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EXPERIMENTAL

Antagonization of TNF attenuates
systemic hemodynamic manifestations
of envenomation in a rat model of Vipera

aspis snakebite

Abstract Objectives: Tumor necro-
sis factor (TNF) has been reported
as a mediator of local tissue injury
following snake envenomation in an
intact rat model. We investigated
whether systemic release of TNF
occurs following Vipera aspis en-
venomation. We further analyzed
the possible connection between
envenomation-related hemodynam-
ic depression and TNF antagoniza-
tion (TNF antibodies or soluble
TNF receptor).

Design: A prospective, randomized,
controlled experimental study using
a rat model for snake envenoma-
tion.

Settings: A medical university hos-
pital research laboratory.
Intervention: Eighty rats (300-400 g)
were divided into four groups

(n =20): control and three experi-
mental groups. Intramuscular injec-
tion of V. asis 500 ug/kg was admin-
istered to the three experimental
groups: venom only (group 1), ven-
om and 40 ug anti-TNF antibodies
(group 2), venom and 250 pg soluble
TNF receptor (p55-R; group 3).

Hemodynamic parameters were
monitored up to 4 h following ven-
om injection.

Measurements and results: A signifi-
cant hemodynamic deterioration
(reduction in heart rate and blood
pressure) occurred 30 min following
venom injection in group 1 com-
pared to groups 2 and 3, where
hemodynamic parameters remained
stable throughout the 4 h observa-
tion period. Serum levels of TNF
were detected 15 min after venom
injection and peaked after 2 h at
485 + 12 pg/ml.

Conclusions: The hemodynamic
consequences of intramuscular in-
jection of V. aspis venom can be
blunted in a rat by systemic antag-
onization of TNF activity prior to
venom injection. The poisonous
hemodynamic effects of the V. aspis
venom might be caused by systemic
release of TNF.

Keywords Snake envenomatiom -
Vipera aspis - TNF antibodies - p55-
R - Metalloproteinases

Introduction

Snake envenomation is still considered as a major
health threat in various parts of the world [1, 2]. The
clinical manifestations of envenomation are usually pro-
gressive, from initial signs limited to the bite area to
sometimes severe, systemic manifestations which can
lead to rapid death from multiorgan failure [2]. Recent-

ly it has been suggested that the severe local tissue de-
struction, edema, and necrosis following snakebite is
mediated via the processing of tumor necrosis factor
(TNF) by venom metalloproteinases [3]. TNF is a po-
tent proinflammatory compound that has a pivotal role
in the course of the immune response to infection [4].
It can activate neutrophils [5] and lead to activation of
the vascular endothelial cells, resulting in their in-
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creased permeability [6]. The multiorgan edema that
follows can lead to tissue ischemia and death [7].

Viper venoms are rich in zinc metalloproteinases [8]
which have been shown capable of cleaving recombi-
nant pro-TNF to the biologically active mature TNF [9,
10, 11]. This observation was the basis for our hypothe-
sis on the possible role of TNF in inducing some of the
systemic effects of snake envenomation. The specific
aim of our study was to clarify whether antagonization
of TNF abolishes hemodynamic deterioration following
venom injection in a rat model of Vipera aspis snake en-
venomation.

Material and methods

Experimental protocol

All experiments were carried out in accordance with the guidelines
established by the Institutional Animal Care and Use Committee
at the Tel-Aviv Medical Center. Adult male Sprague-Dawley rats
weighing 300-400 g anesthetized with intraperitoneal injection of
125 mg/kg ketamine chloride were randomized into four groups
(control and three experimental, n = 20 each). Group 1 rats were
given intramuscular (IM) venom only. Group 2 rats received intra-
venous 40 ug anti-TNF antibodies (TNF Ab) followed by venom
injection 10 min later. Rats in group 3 were given IM a dose of
250 ug of soluble TNF receptor (p55-R) 15 min before the venom.
Sham-operated control animals (n =20) underwent an identical
procedure but were not given the venom, anti-TNF, or the soluble
TNF receptor. The femoral vein and artery were cannulated via a
skin incision, after which either saline or 500 ug/kg V. asis venom
was administrated IM. Anesthesia was maintained by repeated in-
traperitoneal injections of 60 mg/kg ketamine chloride throughout
the experiment, and the animal’s heart rate and blood pressure
were determined every 30 min using an intra-arterial pressure
transducer. After 4 h the rats were killed. Blood samples (0.5 ml
each) were taken via the arterial line to determine TNF levels at
the beginning, 15, 30, 45, 60, 90, 120, 150, and 180 min after venom
injection, and at the end of the experiment (240 min) in the control
and the venom only groups. Since TNF Ab and p55-R doses were
well above those required for complete neutralization of the
amount of TNF activity in the venom only group (see below),
TNF levels were not measured in experimental groups 2 and 3.
The blood volume was replaced 3:1 with 0.9 % sodium chloride so-
lution. All samples were immediately centrifuged (15,000 RPM)
for 3 min at 4 °C, and the serum was frozen at —70 °C until analyzed.

