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ABSTRACT 

The relationship of time and serum concentrations of Russell's viper venom (RVV), as weJl as blood 
coagulating factors, hemodynamics, and renal hemodynamics were studied, in comparison with the co­
administration of dopamine plus furosemide, in anesthetized male mongrel dogs (N=l8), weighing 10-15 kg. 
Intravenous infusion of normal saline solution (NSS) containing inulin and para·aminohippuric acid (P AH) 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 µg/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 obtain renal blood flow (RBF), glomerular 
filtration rate (GFR), renal vascular resistance (RVR), filtration fraction (FF), fractional excretion (FE) of 
electrolytes. Serum concentrations ofRVV, 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 ofRVV 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 ofRVV from the injection site into 
systemic circulation with time of maximum absorption (T max) of 9 hours. In both groups, maximum concentration 
(Cm) of 13.0 ± 13.34 ng/ml and 13.0 ± 2.83 ng/ml, elimination half-life (TyJ of26.0 ± 18.53 hours and 16.4 ± 
10.96 hours, the elimination rate constant (K,) of 0.0267 ± 0.0194 h-1 and 0.0423 ± 0.0211 h-1 and volume of 
distribution (V,) of 5.56 ± 3.23 I/kg and 6.06 ± 3.85 I/kg, were observed, respectively. Mean arterial blood 
pressure (MABP) was significantly decreased at time 12 and 24 hours after RVV injection, but slightly decreased 
in the group given with RVV+D+F. 1-Ieart 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 FEK and the decrease of FENa and FEc1 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 Vd and long TYi, thus duration of RVV action is 
prolonged. Dopamine plus furosemide synergistically improved the renal functions, thus increased renal clearance 
ofRVV. This may result in lesser effects on blood coagulation. This should be taken into an account when human 
victims of Russell'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. 

Key words: serum concentration of Russell's viper venom, blood coagulating factors, dopamine, furosemide 

Address of correspondence and reprint requests to· Sopit Thamaree, Department of Pharmacology Faculty of 
Medicine, Chulalongkorn University, Bangkok 10330, Thailand. Tel: 66-2-2511965, Fax: 66-2-2511965. 
E·mail: tsopit@pioneer.netserv.chula.ac.th 



220 Sopit Thamaree 

A11!Hl:JJWU ii''lliM 11 !1111!1~A11:JJ1 '!l aJ'!lu'IJ i'NWIH um 1 'Ill L u<i!i'!J nu 11 W l'l llil fli't~ 1'11 nullT'm ~~ 001 
v 

'lJ iM iii il li1 llil~fl1'>n1'1'1U1~'lJ fl~ llil 1 u !IU'IJ~lr;Hu1111a lilW'l:H um I 'Ill U!l~1]'11 ll'll i'N LlilUl i'.iu11 :IJ nu 
' v 

'lllh<i!lm,i' 
v 

1 
111ri111111n1'1l5ntn 

2 
rtn1u1ff11111 a1nn1'li111J1 rw J 111F11'lfTyijflihun rim::uwnEJrtlffUJ{ yw11;Nn"in1UY1?Jny1ft'EJ nnu. 1 0330 

An 't:.fl fl11 lH1lJv7'lHf'lJ8'1L1 a1Lla:-;1"111 iJ L 'il ii'll 'U'lf El\J W~ UlJ1 L 'lfl 1 u'lf ~ lJ VI a a Vl'ltl LL vJ VIL YI a { Lfi EJ1 fl U OT'i U~\J uJ'1'lJEJ'1 L~ ilVl 

n1<JYi1'HU'1~'lJa11vi ttf1erut'Viuuilun1'i 1~a1lvi1.hiiuua:a:jl'imuGi'~1JJ~1a1u~tT'llv7'1J~~t1Li1a'lvtirn 10-15 Olan~J.J ~'1'111-H 
aau '1'11n1'i'HEJV1ii'1tnilatln&l~UEiuu~u LLa~n'iV1'WTi1a~jjluihJW1~n tviaflnH1nT~'ti1-:i1u·lJfl'l1vi nrilJ~ 1 air'tl 6 ul11vl~u " . . 
n1'i5~n~mLU.J1L'lf1 (0.1 iJn.1nn.) "rl1-tni:f1uttfa nrii1~ 2 aiT'lJ 6 ul11l'i~un1'ififil'Wmul.J1L'lfl (0.1 >Jn.inn.) Lui'1V1111v11a .., . . .... 

