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VENOM PRODUCTION OF SNAKES IN CAPTIVITY

HELIO EMERSON BELLUOMINI *

Biotério Experimental de Serpentes Peconhentas, Instituto Butantan, Sdo Paulo, Brasil

INTRODUCTION

Until some years ago snakes which arrived at the Instituto Butantan were
kept in the traditional snakepits of the Institute. Different species from various
localities were kept together under the same surroundings and climatic conditions.
The yield of venom was sulficient for the Institute’s requirements.

However, while the demands for antivenoms for Brazil and South America
increased progressively, the number of arriving snakes remained stationary. In
order to increase venom production, several modifications were introduced in the
snake maintenance conditions and a new experimental bioterium was organized
with the purpose of studying the biology of snakes in captivity to prolong their
lifetime and increase the number of venom extractions. Diseases occurring in
captivity are also investigated.

A snake colony was constructed in an adapted building. The result of the
venom production in this colony during the first five months of 1963 was published
by Belluomini (1).

During the initial phase of this study an epidemic disease, later diagnosed as
visceral gout by Sorensen et al. (2), killed a large number of rattlesnakes (3).
An outbreak of another epidemic infectious disease-acute necrotic hemorrhagic lesion
in the mouth-caused by a diphteroid was reported (4). The epidemic was con-
trolled by prophylactic vaccination,

MATERIAL AND METHODS

SNAKES: The data reported herein were obtained from observations made
from January to December, 1963. During this period the Institute received 12 901
poisonous snakes including dead ones and specimens in poor health, belonging to
seven different species. Only healthy strong specimens were used and new horn
ones rejected. There was no selection as to size or species. The following species
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were studied: Crotalus duorissus terrvificus, Bothrops jararaca, Bothrops allernatus,
Bothrops alrox, Bothrops cotiara, Bothrops jararacussy and Bothrops newwiedi.

SNAKE COLONY

Electrically heated rooms: The heating of the rooms was controlled by electric
resistances at the lateral walls at the height of 40 cm. above floor level.

Room A Daily temperature 28-32°C and overnight 25-28°C: humidity
23-65%. Snakes were Kept in wooden cages measuring 58 em in
length by 40 em in width and 30 em in height, with a screen
in front.

Koom B — Continuous temperature from 18°C to 25°C; humidity 60-
T0%. Snakes kept under the same conditions as in Room A.

Room C — With the continuous use of an electrically heated fan.
Daily temperature 28-32°C and at night 25-28°C; humidity 60-70%.
Snakes free on the floor. Drinking place with running water
instead of the little ceramic dishes as in the cages in Room A
and B.

The temperature and humidity were selected following data obtained after
previous field observations carried out in the State of Sdo Paulo (Avaré, Barra
Grande, Itapetininga, Ribeirao Préto, Barretos and Franca); Minas Gerais (Furnas,
Uberaba, Uberlandia); and Goias (Catalao), and also following studies of climatic
maps and geographical distribution of species by Koéepen (5); and Setzer (6), and
studies on the behaviour of snakes in captivity by Klauber (7) and Backhaus (8).

VENOM EXTRACTIONS: Venom extractions were performed every 15 days by
electric shock from a 4 volts current source, with terminals applied to the oral
mucosa (9). Manual extractions were made by a soft pressure on the venom
zlands; two days later, the snakes were fed with baby or adult mice. Individual
cages were used for larger specimens of rattlesnakes, the smaller ones being placed
two in a cage. In the case of Bothrops, four snakes were placed in each cage.

The snake colony was maintained at dim light and lit with artificial light
from normal lamps during all work with the serpents. Cages and floors were
cleaned every eight days without any desinfectants, soap or detergents, only water
under pressure.

In order to allow comparison, the data were compiled as follows:
1 — From 1956 to 1962, in open snakepit;
2 — In 1963, obtained in the new or heated animal colony;
3 — Data about Crotalus durissus terrificus:

a) In open snakepits and non heated rooms (1957-1960).

b) Partially heated rooms, temperature ranging from 22° to 24°C (1961-
1962).

c) Heated rooms (28-32°C temperature and 55-65% humidity).
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4 — Data from Bothrops newwiedi, Bothrops atrox, Bothrops alternatus, obtained
under the same conditions as Crofalus durissus terrificus, 1963 (item 3, c).