TNF assay

TNF activity was measured using the commercially available en-
zyme-linked immunosorbent assay kit Cytoscreen rat kit TNF (Im-
munoassay kit, Biosource, Camarillo, Calif., USA).

Venom

V. aspis venom was obtained from the Unite des Venins, Institut
Pasteur (Paris, France).

Antibodies

Polyclonal rabbit anti-rat TNF Ab was purchased from Innogenet-
ics (Belgium). These antibodies neutralize rat TNF and have no
cross-reactivity with intrerleukin-1 or other cytokines. A dose of
1 ng of this antibody completely neutralizes 60 pg rat TNF.

Human recombinant soluble TNF receptor

In a pilot study p55-R (TNF soluble receptor) at doses of 200 and
300 ug was found to be effective in septic rats (data not shown).
Based on this pilot study and a previous study [12] a dose of
250 ug was used.

Statistics

Results are reported as mean + SEM. Analysis of variance with re-
peated measures was performed. Multiple comparisons were per-
formed using Dunett’s procedure. Contrast analysis was perform-
ed to compare between successive time points. p < 0.05 was consid-
ered significant.

Results

Hemodynamics

In all groups an initial rise in heart rate was observed in
the first 20 min of the experiment. In group 1 (IM ven-
om only) within 60 min following the injection of the
venom, there was a significant (p < 0.05) reduction in
heart rate (117 +3 in the venom group and 155+6
beat/min in the control group; Fig. 1) that persisted
throughout the 4 h of the observation time. The mean
arterial blood pressure (Fig. 2) was similar in the control
and the experimental groups at the beginning of the ex-
periment. However, 90 min following the envenomation
the mean arterial blood pressure was significantly
(p <0.05) lower in group 1 (67 £+ 2 mm/Hg) than the
control group (87 = 8 mm/Hg). This difference persisted
throughout the rest of the experiment. An improvement
in mean arterial blood pressure followed a decrease in
TNF levels which was measured in the late period of
the experiment. In the control animals both heart rate
and mean arterial blood pressure were stable during
the 4 h of the study protocol (Figs. 1, 2). Administration
of anti-TNF Ab or soluble TNF receptor (P55-R) to the
venom-injected rats (groups 2 and 3, respectively) com-
pletely blocked the toxic hemodynamic effects of the
venom injection (Figs. 1, 2). There was no significant
statistical difference in either heart rate or mean arterial
blood pressure between animals in groups 2 or 3 and the
control group.

TNF levels were detected 15 min after the venom in-
jection (35.2 + 1.5 pg/ml and reached a peak after 2 h
(485 £ 12.4 pg/ml) in the venom-injected rats (Fig. 3)
while no increase being detected in the control group.
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Discussion

