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ABSTRACT

The relationship of time and serum concentrations of Russell’s viper venom {RVYV), as well as blood
coaguiating factors, hemodynamics, and renal hemodynamics wete siudied, in comparison with the co-
administration of dopamine plus furosemide, iu anesthetized male mongrel dogs (N=18), weighing 10-15 kg.
Iniravenous infusion of normal saline solution (NSS) containing inulin and para-aminohippuric acid (PAH) was
given for renal hemodynamic studies. Twelve dogs were intramuscularly injected with RVV (0.1 mg/kg) . Six of
these dogs were given with RVV (0.1 mg/kg) followed by infusion of dopamine (D, 3 jg/kg/min) plus furosemide
(F, a bolus dose of 1 mg/kg and infusion of 1 mg/kg/h), The other 6 dogs were injected with NSS and served as a
control group. Blood and urine samples collected at time 0,2,6,12 and 24 hour were analysed for inulin, PAH,
electrolytes, complete blood count (CBC) and blood coagulating factors including fibrinogen, factor V, factor X
and fibrin degradation product (FDP). Calculation were made to obiain renal blood flow (RBF), glomerular
filtration rate (GFR), renal vascular resistance (RVR), filtration fraction (FF), fractional excretion (FE) of
electrolytes. Serum concenirations of RVV, in twelve dogs given with RVV, were measured by ELISA at time 0,
15 min, 30 min, 1,2,4,6,9,12 and 24 hour. The serum concentrations of RVV were plotted against time on semilog
paper. Kinetic parameters were calculated from the graphs. When comparing the group given with RVV alone and
the group given with RVV plus D and F, the results showed gradual absorption of RVV from the injection site into
systemic circulation with time of maximum absorption (T,,,) of 9 hours. In both groups, maximum concentration
{Chax) of 13.0 £ 13.34 ng/ml and 13.0 £ 2.83 ng/ml, elimination half-life (T,;) of 26.0 + 18.53 hours and 16.4 £+
10.96 hours, the efimination rate constant (K,) of 0,0267 + 0.0194 h™ and 0.0423 £ 0.0211 h” and volume of
distribution (V) of 5.56 £ 3.23 Vkg and 6.06 + 3.85 Vkg, were observed, respectively. Mean arterial blood
pressure (MABP) was significantly decreased at time 12 and 24 hours after RVYV injection, but slightly decreased
in the group given with RVV+D+F. Heart rate was increased owing to sympathetic stimulation as a compensatory
mechanism. In the group given with RVV, RBF, GFR, urine flow rate {V) were markedly decreased throughout
the period of 24 hours of experiment whereas RVR was significantly increased. In contrary, D plus F could restore
the renal function that being altered by RVV. The increase of FF and FEy and the decrease of FEy, and FEy were
not significant. Among blood components, there was no significant difference among the 3 groups. Blood cell
components were slightly increased. Blood coagulating factors, including fibrinogen, factor V, and factor X, were
significantly decreased where as FDP was increased throughout the experiment. Dopamine plus furosemide
seemed to attenuate the effect of RVV on blood coagulation. These results indicated the failure of blood
coagulation induced by RVV, The effects of RVV were closely related to serum RVV concentrations. Binding of
RVV to some tissues may be responsible for high apparent V4 and long T, thus duration of RVV action is
profonged. Dopamine plus furosemide synergistically improved the renal functions, thus increased renal clearance
of RVV. This may result in lesser effects on blood coagulation. This should be taken into an account when human
victims of Russeli’s viper bites are treated. The conventional treatment using antivenom and maintenance of
adequate volume should be monitored and observed over a longer period of time than 24 hours. Dopamine plus
furosemide may considerably be useful in treatment of the viper bites.
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INTRODUCTION

