success. In any case it should be remembered that the snakes contribute
to the balance of the environment and that their control can cause a multiplica
tion of their prey animals, notably rodents, which are equally pests.
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4. 1. 1 Territorial protection and control by physical means

A snake capture policy encouraged by a premium was practiced in Brazil at the
beginning of the last century with a moderate success; in 1926 it allowed the cap
ture of 120,000 snakes, which is little for the large country, and even more so as
there is no record of the identification of the collected specimens. In Martinique
this strategy was employed against Botbrops lanceolatus, the only venomous snake
on the island. It was soon abandoned again, more likely because of its inefficacy
than because it reportedly led to fraudulent practices consisting in rearing the
females with the aim to produce the many young ones born each year: a female
can give birth to up to fifty young ones. The remarkable fecundity of the Both
rops spp. and their ecological tolerance alone can explain the failure.

In certain North American metropoles the firemen are required to collect and dis
pose of snakes reported by the inhabitants. This method was supposed to have
the advantage of protecting both people and animals... Not only is such a strategy
expensive, its efficacy has not been confirmed either.

Keeping dogs trained to detect snakes has been proposed in Japan, and similarlyone
has used poultry (chickens, turkeys, ducks) to announce the presence of reptiles.

The installation of protective devices (ditches with smooth sides around a plan
tation, nylon netting) has been used experimentally in Japan. The use of electri
fied barriers has allowed one to reduce the snake density by 50% in the fenced-in
area. Trapping requires a large number of traps and their methodical distribution:
on the Anami islands in the South ofJapan it was calculated that that 200 traps
per hectare were needed to eradicate the snakes within 6 months. However, these
techniques are costly to install and to run and need particular topographical con
ditions to be really effective.

4. 1.2Ecological control

The modification of the environment has an effect on the snake population, either
by favoring the development of certain populations or on the contrary by limit
ing their conservation.

The creation of largefields has enabled an extensiveand heavilymechanized agricul
ture and hascauseda decrease in snakebitemorbidity in many industrialized countries.
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The destruction ofcertain habitats (pack walls, elimination of scrub growth, wind
slash) allows one to reduce the density of snake populations in certain areas. This
method appears to have given excellent results on the tropical islands ofJapan.

4. 1.3 Biological control

Mongooses, notably the Indian mongoose tHerpetes eduiardsi), a famous predator
of snakes, have been introduced in several tropical regions to fight snakes. Their
broad carnivorous habits have been confirmed on the Anami islands, in Trinidad
and Puerto Rico, where even a relative competition could be observed between
certain venomous snakes and the mongooses. However, snakes constitute less than
10% of the prey captured by the mongooses. In addition the mongooses hunt
mainly by day and their encounters with venomous snakes, which often are noc
turnal, are largelygoverned by chance. Finally it can be argued that the mongoose
affects equally the whole of the vertebrate fauna and therefore can adverselyaffect
the environment.

Several researchers have experimented with the impact of parasitic, bacterial or
viral infections on snake populations, The hemogregarines (Haemogregarina spp.
or Hepatozoon spp.) are blood parasites of reptiles and infect more than half of the
snakes captured in the primary equtorial forest without having any visible effect
on their health or abundance. The amoeba (Entamoeba invadens) is a well-known
pathogen, but it is difficult to infect the snakes without endangering the non-tar
get fauna.

4. 1.4 Chemical control

This strategyhas been proposed for a long time alreadybut with only modest success.

The use of poisoned water or prey animals, notably with nicotine or strychnine,
has given interesting results in North America and in Japan before the 1960s.
Undesirable effects on the environment and the dangers ofsuch practices have led
to them being abandoned.

The use of repellents or of pesticides - organochlorines, combinations of naph
thaline and sulfur (Snake-A-Wa~, traded in the USA), pyrethroids (deltamethrine,
an insecticide toxic to cold blooded animals: K-Othrineill , Decis") - necessitate
high doses which is costly and dangerous for the environment. The fumigation
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with methyl bromide is effective but brings with it the considerable danger of
destroying the ozone layer. Certain plants appear to be able to keep snakes away
without danger to other vertebrates. Securidaca longepedunculata, a famous African
anti-venomous plant, and Ipomoea carnea, an American shrub occurring from
Texas to Argentina, are said to be strong natural repellents. Recently a product of
unspecified composition is being traded in Europe as repellent specificallyagainst
snakes (Vivert").

4.2 Protection against bites

One of the simplest and least onerous means is protective clothing. Wearing heavy
boots and thick gloves reduces significantly the danger of snakebite. Wide
brimmed hats protect against arboreal snakes that can fall onto the victim and
bite on the head. It is necessary to avoid certain dangerous actions or to take pre
cautions beforehand: sounding cavities with a stick, using a tool or protecting the
hand. Finally the mechanization ofagriculture is also an important factor in risk
reduction by limiting the direct man/snake contact.

The individual prevention rests largely on wide-ranging information of the pub
lic on the circumstances of accidents, the ecology of the dangerous species and
the first aid to be given in the case of a bite. This advice is given out in schools,
via the press or as posters. Although it has not truly shown its efficacythis method
has the merit of being inexpensive.

4.3 Organization of the admission to medical care

The speed of intervention and ofstarting the correct treatment is the essentialfactor.

It is necessary to avoid panic, which often leads to detrimental actions. The first
aid has to be simple and this requires adequate information of the public who
should be induced to consult a health care center as soon as possible. Naturally,
the organization of the health system should be such as to meet the expectations
of the public and its needs.

The response given to snake envenomations should not only be scientific but also
pragmatic and operational. The fact that in spite of their efficacy the antivenins
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are under-utilized has as consequence that morbidity and lethaliry remain at an
unacceptable level and this leads to focusing again the analysis that has been car
ried out on this problem.

Two major problems become apparent. The unavailability of the antivenin for
which the producer, the prescribing physician and the beneficiaryshare the respon
sibility. The main reason appears to be the price of the product, which is higher
than the average buying power of the patients. The other one is that the use of
the product remains deficient without a precise protocol and adequate training.

Finally, a daring marketing, financial and health education policy could improve
the situation and lower mortality significantly.



