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The acute effect of Russell’s viper venom on renal
functions in rats.

Bungorn Chomdej*
Walter Pfaller**

Chomdej B, Pfaller W. The acute effect of Russell’s viper venom on renal functions in
rats. Chula Med J 1987 Apr; 31(4) : 295-301

The renal functions following intraperitoneal injection of 1 mg. per kg. B.W.
of Russell’s viper venom have been investigated in Wistar rats. Rats were anesthetized
with inactin 120 mg. per kg. B.W. intraperitoneally. Arterial blood and urine samples
were collected every 30 minutes for three hours following venom injection. After venom
injection, the mean arterial pressure (MAP), glomerular filtration rate (GFR) and urine
flow rate (UF) declined proportionally, but were followed by a small return. After the
second hour, MAP maintained a slight decrease, while GFR and UF gradually decreased
until the end of the experiment. The increment of the fractional excretion of sodium (FE.Na)
was significant during the second hour, whereas that of potassium (FE.K) rose slightly.
These data may indicate that the venom has some important effects in reducing renal
Sunctions, both by direct and indirect means, although more detailed mechanisms need
to be further investigated.

* Department of Physiology, Faculty of Medicine, Chulalongkorn University.
**Institute of Physiology, University of Innsbruck, A-6010 Innsbruck, Austria.
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Acute renal failure is an important compli-
cation in patients who survive the early effects
of severe viper envenomation.('#) Clinical obser-
vations have demonstrated hematuria, oliguria,
anuria, hematemesis, decreased platelets and in-
creased fibrinolytic activity.(2'4) No correlation
between severity of renal failure and hemostatic
abnormality was shown.(3) Tubular ischemia or
intravascular hemolysis might result in tubular
necrosis and subsequent renal failure. (%)

Many investigators believed that the snake
venom might have some direct cytotoxic effect
on renal tubular cells,(57) presumably by the very
high concentration in the kidneys.(s) Recent work
was conducted by Huei-chen Huang in 1984,(9)
using phospholipase A’2 isolated from Russell’s
viper venom.("®) He postulated that the hypotensive
effect in rats was probably due to the increase
in plasma prostacyclin and thomboxane A, levels.
He also found the reduction in plasma renin acti-
vity{!) The obstruction of glomerular capillaries
by coagulated material could also reduce the blood
supply to the tubules. Intravascular clotting can
enhance intravascular hemolysis and vice versa,(213)
creating a vicious cycle which accentuates the seve-
rity of renal failure.(*) Acute renal failure could
be caused by direct effect of venom on vasculature.
Arteritis has been observed. The narrowing of
vascular lumen could accelerate intravascular coa-
gulation leading to acute renal failure. (14)

The effect of Russell’s viper venom on renal
function has been demonstrated extensively in
patients some days following envenomation. Very
little has been reported from animal models, es-
pecially during the earlier period. This study ad-
dressed the role of venom on glomerular filtration
rate, urine flow and arterial pressure as well as the
fractional excretion of sodium and potassium during
the first three hours after venom injection.
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Materials and Methods

Experiments were performed on 12 Wistar rats,
anesthetized with inactin intraperitoneally, 120
milligram per kilogram body weight. Tracheostomy
was performed and the animals were allowed to
breathe room air spontaneously. A jugular vein
catheter was introduced for administration of 1
percent inulin in Tris-Ringer solution at the rate
of approximately 20 milliliters per kilogram per
hour. Left femoral artery was isolated and catheterized
to record the systemic pressure and collect blood
samples. Urine flow rate was measured via bladder
catheter.

A period of 45 minutes was allowed to elapse
for the stabilization of plasma inulin concentration
and general conditions, after which two or three
timed collections of urine were taken along with
arterial blood samples at the midpoint of each
urine collection. The venom was injected at the
dosage of 1 milligram per kilogram body weight
intraperitoneally. Blood and urine samples were
taken every thirty minutes for three hours after
venom injection.