The venom of snake is a complex
mixture of enzymes, peptides and proteins of
low relative molecular weight with specific
chemical and biological activities which may
cause multifarious clinical manifestation.
Russell’s viper venom (RVV) contains
isoenzymes of phospholipase A,', coagulation
factor-activating proteases®, hyaluronidase®,
nuclease, hemorrhagins, and several other
constituents’, which can instantly induce
hematological abnormalities and circulatory
failure’. The clinical manifestations associated
with most viper bite are local swelling, local
necrosis, systemic symptoms, spontaneous
hemorrhage, hematological effects, shock and
death®™’.  The kidney is one of the organ
frequently involved with snake bite. Acute
renal failure (ARF) is an important cause of
death in Russell’s viper envenomation®. The
nonspecific effects of RVV leading to renal
hemodynamic alterations, together with direct
nephrotoxicity, favor the development of ARF.
Early treatment with specific antivenom and
adequate fluid administration are preferred.
However, the effective dose and frequency of
antivenom adminisfration should be based on
the amount of venom envenomation and the
kinetics of venom distribution in the body. As
the severity of poisoning are directly related to
the serum venom [evels. The relationship of
time and venom concentrations with the blood
coagulating factors and renal hemodynamics
may be useful in determining the proper
antivenom therapy and the period of time the
patients should be closely monitored. The
results from our previous report showing the
synergistic effect of dopamine and furosemide
in the mode} of RVV-induced nephrotoxicity®.
Dopamine combined with furosemide may
accelerate the urinary excretion of RVV as a
consequence of renal function improvement. It
is, therefore, the purpose of this study to
describe the changes of serum RVYV in relation
to its effects on blood coagulating factors and
renal hemodynamics, in comparison with the
co-administration of dopamine plus
furosemide, in dogs injected intramuscularly
with RVV.

MATERIALS AND METHODS

Eighteen male mongrel dogs,
weighing 10-15 kg, were studied. They were
anesthetized with intravenous pentobarbital
sodium (25 mg/kg). If necessary,
supplementary doses of 25-50 mg were given
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to maintain the anesthetized state throughout
the study. In all dogs, femoral artery and vein
cannulations were made for measuring the
mean arterial pressure (MAP), heart rate (HR),
blood collection, intravenous infusion of
normal saline solution (NSS) and drug
solution, and renal clearance study. The urine
flow rate (V) was made by mean of ureter
cannulation. Russell’s viper venom in the
lyophilized form was produced by the Queen
Saovabha Memorial Institute of the Thai Red
Cross Society,

FExperimenial Design

Dops were divided into three groups
of six dogs each. In all dogs, 1.2% of para-
aminohippurate (PAH) and 7.5% of inulin
dissolved in NSS were intravenously injected
at the dose of 0.5 mb/kg and then 0.12% of
PAH and 0.75% of inulin dissolved in NSS
were continuously infused with the rate of 1.8
ml/min throughout the study. After a control
period of 60 min, RVV (0.1 mg/kg body
weight) dissolved in 2 ml of the NSS was
intramusculary injected into twelve dogs. In
six dogs given with RVV, a bolus dose of
furosemide (1 mg/kg) was intravenously
injected followed by continuous infusion of
furosemide {1 mg/kg/h) and dopamine (3 pg/
kg/min}, dissolved in NSS, for 5 hours. Blood
samples were taken at time 0,15,30 min,
1,2,4,6,9,12, and 24 hour. Serum was
separated and quantitative analysis of RVV in
the serum were performed by the method of
Enzyme Linked-Immuno-Sorbent Assay
(ELISA) developed in-house. At time 0,2,6,12
and 24 hour, determination were made of
MAP, HR, renat blood flow (RBF), glomerular
filtration rate (GFR), urine flow rate (V), renal
vascular resistance (RVR), filiration fraction
(FF), fractional excretion of sodium (FEu.);
potassium (FFy); and chloride (FE¢). The
renal plasma flow (RPF) and GFR were
measured by PAH and inulin clearances, using
the standard techniques'®''. Plasma and urine
concentrations of inulin and PAH were
measured by method described by Davidson
and Sackner'?, and Smith!'. RBF was
calculated from RPF and packed cell volume
(PCV). RVR was calculated from MAP and
RBF. Sodium and potassium were measured
by flame photometry {Klina Flame, Beckman}.
Chloride was measured by a chloride analyzer
{(Instrumentation Labs, model 279). Blood
coagulation study including complete blood
count (CBC), fibrin degradation product
(FDP), fibrinogen, factor V, and factor X were
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performed. CBC was measured (Sysmex
Meditop, Japan), FDP was measured by Rapid
Latex Test'™", fibrinogen and factor V were
measured by Clotting Assay'™'®, and factor X
was measured by Chromigenic Assay'”.