APPENDIX 1

Practical Measuring of the LDso
by the Spearrnan-Karber Method

Conditions:

• Constant value ofd (= logarithm of the realation between 2 successive doses)
• covering all the response intervals between 0% and 100%
• symmetrical distribution of the responses
• at least 5 animals for each dilution
• observation during 48 hours (some stipulate 24 hours)
• 5 control animals (injection ofdiluent without venom)

Technique:

• prepare the venom dilutions starting from the lowest to the highest concentration
• inject all the mice with the doses by the same route, in the same volume and

during the same manipulation
• count the dead mice after the required delay
• apply the following formula:

log LO ID =x,oo ± +- (I r-n/2)

• the variance equals:

V(m) = d
2

I [r (n-rl]
n2 (n-I)

where X'DD is the logarithm of the lowest dose causing 100% mortality
n is the number of animals used for each dilution
r is the number of dead animals for each dilution
t = 2.20 for p = 0.05 with d.d.l. =I (n-L) including all the groups of

animals falling between xO et xlOO, these two values being excluded
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Example:

Snake Venoms and Envenomations

Dose of venom (rng) 0.28 0.35
Number of deaths 0/5 1/5

d =log 1.25 =0.223
x

l OO
= log 0.86 =- 0.151

Xo =log 0.28 =- 1.273
n=5
d.d.l. =6

0.44 0.55
1/5 3/5

0.69 0.86
4/5 5/5

1.07
5/5

LD
50

= -0.151 ±
0.223

5
[0+1+1+3+4+5-(5/2)] =-0.151 ±

0.223
5

(11.5) =-0.151 ± 0.513

the two possible values for the LD
50

are antilog (-0.664) and antilog (0.362), the
latter value being by definition inappropriate.

V(m) = ~;15~~; [(ox5)+(lx4)+(IX4)+(3x2)+(4xO)] = 0.?~g7 14 = 0.00696

Consequently the LD50 is 0.51 mg (lC =0.43-0.62)
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Symptomatic Action
of Certain Plants
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(C) =caraplasma: (D) =decoction; (I) = infusion; (M) =maceration; ( ?) = not specified

Plant Analgesic Anti- Antiseptic Cicatrizing Haemostatic Diuretic Stimulant Sedative Specific
inflammatory

Acacia a/bida(ana tree) bark (C) root (C) bark

Acacia dudgconi root toot

Acacia "ythrocalyx leaf

Acacia macrosttuya bark leaf

Acacia nilotica fruit (C) fruit (C) root (I)

Acacia polyacanthaa root]. bark', root

Acacia sieberiana root' bark bark

Achyranthcs aspcra plant (D) seed'

Adansonia digirara leaf, seed bark.Jeaf gum fruit leaf
(baobab tree)

Agaucsisala1lll (agava) leaf

Agcratum conyzoitks leaf (C)

Alocumt (aloe) gel gel gel'

Anacarrbum occidental» bark plant fruit fruit leaf

Ananas comosus stem, fruit' stem, fruir'
(pineapple)

Annonascncgaknsis gum root,

bark

Aphaniascncgaknsis leaf bark

Azadirruhra indica bark, leaf (D) young leaf, bark (D) root,
(neern tree) seed ( 1) flower

Balanites 4gyptica fruit (C)' leaf root

Boerhauia diffUsa root' root

'Anti-cedernarous, 'Anti-platelet-aggregation; 'Plasmine-like =thrombolyric: 'Cardiotonic; 'Anti-necrotic (proteolysis); 'Antifibtinolytic



(C) =cataplasma; (D) =decoction; (I) = infusion; (M) = maceration; ( ?) = not specified

Plant Analgesic Anti- Antiseptic Cicatrizing Haemostatic Diuretic Stimulant Sedative Specific
inflammatory

Borassus archiopum flower

Borreria vrrticillata leaf(C) leaf (C) root (M)

Bonoelliadalzirlli root +

bark

Bndeliamicransba bark + leaf root, fruit

branch

Butyrosprrmum parkii butter (C) butter (C) butter (C) seed
(shea)

Calotropis procrra root bark

Capparis tomentosa root ? root,

leaf

Capsicum jruusuns fruit'
(pili pili)

Carica papaya seed (C) latex (C) fruit (C), root, leaf
(pawpaw tree) latex (C)

Cassia alata branch' leaf (C)

Cassia occidentalis seed (C) root, leaf root, seed

(M,D)

Cassiasieberiana seed (C) root, leaf (M, D) root, seed

Casuarina rquisrriftlia

Celtis incrgriftlia leaf leaf leaf

Centcllaasiatica leaf (C)

Chrysanchrlum indicum plane (D)

Cissus populnea root', stem leaf (ash)

'Anri-eedemarous, 'Anti-pla,elet-aggregation; 'Plasmine-like = thrombolytic; 'Cardioronic; 'Anti-necrotic (proteolysis); 'Antifibrinolytic



(C) =cataplasma; (D) =decoction; (I) =infusion; (M) =maceration; ( ?) =not specified

Plant Analgesic Anti- Antiseptic Cicatrizing Haemostatic Diuretic Stimulant Sedative Specific
inflammatory

Cochfqsp"",um root (D)

tinctorium

Cola nirida(cola tree) nut

Combrttumsp. leaf' (D) leaf (D) seed (C) leaf (D) leaf (D)

Commiphora africana leaf, bark resin leaf, bark
(hairy corkwood)

Cosooafn- root (D) leaf'

eratroll adansonii root' (C), bark

CrtScmtill cuj"C leaf, fruit leaf fruit nut (ash)

Crossopterixftbriftga root root root

Danielliaoliveri bark, stipulate bark root bark

Daturamete! leaf (C) leaf

Dichrostaehys cinerea bark (I) leaf, leaf,
(sickle bush) root fruit,

bark

Dombrya quinqucma bark

Entadaafricana root

Eryrhrina "ncgakmis bark, leaf, leaf, root
(coral tree) nut

Eryrhrophlmm sua_km bark bark

Euphorbia balsamifn-a latex (C) latex (C), latex latex,
branch branch

Euphorbia tirucalli latex root

'Anti-cedernarous, 'Anti-platelet-aggregation; 'Plasmine-like =thrombolytic; 'Cardiotonic; 'Anti-necrotic (proteolysis); 'Antifibrinolytic



(Cl = cataplasma; (D) = decoction; (I) = infusion; (M) = maceration, ( ?) = not specified

Plant Analgesic Anti- Antiseptic Cicatrizing Haemostatic Diuretic Stimulant Sedative Specific

inflammatory

Feretia apodanthera root,

leaf,

flower

Ficuscapensis (Cape fig) root'

Ficus natalensis root root

Ficus sycomorus latex leaf

Ficus thonningii bark (C)

Gardenia temifolia bark' bark (C) root bark

Grewia bieolor bark bark root

Guiera senegalensis leaf. toot (D) leaf, root (D) leaf (C) leaf(C) leaf (I), gall

Hibiscus esculenrus leaf (C)

Hibiscus sabdariffa flower (C) flower, leaf flower

(D, I) (D, I)