At the end of the experiment, both kidneys
were excised, stripped of surrounding fat and
tissue, blotted dry and weighed. The glomerular
filtration rate and urine flow rate were expressed
as microliters per minute per gram kidney weight.

Routine measurements of sodium and potas-
sium concentrations in plasma and urine were
determined by flame photometry. Plasma and
urine inulin concentrations were detected by an
anthrone colorimetric techique. The results were
shown as the value of mean * S.D. The differences
were analyzed by the Student’s paired t-test.

The Effect of Russel's Viper Venom on Mean Arteriol Pressure (MAP), Glomerular Filtration Rate (GFR) and Urine Flow Rate (UF)

on Rats { Mean £ S.D.)

Jome (hour) o 0.5 10 15 2.0 2.5 3.0
Parameter

MAP 10450 6.08|82.001 7.20 (8850 8.80|93.00¢ 9.98(97.50+ 9.87/87.50¢ 11.29 ; 87.00+13. 21

{mm.HQ) P<.001 PL.001 P<L.010 PL.028 P < .008 P .008
GFR 104.83£14.71 | 76.17 £13.06/80.17£15.21|87.92219.26(79.92£13.79|72.50£10.28 | 65.33 £11.53

(Wi / mn - gm. kidney weight) PL.001 PL.001 NS P . 028 P <L .00 P L.001
UF 23.371784 |7.60 £7.43| 6.82£6.49|6.20 +5.23|8.25+3.83 | 68113 .45 | 5.5213.33

{7 ein - gm. Kidney weight) P 010 P<L. 005 P<L 010 P . 008 P< . 001 P .00t

NS = Nonsignificance
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Figure 1 The Effect of Russell’s Viper Venom on Mean Arterial Pressure

Resuits

As illustrated in table and figure 1, following
the injection of Russell’s viper venom 1 mg per
kg body weight intraperitoneally, the mean arterial
pressure (MAP) decreased gradually. The MAP
decreased from 104.50 + 6.08 to 82.00 + 7.28

mm.Hg (p < .001) in 30 minutes, and then returned
to 97.50 *+ 9.87 mm.Hg by the end of the second
hour. The decrement in MAP was about 20-30
percent of control value. After 2 hours, it fell
again and was maintained at about 87.00 * 13.21
mm.Hg. The decrement of MAP was statistically sig-
nificant when compared with that of the control
period.

The decrement of glomerular filtration rate
(GFR) was seen at 30 minutes following venom
injection. GFR dropped from the control value
of 104.83 *+ 14.71 to 76.17 * 13.05 microliter
per minute per gram kidney weight (p < .001).
As demonstrated in the table and figure 2, after 30
minutes, GFR increased to 87.92 * 19.26 microliter
per minute per gram kidney weight. The increase
was not statistically significant when compared
with the control. After one and a half hour, GFR
decreased gradually until the end of the experimental
period.
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Figure 2 The Effect of Russell’s Viper

Venom on Glomerular Filtration Rate
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Figure 3 The Effect of Russell’s Viper Venom on Urine Flow Rate

The urine flow rate (UF) decreased immediately
after venom injection from 23.37 * 7.84 to 7.68 *+
7.43 and lasted until the end of the first hour
(figure 3). During the second hour, UF increased
from 6.82 + 6.49 to 8.25 * 3.83 microliter per
minute per gram kidney weight. However, after
2 hours, UF fell continuously throughout the
experimental period as shown in table and figure 3.