5 — Data of Bothrops jararaca, Bothrops jararacussu and Bothrops cotiara, from
snakes kept under variable conditions of temperature (ranging between 18-
25°C) and relative atmospheric humidity (55-65%), always lower than those
measured at the snakes' natural habitat.

REsuLTs

Table I shows the data of venom oblained in 1963, distributed by species.
The figures of the first column represent the total number of received snakes and
the second, the number of snakes selected for investigations in the animal colony.
The last three columns of the table contains the number of extractions performed
and the respective amount of venom in ml (fluid) or in grams (vacuum — dried).

TABLE I — DATA FROM 1963 IN THE ANIMAL COLONY. NUMBER OF RECEIVED
SNAKES RBY SPECIES, NUMBER OF SNAKES STUDIED, NUMBER OF EXTRACTIONS
AND VENOM OETAINED IN ml (FLUID) AND mg (DRIED).

Number of Quantity of Venom
: Received by ;
Snecles Received by PR l?.\:tr:uc-lmns
I. Butantan Colony in Animal
Colony mil mg

Jesd: larrificus oo 4 259 3 312 18 661 22795 532.045,8
B o araraou, vty . v 6 788 4 287 18 775 2 2632 546.856,5
Bioolara: sinsad s vt 430 309 1 049 157,1 34.312,2
B. alternatus ... ..., 483 371 1198 364,7 £8.748,9
oy el R 404 268 1 557 467,7 118.801,8
B, neswwiedi .......... 410 341 1612 1548 32.155,3
B. jararacussi ....... 127 85 216 127.5 20,901,414
Ala] 8- il aes e e 12 901 3973 43 048 5 814.5 1.348.821,9

Table II contains the total number of snakes received by the Instituto Butan-
tan, from 1956 to 1963: number of extractions performed in snakes maintained
in open snakepits, the amount of fluid and dry venom obtained and also data from
animal colonies in 1963.

As “there is no record available on the number of snakes suffering venom
extractions, only the total number of received snakes from 1956 to 1962, it was
assumed that the same proportion was practically maintained in 1963. since the
differences between the number of received snakes and extractions seem to be
fairly constant. In tables IIl to IX similar comparisons were made for each
species. As can be seen, the amount of venom yielded by the heated animal colony
of Crotalus durissus terrificus, Bothrops neuwiedi and Bothrops atrox is larger
than that of Bothrops jararaca, Bothrops alternatus, Bothrops cotiara and Bothrops
jararacussu.
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TABLE 1I — TOTAL NUMBER OF SNAKES RECEIVED BY INSTITUTO BUTANTAN,
NUMBER OF EXTRACTIONS, VENOM FPRODUCTION IN ml (FLUID) AND mg (DRIED)
FROM 1956 TO 1963 (*).

r::l::lilf.t:l Snakepit Animal Colony Quantity of Venom
Years '

Number | ot etions | recelved | extractions | ™ (1ui0) | mg (dried)
1956 14 (58 10703 _— - 1 082,2 273.720,2
1957 13 480 11 033 —— — 12094 S01.779,0
1958 11 966 10 360 —_ - 1 338,6 334.104,9
1959 12 208 11 142 — - 1671,6 419.818,8
1960 11 310 10 875 — — 151371 378.663,0
1961 12 868 13 316 — — - 1 8388 466.691,4
1962 11 076 13 340 — — 2 026,0 475.601,7
1963 12 901 — 8 o732 43 048 5 814.5 1 384.821,9

(*) As the number of snakes actually extracted from 1956 to 1963 was not recorded, it
was assumed that the proportion observed in 1963 was the same as in the precedent
years {(from 1956 to 1962).

TABLE 111 Crotalus d. terrificus — NUMBER OF SNAKES RECEIVED AND NUMBER
OF EXTRACTIONS (1956-1962) COMPARED WITH THOSE OBTAINED IN THE ANIMAL
COLONY IN 1963.