Holarrhena floribunda leaf(C) bark, root,

leaf (D,M)

Hoslundia opposite leaf leaf roor leaf leaf (pre-

venrion &
treatment)

Jatropha curcas leaf leaf latex latex latex

(physic nut)

Kalancboe pinnata leaf(C) leaf(C)

Khayasenegalensis roor, bark roar, bark root, stalk root, bark

Kigelia afriea bark root

'Anri-eedemarous: 'Anti-platelet-aggregation; .IPlasmine-like = thrombolytic; 'Cardioronic; 'Anti-necrotic (proteolysis); 'Antifibrinolytic



(C) = caraplasma, (D) = decoction; (I) = infusion; (M) = maceration: ( ?) = not specified

Plant Analgesic Anti- Antiseptic Cicatrizing Haemostatic Diuretic Stimulant Sedative Specific
inflammatory

Lannea«himperi bark

Lausonia inermis leaf(C) leaf (C) leaf(C) toot
(henna)

Leptadenia hastata latex toot flower

Macrosphyra Iongistyla bask toot flower

Mangif.m indica leaf (D. I). leaf (D. I)
(mango tree) core

Maytmus sm_galmsiJ leaf. bask root. bark bask root

Mimosapigra root (I) root

Mitragyna inermis bark leaf. bark

(ben gum)

Moringa okifira root (C) plant root (C) gum gum. leaf gum'

Olaxsubscorpioitk, leaf

Parinari curauUift/ia leaf. bask

Parkia biglobosa bark branch

Pauettacrassipes bask

Pericopsis laxiflora bask. leaf bask. leaf

Pilio,tigma rrticulatum bark.leaf'(C) bask bask. leaf (C) bask. leaf (C) leaf

Pi/iostigma thonningii bark. leaf fruit leaf

Psidiumf,Wljava leaf (C)
(guava tree)

Psorospermum bark = branch leaf root
sm'f;alms_ + gum + leaf

'Anri-cedemarous: 'Anti-platelet-aggregation;'Plasmine-like = thrombolytic; 'Cardiotonic; 'Anti-necrotic (proteolysis); 'Antifibrinolytic



(C) = cataplasma; (D) = decoction; (I) = infusion; (M) = maceration; ( ?) = not specified

Plant Analgesic Anti- Antiseptic Cicatrizing Haemostatic Diuretic Stimulant Sedative Specific
inflammatory

Ricinuscommunis leaf (C) leaf (C) nut bark nut
(ricinus)

Sabacomorensis latex bark

Sarcocephalus kzrifO/ius root. leaf root. leaf leaf

Sckrocarya birre« branch bark nut bark

&curidaca root (C) root (C) root (D) root,

fongtptduncukzta branch. leaf

Smilaxanctps root leaf

Sterculi«strigtrrl foot veterinarian

use

S,trrosptrmum bark. leaf bark root leaf bark
lrun,hianum

Strychnos innocua roou leaf root root

Strychnos spinosa leaf root foot root root leaf
(monkey orange)

Suiartzia root

madagascamuiJ

Tabmwn,ht iboga root

Tamarindus indica fruit. leaf (C) leaf(C) bark (C) bark bark. branch
(tamarind)

Ttrmina/ia avi",nnioidts root, bark root, bark root. bark root, bark

Terminalia macrop'trrl root. bark root (C), bark leaf, roor root bark

Tetracera an/nifO/ia branch roor.Teaf

'Anti-oedernatous: 'Anti-platelel-aggregation; 'Plasmine-like = thrombolytic; 'Cardiotonic; 'Anti-necrolic (proteolysis); 6Anlifibrinolytic



(C) =cataplasma; (D) =decoction; (I) =infusion; (M) =maceration: ( 1) =not specified

Plant Analgesic Anti- Antiseptic Cicatrizing Haemostatic Diuretic Stimulant Sedative Specific

inflammatory

Th""ritz nmiftlia nut, fruit toot

Tinospora bakis root' toot toot

Tmna guin<msis leaf leaf (D) leaf (D) branch. leaf

Uuaria cbamae leaf root. bark, leaf

v"rivma nigrirana root (C) root (C)
(vetiver)

Vita doniara bark, leaf, leaf (C) leaf (D). veteranerian
fruit bark use

Vita simp/iciftlia bark root (ash)

Ximeniaamericana root' root (C) leaf (C) leaf. root (C)
(sour plum)

Xylopia aetbiopica bark.
(bitterwood) fruit (C)

ZAnthoxylum leaf root, bark' toot. leaf root

zanthoxyloUks

Ziziphw mauritania fruit.leal' bark (C) fruit
(jujube)

Ziziphw spina-cbristi spine (C). leaf spine
leaf

'Anti-eedemarous: 'Anti-platelet-aggregation; 'Plasmine-like =thrombolytic; 'Cardiotonic; 'Anti-necrotic (proteolysis); 'Antifibrinolytic
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Europe

Producer Name of Neutralised Animal wed Methode of Description and presentation
product venom purification of the product

AVl:ntis Pasteur Viperfav Viptraaspis, Horse Precipitation In liquid form
2 Avenue Pont Pasteur. V.berus, Peptic digestion 2 ml syringe
69367 Lyon cedex 07. V.ammodytes Adsorption on gel I ml neutralises 2S0 LD", de V.aspis
FRANCE Chromatography and V.ammodytesand I2S LD" of

V.berus

Favirept Bins arietans Horse Precipitation In liquid form
Echis !nJ<ogasttr Peptic digestion 10 ml ampule
Najahaje, Adsorption on gel I ml neutralises 2S LD" of
N. nigrico//is Chromatography B. arietans, E. !nJ<ogasttr and
Cerastes cerastes N. hajeand 20 LD", of the other
Macrovipera de!mi venoms

Favafrique Bitisarietans, Horse Precipitation In liquid form
B.gabonica. Digestion pepsique 10 ml ampule
B. nasicomis Adsorption on gel I ml neutralises 2S LD" of Bitis,
Echis !nJ<ogasrer, Chromatography Echis, Dendroaspis and N. hajeand
E.ocellatw 20 LD", of N. melanoleuca and
Najahaje, N. nigrico//is
N. melanoleuca,

N. nigricollis
Dendroaspis jame!oni,
D. polylepis,
D. oiridis

Bothrofav Botbrops lanceolatus Horse Precipitation In liquid form
Peptic digestion 10 ml ampule
Adsorption on gel I ml neutralise 2S LD"
Chromatography



Europe (continued)

Producer Name of Neutralised Animal used Methode of Description and presentation
product venom purification of the product

Institute of European Vipera ammodytes, Horse Precipitation In liquid form
Immunology, Inc, Viper Venin V.aspis, V.beTUS, Peptic digestion 10mt ampule
RockefelIer Antiserum V.lebesina, I ml neutralises 100 LD" of
str. 2, Zagreb, V.xantbina, V.ammodytesand V.aspis, 50 LD" of
CROATIA \I. ursinii the venoms of the other vipers.

