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preface

This book was written with the physician in mind. It is not intended to be a
compendium on herpetology or on the chemistry, physiopharmacology, pa-
thology, and immunology of snake venoms; nor, | trust, did it turn out that
way. However, it is written with the conviction that many of the problems
faced by the physician would be solved if we knew more about biology, and
it has been put together with this in mind.

Certain data on the general biology of venomous snakes, their distribution,
the structure of their venom apparatus, the chemical nature of their toxins
and their modes and sites of action, immunological phenomena, and other
topics of importance to the physician have been included, for a basic knowl-
edge of these data is essential to better patient care.

In this respect it is comforting to have found that after more than 25 years
of exposure to physicians and snakes, the former have a unique interest in
the latter and what makes them tick (or rattle). A room full of physicians is
more likely to cast the lecturer a greater number of thought-provoking ques-
tions on every manner of snakedom than any other pit full of scholars. For
that reason, considerable basic biological data on snakes and snake venoms
have been included. These bits of information are usually not only of interest
to most physicians, but at sometime in their lives they will definitely find them
of use.

There are many others besides physicians who may find this text useful.
From our files at the Laboratory of Neurological Research of the University
of Southern California, and at the Los Angeles County-University of Southern
California Medical Center, we know that in the past 25 years we have received
approximately 3,900 letters and have logged almost 10,000 telephone calls
from zoos, herpetological societies, associations, and clubs; snake and
venom collectors; political officials; poison control centers; Boy Scouts and
their leaders; customs’ officials; explorers; amateur and professional herpe-
tologists; departments of fish and game; medical information clearing facili-
ties; public health officers, paramedics, firemen, and policemen; museums,
humane societies, and serpentariums; insurance companies; trappers; fisher-
men; lawyers; dune and desert buggy enthusiasts; snake canning factories;
land developers; overseas contractors, “desert rats”; school teachers and
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students (“Send me everything you know about snakes and please before
next Friday. Enclosed is a stamp.”); gardeners; anxious parents; veterinarians;
summer camp operators; water, light, gas, and telephone companies; fruit
and produce companies; libraries; wine and whiskey manufacturers (who use
snakes in their brew); and lastly, that large group of well-meaning authors of
popular articles, newspaper and magazine, who phone almost weekly, sta-
tioned at their typewriters on a 5-minute deadline, and wanting to have (in
3 minutes or less) a condensed version of the “latest” (rarely the “best”)
method of treating the bites of the 350 different species of venomous snakes.

There are two other groups for whom this book should be of particular
importance: those individuals in academic institutions working with venoms
and venomous snakes; and organizations producing antivenins or products
from snake venoms and, needless to say, their medical emergency rooms.

Although this book has not been particularly oriented for graduate or un-
dergraduate students, | trust some may find it valuable as a reference work
on the chemistry, pharmacology, and immunology of snake venoms or for
studies on venomous snakes and the nature of their venom apparatus. In this
respect, much of the text has been developed from graduate and house staff
lectures on snake venom poisoning that have been presented in a formal
course, Physiopharmacology of Toxins, at the University of Southern Cali-
fornia and at the Los Angeles County General Hospital (presently the Los
Angeles County-University of Southern California Medical Center) over the
past 20 years. Parts of these lectures have also been presented in course
work at Loma Linda University and the University of California at Los Angeles,
among other universities.

It is difficult, and perhaps a little presumptuous, to prepare a monograph
on a subject that invades as many disciplines as does venom poisoning.
However, it seems desirable at this time, when there is a certain amount of
consistency in our data on the chemical and pharmacological properties of
venoms, and adequate clinical experience, to put together a compendium
that will serve as a guide and reference work for the physician and, i/t is hoped,
present a critical review of some of the more important problems in toxinol-
ogy.