Snakes Snakepit Animal Colony

received Venom Snakes Venom
Years |— —| No. of o

extrac- ml Z : mil P
Number : : : Received | extrac- X -
tions (fluid) | (dried) Lrac (fluid) (dried)
tions

1956 o 364 o 459 533 131 - — — =
1950 . 4 564 4 955 545 129 — - - .-
1958 43 553 a3 310 425 99 - — - .
1959 4919 4125 290 139 - — — =uee
19610 3313 3 8510 549 132 das — —adl .
1961 a 188 4 431 796 194 —- — —_— —-
1962 a 035 5 039 TET 161 o — —_— —
1963 4 238 — — — 3312 18 661 2279 532

Table X shows the data of each species for every year. Here the comparison
was made using the percentage of an index calculated with the number of received
snakes and number of extractions from 1956 to 1963. regardless of the number
of snakes actually used.

As the difference between received snakes and the ones really used in the ex-
tractions was only reported for the year of 1963, it can be seen that after correc-
tion, the index in column 1963, shows a greater yield of venom production.
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TABLE IV — Rothrops neuwiedi — NUMBER OF SNAKES RECEIVED AND NUMBER
OF EXTRACTIONS (1956-1962) COMPARED WITH THOSE OBTAINED IN THE ANIMAL
COLONY IN 1963.

Snakes Snakepit Animal Colony
recelved. |- Venom Snakes Venom
Years No. of e bk
. extrac- mil g : e No, of . 5
Number tions (fluid) (dried) ecelvel L:-._I.lm..- (fluid) (dried)
tions
1956 555 361 27 (i — —_— e =
1957 220 407 20 I — — - )
1958 336 1635 11 3 R e — .
1959 370 o8 5] al _— — o -
1960 432 404 31 T — - == n
1961 498 482 a7 9 —_ = = )
1962 476 al16 5] 12 — — e —
1963 410 - —_ — 341 1612 155 s P
TABLE V — Bothrops atrox — NUMBER OF SNAEKES RECEIVED AND NUMBER OF
EXTRACTIONS (1956-1962) COMPARED WITH THOSE OBTAINED IN THE ANIMAL
COLONY IN 15863,
Snakes Snakepit Animal Colony
received Venom Snakes | Venom
Years | No. of .
extrac- mil & ! No, of ml g
Number | tions | (quid) | (driedy |ReCCIVed| extrac- | id) | (dried)
tions
1956 637 388 ¥ 15 — — o =
1957 474 4380 (511 18 -— —_— == et
1958 380 o To 20 —_ — - a
1959 378 a60 142 39 — — o o
1960 436 624 153 43 —_ <= et et
1961 371 410 85 24 —_ . £ —
1962 371 540 134 36 —_— —_— e —
1963 404 — — - 268 1557 468 119
TABLE VI Bothrops allernatus — NUMBER OF SNAKES RECEIVED AND NUMBER
OF EXTRACTIONS (1936-1962) COMPARED WITH THOSE OBTAINED IN THE ANIMAL
COLONY IN 1963.
Snakes Snakepit Animal Colony
received ¢ Venom Snakes Venom
Years No. o T
extrac- mi g 0. 0 = g
Number tions (fluid) (dried) Received | extrac- (fluid) (dried)
tions
1956 GA6 315 63 17 — o -4 ks
1957 571 277 54 14 — - ~3 w2
1958 485 J15 i 21 — Era — r=
1959 457 342 101 27 — — Lok i
1960 04 432 89 24 - — e —
19561 H64 410 =9 24 _— — — £
1962 457 402 107 29 — — L LYy
1963 483 - - —_— 471 1198 365 29
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TABLE VII — Bothrops jararaca — NUMBER OF SNAKES RECEIVED AND NUMEBER
OF EXTRACTIONS (1956-1962) COMPARED WITH THOSE OBTAINED IN THE ANIMAL
COLONY IN

19643,

anakes Snakepit Animal Colony
received Venom E_n_alcea Gf e \-"_IZ.‘_I;I ;'n 3
Years No. of '
extrac- No. of |
Number : . o) 8 Recelved | extrac- ml B
' tions (fluid) (dried) (fluid) (dried)
tions
1956 6 361 3 848 343 86 - — — e
1957 G 810 4 572 434 112 — p— - o
1958 G B85 5401 557 138 - - — e, TES
1959 G 493 o443 .35 161 - —_ i a
1960 6 127 2 163 13 148 —_— - e el
1961 T 630 7111 752 190 - - £ i
1962 5915 5 B48 T44 186 -— —_ s -
1963 6 TEE — —— —- 4 287 18 T35 2 200 547
TABLE VIII — Bothrops cotliara — NUMBER OF SNAKES RECEIVED AND NUMBER