STATISTICAL ANALYSIS

All values were expressed as mean +
SD. The data were analyzed by Student’s
paired t-test. A P-value of <0.05 was con-
sidered significant.

RESULTS

Serum concenirations of RVV in relation to
time

Figure 1 and Table 1 show the
changes of serum concentrations of RVV
during 24 hours in dogs injected with RVV
(0.1 mg/kg body weight) intramuscularly,
compared to the dogs injected with RVV at the
same dose and same route combined with
dopamine and furosemide. The levels of RVV
gradually increased in both groups with the
maximum concentration (Cy,,) of 13 ng/ml at
9 hours (T after RVV injection. In RVV
group, serum RVV was higher than that
observed in the group given RVV with DHF,
Moreover, Cp. in the RVV proup was
sustaimed for at least 3 hours of observation,

Serum RVY (ng/ml)

a 4 8 k2 16 20 24
Time {h}

Figure 1. Time-serum concentration curves of
RVV in dogs injected with 0.1 mg
RVV/kg body weight (@) and dogs
given sustained RVV and dopamine
combined with furose-mide (®)
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whereas Cpy In the RVV+D+F group declined
to 10 ng/ml within 3 hours. At the end of 24
hours of observation, serum RVV in the group
given RVV+D+F was lower than that observed
in the RVV group. However, the concen-
trations of RVV were still high showing that
RVV was slowly eliminated. Assume that the
kinetics of RVYV follows the one-compartment
model, calculated values of kinetic parameters
are shown in table 2. As elimination of RVV
in the group given RVV+DHF was accelerated
as considered from elimination rate constant
(K.) and clearance (CL). Half-life (T.)} was
shortened and area under the curve (AUC) was
lower than that observed in the group given
RVYV alone.

Effects af RVV on blood componenis and
coagulmting faciors

Table 3 summarizes the effects of
RVYV on blood components, and table 4 shows
the effects of RVV on blood coagulating
factors in dogs injected with RVV (0.1 mg/kg)
intramuscularly, compared to the dogs injected
with RVV at the same dose and same route
combined with dopamine and furosemide.
White blood cells (WBC) were increased in all
groups, however in the groups given RVV
showed higher amount of the increased WBC
during the first 12 hours. Red blood cells were
slightly decreased in the groups given RVV
during the first 12 hours, whereas markedly
decreased in the group given RVV alone as
observed at the end of 24 hours. Platelets
(PLT) were slightly increased at 2 hour time
and then decreased toward the end of 24 hours,
while those in the control group remained
nnchanged. Hemoglobin was substantially
decreased in the group given RVV alone as
observed at the end of 24 hours. Hematocrit
was slightly increased at the first 2 hours and
then decreased toward the end of 24 hours,
particularly in the groups given RVV. Blood
clotting factors, including fibrinogen; factor V,
and factor X, were significantly decreased in
the group given RVV alone and markedly
decreased in the group given RVVIDHE.
Whereas the fibrin degradation product (FDP)
was significantly increased in the groups given
RVV.
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Table 1. Serum concentrations of RVV in dogs injected with 0.1 mg RV V/kg body weight compared with the
group given RVV with dopamine (D) and furosemide (F), expressed as mean 5.1, (N =6)

‘ Serumn RVV at Time (h)
Growp 5" T713 30 i 2 7 5 9 12 24
min min
VY | 0o 0 2,50 3.00 625 8.25 [1.50 13.00 13.00 950
+2.00 | +2.83 £320 | +£718 | +1030 | #1334 | #1203 | £823
RVY | 0 0 0 333 340 6.00 970 13.00 10.00 6.00
+HDHF) £377 | +358 | +424 | #2386 | +2.43 £235 | +5.57

Table 2. Estimated values of RVV kinetic parameters in dogs injected with RVV (0.1 mg/kg) compared with
the dogs given RVV with D and with F. (IN =6)

Group Ty \'Z K. CL AUC
(y (g} (h’]) {/h/kg) {mg-h/l}
RVV 26.00 5.56 0.0267 0.1485 0.6734
+18.53 +323 +0.6194 +0.1073 +0.4528
RVV 16.40 6,06 0.0423 0.2563 0.3902
+(DHF) +[0.96 +3.85 +0.0211 +(.12]15 + (.1083
Table 3. Effects of RVV on blood components: white blood cell (WBC), red blood cell (RBC), platelet