uiTml11ilu (3 •~n.1nn.1m;l) '1"numijhi'fl"i;) (•mm•~m 1 "n.1nn. m1u'11""''~"m 1 "n.1nn.1~"-l ~u•an 6 
vi'11vi'-iun1':i5~ni'1lnaai.Jn~hlh.tntjiJA1urp.nRuvi'1aEi1'ltaaviua:::tlaa11:::~t1a1 o, 2, 6, 12 Lta::: 24 -i11iJ1 t~aitfl'i1:::-H 
':i:::v1u8u'dau n'iVl"WT;na:::il1uiiUW1:Sn BtilA1m'i1avf tTut~vitaaVl 1Lfl'i1:::l11:::vl'uttvJAtviai'~t~u1-llu'lflunTHL~'lW1t1a'3Laavi 
1vi'uri1 vJu~l ta'lu uvJAtma1l11 LLvJAtmafau Lta:a:JilGunr'i!1nn1·n'fa1u~1'lltM 1 vJu~u vi1u1ruA1n111l'Huiau'lla-:itaavi1UU>l 1m 

ilVl';i1fl1".ifl'.ifl'li4tnaUJa~a'a fl11lJvi'ltl'Yl1\J 1 'W'l18BVIL~Blil~1GJ ifVlriTUfl1';ifl"i8'1 f1vni1lJfll'iiJUri1u8LaA 1Vl'.i 1a'rl' iLA';il:::-H''Ml 

A11lJL'llu.Ju'lJB'3'W'bl-jLUJ1L'li11'LIYfj'lJ'll8'1'fir'll 12 \tl'1~1vi'-iun115viW~LU.J1L'1f1~L1a1 o, 15 inli, 30 inii, 1, 2, 4, 6, 9, 12 

ua::: 2 4 -i1 ta.J'l 1viu1581aw1 a-f1'3n'J1vJ'J:::V111'1L1a10uaanvi11JJL.JJJ'1lu'l.la'3W~tuJ1t'll'11u<a-r" vi1u1rurhw1-;i1iitvia{n1'1 

'\lau rr1aGrf'\l1 n n 'i1vJ trl a L U~uu L YiuuGf 'IT'lln ~ i.i ~1vi'1 u~ lfJ LLlJ1 L '111 a tl1,n&iu1t1uqU''IJn~11 ~1vi'~ u Vhi~ uu1 L '111~1lJ t1urn1vi th i1 'U 

Lta~vrr ";i'B"111 til f..!a fl1";i'Yl tti a tN uatti'1iTW ~ LuJ1 L'l11 ri au 1 f1 n tti tti~11:v1n Gii u 'YJil'1~5vi L ~15 n ";i:: Lta1 a l1V1 L 1 a1~";i::liluW ~ uu1 L 'lf1 a'! 
v ... " " " " " 

avi1"U'i.i~uAa g -5'11iJ-l1'Ulf'laa'1nriiJ ri11iJL'l1ll'l1"Ua'!avivH11tltJ Aa 13.0 ± 13.34 'U'UO.tlJa. LLa:: 13.o ± 2.83 'Ut!O.tiJa. . . " . 
Yl1ri~'l:a1vi'IJB'l01";iri1~VILvi10u 26.0 ± 18.53 -5'11iJ'ILLa:: 16.4 ± 10.96 -H11i.i-:i fl1A'1~'lltMfll";iril~VlLvi10u 0.0267 ± 
0.0194 '1'11~•-' """ 0.0423 ± 0.0211 '1'11"•-' """1J'lmm'"""'""'"'~1nu 5.56 ± 3.23 a.1nn. """ 6.06 ± 3.85 
a.inn. G'J1:i.ni11ilu A1L1l~l'.l'IJtMA11iJi!utaaviuvi-:iavia'!atl1'1iiirud1flcy~na1 12 ua:: 24 -t11J.J-l'H'1'1:v1niitti~lfJLUJ1t'lf1uviavi 
". 1 . J1... . .,_,. -"'"1,. • ·1 .,.,. ;, . 