This study is the first to show a significant increase in se-
rum levels of TNF with parallel depressive hemodynam-
ic effects (bradycardia and hypotension) after IM injec-
tion of V. aspis venom in a rat model of snake envenom-
ation. These deleterious hemodynamic effects were
completely blocked by the preenvenomation adminis-
tration of anti-TNF Ab or of TNF surface receptor
(p55-R) that mediate the effects of TNF on cell function
[13, 14]. The p55-R is the main mediator of the TNF sig-
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naling to the cells. Two receptors (p55-R and p75-R) ex-
ist in soluble forms [13, 15, 16] and are probably derived
by proteolytic cleavage from the cell surface. These sol-
uble receptors can compete for TNF with the cell sur-
face receptors and thus block its bioavailability, attenu-
ating its activity and potential harmful effects [13, 14,
15, 16]. By pretreating the animals with pS5-R the hy-
potensive effects of the venom were partially reversed.
These effects of both anti-TNF Ab and the TNF soluble
receptor indicate that TNF was responsible for the ob-
served hemodynamic alternations.
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In many other studies TNF levels were measured in
various patient group. In a study of neonatal septicemia
TNF levels were high as 739 + 728 pg/ml [17], while in
another study by Damas et al. [18] of adults with sepsis
the TNF levels ranged from 100 to 5000 pg/ml with a
mean of 701 + 339 pg/ml. In a rat study using bowel is-
chemia and reperfusion as a model for severe systemic
inflammatory response model TNF concentrations in-
creased to 830 + 66 pg/ml [12]. The differences in the
protocols used in these studies make it impossible to
compare them, but observed TNF levels in this study
are within the range of TNF concentrations reported
by others. The initial rise in heart rate in all groups and
the small and nonsignificant rise in mean blood pressure
in group 1 can be attributed to an increased sympathetic
activity following induction of anesthesia by ketamine
chloride [19]. The slower heart rate in the venom-inject-
ed group is compatible with the known direct negative
chronotropic and depressive effect of the venom on the
rat as well as the human heart [20, 21].

In this study the venom was administered IM, mim-
icking an actual snakebite. This route of envenomation
likely resulted in systemic absorption of the venom that
can generate a systemic inflammatory response. A simi-
lar model of IM administration of venom was used in
two previous studies [22, 23] that described the pharma-
cokinetics of viper venom after experimental envenom-
ation in rabbits. They were able to detect free venom
antigens both in the plasma and urine of the study ani-
mals shortly after IM injection of the venom. In an at-
tempt to characterize the host reactivity to Bothrops as-
per venom, Lomonte et al. [9] investigated inflammato-
ry responses in a mouse footpad model. After subcuta-
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neous injection of the venom, they observed a rapid in-
crease in serum interleukin-6 concentration that peaked
after 3-6 h. In contrast, serum TNF and interleukin-1
were not detectable at any time throughout their study
period. The difference between our results and those of
Lomonte et al. [9] seems to be due to the difference in
study protocols. Subcutaneous injection into the foot-
pad may induce local generation of TNF that results in
necrosis but with no systemic absorption of the venom.
In addition, differences in venom composition in vari-
ous snake species can lead to differences in serum cyto-
kine profile after envenomation. In accordance, our re-
sults are species-specific and applicable to V. aspis en-
venomation only.

In conclusion, IM injection of V. aspis venom in a rat
model of snake envenomation can result in depressive
cardiovascular effects that are partly mediated by TNF.
As in this experimentation, the antagonization of TNF
took place prior to the envenomation, further experi-
mental studies are required to assess the possible thera-
peutic role of modifying TNF activity in V. aspis bitten
patients.



888

References

1

.Downy DJ (1991) New Mexico rattle-

snake bites. demographic review and
guidelines for treatments. J Trauma 31:
1380-1386

. Holstege CP, Miller MB, Wermuth M,

Furbee B, Curry SC (1997) Crotalid
snake envenomation. MedToxicol 13:
889-921

. Moura da Silva AM, Laing GD, Paine

MIJI, Jonathan JMT, Politi V, Crompton
IM, Theakston RD (1996) Processing of
pro-tumor necrosis factor-alpha by ven-
om metalloproteinases: a hypothesis ex-
plaining local tissue damage following
snakebite. Eur J Immunol 9: 2000-2005

. Grunfeld C, Palladino MA (1990) Tu-

mor necrosis factor: immunological, an-
titumor, metabolic and cardiovascular
activities. Adv Intern Med 35: 45-72

. Shalaby M, Aggarwal B, Rinderknecht

E, Svedersky LP, Finkle BS, Palladino
MA (1985) Activation of human poly-
morphonuclear neutrophil functions by
interferon-gamma and tumor necrosis
factor. J Immunol 135: 2069-2073

. Stephens KE, Ishiaka A, Larrick JW, et

al (1988) Tumor necrosis factor causes
increased pulmonary permeability and
edema. Am Rev Respir Dis 137:
1364-1370

. Beutler B, Cerami A (1987) The endog-

enous mediator of endotoxic shock.
Clin Res 35: 192-197

. Paine MJI, Moura da Silva AM, Theak-

ston RDG, Crampton JM (1994) Clon-
ing of metalloprotease genes in the car-
pet viper (Echis pyramidum leakeyi).
Further members of the metallopro-
tease/disintegrin gene family. Eur J Bio-
chem 224: 483-488

9.