(PLT), hemoglobin (HGB) and hematocrii (HCT), in dogs injected with 0.1 mg RV V/kg body weight
compared with the group given RVV with dopamine (D} combined and furosemide (F) and the
control group. (N = 6)

Blood Group Time (h)
Components ] 2 6 12 24
Conirol 4.07 8.02 15.37 16.90 15.00
+2.39 +4.71 +10.83 +10.83 + 10.84
WBC RVV 440 12.98 18.54 26.90 77
(x 10° cells/ul) +3.20 £10.79 +16.79 +23.61 +6.93
RVV 4.64 10.45 16.25 23.78 11.46
HD+F) +233 +6.08 +10.16 + 16.40 +6.13
Control 495 5.13 5.25 5.21 451
+1,54 +162 +1.28 +1.55 +1.55
RBC RVV 488 476 466 437 2.06
(% 10° cells/ul) +1.23 +0.86 +0.91 +1.43 £0.79
RVV 4.65 4.81 4.87 445 3.87
+ (D+F) +1.31 + 1,04 + 1.06 +1.35 +0.94
Conirol 69.00 8133 74.50 68.50 77.00
+37.67 + 41,64 +58.74 +38.96 +43.66
PLT RVV 69.50 84.50 36.60 41.50 36.00
(x10° cells/fjal) +3145 + 40.63 +14.51 +21.67 +7.07
RVV 67.30 78.50 46.67 45.53 40.35
+ (D+F) +41.15 +38.79 +£23.79 +21.69 + 1849
Control 11.45 [12.10 12.20 12.08 11.10
£3,33 +3.94 +2.95 +3.17 +4.16
HGRE RVV 10.80 10.55 10.43 10.0 49
(g/dl) £248 +1.79 +2.04 +3.28 +1.84
RVY 10.79 11.08 1127 10.26 10.00
+ (D+F) +3.16 +2.67 +341 +3.28 +3.01
Control 33,27 34.65 32.60 35.42 32.07
+9.97 +11.11 +9.73 +9.32 +1140
RVV 32.38 33.98 26,54 26.90 17.70
HCT £1.16 +525 1 6.68 +10.05 +5.52
(%) RVV 29.25 33.88 27.75 24 88 2325
+(D+F) £5.85 +2.39 +4.33 +£7.47 £7.5
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Table 4. Effects of RVV on blood coagutating factors in dogs injected with 0.1 mg RVV/kg body weight, compared with the

proup piven RVV with dopamine and furosemide, (N = §)

Blood Group Time (h)
Coagulating 0 2 6 12 24
Factor
Control 2,25 2.07 2.14 2.53 2.57
Fibrinogen +19.27 +0.34 +0.61 +0.95 £ 145
(mg/dl) RVV 228 1.83 0.95 0.58* 0.24%
+0.68 +0.60 +0.23 +0.26 1012
RVY 2.15 194 1.38 1.07 0.94
+(D+F) £0.39 + .52 £0.43 +0.35 £0.48
Control 149.2 125.23 118.02 108.6 119.67
Factor V + 16.36 126,90 +39.52 +27.69 £36.12
(mg/dl} RVY 126.67 44.50 16.77* 12.60% 17.77*
+36.80 +32.08 +13.72 +11.50 +13.50
RVY 12025 65.50 30.95 27.53* 31.25*
+ (D+F) +24.04 +25.60 +15.62 +10.32 +11.22
Control 125.80 110.40 101.20 106.4 112.33
Factor X +36.80 +42.04 +43.05 +43.33 +35.92
(mg/d}) RVV 110.50 162.50 56.17 39.20% 39.67%
+ 61.65 + 38.26 +42.12 +19.26 +30.67
RVV 110.16 100.20 74.90 48.75 50,60
+ (D+F) + 53,68 +45.50 +31.11 +20.05 +£21.47
Control 0 0.40 1.28 1.21 1.1
Fibrin Degradation £0.29 +0.89 £0.32 1042
Product (FDP}) RVV 0 0.40 2.80 2.97 54.00%
(mg/di) +0.29 +1.10 +1.11 250
RVV 0 0.38 2.12 2.26 27.35%
+ {D+F} +0.19 +1.05 097 +11.41