a-:iLaO'Utltl tlO~ iJ'YI Vl";iU'W~UlJ1l'lfT'j1)JflU tVlullJ'UUa::l'j L "j'lf lJl?l ClVl'l101";iLYI 'W'llB'-11'11 :VL 'WlJ'IJt!L u'U~(i).Jl;;J1flfl1'lfl";i::G_!U 

_, • • J ;, 1 .; • • 1 .• , •• • . • • 1 • • 
u'l::a1Y1·alJ'W1UiG'Jfl 'lf'1L uuna fll 'VHJ?J(ill?JUfll";ial?IA112.JVl'ULaaVl 'Ufl~2.J't1 LVl'JU'WlfJlllJ1L'lfltlEl1'1LVIE/1)Jfl1'l 'YJ{tl1U'U'IJB'1UifJVI 

ilviTinl";i01'a·rrITnaL2..1a3a'aua::ilm";l1n1'J 11'1ti'lla'lilaa11::aVla-:iatl1'!L~'W.gVIVJaavi'l::t1::L1a1n11flnB1 2 4 ~1 ltN 'l.lru::~A11u 
ltl1'U't11'W 1 u"YJa a Vl t'il a l'l~lG'J L viu~u aEi1'1 ihJ u d1 A ty 1 "UYl1'1Vl";l'I fl ut71i.iu11~n.hilu Lta::~ ";i~l" til a12..111nVh1-Hn11'vi1-:i1u'l.I a'l 1VI ~ 
_,J _, .; • • • ., • ~ • ~ •• ,_, • 

Lu au u LL u a'! Lu a'!:v1n f.Ja'll a-:i'V4 lfJ LUJ1 L '111 n auri uin 011 L w uavi '11 u n11'n1a-:i ua ::a l?ln1'\J Ol";i'IJU rnu Lu UVI at '11tl u Lta:: fll";i avi a-:i 

'l/Cl-la'Vlri1'U 011'0 "j a-:i ua:: a Vlri1'1J flT'i-U'url1u 1 'lfL61u lJ lltl::fl a a 1 "j l'l1ii" Uu d1Acy 1 'IJ U';i";i Vil ri1u\J";i:: n a U'll [)'!Lil BVI 'Wlr.hil fl11 lJ LLYI fl 

vil'l";i::"tti1-:iqt!n 3 n~i.iatl1'1 liiilt!ud1v1'cy L~Vltaavi?JiJl?lvi1'1 'lLrilJ~tJL~flU'au tLvlALV1a'1vitfiu1tlun1";lu~-:i~1'1Ja-:itaavi lvi'ttri 

1-·' ., __ , ,. ··' '• .•• ~ • J • • '-·' • ., .J' 
TI U"iL 'IJL:YU Un ALVIB";i\11 LLa::LLnALG'Jtl";iutJavia~aU1'1lJ'IJUn1Ai)! 'llOJ::Y1NaV1Na:v1nn1";laa1um1'l.la'1 L nlJ";i'Ul'WlJ'll'UV1a£1Vlfll'J 

't1 l?la a~ u11 (ii U1ii 'lJ ~1 lJ n u~1 "j;a1lJ \ll'ri11 'ti' qnif 'll a-:iW ~ LllJ1 L 'lr1~ a fl1"Hl~'1 ~1'1J a~ ta a VH'lfilti a El a~ Na fll";iYI l?l a B'1 uavi'111Vi ~ 