I am only too well aware, however, that this effort cannot be fully compre-
hensive, and any succinct dissertation on a problem so complex as snake
venom poisoning is almost certain to be incomplete. In addition, the subject
of snake venom poisoning and the treatment of the envenomated victim are
still very open topics. Unlike many entities in medicine, there are a variety of
factors that can influence the diagnosis and treatment of the poisoned patient,
so that the discipline of toxinology proves, perhaps more than most other
clinical areas, that the practice of medicine is still an art and not a science.
Besides, snakes will be snakes.

Findlay E. Russell, mD., Ph.D.



acknowledgments

I wish it were possible to acknowledge all of the people who have so gra-
ciously contributed material for this book. Among those to whom | am in-
debted are J.H. Tashjian of San Maicos, California; J.A. Oliver, R.G. Zwiefel,
J.F. Gennaro, Jr., and J.A. Roze of New York; J.P. Bacon, Jr., of San Diego;
W.B. Allen of Pittsburgh; R.A. Patterson of Tempe; W.J. Bailey of Naples,
Florida; G. Schmitt of Santa Fe; L. Turley of Santa Rosa, California; A.M.
Harvey of Baltimore; F.H. Pough of Ithaca; R.R. Kinsey, H.M. Fischer, G. Bak-
ker, and David Kronen of Los Angeles; J.L. Glenn of Salt Lake City; R.
Worthington of Bethesda; M.D. Ellis of Galveston; C. Gans of Ann Arbor; M.S.
Keasey, lll, of Tucson; and W.C.T. Yang, D.A. Berman, and L.C. Wheeler of
the University of Southern California.

I must single out several individuals for providing particular help: P.M.
Klauber of San Diego; P. Karant of Caryville, Tennessee; J.E. Werler of Hous-
ton, and F.S. Markland of USC, who prepared the material on procoagulants
and anticoagulants. | am indebted to the University of California Press and
Grant Barnes for making data from Klauber's Rattlesnakes available. The
Natural History Museum of San Diego was most gracious in allowing me to
examine the Klauber collection, a scholar’s delight, including his unsorted
papers and photographs. In this endeavor, | am particularly indebted to Carol
Barsi. Needless to say, | shall always be grateful to the late Laurence M.
Klauber, not only for his guidance during the early days of my career, but for
the inspiration and sense of scholarship he left to all of us who were privileged
to know him.

A number of colleagues from abroad should certainly be acknowledged
for their assistance: D.A. Warrell, D.S. Chapman, L.L. Goodwin, and H.A. Reid
of England; G. Habermehl and K.H. Hahn of Germany; H. Michl of Austria; P.
Boquet of Paris; E. Kochva and A. Shargil of Tel Aviv; Y. Sawai of Tokyo; Z.
Mareti¢ of Pula, Yugoslavia; and the Keeper of the Coins at the British Mu-
seum, J.K. Jenkins and RA.G. Carson.

To the following | am indebted for reviewing parts of the manuscript related
to their specialties, and for providing helpful comments: Madge and Sherman
Minton of Indianapolis; Roger Conant of Albuquerque; Charles M. Bogert of

vii



viii Acknowledgments

Santa Fe; A. d'A. Bellairs of St. Mary's Hospital, London; J.M. Savage of Los
Angeles; and my associate here at the Medical Center, Willis A. Wingert, in
whose capable hands | leave any future revisions.

Occasionally in the text | have mentioned “our group.” Such references
are made to those individuals who, during the past 25 years, have served as
part of a team treating snake-venom poisoned patients at the Medical Center;
or who have treated or consulted on such patients elsewhere either as part
of the team or as private physicians. Some of these colleagues have been
primarily concerned with research relating to snakebite, rather than patient
care, but in one way or another all have contributed to the improved man-
agement of snake venom poisoning. | thank the following people from the
University of Southern California: K.B. Bower and P.R. Saunders, and J.W.
Dubnoff (all now deceased); W.A. Wingert, J. Wainschel, R.W. Carlson, R.L.
Hoffman, J.W. Parker, D.R. Powars, T.R. Pattabhiraman, E. Steinberg, S.S.
Rao, R.G. La Grange, R. Castilonia, D.O. Chinn, P.F. Wehrle, D.C. Redfield,
H.M. Weil, JA. Emery, D.C. Buffkin, F.W. Buess, A.E. Underman, and R.C.
Schaeffer, Jr. | am indebted to J.A. Quilligan, R.F. Chinnock, and R. Boche
of Loma Linda University; and to M.D. Fairchild, W. Ebeling, and C.E. Juratsch
of UCLA. | also appreciate the help of B. Campbell of the University of Cali-
fornia, Irvine; T.M. Davidson of the University of California, San Diego; and
A.L. Picchioni of the University of Arizona.