*P< 0.05, compared with the time zero within the same group

Effects of RVV on systemic and renal
hemodynamics

Table 5 summarizes the effects of

RVV on MAP, BP, RBF, GFR, V, RVR, FF,
FEw. , FEg, FEq. There was a significant
reduction in MAP in the group given RVV
alone. The HR was increased in the group
given RVV+D+F. RBF, GFR and V were
significantly decreased in the group given
RVV alone. In contrary, RBF, GFR and V
were increased in the group given RVV+D+F.
RVR was significantly increased in the RVV
group, whereas in the RVV+D+F group, RVR
was decreased. FF was slightly increased
during the first I2 hours in the RVV group.
FEns, FEx and FEq were increased in the
group given RVV+D+FE.

DISCUSSION

The serum levels of RVV in dogs
given a single dose of RVV intramuscularly
peaked at 9 hours after venom injection. This
result is somewhat different from that observed
in the envenomated rabbit'® whose peak
venom levels were detected between 2 -4 hours
after venom injection. Whereas in RVV bite
victims, Cp.. was unidentifiable since the

patients must be treated immediately on arrival
to the doctors. However the initial serum levels
of RVV in RVV bite victims ranged from less
than 10 ng/mi to 290 ng/ml'®. Since RVV
and/or its metabolites are excreted by the
kidney'®. A combination of dopamine and
furosemide seemed to enhance the excretion of
RVV. Although at the end of 24 hours,
elimination of RVV was not completed,
however the calculation of kinetic parameters
were made to obtain the relative values
between the two groups. As expected,
clearance of RVV in dogs receiving
RVV+D+F was relatively faster when com-
pared with the dogs given RVV alone. This
effect may be due to the combination of
dopamine and furosemide. Furosemide is a
very potent{ diuretic acting on’ the thick
ascending limb of Henle’s loop and inhibits
Na'-K*-2Cl" symporter'®. Dopamine itself acts
on the DA,-dopaminergic receptors thereby
giving rise to renal vasodilatation® and
facilitates furosemide to the site of its action in
the nephron, thus synergises the action of
furosemide. The effects of a combination of
dopamine and furosemide on renal hemo-
dynamics in dogs injected with RVV has
confirmed our previous report’. Dopamine plus
furosemide was reported to be effective in the
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Tabie 5. Effects of RVV on mean arterial pressure (MAP), heart rate (HR), renal hemodynamics: renal blood flow (RBF),
glomerular filtration rate (GFR), urine flow rate {V), renal vascular resistance (RVR), filtration fraction (FF),
fractional excretion of sodivrm, potassium, ard chioride (FFu., FEk, FEq) in dogs injected with 0.1 mg RVV/kg alone

or in combination with dopamine and furosemide. (N of each group = 6)