UlJ1L'lflYi11iXnTiU~'1~1'llEHtilal?ltJfl~~a-:i ql'lif'l.la-:iW~LllJ1L'lf1iiri11ua'iniiufii'u1'::vlu~lfJLllJ1tir11u'li~" WlfJUlJ1L'l11a1:v~u 
• .J' " 0 1 ··-"' . " - • 0 1 " .( • ' 0' • • • -·" .,, , nu L 'U a LEI [)1'11 ,.., lJ u";i lJ1Vl";ifl1"ifl";it:;;;J1UiJ10 ua::fl1fl"j~'lf1VIU11;;;)'1Yl1 ,.., CJ'l'lll'IJ B'1'V4 lfJ LllJ1 l 'lr1El11'Ul'U U1 L Vl ul 1.J 'IJ'j1 lJ n Ur:! L "j'/j LlJ VI 

li;l~lJnYl°B n u~b El 1-H n11'ri1'1TU'll a'11t11 ~?f 'IJ~'l l ~ lJ Ol";i-U'uri1u w~ UlJ1 L 'lfl Nail a1;;;ifi11-H q Yl'B'll B'I w m UlJ1 L '111 ~a U:v~u Lfiu1 n \J fl1';i ., " " 
<1.., ... ..... ~ ..r • ... .ol • ., .J ......... .., 1: .. .J<J., ,, 

U'lM tll1'll a-:i La a Vll.J 'U Bl'J{N Nilfll";itJO H1'1J fl1';i'lJ1lJ1'V4 ;;;)1";i [U1LlJ £1't11 fll'j'j fl H1fl 'UYl\1 n~ Ui.11 L mn l?l 1D fll";i";i fl 'H1 Vl'I LVllJ'YI L?J{fl";iW1'lJ 

• •• 1 """.~ "" .,, J' ~I ., ., 1 ' J ' 'W~ (UB'UW1'UB3.J) ua::A1\JfliJ 'MlJu"JlJ1Vl";ilGiBVll'Wl'.l'l'V4B tlBfl:V10'1Jfl1'Jlw1";i::1~Ua::a-:iLOWB1fll"i 'U'll1'1L1Gi1Yl'lJ1'1Jfl11 24 

'1'11"• aT•u1"1T•tl1ilui1"nuvJ1'i'fl"'1m1.r1h" T"wu1un11fo>11n11on<LLu1Lmnm1'1 
" " " 

A1ri1Aqi : 



Thai J Pharmacol; Vol 22: No 3, Sep-Dec 2000. 

INTRODUCTION 

The venon1 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 A2

1, coagulation 
factor-activating proteases2

, hyaluronidase3
, 

nuclease, hen1orrhagins, and several other 
constituents4

, which can instantly induce 
hematological abnormalities and circulatory 
failure5

. 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 
rrequently involved with snake bite. Acute 
renal failure (ARF) is an important cause of 
death in Russell's viper envenomation8

. The 
nonspecific effects of RVV leading to renal 
hernodynamic 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 rrequency of 
antivenom administration 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 levels. 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 rrom our previous report showing the 
synergistic effect of dopamine and furosemide 
in the model of RVV-induced nephrotoxicity9

. 

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 RVV 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 l 0-15 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 arte1y 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. 

Experimental Design 

Dogs 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 ml/kg and then 0.12% of 
PAH and 0.75% of inulin dissolved in NSS 
were continuously infused with the rate of l .8 
ml/min throughout the study. After a control 
period of 60 min, RVV (O.l 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 (I mg/kg) was intravenously 
injected followed by continuous infusion of 
furosemide ( l mg/kg/h) and dopamine (3 µg/ 
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, renal blood flow (REF), glomerular 
filtration rate (GFR), urine flow rate (V), renal 
vascular resistance (RVR), filtration traction 
(FF), rractional excretion of sodium (FEN,); 
potassium (FFK); and chloride (FEc1). The 
renal plasma flow (RPF) and GFR were 
measured by PAH and inulin clearances, using 
the standard techniques 10