Among the numerous other physicians who, through the years, have been
helpful in providing patient care in cooperation with our Center are P. Farmer
of Oceanside, California; A. McBride of San Diego; L. Leiter of Saugus, Cali-
fornia; R.P. Parkinson of Indio, California; H. Renollet of Sacramento; B.H.
Rumack of Denver; C.H. Watt, Jr. of Thomasville, Georgia; L.H.S. Van Mierop
of Gainesville; D.L. Hardy of Tucson; and N.C. McCollough of Tubac, Arizona.

Those who assisted with the preparation of the distribution maps were R.
Conant, H.M. Smith, L. Curtis, J.E. Werler, R.C. Stebbins, S.A. Minton, W.E.
Haast, H.G. Dowling, and R. Pawley.

Through the efforts of these people, most of the errors have been ferreted
out, but enough will probably remain to cause some embarrassing moments.

Much of the library work that involved checking out the goddesses and
references was done by my gracious wife, Marilyn, John A. Coats, Robert
Blundell, James McCabe, and John Patton and the staff at the Norris Medical
Library at USC, and those of my children—Christa, Robin, and Mark—who
could be pressed into occasional service.

Every writer occasionally gets carried away with his subject and must be
brought back to his wiser self by someone with just enough tact, understand-
ing, spirit, and skill to make the process painless. Bernice Kellar provided this
element to me and the text, and | am indebted to her, once again, for cleaning
up unstructured thoughts and sentences.

| thank Mrs. Carol Ortega for typing and retyping the manuscript many



Acknowledgments ix

times, and to those who assisted her in the task: Jennifer Lick, Barbara
Vincent, and my wife.

Finally, there is one individual to whom | am indebted above all others, for
he provided that thankless task of coordinating the typing, editing, letters of
permission, photography, drawings, and all those humdrum jobs essential to
the completion of any book of this kind. To him, my indispensable assistant
of 17 years, this book is dedicated—HENRY GONZALEZ.



contents

Introduction ............. i 1
Definitions and Terminology ............cccoiiiiiiiiinnen... 2
Antivenin INndex . ... .ottt e e 12
Common Names . ...ttt ettt et iee e 13
SNAKES: . it wiws o bl imenmns st ke 515 [ 5 578 06 aie crmrnons s 5 518 5 0 08 514 23
Paleontology and Phylogeny ...............ccoiviiiiiinn... 25
IS4 8 (ot 1 | ¢ P 27

Identification and Distribution of North American

Venomous Snakes ...............coiiiiiiiiiiiiinin.. 45
Rattlesnake, Copperheads, and Cottonmouths ................ 45
COTAl SNAKES w65 a8 65 % w6505 35 505 505 ¥ 5 5 85,515 BATHS 5 Fob 506 05 5 01 b 56
Distribution . . ..... i e 57
Behavior of North American Venomous Snakes .......... 87
Size and Life Span :usesesomsiansmsseiswisssnnisvams ¥ ey s 87
Meaxiriidin LeRGthS « oo v v m s wrmim o i mbne 8wy o0 wowmos e o s i s 89
Food .....s0:iai8 0 moe d B e oot BEs s TE T s Blbmme « v onem b Bad % 94
LOCOMOUOM! .5 & 5,55 5.5 515 5 05 5058 5050k 5 5575088 0.5 5005 3555 848 3058 5 50s0s &1a 96
Hibernation and Denning « s« s« s e s s ssm wem s maemem a5 w06 w0 101
SheddiNg ..vvvasrsoiisemamecnosnovaioneessmemnessrnsyesa 107
BTSS! «1er:omereTone: SV 454 T TF BT ronrscswonasbrield TUE Fain ol SronbluTyomsmeneasirolies Tf 1o; 3 108
Natural ENEMIES: <o w6 66606 050 as o550 505 91509 5 65 518 @s56.515 655 36 111