Parameter Group Time {h}
0 2 6 12 24
Controf 96.01 106.0 9374 94 4 93.01
MAP + 36.04 +33.34 +22.47 +15.08 £20.16
(mmHg) RVV 107.13 108.6 104.67 56.73" 28.24™
42357 +18.55 +12.35 +36.9 £10.96
RVV 100.75 90.42 9575 91.88 85.28
+(DHF) +27.18 +29.1 +29.02 +12.16 +15.68
Control 135 135 139 147 133
HR +34 £38 +40 +130 £26
(beats/min) RVV 175 161 149 147 140
+ 44 22 +74 70 +42
RVV 158 141 162 180 179
+ (D+F) +40 £37 £53 +40 +32
Control 198.97 134.84 17637 175.05 221.56
RBF +33.64 +38.48 +39.61 £30.18 + 57.59
{ml/min) RVV 162.39 93.85* 29.08" 473" 9.35™
+63.52 +36.16 +16.37 +5.07 +1.57
RVV 18334 154.96 26496 34333 218.8
+(D+F) +82.54 +28.9 1 235.63 £ 484.85 + 17045
Control 63.11 39.31 57.41 76.66 80.08
GFR +36.11 +34.16 45593 + 8031 + 60.06
(ml/min} RVV 2257 18.64 436" 1.66™ 1.49™
+3.06 +5.08 +2.57 1192 +0.51
RVV 2229 24.93 33.03 29.37 32.09
+ (D+F) +8.37 +12.18 +14.15 + 10.06 £13.55
Control 0.82 0.84 1.29 1.12 0.88
v + 0.53 +0.86 + (.96 £0.77 +0.44
{ml/min) RVV 1.77 0.52 025" 0.06™ 0.12"
+0.67 £0.46 £0.19 £0.04 4 0.06
RVV 122 2.54 1.94 .11 1.0
+(D+F) + (.82 +2.67 £ 1.68 +0.98 +10.35
Control 45.61 71.64 62.82 5837 36.3
RVR £23.19 + 44.85 +47.87 +36.73 +15.07
(1,000 dyne- RVV 65.94 106.56 409.15% 2328.22" 25298
sec/em’) +27.14 +45.68 +211.79 + 30882 + 136.41
RVV 71.38 49.01 60.22 34.95 41.11
+ (D+F) +75.08 +14.07 +47.24 +20.98 +2122
Control 48.33 43.66 46.92 59.16 51.91
FF +£20.05 +327.91 +28.72 +53.03 +28.96
(") RVV 23.09 31.45 26.76 48.79 19.44
1586 +11.47 +21.89 +40.88 +1.71
RVY 18.17 24.64 18.74 12.14 20.99
+ (DHF) +6.91 +14.69 +10.09 +15.66 +4.36
Control 143 135 2.66 328 1.67
FEn. + 1.65 +2.1 + 164 +4.31 +1.07
") RVY 39 1.18 472 2.84 7.69
+1.95 +0.84 +5.26 +2.59 £4
RVV 3.54 381 7.08 331 456
+ (D+F) +0.41 +6.1 +4.73 +2.03 +3.33
Control 20.69 31.65 26,65 40.14 21.31
FEg + 11.08 +24.19 +18.71 +37.29 +£20.19
(%) RVV 104,64 4542 79.98 151.57 5498
+71.05 + 14.65 +64.23 +130.2 +47.08
RVV 28.68 80.49 84.7 49.63 56.57
+ (D+F) +25.36 +36 +56.05 +21.14 £ 54.95
Control 1.67 3.87 191 3.85 1.71
FEq £1.99 +55 + 147 +3.88 + 1.68
(%) RVV 4.08 118 473 241 2.83
+2.31 + 1.05 +6.35 +2.14 £2.12
RVV 1.61 9.17 95 3.06 6.94
+ (D+F) + 141 £17.72 +63] +3.49 +3.36

* P< (.05, compared with the time zero within the same group.

t P<0.05, compared with the other groups
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freatment of oliguric acute renal failure
induced by several causes’'™. RVV clearly
alters renal hemodynamics. The reduction of
MAP, RBI and GFR observed in this study
confirms the results from our previous report™.
Hemodynamic alterations in snake enveno-
mation are believed to be the result of interac-
tions of various vasoactive mediators®™*, some
of which are vasoconstrictors, for examples:
norepinephrine, angiotensin II, endothelin,
thromboxane A, which contribute to renal
vasoconstriction and cause a reduction of RBF
and GFR. Some are vasodilators, for examples:
prostacyclin (PGl,), PGE,, bradykinin and also
NO, which contribute to vasodilatation and
hypotension. The effects of RVV on biood
coagulating factors as observed in this study
show the decrease of fibrinogen as well as the
factor V and factor X. This coagulopathy is the
frequent consequence of viper bites®. Viperine
venoms act indirectly by activating
prothrombin or factor X, then intravascular
coagulation occurs and the factor X is
decreased. Viper venom also acts continuously
on fibrinogen, producing a fibrin more
susceptible to lysis and resulting in non-
clotting or poorly clotting blood because of the
absent or very low levels of fibrinogen
whereas levels of fibrin degradation products
are elevated”’, abnormal bleeding may follow®.
Most viper venoms, in man, act predominantly
on the haemostatic system, particularly on
capillary endothelium®. Locally, this causes
swelling rapidly as observed at the site of RVV
injection in this study. Together with
hemorrhage, the exudation nay consist of
plasma or whole blood as observed in this
study that RBC was decreased. Hemodynamic
changes are very much similar to those
observed in sepsis””*. Snake bite is thus
involved the inflammatory processes. It is not
surprising that the WBCs, the major blood
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