'
11

. Plasma and urine 
concentrations of inulin and PAH were 
measured by method described by Davidson 
and Sackner 1', and Smith". REF was 
calculated rrom 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 Test13

'
14

, fibrinogen and factor V were 
measured by Clotting Assay1

"
16

, and factor X 
was measured by Chromigenic Assayn 

STATISTICAL ANALYSIS 

All values were expressed as mean± 
SD. The data were analyzed by Student's 
paired !-test. A P-value of <0.05 was con­
sidered significant. 

RESULTS 

Serum concentrations 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 (Cm,,) of 13 ng/ml at 
9 hours (Tm,,) after RVV injection. In RVV 
group, serum RVV was higher than that 
observed in the group given RVV with D+F. 
Moreover, Cm,, in the RVV group was 
sustaimed for at least 3 hours of observation, 

Figure 1. 

12 

Time(h) 

16 " 

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 ( Ill ) 
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whereas Cm,, 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 RVV follows the one-compartment 
model, calculated values of kinetic parameters 
are shown in table 2. As elimination of RVV 
in the group given RVV+D+F was accelerated 
as considered from elimination rate constant 
(Ke) and clearance (CL). Half-life (T ") was 
shortened and area under the curve (AUC) was 
lower than that observed in the group given 
RVV alone. 

Effects of RVV on blood components and 
coagulating factors 

Table 3 summarizes the effects of 
RVV on blood components, and table 4 shows 
the effects of RVV on blood coagulating 
factors in dogs injected with RVV (O. l 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 
(PL T) were slightly increased at 2 hour time 
and then decreased toward the end of 24 hours, 
while those in the control group remained 
unchanged. 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 RVV+D+F. 
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 RVV/kg body weight compared with the 
group given RVV with dopamine (D) and furose1nide (F), expressed as mean ±S.D. (N =6) 

Serum RVV at Time (h) 
Group 

0 15 30 I 2 4 6 9 12 24 
min min 

RVV 0 0 2.50 3.00 6.25 8.25 l l.50 13.00 13.00 9.50 
+2.00 +2.83 +3.20 +7.18 +I0.30 + 13.34 +12.03 + 8.23 

RVV 0 0 0 3.33 3.40 6.00 9.70 13.00 IO.DO 6.00 
+(D+F) ±3.77 + 3.58 +4.24 +2.86 +2.83 +2.35 + 5.57 

Table 2. Estimated values of RVV kinetic paran1eters in dogs injected with RVV (0.1 mg/kg) compared with 

the dogs given RVV with D and with F. (N ~6) 

Group T" v, K, CL AUC 
(hJ (I/kg) (h'') (l/h/kg) (mg-h/l) 

RVV 26.00 5.56 0.0267 0.1485 0.6734 
+ 18.53 + 3.23 + 0.0194 + 0.1073 + 0.4528 

RVV 16.40 6.06 0.0423 0.2563 0.3902 
+(D+F) +10.96 + 3.85 + 0.0211 +O.l2!5 + 0.1083 

Table 3. Effects of RVV on blood components: white blood cell (WBC), red blood cell (RBC), platelet 

(PLT), hemoglobin (HGB) and hematocrit (HCT), in dogs injected with O.l mg RVV/kg body weight 

compared with the group given RVV with dopamine (D) combined and furosen1ide (F) and the 

control group. (N ~ 6) 

Blood Group Time lh\ 
Comnonents 0 2 6 12 24 

Control 4.07 8.02 15.37 16.90 15.00 
+2.39 +4.71 + 10.83 + 10.83 + l0.84 

WBC RVV 4.40 12.98 18.54 26.90 7.7 
(x I 03 cells/µ!) + 3.20 + l0.79 + 16.79 + 23.61 +6.93 