xi



xil

Contents

Venom Apparatlls’ .u.ivseussimesmssuias ssepmsssssing 4o 117
Evolution . . ..o e 117
HISEOTY & v s misms 455w a8 506 655055 @ 30 6EQEBES B8 508008 s®s%55 83 118
SHIUCHUNE . . Lttt e ettt e 127
VENOMS .. oo vvvin imimvrirmnsdosmsieamesesdrmmnnenssenes 139
FURGHONT = simssmsps snssssmsmrins @ o i msumsms sainasmivnssd o 139
HIStOry . oo 144
Extraction, Yield, and Injection . ........ ... .o i, 152
SEADIILY . .o e v ettt 156
Chemistry and Pharmacology .............cooviiiiinan.... 156
USES vevis v smmrimtdms s s dni®aisses Snsms imsaasmiaaninssssis 214
Medical Problems of Snakebite .......................... 235
Mythical, Ancient, and Folk Cures . ........... ..o, 235
Epidemiology ¢«:saisssnsmssnesiinmsns sosmuins bmsnssasese s 250
Prevention ... .....iun i e 259
First Ald ... ot 261
Symptoms and SigNs ... ... 280
RepOTHNG: CaSES 5 os. i 5 p s o5 65083 500155006 6 Em 6505 A5 F 8BS d 05 06 305
Medical Treatment . « v.os snssosmsmmsmensimesaimwsasmsins sas 306
Special Treatment and Considerations ....................... 321
Exotic Species in the United States ..................... 345
Saw-Scaled Viper (Echis carinatus) ...........coouvueeunaa... 349
Puff Adder (BIitiS @rietans) .. .......uueueueeneneenennnnan. 350
Black Mamba (Dendroaspis polylepsis) ................c..... 353
Spitting Cobra (Naja nigricollis) . ..o, 355
Cobra (Naja Sp.) .« o vvvi it e 362
Fer-de-Lance (Bothrops lanceolatus, B. atrox, and B. asper) ...366
South American Rattlesnake (Crotalus durissus terrificus) .. ... 369
Tiger Snake (Notechis scutatus) ............c.cooiiiiiien.n.. 372

ANGIVENINS . ottt s 377



10.

11.

12.

Gila Monster (Heloderma suspectumy) .................. 395
Biology and DiStribUtON . « s s e s swe s o555 s wsmmsswm sian o 395
Venom Apparatus ............c.euiiuiiininnnnennnnnennenn, 398
Venom Introduction . ....... ..o 400
VEIONN a5 B Tsraims o145 S DTS 505 05, 3155575, 576D W ST R o Smmoned 401
Clinical PFOBIEIMN « . s s a5 mmremsi snsisisms s sramm s e o0ss 5 680050005 9.4 406
Treatment . ... ...coiiiiii it iitieineneneananns 412
Mytty and FoIRIONE! <. ¢« 51 5 s s 525 505 0 505 50 510 918 55 05 51 8 5 518 08 0 o o ane 955 415
Snakebite and the Court ... i visdnevs v s wam awsmss s 421
RecentLegal Trends ..........ciiiiiiinirinernnnninnnnnnnn 422
Settlement Negotiations ........ccivviiiienriiainiirnenen. 423
The Deposition .. ....uuiiein it it 423
The Expertand His Report. ........... ... 426
The COUTITO0MY! 5 w1 w5 a15 5:5,5 510 5 85405 #.FREE 5 FENTHE $1o75] 515 516 o s 4 5 5 432
Snakebite ISSUEE «.vuiwwissmassswsesswasmmsessismissemsswis 435
Negligence and Liability ........... e 8 I 0 o ¢ 1 i, S S 8 B 439
Standard of Conduct . . ... ..ttt 439
Legal Implications in First Aid Treatments ................... 441
The Snake in Mythology ........................ oo 443
Mythology < ciovincivsmssmsamsssssessinsssinsssinssaesons 443
Egyptian Mythology ..« :sssmsssssitsivivmssssnsmsseiess®ies 444
Indian Myhology' « «sesiesnsrmsssibiauibisnimsinsswsmsmmnesy 448
Hittite Mythology . ... i 450
Greek and Roman Mythology .............c.ciiiiiinninn.. 450
Celtac MYEhOIOGY s i s o wm woie bimiarss o4 v oms srsrss avs S p5aesanss 455
Teutonic Mythology . ......coviir i i i 455
Balkan Mythology: < . « .« evesiaemsosemie i iesisessmemssesans 456
Japanese Mythology: « «.s «os s ssswosies o snessesseosss s 457
Taiwanese Mythology .........coiuriiiiiiiiiniinnnnnnn. 458
African Mythology ...........coiiiiiiiiiiiiiiiiiiiiineann. 458