10.

11.

12.

13.

14.

15.

Lomonte B, Tarkowski A, Hanson LA
(1993) Host response to Bothrops asper
snake venom. Analysis of edema forma-
tion, inflammatory cells, and cytokine
release in a mouse model. Inflammation
17: 93-105

McGeehan GM, Becherer JD, Bast RC
Jr, Boyer CM, Champion B, Connolly
KM, Conway JG, Furdon P, Karp S, Ki-
dao S (1994) Regulation of tumor ne-
crosis factor-alpha processing by a me-
talloproteinases inhibitor. Nature 370:
558-561

Gearing AJ, Beckett P, Christodoulou
M, Churchill M, Clements J, Davidson
AH, Drummond AH, Galloway WA,
Gilbert R, Gordon JL (1994) Processing
of tumor necrosis factor-alpha precur-
sor by metalloproteinases. Nature 370:
555-557

Sorkine P, Setton A, Halpern P, Miller
A, Rudick V, Marmor S, Klausner JM,
Goldman G (1995) Soluble tumor ne-
crosis factor receptors reduce bowel is-
chemia-induced lung permeability and
neutrophil sequestration. Crit Care
Med 23: 1377-1381

Seckinger PS, Dayer JM (1989) Purifi-
cation and biological activity of a specif-
ic tumor necrosis factor alpha inhibitor.
J Biol Chem 264: 11966-11973

Olsson IM, Nilsson LE, Thysell PC,
Grubb A (1989) Isolation and charac-
terization of a tumor necrosis factor
binding protein from urine. Eur J Hae-
matol 42: 270-275

Engelmann H, Aderka D, Rubinstein
M, Rotman D, Wallach D (1989) A tu-
mor necrosis factor-binding protein pu-
rified to homogeneity from human ur-
ine protects cells from tumor necrosis
factor toxicity. J Biol Chem 264:
1194-11980

16.

17.

18.

19.

20.

21.

22.

23.

Engelmann H, Novick D, Wallach D
(1990) Two tumor necrosis factor bind-
ing proteins purified from human urine.
J Biol Chem 265: 1531-1536

Seema K, Mandal RN, Tandon A, Meh-
ta G, Batra S, Ray GN, Kapoor AK
(1999) Serum TNF-alpha and free radi-
cal scavengers in neonatal septicemia.
Indian J Pediatr 66: 511-516

Damas P, Reuter A, Gysen P, Demonty
J, Lamy M, Franchimont P (1989) Tu-
mor necrosis factor and interleukin-1
serum levels during severe sepsis in hu-
mans. Crit Care Med 17: 975-978
Johnson M (1976) The cardiovascular
effects of ketamine in man. Anaesthesia
31: 873-882

Padda GS, Bowen CH (1995) Anesthet-
ic implication of snake-bite envenoma-
tion. Anesth Analg 81: 649-651

De Mesquita LC, Giglio JR (1991) The
hypotensive activity of Crotalus atrox
(western diamondback rattlesnake)
venom: identification of its origin. Am
J Trop Med Hyg 44: 345-353

Riviere G, Choumet V, Audebert F, Sa-
bouraud A, Debray M, Scherrmann
IM, Bon C (1997) Effect of antivenom
on pharmacokinetics in experimentally
envenomed rabbits: toward an optimi-
zation of antivenom therapy. J Pharma-
col Exp Ther 281: 1-8

Audebert F, Urtizberea M, Sabouraud
A, Scherrmann JM, Bon C (1994) Phar-
macokinetics of Vipera aspis venom af-
ter experimental envenomation in rab-
bits. J Pharmacol Exp Ther 268:
1512-1517