RVV 4.64 l0.45 16.25 23.78 I l.46 
+(D+F) +2.33 +6.08 + 10.16 + I 6.40 + 6.13 
Control 4.95 5.13 5.25 5.21 4.51 

+ 1.54 + 1.62 + 1.28 + 1.55 + 1.55 
RBC RVV 4.88 4.76 4.66 4.37 2.06 

(x I 06 cells/µ!) + 1.23 + 0.86 + 0.91 + 1.43 + 0.79 
RVV 4.65 4.81 4.87 4.45 3.87 

+ ID+F\ + 1.31 + 1.04 + 1.06 + l.35 + 0.94 
Control 69.00 81.33 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 

(xl 0·1 cells//µ!) + 31.45 + 40.63 + 14.51 + 2 l.67 + 7.07 

RVV 67.30 78.50 46.67 45.53 40.35 
+ (D+F) +41.15 + 38.79 + 23.79 ± 21.69 ± 18.49 
Control l l .45 12.10 12.20 12.08 I I.I 0 

+ 3.33 + 3.94 +2.95 + 3.17 +4.16 
HOB RVV 10.80 10.55 10.43 10.0 4.9 
(g/dl) + 2.48 + l.79 +2.04 + 3.28 + 1.84 

RVV 10.79 l l.08 l l.27 10.26 10.00 
+ID+Fl + 3.16 + 2.67 + 3.41 + 3.28 + 3.01 
Control 33.27 34.65 32.60 35.42 32.07 

+9.97 + 11.l l +9.73 + 9.32 + 11.40 
RVV 32.38 33.98 26.54 26.90 17.70 

HCT +7.76 + 5.25 + 6.68 + 10.05 ± 5.52 
(%) RVV 29.25 33.88 27.75 24.88 23.25 

+ (D+F) + 5.85 + 2.39 + 4.35 + 7.47 +7.5 
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Table 4. Effects ofRVV on blood coagulating factors in dogs injected with 0.1 mg RVV/kg body weight, compared with the 
group given RVV with dopamine and furoscmide. (N = 6) 

Blood Group 
Coagulating 0 

Factor 
Control 2.25 

Fibrinogen + 0.27 
(mg/dI) RVV 2.28 

+ 0.68 
RVV 2. I5 

+(D+F) + 0.39 
Control I49.2 

Factor V + I6.36 
(mg/dI) RVV I26.67 

± 36.80 
RVV I20.25 

+ (D+F) + 24.04 
Control I25.80 

Factor X + 36.80 
(mg/dI) RVV I I0.50 

± 61.65 
RVV IIO.I6 

+ (D+F) + 53.68 
Control 0 

Fibrin Degradation 
Product (FOP) RVV 0 

(mg/di) 

RVV 0 
+ (D+F) 

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

Effects of RVV 011 systemic and renal 
hemodynan1ics 

Table 5 summarizes the effects of 
RVV on MAP, BP, RBF, GFR, V, RVR, FF, 
FEN, , FEK, FEc1· 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 12 hours in the RVV group. 
FENa, FEK and FEc1 were increased in the 
group given RVV+D+F. 

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 ftom that observed 
in the envenomated rabbit18 whose peak 
venom levels were detected between 2 -4 hours 
after venom injection. Whereas in RVV bite 
victims, Cmax was unidentifiable since the 