KnollAG, Snake Naja naja sputatrix Goat Precipitation In liquid form
Postfach 21 08 05, Antivenom Peptic digestion I ml contains 100 mg of proteins max.
67008 Ludwigshafen, Purification ID mlampule
GERMANY

Asia

National Antivenom and Polyvalent Bitisarietans Horse Precipitation In liquid form; protein concentration
Vaccine Production Centre, Snake Cerastes cerastes or Peptic digestion between I and 1.3 g
National Guard Health Anrivenorn Echiscartnatus, goat Adsorption on gel I rnl neutralises at least 25 LD",
Affairs, Riyadh, E. coloratus 10mlampule
Kingdom of Naja baje
SAUDI ARABIA Walrerinnesia aegyptia

Bivalent Snake Naja haje Horse Precipitation In liquid form; protein concentration
Antivenorn Walterinnesia aegyptia Peptic digestion I g

Adsorption on gel I ml neutralises at least 100 LD -c

10 ml ampule

Bivalent Waltmnnesia aegyptia Horse Precipitation In liquid form; protein concentration
Atractaspis/ tractaspis microlepidota, Peptic digestion Ig%
Walterinnesia A. mgaddemis Adsorption on gel I ml neutralises at least 25 LD se

Arractaspis and 200 LD" Walterinnesia
ID ml ampule



Asia (continued)

Producer Name of Neutralised Animal used Methode of Description and presentation
product venom purification of the product

Razi Vaccine & Serum Antisnake Naja najaoxiana, Horse Precipitation In liquid form
Research Institute, Bite Serum Macrovipera lebetina, Peptic digestion 10 ml ampule
P.O. Box 11365, V.a/bicornuta
1558 Tehran, IRAN Echiscarinatus

Pseudocerastes persicus
Agkisrrodon halys

Razi Vaa:me & Serum Antisnake Naja naja oxiana Horse Precipitation In liquid form
Research Institute, Bite Serum Peptic digestion 10 ml ampule
P.O. Box 11365. (monovalent)
1558 Tehran, IRAN

Antisnake Macroviptra lebetina Horse Precipitation In liquid form
Bite Serum Peptic digestion 10 ml ampule
(monovalent)

Antisnake Echiscarinatus Horse Precipitation In liquid form
Bite Serum Peptic digestion 10 ml ampule
(monovalent)

PT Bio Fanna, Polyvalent Callacelasma rbodostoma Horse Precipitation In liquid form
JI. Pasteur 28, anti snake Bungarusfasciatus 5 mlampule
P.O. Box 47. Venom Naja sputatrix
Bandung 40161,
INDONESIA



Asia (continued)

Producer Name of Neutralised Animal used Methodeof Description and presentation

producr venom purification of the producr

Thai Goftrnment Cobra Naja najakaouthia Horse Precipitation In liquid form

Pharmaceutical Antivenom Enzyme digestion I ml neutralises 0.6 mg ofvenom

Organization.
75/1 Rama VI Rd. Malayan Pit Calloselasma Horse Precipitation In liquid form

Bangkok 10400. Viper rhodostoma Enzyme digestion I ml neutralises 1.6 mg of venom

THAILAND Antivenom

Russell's Viper Daboiarusselli Horse Precipitation In liquid form

Antivenom Enzyme digestion I ml neutralises 0.6 mg ofvenom

Central Research Polyvalent Naja naja Mule/Horse Precipitation In liquid and in lyophilized form

Institute, Simla Hills, Anrisnake Bungarus caeruleus Peptic digestion I ml neutralises 0.6 mg ofNaja &
H. P. Kasauli, INDIA Venom Daboia russell: Filtration Vip"a, 0.45 mg of Bungarus & Echis

Serurn.Tl' Echis carinatus

Haflkine Bio- Snake Najanaja Horse Enzyme digestion In liquid and in lyophilized form

Pbanna<:eutical Corpn. Antivenom IP Daboiarussellii Precipitation (10 ml)

Ltd., Acharya Donde Marg, Bungarusc~ Dialysis
Parel, Mumbai 400012 Echis carinatus
INDIA

SerumImtitute of Snake Najanaja Horse Precipitation In lyophilized form (equivalent of

India Ltd. 212/2. Antivenin Bungarusc~ Diafiltration 10ml)

Hadapsar, Serum IP Daboiarusselli I ml neutralises 0,6 mg ofNaja &

Pune - 411 028 SII Polyvalent Echis cannatus Vipera, 0,45 mg ofBungarus & Echis
INDIA Anti-Snake

Venom Serum

Snake Venom Dendroaspis polykpis Horse Precipitation In lyophilized (equivalent of

Anti-sera Bitisgabonica Diafiltration 10 ml)

Daboia russelli I ml neutralises 0.6 mg of Bitis&
Echis carinatus Vipera, 0.45 mg of Dendroaspis & Echis



Producer

Bbarat Serum. &
vaccincs Ltd
16" floor, Hoechst House.
NarimanPoint,
Mumbai-
400021 INDIA

Name of
product

Anti snake
venom serum
Asia

Neutralised
venom

Daboia russeliii
Echis carinatus
Naja naja
Bungarus caeruleus

Asia (continued)

Animal used Methode of
purification

Horse Precipitation
Enzyme digestion
Diafiltrarion

Description and presentation
of the product

In liquid form; protein concentration
between 1 and 2 g
I ml neutralises 0.6 mg ofNaja 6
Daboia. 0.45 mg ofBungarus & Echis
!Oml ampule

Biological. Production
Service.
Filinvest Corporate City,
Alabang, Munrinlupa,
PHILIPPINES

Anti snake
venom serum
Africa

Cobra
Antivenom

Bitisgabonica,
B. anetans,
B. nasicomis
Dendroaspis jamtsonii,
D. polykpis,
D. angwtiCtps
Echis carinatus,
E. ocellatus

Naja niuea,
N nigrico//is,
N annu/jftra,
N melanoleuca

Naja najapbilippinmsis

Horse

Horse

Precipitation
Enzyme digestion
Diafiltration

Precipitation
Peptic digestion
Filtration on
membrane

In liquid form; protein concentration
between I and 2 g
1 ml neutralises at least 25 LD,.
10 ml ampule

In liquid form



Asia (continued)

Producer Name of Neutralised Animal used Methode of Description and presentation
product venom purification of the product

Shanghai Institute Purified Deinagkistrodon Horse Precipitation In liquid form
of Biological Products, Agkistrodon acutus Peptic digestion
1262 YangAn Road (W), Acutus Filtration on gel

Shanghai 200052. Antivenom
CHINA

Purified Gloydius ha/ys Horse Precipitation In liquid form
Agkistrodon Protobothrops Peptic digestion
Halys mucrosquamatus, Filtration on gel
Anrivenorn Trimeresurus stejnegm

Purified Bungarus multicinctus Horse Precipitation In liquid form
Bungarus Peptic digestion
Mulricinctus Filtration on gel
Antiv.