Ascleplus and HErmes . .......osvsom o0 aanssv s sssss s 463



xiv

13.

14.

15.

Contents

Folklore and Fables ............ ..., 475
FOIKIOEE . 550050 510659066, S0T5, s RS s S s T R S T T STSKss 475
Fables ..ot e 485
American Indians, Snakes, and Snakebite ............... 489
Mythology and FOlKIore . ...:.siseinssasssenemussessssssmss 489
SnaKebite . .......ii e e 496
Rattlesnakes in Medicine .............ccoiiiiiiiiiinnnnnnnn. 506
Hopi Snake DanEe .. qw ssm snsiss o4 5.6 55w ses 506 o0 5165 4§86 815 507
Snakes in Religion and Politics . ......................... 517
Snakesinthe Bible . ........coiiiiii i 517
Snakes andthe Flag .. ...... ..o, 519
American Snake-Handling Religions ......................... 521
Hobbies: : . vomism s 5595505 55w 06 5 5 56 PR EI A IR MR 530
Credits . ... o 533
AuthorIndex ........ ... it 537

Subject Index ......... ... .. 543



———
+VEI INTER LIENA PARADISI AD MY
o o g T

1

introduction

T SLLNALEES U 0SKAWS LVETXTER0L WAV VA

From the very beginnings of human record, few subjects have stimulated the
minds and imagination of man more than the study of snakes and snake
venoms. No animal has been more worshipped yet more cast out, more
loved yet more despised, more envied yet more caged, and more collected
yet more trampled upon than the snake. The essence of the fascination with
and fear of snakes has lain in their venom. In times past, the consequences
of bites by venomous snakes were often attributed to forces beyond nature,
sometimes to vengeful deities thought to be embodied in the serpents. To
these early peoples, the effects of snakebites were so surprising and varied,
and so violent and sometimes incapacitating, that the snakes and their ven-
oms were usually shrouded with myth and superstition.

Snakes have been used in man’s worship, magic, entertainment, science,
food, sport, medicine, commerce, witchcraft, war and even in tortures on his
fellow man. They have been the symbol of love, hate, procreation, health,
disease, immortality, sin, death, temptation, riches, poverty, and even wisdom.
The Morrises have put it aptly: “It is a paradox. It is both sides of the coin,
and mankind has seldom ignored it"' (Fig. 1-1).

The venomous and poisonous animals are widely distributed throughout
the animal kingdom, from the unicellular protistan Gonyaulax, responsible
for paralytic shellfish poisoning, to certain of the chordates, the platypus, and
the short-tailed shrew. The notable exception appears to be the birds. There
are no venomous birds, a fact that one early writer attributed to their proximity
to heaven.