Figure 4 and 5 demonstrate the changes of
fractional excretion of sodium (FE.Na) and potassium
(FE.K) following venom injection. The FE. Na
rose significanctly during the second hour (p <
.025), whereas the FE.K increased slightly. After
2 hours, the fractional excretion of both electrolytes
showed a small decline.
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Figure 4 The Effect of Russell’s Viper Venom on Fractional Excretion of Sodium
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Figure 5 The Effect of Russell’s Viper Venom on Fractional Excretion of Potassium

Discussion

Snake venom is well known to cause toxic
damage to the kidney. Acute renal failure is one
of the clinical manifestrations that may result from
the toxicity.(%'5) The venom has been found to
consist of toxic proteins and enzymes which have
hematotoxic and necrotizing properties. It has been
believed that hemolysis produced by these snakes
was attributed to the action of phospholipase A2
of the venom.('®) The pathogenesis of hypotensive
effect of the venom has been.suggested as due
to the vasodilatative action of histamine, PGI,
and leukotriene which are released from the tissue
by the toxic effect of the venom.(®'?) Huei-Chen
Huang(g) also reported that some fractions of the
venom could-increase lung perfusion pressure,
which might restrict blood return to the heart and
lead to a decrease in cardiac output, inducing
hypotension indirectly.

Renal changes have been studied extensively
by kidney biopsies in snake bite patients. The
renal effects of the toxin could be direct or indirect
as a consequence of shock, hemorrhage and vas-
culopathy.(w) In the present study, as shown in
figures 1,2,3 and the table, Russell’s viper venom
produced hypotension and reduced filtering function
of the kidney as well as urine flow rate. The
responses were seen immediately after venom in-
jection. After 1 hour of experiment, changes of
GFR and UF seemed to have been independent
of arterial pressure. A thirty percent decrease in

MAP shorter than 1 hour was probably not the
sole cause of GFR changes. It was possible that
glomerular changes could also be due to direct
injurious effect of the venom.(#9)

Previous studies have suggested that Russell’s
viper venom might damage renal tubular cell
directly.(#5:10,20) The indirect effects resulting from
anaphylactic shock which causes renal hypoxia
by collapsing of blood vessel and vasoconstriction
have also been reported.(s’M) As illustrated in figures
4 and 5, there were some increments of the FE.Na
and FEK following venom injection. The increase in
FE.Na was demonstrated significantly in the second
hour period (p  .025). Russell’s viper venom might
have possibly damaged tubular cell and interfered
with renal function during this period. The rise of
UF at this point was probably due to the decrease
of reabsorptive function of the renal tubules. The
enhancement of FE.K could have been potentiated
by the diminution in the renal tabular function or
by some hemolytic effects of the venom.(12) Recently,
the direct nephrotoxicity of Russell’s viper venom
on isolated perfused kidney has been reported(21'22)
Thus, from this study, it might be postulated that
Russell’s viper venom may have both direct and
indirect toxic -effects on the kidney. The specific
pathophysiologic changes need further investigation.



< (v 4
M 81 aUbn 4
MUY 2530

Acknowledgement

The author (Dr. Bungorn Chomdej) wishes
to thank Dr. Yachai Na Songkhla, the Dean, and
Dr. Visith Sitprija, Associate Dean, for allocating

References

1. Aung-Khin M. Histological and ultrastructural
changes of the kidney in renal failure
after viper envenomation. Toxicon 1978
jan ; 16 (1) : 71-75

2. Sitprija V, Sribhibbadh R, Benyajati C, Tangchai
P. Acute renal failure in snake bite. In :
de Vries A, Kochva E, eds. Toxins of
Animal and Plant Origins. London : Gardon
and Breach, 1973. 1013-1028

3. Shastry J C M, Anand Date, Carman R H,
Johny K V. Renal failure following snake
bite : a clinicopathological study of nineteen
patients. Am J Trop Med Hyg 1977 Sep;
26 (5 Pt 1) : 1032-1038

4. Sitprija V, Benyajat C. Boonpucknavig V.
Further observations of renal insufficiency
in snakebite. Nephron 1974; 13 (5) : 396-403

5. Raab W, Kaiser E. Nephrotoxic action of snake
venoms. Mem Inst Butantan 1966 ; 33 (3) :
1017-1020

6. Hadler W A, Brazil O V. Pharmacology of
crystalline crotoxin IV. Nephrotoxicity.
Mem Inst Butantan 1966; 33 (3) : 1001-1008

7. Sitprija V, Benyajati C, Boonpucknavig V.
Renal involvement in snake bite. In : Ohsaka
A, Hayashi K, Sawai Y, eds. Animal, Plant
and Microbial Toxins. New York, Plenum,
1976 483-495.