Purified Naja Ophiophagus hannah Horse Precipitation In liquid form

Antivenom Peptic digestion
Filtration on gel

Purified Vipera Daboiarusselli Horse Precipitation In liquid form

Russelli Peptic digestion

Antivenom Filtration on gel

Takeda Chemical Freeze-Dried Gloydius ha/ys Horse Not available In lyophilized form

Industries Ltd. Mamushi

Osaka, JAPAN Antivenom



Asia (continued)

Producer Name of Neutralised Animal used Methodeof Description and presentation
product venom purification of the product

The Thai Red Cobra Naja najakaourhia Horse Precipitation In lyophilized form (equivalenr of
Cross Society, Anrivenom Enzymatic digestion 10ml)
Queen Saovabha
Memorial Institute, King Cobra Ophiophagw hannah Horse Precipitation In lyophilized form (equivalenr of
Bangkok, THAILAND Antivenorn Enzyrnaric digestion 10ml)

Banded Krait Bungarus[asciatus Horse Precipitation In lyophilized form (equivalenr of
Anrivenorn Enzymatic digestion 10 rnl)

Russell's Viper Daboiarusselli Horse Precipitation In lyophilized form (equivalenr of
Antivenom siammsis Enzyrnaric digestion 10 ml)

Malayan Pit Callosdasma Horse Precipitation In lyophilized form (equivalenr of
Viper rbodostoma Enzymatic digestion 10ml)
Antivenom

Green Pit Trimeresurus albolabris Horse Precipitation In lyophilized form (equivalenr of
Viper Enzymatic digestion 10ml)
Antivenom

Institut Pasteur d'Algerie Antiviper Cerastes cerastes Horse Precipitation In liquid form
Rue du Docteur- Laveran, Serum Macrouipera lebetina Peptic digestion I ml neutralises 40 LD" of Vipera
A1ger, Filtration & dialysis venom and 20 LD,. of Cerastes venom
ALGERIA 10 ml ampule



Asia (continued)

Producer Name of Neutralised Animal used Methode of Description and presentation

product venom purification of the product

South African Vaccine Polyvalenr Bitis arietans, Horse Precipitation In liquid form
Producers (Ply) Led, Snake B. gabonica Heat (56°) 10 ml ampule
PO Box 28999, Anrivenorn Hemacbatus Peptic digestion
Sandringham 2131, baemachatus Dialysis
SOUTH AFRICA Dendroaspis Ion exchange

angustireps. filtrationilrrarion
D. [amesoni,
D. polylepis
Naja niuea,
N. melanoleuca;
N. annulifera,
N. mossambica

Boomslang Dispholidus rypus Horse Precipitation In liquid form
Anrivenorn Heat (56°) 10 ml ampule

Peptic digestion
Dialysis
Ion exchange
filrraticnilrrarion

Echis Echis ocellatus Horse Precipitation No stocks

Anrivenom Heat (56°)
Peptic digestion
Dialysis
Ion exchange
filtrationilrration

See Avenris Pasteur (
Europe)

See Serum Institute of
India (Asia)

See Bharar lab (Asia



Americas

Producer Name of Neutralised Animal used Methodeof Description and presentation

product venom purification of the product

~th Loboratories Inc, North MicrurwjUlvius Horse In lyophilized form (equivalent of
Marlerta, American 10ml)
PA 17547 CoralSnake I ml neutralises 2 mg or 25 LD", of
USA Anrivenorn M. jUlvius venom

Polyvalent Crotalus Horse In lyophilized form (equivalent of
Anrivenom adamanteus 10ml)

C atrox High cross-reactivity for the venoms

C durissus temficus ofAmerican and Asian crotalids.
Botbrops atrox

Therapeutic ViperaTab Vipera berus Sheep Precipitation In lyophilized form

Antibodies Inc. Cross reaction with Heal (56°) Ampules containing 100 mg
1207 17" Avenue South. V.aspis & V.ammodytts Trypsin digestion of proteins
Suite 103, Nashville. Affinity
TN 37212. USA chromatography

EchiTAb Echis ocellatus Sheep Idem bUI In lyophilized form
Ion exchange Ampules containing 500 mg
chrornarography of proleins

CroTAb Crotalus atrox, Sheep Idem but In lyophilized form
C adAmanttus, Affinity
C scusulatus & other chromatographie
North- American
croralids

ProlongaTAb Daboia rws.lli Sheep Idem bUI In lyophilized form
Ion exchange
chromatography



Americas (continued)

Producer Name of Neutralised Animal used Methodeof Description and presentation
product venom purification of the product

Gcrencia G" de Biologicos Suero Crotalus basiliscus Horse Precipitation In lyophilized form (equivalent 10 ml)
yReactiws, Anriviperino Botbrops asp"
Secretaria de Salud, polivalente
Arnores 1240, (polyvalent
Colonia del Valle, anti-viper
Mexico 03100, serum)
D.E MEXICO

LaboratoriosSilanes Antivipmyn Crotalus tnrificw Horse Precipitarion In lyophilized form (equivalent 10 rnl)
SA de C.Y. Botbrops atrox Peptic digestion 1 ampule neutralises 780 LD,. of
Amores #1304, Col. Del Botbrops and 200 DL,. of Crotalus
Vallec.n 03100 Mexico, Cross-reacrivity wirh Agkistrodon and
DFMEXICO Sissrurus

Coralmyn MimtruJsp. Horse Idem In lyophilised form (equivalent 10 rnl)
1 ampule neutralises 450 LD,. of
Micrurus

lnstituto Clodomiro Polyvalent Botbrops asper Horse Fractionation by In liquid and in lyophilized form
Picado, Univ. De Anrivenorn Crotalus durissus caprylic acid (equivalent of 10 ml)
Costa Rica, Ciudad Lachesis muta,
Universitaria "Rodrigo L. stmopbys,
Facio", San jose, L. melanocephala
COSTA RICA