Although we do not have an exact figure on the number of such animals,
approximately 1,000 species of marine animals are known to be venomous
or poisonous,” and of the 2500 to 3000 species of snakes, approximately
375 are considered venomous. The number of venomous terrestrial arthro-
pods must number into several tens of thousands. For instance, all spiders,
with the exception of two groups are venomous,” and there are approximately
20,000 species of spiders. The number of venomous scorpions, bees, wasps,
hornets, ants, ticks, and certain bugs, among others, is not known.
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Fig. 1-1. Mankind fighting the serpent of Apocalypse.

Definitions and Terminology
BIOLOGY

The words toxin, venom, poison, and venomous and poisonous animals
have different meanings to different people. The word toxin (Greek = To-
&wkov) was coined to describe the poisonous substances elaborated by grow-
ing pathogenic organisms. The term was applied to the products obtained
from decaying meat and fish. Subsequently, a toxin was defined as a protein
having a poisonous effect, as a substance produced by bacteria, as a sub-
stance capable of producing an antitoxin, as a high molecular weight poison,
or as a component of a poison. In this book, the word toxin is used to define
a substance that is derived from the tissues of a plant, animal, or microor-
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Fig. 1-2.  Some relationships of the venom
apparatus of a rattlesnake.

ganism which has a deleterious effect on another plant or animal. The word
toxin can be interchanged with venom and poison, since a toxin can be
composed of only one fraction (and not necessarily a protein), several frac-
tions, or even the whole venom.

The word venom is usually applied to the toxic substance produced by a
plant or animal in a highly developed secretory organ or group of cells, and
which is delivered during the act of biting or stinging. Venomous animals
have a venom gland or highly specialized group of cells, a venom duct (al-
though this is not a consistent finding), and a structure for delivering the
venom. While there has been a tendency to employ the term venom appa-
ratus to denote only the sting, spine, jaw, tooth, or fang used by the animal
to inject or deliver its venom, most biologists now use the term in a broader
context; that is, to denote the gland and duct in addition to the fang or sting
(Fig. 1-2). The rattlesnake, stingray, and black widow spider are examples of
venomous or phanerotoxic animals.

A poison is a substance that, in relatively small amounts, produces death
or impairs seriously the functions of organs or tissues. Poisonous animals
are generally regarded to be those creatures whose tissues, either in part or
in their entirety, are toxic. Poisoning by these forms usually takes place
through ingestion of their flesh. Certain pufferfishes, toads, and newts are
examples of the poisonous or cryptotoxic animals. In reality, all venomous
animals are poisonous, but not all poisonous animals can be considered
venomous. In this book, when they relate to snakes, the terms venomous
and poisonous are sometimes used synonymously.

The study of toxins is known as toxinology. The words biotoxin and bio-
toxinology have found their way into the literature but they appear to be
redundant by definition. In general, toxinologists are biologists and physicians
who specialize in the study of the properties of the natural-occurring poisons.
Toxinologists interested in the venomous snakes and snake venoms are pri-
marily concerned with the structure of the snake’'s venom apparatus, includ-
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ing the ultrastructure, the chemistry, physiopharmacology, and pathophys-
iology of the venom, and various immunological phenomena related to
antivenin production (Fig. 1-3).

However, many toxinologists are primarily concerned with the clinical prob-
lem of venom poisoning and its treatment. Others have pursued their interest
in the use of venoms as therapeutic drugs or as tools in the study of biological
phenomena. A few toxinologists study very definitive mechanisms of poison-
ing, such as the biophysics of venom ejection. A large following of the science
is composed of herpetologists, arachnologists, and marine scientists (partic-
ularly ichthyologists) whose primary interest is in the biology of the animal
itself, and the biology as it relates to the property of being venomous or
poisonous.

Herpetologists are persons who study the structure, habits, and classifi-
cation of reptiles and amphibians. Arachnologists study Arachnida: spiders,
scorpions, mites, ticks, and certain other arthropods. Ichthyologists usually
confine their interests to the study of fishes. A type specimen, be it snake,
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