OF EXTRACTIONS (1956-1962) COMPARED WITH THOSE OBTAINED IN THE ANIMAL
COLONY IN 1963,

Snakes Snakepit Animal Colony

received T 2 o SR
et g | By by Venom Snakes Venom

1 extrac- il o No. of = g
Number| = tions | (riuid) | (arteay |Recelved [ extrace | yay | (drled)
tions
1956 I8T 283 o7 8 —_— s - — sad
1957 426 473 44 11 - ot — S
1058 o439 abY T2 17 — - — il
1959 474 432 545 13 —_— — - sl
1960 391 a83 41 10 —_ o e ¥ ¢
1961 451 409 43 11 - e —_— —
1962 432 296 123 28 — — “cee i
1963 430 . — S, 309 1049 157 34
TABLE IX Bolthrops jararacussu — NUMBER OF SNAKES RECEIVED AND NUMEBER

OF EXTRACTIONS (1956-1962) COMPARED WITH THOSE OBTAINED IN THE ANIMAL
COLONY IN 1963.

Snakes Snakepit Animal Colony
recelved Venom Snakes Venom
Years No. of
extrac- i g | N.D' of -5 5
Number | - tions .| (fluia) | (dried) |ReCeVed | XU | (ruid) | (rted)
1956 108 49 29 5 -— wul (¥ e
1857 115 64 a6 10 - e s Lol
1958 58 1600 120 a6 - - — 4
1959 117 182 140 b 1! - - — —
1960 107 59 37 14 .- — - T
1961 136 63 a1 14 — — — e
1962 120 09 T8 25 - = s e
1963 127 - . — a5 216 127 a1
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TABLE X — PERCENTAGE OF EXTRACTIONS FOR EACH SPECIE. COMI'ARISON
BIETWEEN THE DATA OBTAINED FROM 1956 TO 1962 WITH THOSE IN 1963 IN
THE ANIMAL COLONY.

Snakeplt Animal

Colony

E.PELLES YEARS

1956 1937 1958 1959 1960 1961 1962 1963
' i b(*)
B Gl On N i fa ks T 0,6 0,8 1,0 1.5 1,5 LEE 1,5 3,9 3,8
B neUAia@l s v i sintsnivaisw s 0,7 0,8 0.5 0,2 0,9 1,0 1,1 4,0 4,7
I A e U s e e ks 1,0 1,1 1,0 1.3 1,2 1.4 1 ] 3,4 4,6
R T DL T e i B R | e 0,6 0,7 0,5 0.8 0,8 0.9 1,0 2,8 4,4
20 Ty A T Rl oo BTN § e e e 0.8 0,9 1,0 0,9 1,0 0,7 1,1 2,5 3,4
B AT NOLNE it s a i i 0,5 0,5 0,6 0,7 0,9 0,7 0,9 =l 3.2
B. Jararacussth .. .. =-cxes.0- 0.5 0,6 1,9 1,6 0,6 0,5 0,8 1,7 2,5

(*) a — Percentual data taking as absolute the relationship between the number of

snakes received and the number of extractions for comparison with data of
the years from 1956 to 1962, period In which the number of snakes used in
the extractions was not recorded.
Percentual data of extractions and
used and number of extractions.

between number of snakes

b relationship

Discussion

The animal colony with controlled temperature improved the life conditions
of the snakes: Crotalus durissus terrificus, Bothrops neuwwiedi and Bothrops atrox;
was less effective with Bothrops alternatus and ineffective with Bothrops jararaca,

Bothrops cotiara and Bothrops jararacussu.