Anticoral Micrurusnigrotincrus, Horse Fractionation by In liquid and in lyophilized form
Antivenom M.plvius, caprylic acid (equivalent of 10 ml)

M. dumtrilii,
M. broumi

Anti-M. Micrurus mipartitus Horse Fracrionarion by In liquid and in lyophilized form
Mipartitus caprylic acid (equivalent of 10 ml)
Antivenom



Americas (continued)

Producer Name of Neutralised Animal used Methode of Description and presentation
product venom purification of the product

Intituto Butantan, Soro Principales especes Horse Precipitation In liquid form

Avenue Vital Brasil, Anribotropico de Botbrops (B. atrox, Peptic digesrion 10 ml ampule
1500 Sao Paulo, BRAZIL B. cotiara, B. jararaca, I ml neutralises 5 mg of the

B. jararacussu, B. moojeni, reference venom
B. nruwitdj)

Soro Crotalus durUJUJ, Horse Precipitation In liquid form
Anticrotalico C terrificus, Peptic digestion 10 ml ampule
(anti-Crotalus C collineatus, I ml neutral ises 1.5 mg of the
serum) C cascavella reference venom

Soro Micrurus corallinus, Horse Precipitation In liquid form

Anrielapidico M. frontalis, Peptic digestion 10 ml ampule
(anti-elapid M. ibiboboca, 1 ml neutralises 1.5 mg of rhe
serum) M. lemniscatus, reference venom

M. JpOOi

Soro Cf. Antiborropico Horse Precipitarion In liquid form; 10 ml ampule
Antiborropico- and Anticrotalico Pepric digestion 1 ml neutralises 5 mg of Bothrops and
Crotalico 1,5 mg of Crotalus
(ami-Bothrops
& Crotalus
serum)

Antiborropico- Cr. Antiborropico Horse Precipitation In liquid form; 10 rnl ampule
Laquetico and Lachesis muta Peptic digestion 1 mIneutralises 5 mg of Bothropsand

. (anti-Bothrops 3 mg of Lachesis
& Lachesis
serum)



Australia

Producer Name of Neutralised Animal wed Methode of Description and presentation
product venom purification of the product

Commonwadth Serum Brown snake Psnuionaja sp. Horse Precipitation, In lyophilized form (equivalent of
Laboratories Ltd. Trypsine digestion 10 ml)
Parkville,
Melbourne Tiger Snake Notecbissp.• Horse Precipitation, In lyophilized form (equivalent of
AUSTRALIA Tropidechis sp., Trypsine digestion 10 ml)

AlISm/aps sp. and
Ps~chissp.

Black Snake Ps~chis australis, Horse Precipitation. In lyophilized form (equivalent of
P. butlm Trypsine digestion 10 rnl)

Taipan Oxyuranus sp. Horse Precipitation, In lyophilized form (equivalent of
!Om!)

Death Adder Acantophissp. Horse Precipitation, In lyophilized form (equivalent of
10 rnl)





APPENDIX 4

French Legislation Regarding
the Keeping of Venomous Animals

General Conditions

The civil responsibility of the owner or guardian of the animal, whichever is the
case, implying an obligation of compensation, is engaged as soon as a third party
has been prejudiced. The penal responsibility leading to a conviction in the form
of a fine or imprisonment can also be invoked if a contravention has been com
mitted. The prejudice may not only result from a damage; however the plaintiff
will have to provide proof of prejudice, which can also be moral or psychological.
Finally the act may not be intentional: it could be the caseof maladroitness, neg
ligence or imprudence.

Nature Conservation

The Washington Convention (Convention on the International Trade in Endan
gered Species of fauna and flora, or CITES) signed in 1973 classifies the species
in three groups or annexes. Annex I contains the species that are threatened by
extinction and which are not allowed to be traded; exceptions can be authorized
in casesofduly justified research needs. Annex Il lists the species that are allowed
to be traded under special permits, which have to be issued before their transport.
Annex III deals with species that are protected in their countries of origin and
their trade is subject to the same conditions as in Annex II.

This text is enforced by the regulation No, 338/97 of the European Commission,
which has very similar contents.

In a general way capture, transport, keeping, disposal and the destruction of ani
mals listed in one of the annexes of the Washington Convention are subject to
such regulations.
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The Keeping of Dangerous Animals

In French texts there is no clear definition of dangerous animals. The decree of
21 November 1997 defines them as animals that "present serious danger or incon
venience". Most often they are compared to non-domestic animals and fall under
the corresponding regulations.

It is therefore not permitted to let them run free and contravention can lead to a
fine and their being taken away and placed in an appropriate location (pound or
in the case of snakes a natural history museum or zoological garden).

There is a duty of protection and of good treatment regarding nutrition, care,
accommodation (cageappropriate for the species) and handling, excluding in par
ticular instruments that can cause harm.

Certificate of Competency and
Permission to Open an Establishment

The certificate of competency establishes that the person possessingit has the nec
essary competency to keep non-domestic animals. It is provided by the Direc
torate ofVeterinary Services and can be replaced by an exemption, if the animals
are kept privately without presentation, visit or sale to the public.

A permit to open is absolutely necessary for any establishment defined as a farm
for non-domestic animals, whatever their number, if the objective is to show, sell
or otherwise dispose of individuals from the farm, irrespective ofwhether they are
born there or not. The installations must assure the safetyof visitors and ofstaff as
well as the protection of the animals kept in them. The person in charge of the
establishment must have a certificate ofcompetency. In addition a register of ori
gin of each of the animals and its movements must be kept up to date and pre
sented when required. The other formalities necessaryfor any enterprise must also
be complied with.
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Controls are carried out by sworn agents and commissioners: officials of the judi
ciary police, customs, the National Forestry Office, the National Hunting Office,
or the Fisheries Council. However, visits to private homes can only take place in
the case ofa judicial enquiry following a complaint or a duly noted contravention.
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bush viper, 37
bushmaster, 42

calciseptin, 67
Calliopbis, 17
Ca/wsekuma,43,68,69, 71-72,98,102,

122-123,160,179,206-207
capturing snakes, 169-171,242-245
cardio-tonic action, 130
cardio-toxic effects, 228
cardiovascular complications, 225
cardiovascular system, 89-90
Causinae, 35-43
Causus, 16,36, 179, 181, 182, 184,202
cells, 78-80, 79t
Cerastes, 37, 101, 102, 105, 106, 198,201
chemical control, 244-245
chemical denaturation, 136
chemical inhibition, 236
chemical modification, 134
classifications, 9t, 10-12, 24-43, 25t
C/elia,29
coagulation factors, 92, 95-102, 96f,