Time (h) 
2 6 I2 24 

2.07 2.I4 2.53 2.57 
+ 0.34 +0.6I + 0.95 + l.45 

l.83 0.95 0.58* 0.24* 
+ 0.60 + 0.23 + 0.26 + O.I2 

I.94 l.38 l.07 0.94 
+ 0.52 + 0.43 + 0.35 ± 0.48 
I25.23 I I8.02 !08.6 I I9.67 

+ 26.90 + 39.52 + 27.69 + 36.I2 
44.50 16.77* 12.60* 17.77* 

± 32.08 ± 13.72 + l l.50 + IJ.90 
65.50 30.95 27.53* 31.25* 

+ 25.60 + I5.62 + I0.32 + I l.22 
I I0.40 I Ol.20 I06.4 I I2.33 

+ 42.04 + 43.05 + 43.33 + 35.92 
I02.50 56.I7 39.20* 39.67* 

± 38.26 ±42.I2 ± 19.26 + 30.67 
I00.20 74.90 48.75 50.60 

+ 45.50 + 31.11 + 20.05 +2I.47 
0.40 l.28 l.2I I. I I 

± 0.29 ± 0.89 + 0.32 + 0.42 
0.40 2.80 2.97 54.00* 

± 0.29 ±I.IO ±I.I I ± 25.0 
0.38 2.I2 2.26 27.35* 

+ 0.19 + 1.05 + 0.97 +Il.4I 

patients must be treated immediately on arrival 
to the doctors. However the initial serum levels 
of RVV in RVV bite victims ranged ftom less 
than IO ng/ml to 290 ng/ml 18

. Since RVV 
and/or its metabolites are excreted by the 
kidney 18

. 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+-2cr symporter 19

. Dopamine itself acts 
on the DA 1-dopaminergic receptors thereby 
giving rise to renal vasodilatation20 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 report9

. Dopamine plus 
furosemide was reported to be effective in the 



Thai J Pharmacol; Vol 22: No 3, Sep-Dec 2000. 225 

Table 5. Effects of RVV on 1nean arterial pressure (MAP), heart rate (HR), renal hemodynamics: renal blood flow (RBF), 
glmnerular filtration rate (GFR), urine flow rate (V), renal vascular resistance (RVR), filtration fractic:m (FF), 
fractional excretion of sodium, potassium, and chloride (FFNa, FEK, FEc1) in dogs injected with 0.1 mg RVV/kg alone 
or in combination with dopamine and furosemide. (N of each group= 6) 

Paran1eter Group 
0 2 

Control 96.01 106.0 
MAP + 36.04 + 33.34 

(mmHg) RVV 107.13 108.6 
± 23.57 + 18.55 

RVV 100.75 90.42 
+(D+F) ±27.18 ±29.1 
Control 135 135 

HR + 34 +JS 
(beats/min) RVV 175 161 

±44 ± 22 
RVV 158 141 

+ (D+F\ + 40 + J7 
Control 198.97 134.84 

RBF ± 33.64 ± 38.48 
(ml/min) RVV 162.39 93.85* 

± 63.52 ±36.16 
RVV l 8J.34 154.96 

+ (D+F) + 82.54 + 28.9 
Control 63.11 J9.Jl 

GFR ± J6.II ± 34.16 
(ml/min) RVV 22.57 18.64 

+ 3.96 + 5.98 
RVV 22.29 24.93 

+ (D+Fl + 8.37 + 12.18 
Control 0.82 0.84 

v ± 0.53 ±0.86 
(ml/min) RVV 1.77 0.52 

+ 0.67 + 0.46 
RVV 1.22 2.54 

+ (D+F) + 0.82 + 2.67 
Control 45.61 71.64 

RVR + 23.19 + 44.85 
(xl,000 dyne- RVV 65.94 106.56 

sec/cm5
) +27.14 + 45.68 

RVV 71.38 49.01 
+ !D+F) + 75.08 + 14.07 
Control 48.33 43.66 

FF + 29.05 + 27.91 
(o/a) RVV 2J.09 J 1.45 

+ 5.86 + 11.47 
RVV 18.17 24.64 

+ (D+F) + 6.91 + 14.69 
Control 1.43 1.35 

FE Na + 1.65 + 2.1 
(%) RVV J.9 1.18 

+ 1.95 +0.84 
RVV 3.54 8.81 

+ (D+F) +0.41 +6.1 
Control 20.69 J 1.65 

FEK + 11.08 +24.19 
(%) RVV 104.64 45.42 

+ 71.05 + 14.65 

RVV 28.68 80.49 
+fD+F\ + 25.36 + J6 
Control 1.67 J.87 

FEc1 +I.99 + 5.5 
(%) RVV 4.08 1.18 

+ 2.Jl + l.05 
RVV 3.61 9.17 

+ (D+F) + 1.41 + 7.72 

* P< 0.05, compared with the time zero w1th1n the same group. 
t P< 0.05, compared with the other groups 