[n the two former groups the prolonged lifetime allowed a larger number of
venom extractions and as a result a larger yield of venom “per capita”. The
volume of venom obtained in each extraction was not improved, on the contrary,
a gradual decrease of the amount of venom obtained was observed in successive

extractions,

From 1956 to 1962, 86.966 snakes were received belonging to seven species
and 80.769 extractions were performed during this period. In 1963, 12.901 speci-
mens were received, with 43.048 vemon extractions of 8.973 snakes, which were
placed in the heated animal colony; that means that about 70% of the snakes were
used for venom extractions, Although the quantity of snakes employed in the
service of venom extractions from 1956 to 1962 is not recorded, we can assume
that the same average of 709 has been used (Table II). In one year of ob-
servation in this laboratory, the number of extractions was a little larger than hall
of the general total of extractions performed in the seven years used for comparison,
and in 1963. more extractions were made than in the last three years together.



S6 VENOM PRODUCTION OF SNAKES IN CAPTIVITY

FFrom 1956 to 1962 the above mentioned number of snakes supplied 10,680 ml
of fluid venom, which yielded, 2.650 g. of vacuum dried venom. In 1963, the
animal colony yielded 5.814.,5 ml of fluid venom, or 1.385 e. of vacuum dried
venom. The yield of venoms in 1963 was hall the total volume of venom obtained
in the seven previous years. The production of 1963 was greater than that of the

last three years (5.378 ml of fluid venom or 1.321 g. of dry venom).

Unfortunately, from 1956 to 1962 only the number of received snakes and
the number of extractions are recorded. There was no possibility to compare the
number of extractions with the number of snakes really used for this purpose.
Therefore. column (a) 1963 of Table X shows data collected at the snake colony
for comparison. Column (b) 1963 of Table X contains data that refer to the
real utilization of snakes maintained in the animal colony and used for the
extractions,

It can be concluded that higher yield of venom is obtained in the animal
colony than in the open snakepit.

Table X also gives data on the high mortality of snakes in the service of
venom extraction at Instituto Butantan. All snakes undergo extraction of venom
regularly twice a month, or 24 times per year. We can assume that as in 1963,
in the former years only 709 of the snakes received by the Instituto suffered
venom extraction. The correction of the data from 1956 to 1962 of Table X,
allows to compare them with the real data of column (b) of the same Table. It
1s noticeable, that the mortality, in percenlage, at the Institute’s snakepits is of
about 92 to 989 vyearly. That means, that each snake was used for extraction
0.6 to 1,5 times, according to the species.

The yearly percentual mortalities in the snake colony in 1963 were the fol-
lowing: Bothrops atrox (75.8%). bBothrops neuwiedi (79,09 ), Crotalus durissus
terrificus (80,5%). Bothrops jararaca (81.7%), Bothrops cotiara (85.8%). Bo-
throps alternatus (86,7%) and Bothrops jararacussu (89,5%). and consequently
each snake was used for extrations about 2.5 to 5.8 times.

Among the snakes observed in captivity at the snake colony, the Bothrops
Jararacussu strikes atlention, because it presents the lowest index of productivity,
similar to that obtained in the snakepit (Table X) or even lower than the data
of 1958 and practically equal to that of 1959. In the snakepits, the vearly utiliza-
tion of snakes for venom extraction was only 2 to 8% of all species. whereas in
the snake colony it increased to from 10,5 to 24.29% varying according to the
species.

Former observations registered by Fonseca (10), refer to the number of re-
ceived snakes, number of extractions, extracted volume in ml, during the vears
of 1908 to 1945 and also show the high index of mortality in the snakepits. with
rare exceptions, similar to those observed from 1956 to 1962.

Under the conditions of the experimental animal colony after one year of

observations, there occurred an outhreak of visceral uric gout (3 & 4) only among
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rattlesnakes but not among snakes of the genus Bothrops. being responsible
for a larger mortality of snakes.

An Corynebacterium of the group diphtheroid later caused mortality in a
aroup of 2.700 snakes, which could be controlled by specific vaccination (6).