118-119
coagulation inhibition, 103, 105
coagulation test, 220f, 231
coagulation time, 219-220
cobra syndrome, 213-214, 234-235

Index

cobra venom factor (CVF), 70, 124
cobras, x, 16, 33
Coluber, 176
Colubridae, 11-12, 14-15,26-29, 27f,

51-52
Colubroidea, 11,12
competition, 130-132
complications, 223-225, 228, 238-239
convulsive syndrome, 213
coral snakes, 17, 33
creatinine-phosphokinase (CPK), 111-112
cross reactions, 146-147
crotalids, 15
Crotalinae, 15,40-43
Crotalus, 40, 55, 66-69, 71, 98, 106, 111,

121,146,159,175,200
curare-like syndrome, 213-214
curare-like toxins, 64
Cy/indrophis, 13
cytolysis, 217
cytolytic syndrome, 217
cyrotoxins, 64-65

L>aboia, 36-38,64,66,96, 119, 132, 165,
198,206-209,223-224

death adder, 31
L>dnagkisffodOn, 43,69, 98, 103, 133,206
demography, 171-172
denaturation, 136
L>endroaspis,17,32,52,67,69-70,87,

107,112,131,138-139,162,179,182,
202,211-212

dendropeptin, 70
dendrotoxins, 67
density, 171-174, 173f, 179, 179f
dentition, 5,19, 19f, 48-51, 49f
deshydrogenases, 61
Dinilysia; 10
disintegrins, 68
L>ispholidus,27,52,97
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disseminated intravascular coagulopathy
(DIe syndrome), 220, 236

diuretic action, 130

ear, 21-22, 21f
Echis, 37-39,53,68,80,97, 103, 119,

132,147,174,182,201,205-206,209,
219,221,224

ecology of snakes, 169-182,243-244
ectorherm vertebrates, 24
eggs,24, 178-179
Egyptian cobra, x
Egyptian elapid, x
elapid, x
Elapidae, 12, 16-17,30-35,52,61,66
ELISA tests, 144, 145f, 151, 161
emergences, 177-179
endothelium, 89
Enterobacter, 110
envenornarions

chronology by elapids, 212f
chronology by viperids, 215f
clinic of, 211-227
complications of, 223-225, 228,

238-239
epidemiology of, 169-210
first aid for, 228-230, 229t
monitoring, 230-232, 231f, 239, 239f
prevention of, 242-245
severityof, 216t
treatment of, 228-246
see also snakebites

enzyrnatic activity, 108
enzyme activators, 69-70
enzyme inhibitors, 69-70
enzymes, 57-61
Eriuocophu, 36, 68,80, 123
evolution, 3-12, 5f-8f
eye injuries, 225
eyes,22
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factor V activators, 96-97, 119-120
factor X activators, 119
fangs, xi, 19,48-51,49£ Seealso dentition
fasciculins, 67, 88, 213
fer-de-lance, 41
fibrin degradation products (FOP), 94-95,

220
fibrin formation, 93-94, 93f, 94f, 100f
fibrin stabilizing factor (FSF), 94
fibrinogenases, 104t
fibrinolysis, 94-95, 102-103
first aid, 228-230, 229t
folklore, 126
French legislation, 271-273

gangrene, 217, 228
glossary, v-vi
Gkrydiw,43,66,101,206

Haasiopbis, 10
habu,42
haemolysis, 223
haemorrhagic syndrome, 163-164
haemostasis

action on, 129
mechanisms regulating, 95
physiology of, 92-95
problems with, 217-222
stages of, 91f
roxic effects on, 91-107
treatment of, 235-236
and venoms, 95-105, 96f

handling snakes, 185
hatching of snakes, 178-179
hearing, 21-22
Hemacbatus, 32, 225
hemorrhagic syndromes, 217-222, 228
horned viper, 37
human behavior, 182-185
hundred-pace-viper, 43
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hunting, 177
hyaluronidase, 59.....60
hydrolysis, 89, 105
Hydrophis,35
Hypnale, 43. 206
hypovalaemic shock, 228

immune stimulation, 133
immunization procedures. 138-139,

157-158
immuno-affinity, 158
immunoglobulins, 140-141, 140f,

146-152, 148f, 149t
immunoglobulins isolation, 158
immunotherapy, 125-165,232-234,

232t,234f
immunotherapy future, 157-161
immunotherapy side effects, 154-156, 155t
infection-inducing factors, 110
inflammatory response, 108-110. 109f
injection quantity, 150-151
intramuscular injection, 112-115, 113f

king cobra, 33
krait, 31-32

Lamino-acid-oxidase, 59, 59f
Lacbesini, 41
Lach~is,42,69, 179
lancehead, 41
Lapparentopbis, 10
Iatrogenic factors, 110
LO measurement, 75-78, 76t, 77f,

247-248
legends, ix-xi
Leproryphlopidae, 25
lytic enzymes, 61

A1acrovipera,36,39, 123, 198.201
Madtsoiidae, 10, 11. 13

Index

Malayan pit viper. 43
Malpolon, 29, 52, 174
mambas. 17,32
mambin,69
mamushi,43
Maticora, 17
mating. 178, 178f
maxilla, 48-51, 49f. See also dentition
mechanical treatment, 134-136
medicine, traditional, 125-136
merallo-proreases, 60--61
Micruroides, 17
Micrurus, 17, 33, III
minute snakes, 24-25
moccasin. 43
monodonal antibodies, 159
A1ontiwpera,36,39.198
movements, 177-179
muiga snake, 34
muscarin-like toxins, 64, 85
muscarine-like syndrome, 212, 234-235
myotoxiciry, 110
myotoxins, 67--68, 88

Naja, x, 16,33,55, 112, 114, 116, 121,
130-133,147, 159-160, 179, 182, 198.
201-202,206-207.209.211-212,217,
225

Natrix,174
necrosis, 109[, 111-112,217,228
necrotizing activity, 107-112, 109f
nerve conductivity, 83-88
nerve growth factor (NGF), 68, 117
nervous signal transmission, 81-83
nervous system, 81-88, 82f, 84f
neuro-muscular synapses, 82-83. 82f
neuro-muscular syndromes, 211-214
neurological problems. 161-162
neuroroxins, 61-70, 62t--63t, 65f,

228
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neutralization curves, 143-144, 143f,
147-148, 148f, 154, 154f

nicotine-like toxins, 84-85
night adder, 36
non-conventional transmissible agents