8. Varagunam T, Panabokke R G. Bilateral cortical
necrosis of the kidneys following snakebite.
Postgrad Med J 1970 Jul ; 46 (537) :
449-451

9. Huang HC. Release of slow reacting substance
from the guinea-pig lung by phospholipases

of Vipera Russelli snake venom. Toxicon
1984 Mar; 22 (3) : 359-372

10. Huang HC. Lee C Y. Isolation and pharma-
cological properties of phospholipases A,
from Vipera Russelli (Russell’s viper) snake
venom. Toxicon 1984 Feb ; 22 (2) : 207-217

11. Huang HC. Effects of phospholipases A, from
vipera Russelli snake venom on blood
pressure, plasma prostacyclin level and

wassuzdUveIREgIIIAeM NNV lahgvn 301

the Staff Development Fund, Faculty of Medicine,
Chulalongkorn University, that made this study
possible.

renin activity in rats. Toxicon 1984 Feb;
22 (2) : 253-264

12, Brain M C, Esterly J R, Beck E.A. Intravas-
cular haemolysis with experimentally pro-
duced vascular thrombi. Br J Haematol
1976 Nov; 13 (6) : 868-891

13. Deykin D. The clinical challenge of disseminated
intravascular coagulation. N Engl J Med
1970 Sep 17 ; 283 (12) : 636-644,

14. Sitprija V, Boonpucknavig V. Snake venoms
and nephrotoxicity. In : Lee C Y, ed.
Snake Venoms. New York : Springer-
Verlag Berlin Heideburg, 1979 997-1018

15. Schreiner G E, Maher J F. Toxic nephropathy.
Am J Med 1965 Mar; 38 : 409-449

16. Russell F E, Puffer H W. Pharmacology of
snake venoms. In : Minton S A, ed. Snake
Venoms and Envenomation . New York :
Marcel Dekkar, 1971, 87-98

17. Middleton E, Jr. Phillips G.B. Distribution
and properties of anaphylactic and venom
induced, slow-reacting substance in guinea-
pigs. J Clin Invest 1962 Jun 41 (6) : 1385

18. Chugh K S, Aikat B K, Sharma B K, Dash
S C, Thomas Mathew M, Das K C. Acute
renal failure following snakebite. Am J
Trop Med Hyg 1975 Jul ; 24 (4) : 692-697

19. Ohsaka A, Just M, Habermann E. Action of
snake venom hemorrhagic principles on
isolated glomerular basement membrane.
Biochem Biophys Acta 1973; 232 : 415-
428

20. Sarangi A, Patnaik B C, Das G C, Tripathy
N, Misra G, Swain A K, Das G K. Renal
involvement in viperine snakebite. Indian
J Med Res 1980 Jun; 71 (6) : 918-923

21. Ratcliffe P J, Pukrittayakamee S. Direct nephro-
toxicity of Russell’s viper venom demonstrated
in the isolated perfused rat kidney. Toxicon
1985 ; Apr 23 (4) : 605

22. Chaiyabutr W, Sitprija V, Sugino N, Hoshi T.
Russell’s viper venom-induced depolarization
in the proximal tubule of triturus kidney.
Thai J Vet Med 1985, 15 : 297-303

I sRTRT IS uduatuleiudl 6 W@ouliguisu w.a. 2520



	The acute effect of Russell's viper venom on renalfunctions in rats
	Recommended Citation

	ฉบับที่1None374
	ฉบับที่1None375
	ฉบับที่1None376
	ฉบับที่1None377
	ฉบับที่1None378
	ฉบับที่1None379
	ฉบับที่1None380