Time fh) 
6 12 24 

93.74 94.4 93.01 
+ 22.47 + 15.08 ± 20.16 
104.67 56.73' 28.24" 
+ 12.5 + 36.9 + 10.96 
95.75 91.88 85.28 

± 29.02 ± 12.16 ± 15.68 
IJ9 147 133 

+40 + 39 +26 
149 147 140 
± 74 ± 70 ± 42 
162 180 179 

+ 5J + 40 + 32 
176.37 175.05 221.56 

± 39.61 ±39.18 ± 57.59 
29.08" 4_73•+ 935•+ 

± 16.37 ± 5.07 ± 1.57 
264.96 343.33 218.8 

+ 2J5.63 + 484.85 ± 170.45 
57.41 76.66 80.08 

± SS.9J ± 80.31 ± 60.06 
4.36'+ 1.66•+ 1.49•+ 

+2.57 + l.92 + 0.51 
33.03 29.37 32.09 

± 14.15 + 10.06 ± 13.55 
1.29 1.12 0.88 

± 0.96 ±0.77 ±0.44 
0.25'+ 0.06•+ 0.12•; 

+ 0.19 + 0.04 + 0.06 
1.94 I.I I 1.0 

± 1.68 ±0.98 ±0.35 
62.82 58.37 J6.3 

+ 47.87 + J6.7J +15.07 
409.15+ 2328.22'+ 252.98 
± 211.79 ± 30882 ± 136.41 

60.22 34.95 41.11 
+ 47.24 + 20.98 + 21.22 
46.92 59.16 51.91 

±28.72 ±SJ.OJ ±28.96 
26.76 48.79 19.44 

+ 21.89 + 40.88 + 1.71 
18.74 12.14 20.99 

+ I0.09 + 15.66 ±4.36 
2.66 J.28 1.67 

+ 1.64 ±4.31 ± 1.07 
4.72 2.84 7.69 

+ 5.26 + 2.59 +4 

7.08 3.31 4.56 
+4.73 + 2.0J + 3.JJ 
26.65 40.14 21.31 

± 18.71 ± 37.29 ± 20.19 
79.98 I 51.57 54.98 

+ 64.2J + 130.2 + 47.08 
84.7 49.6J 56.57 

+ 56.05 ± 21.14 ± 54.95 
1.91 3.85 1.71 

+ 1.47 + 3.88 + 1.68 

4.73 2.41 2.8J 
+ 6.35 ±2.14 ±2.12 

9.5 J.06 6.94 
+ 6.31 + J.19 + 3.J6 
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treatment of oliguric acute renal failure 
induced by several causes21

-
23

• RVV clearly 
alters renal hernodyna1nics. The reduction of 
MAP, RBF and GFR observed in this study 
confirms the results from our previous repo1i24. 
Hemodynamic alterations in snake enveno­
mation are believed to be the result of interac­
tions of various vasoactive mediators25

'
26

, 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. So1ne are vasodilators, for examples: 
prostacyclin (PGI2), PGE,, bradykinin and also 
NO, which contribute to vasodilatation and 
hypotension. The effects of RVV on blood 
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 bites6

. 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 elevated27

, abnormal bleeding may follow6
. 

Most viper venoms, in man, act predominantly 
on the haemostatic system, pa1iicularly on 
capillary endothelium'. Locally, this causes 
swelling rapidly as observed at the site ofRVV 
injection in this study. Together with 
hemorrhage, the exudation may 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 sepsis25

'
28

. Snake bite is thus 
involved the inflammatory processes. It is not 
surprising that the WBCs, the major blood 
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