(NCTA), 160
lVouchu, 17,33,66,97,98, 121,209

olfactory senses, 22-24, 23f
Ophidians, 10
Ophiophagus, 33
opisthoglyphous colubrid, 15
opisthoglyphous maxilla, 15
organs, 20-24
origins, 3-17
osteology, 18-19
Osyuranus, 90
Oxybelu, 29
Oxyuranus, 34, 66, 67, 97-98, 119, 164,
209,225

Pachyophis, 10
Pa/aeonaja, 16
palaeontology, 3-17
Palaeopheidae, 13
pastoral activities, 182-184
Philodryas, 111
phosphoesrerases, 58-59, 59f
phospholipases, 57-58, 57f
phospholipids, 105
physical denaturation, 136
physiognomy, 125
pigmy rattlesnake, 41
plants, 125-134, 128t, 131f, 249-256
platelet activation inhibition, 106-107
platelet aggregation, 92, 105-106
platelets, 105-107
Podopbis, 10
poison fangs, xi, 19,48-5 L 49£ Seealso

dentition
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population composition, 180-182, 18H
population density, 171-174, 173f, 179,

179f
posology, 153-154, 161
postsynaptic neurotoxins, 64, 65f, 228
postsynaptic toxins, 83-86
pre-synaptic facilitating toxins, 87-88
pre-synaptic neurotoxins, 66-67,228
pre-synaptic paralyzingtoxins, 86-87
Proptychopbis, 15
proteases, 60-61
protein C activation, 102, 120, 122
prothrombin activators, 97-98
Protobothrops, 42, 68--69, 103, 106, 133,

164,174,176,182,206-207
Pseudechis, 17, 34,66
Pseudocerastes, 36, 198
Pseudomonas, 110
Pseudonaja, 17,34-35,67,72,98,209
Python, 14, 179

radio-irnmuno assay (RlA), 151
rattlesnake, 40
repellent effect, 126
repellents, 244-245
reproduction, 20--21
Rhabdophu,28,97, 174, 176
ringhals, 32
Russelophiidae, 11
Russel's viper, 37-38

sarafotoxins, 68
saw-scaled viper, 38-39
Scolecophidians,4, 10, 13,24-25, 25t, 51
sea snakes, 35
Securidaca, 131-132, 131f, 245
senses, 21-24
serin-proteases, 60
serum therapy, xii
shock, 228
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Simoliopheidae, 10
Simoliopbis, 10
Sisrrunu, 15,41, 137
snakebites

causes of, vii
characteristics of, 189-191
circumstances of, 187-189
deaths from, 187, 190-209
diagnosis of, 230-232, 231f
epidemiology of, 185-210
first aid for, 228-230, 229t
incidence of, 185-186, 190-209, 190f,

191f, 193t-195t. 196f, 197f
lerhaliry of, 187, 189-209
medical response to, 209-210, 210f
monitoring, 230-232, 231f, 239, 239f
morbidity of, 186-187, 189-209,

196f,199f
mortality of, 187, 190-209
number of, vii

protection against, 245
reasons for, 187-189
serum for, xii
severity of, 191-193, 193t-195t
studying, 185-187
treatment of, 160-164,209-210, 210f,

228-246
see also envenornations

snakes
birth of, 178-179
capture of, 169-171,242-245
characteristics of, ix
classifications of, 9t, 10-12, 24-43, 25t
control of, 242-245
demography of, 171-172
ecology of, 169-182,243-244
emergences of, 177-179
evolution of, 3-12, 5f-8f
handling, 185
legends about, ix-xi

Index

movements of, 177-179
organs of, 20-24
origins of, 3-17
population composition of, 180-182,

181f
population density of, 171-174, 173f,

179, 179f
species of, vii
symbolism of, ix-xi
territory of, 174-177, 176f, 243
zoology of, 1-43
see also snakebi tes

solenoglyphous maxilla, 16
species numbers, vii
spitting cobra, 32
spirting snakes, 32, 225
Squarnata, 24
Strophantus, 132
substitution therapy, 235-236
symptomatic effect, 126-130, 127t, 128t
systematics, 24-43

systemic antidotes, 130-133

Tacbymenis, 28
taipan,34
teethc S, 19, 19f, 48-51, 49f
temperature, 24, 177
territory. 174-177, 176f, 243
Thamnopbis, 173, 175
Tbelotomis, 28, 52, 97, 98
thermoregulation, 177
therrnosensitive receptors, 23-24, 24f
rhrornbin formation, 92, 93f
rhrombin-like enzymes, 98-102, 99t-100t
rhrornbo-elastogramme, 221, 222f
rhrombocytes, 69
thrombolecrins, 69
tiger snake, 33
tourniquet, 134
toxicity
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on cardiovascularsystem, 89-90
on cells, 78-80, 79t
factors influencing, 75-78, 76t
on haemostasis, 91-107, 91f
mean toxicity, 76--78, 77f
measuring, 75-78, 76t, 77f, 247-248
on nervous system, 81-88, 82f, 84f
on platelets. 105-107

Toxicodryas, 29
toxicokinetics, 112-115
toxicology, 75-124
toxins, 61-70, 62t-63t, 65f
traditional medicine, 125-136
transaminases, 61
transfusions, 235-236
treatment mechanisms, 134-136
treatment protocols, 160--161
treatment strategies, 161-164,209-210,

210f,228-246
Trimer~unu,42,68-69,97,102-103,
122, 133, 179, 207

Tropidolaemus, 69, 106
Tropidopheidae, 13
Tropidophiidae, 13
turnor necrosis factor (TNF), 110
Typhlopidae, 4, 25
Typblops, 13

vaccinations, 164-165
venom

antidotes for, 125-165
chemical inhibition of, 236
composition of, 54-73
compounds in, 68-70
in diagnostics, 118-120
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diffusion of, 113-115, 114f, 229-230,
230f

discovery of, xi
enzymes of, 57-61
identification of, 225-227, 226t
injected venom, 150-151
in research, 115-124
spraying of, 225
synthesis of, 54-55
therapeutic uses of, 121-124
titration of, 225-227, 226t
toxicity of, 56t, 75-124
toxicologyof, 75-124
toxins in, 61-70, 62t-63t, 65f
variability of, 70--73

venom appararus, 47-73
venom gland, 48-51
venomous animal ownership, 271-273
venomous species,vii
viper syndrome, 214-217, 237-239
Vlpera, 15,39-40,66,96, 160, 173, 175,

177-178,182,196,206
Viperidae, 12, 15-16,35-43,53,57,60,

66
Viperinae, 15,36-40, 36f
viperine syndrome, 108-111
vipers, 12, 15-16
visceralcomplications, 223-225, 228
vision, 22
vitamin K deficiencies, 119-120

Walterinnesia, x, 198,201, 211
water cobra. 31

Xenopeltidae, 13
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