REsumo

Os serpentarios tradicionais do Instituto Butantan permitiam um aproveila-
mento da ordem de 5 a 8% das serpentes recebidas e utilizadas nos servicos de
extracao de veneno. (O Biotério Experimental de Serpentes permitiu, na sua fase
de observagao piloto, um aproveitamento da ordem de 10.5 a 24%. de acordo com
as espeécies de serpentes. O alto indice de mortalidade é provocado: a) por doen-
¢as, entre as quals ja sao conhecidas a gota urica visceral em “cascaveis” e uma
epizoolia provocada por um Corynebacterium do grupo diflterdide: além de varios
tipos de verminoses; b) as serpentes eram mantidas em caliveiro nos serpenla-
rios expostos em desacordo com o “habitat”. A parte de climatologia. pouco es-
tudada. é importante para a sobrevivéncia dos ofidios em caliveiro; ¢) extracoes
quinzenais sao contra-indicadas; o manuseio continuo das serpentes provoca lrau-
I‘llﬂli:—?llm:& illiI{‘l';"'j{'l'!-'L"iﬁ I.H"IH- té('"if’ﬂ {If'! l'UIIll!ﬂl;;'.-lﬂ e Cconcorre pira o aumenlo l'.IEl
morlalidade. A extracio por choque elétrico é mais indicada.

Apesar do alto indice de mortalidade, conseqiiente principalmente a continua
necessidade de manuseio para a oblencdo de venenos, o Biotério Experimental
apresentou resullados auspiciosos, permitindo apreciavel aumento de producio de
venenos, mesmo nas precarias condicoes de trabalho. Biotérios com alto nivel de
higiene e climatizagio adequada para observagbes mais controladas poderdo levar
a uma sobrevivéncia de ofidios em cativeiro ou mesmo a permitir a sua multi-

plicacio.

Acknowledgments — The author is indebted to Dra. Jandyra Planet do Amaral
and to Dr. Alphonse Richard Hoge, head of the Herpetology Department, for their
advices and suggestions. He also wishes to express his acknowledgment to J.
Navas, Francisco Cavalheiro and all the staff of the Venom Extraction Service
of the Instituto Butantan for their cooperation, without which this work could not
have been carried out.

REFERENCES

1. Belluomini, H. K. — Producio de veneno de serpentes em cativeiro. Compa-
ragao de resultados entre serpentiario exposto e biotério aquecido. Arg.
Inst. Biologico, 31:149-154, 1964.

2. Soerensen, B., Amaral, J. P., Belluomini, H. E., Saliba, F. M., Sampaio Corréa,
H., Hoge, A. R. — Gota urica visceral em serpentes Crotalus durissus terrificus
(Laurenti, 1768). Arg. Inst. Biologico, 24:271-275, 1962.

3. Belluomini, H. E., Hoge, A, E. — Observacao sobre uma doenca em Crotalus

durissus terrificus dos Serpentarios e do PBiotério de Serpentes do Instituto
Butantan. Reswmo do trabalho apresentado ao III Congresso de Zoologia —
Sao Paulo, Brasil, 1962.



38

o |

=]

9.

10.

VENOM PRODUCTION OF SNAKES IN CAPTIVITY

Furlanetto, RE. 8., Belluomini, H. E., Izuka, H. — Etiologia e profilaxia de
nova epizootia em serpentes mantidas em biotério. XVI Reunido da Sociedade
Brasileira para o Progresso da Ciéncia — Ribeirdo Préto, Sio Paulo, 4-10 de

julho de 1964, Brasil.

Kaopen, W. — Das geographische System der Klimate. Verl. Gebr. Borntraeger,
Berlin, 1936.

Setzer, J. — Contribuicio para o estudo do clima do Estado de Sio Paulo.
Boletim do D.E.R. Est. S8do Paulo, IX, X, outubro 1943.

Klauber, L. M. — Rattiesnakes — Their habits, life histories, and influence
on mankind — In two volumes. Published for the Zoological Society of San
Diego by the University of California Press. Berkeley and Los Angeles — 1956.

Backhaus, D, — Zur Behandlung und Pflege von Schlangen, in “Die Giftschlan-
gen der Erde”, Behringwerk — Mitteilungen, Marbur Lahn. Deutschland —
1963.

Bitcherl, W. — Uber die Ermittlung von Durchschnitt und Hochstggiftmengen
bei den hauffigsten Giftschlangen Silidamerikas. Ein Beitrag zur Serum thera-
pie von Giftschlangenbissen, in “Die Giftschlangen der Erde”, Behringwerk —
Mitteilungen, Marbur Lahn, Deutschland. 1963.

Fonseca, F. — Animais Pe¢conhentos. Emprésa Grafica da “Revista dos Tri-
bunais” Ltda., pag. 327, 1949. Sio Paulo, Brasil.



