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Background In form ation

T hyroid  Hormone

I t  Is  w e ll  known th a t  In th e  c a r d io v a s c u la r  sy stem  th e  c a r d ia c  
o u tp u t te n d s  t o  be p r o p o r tio n a l t o  th e  m e ta b o lic  TB te, b e in g  low in  
h y p o th y ro id ism  and h ig h  In t h y r o t o x ic o s i s .  One o f  th e  m ost d i s t i n c t i v e  
f in d in g s  In h y p er th y ro id ism  Is a m oderate e le v a t io n  In s y s t o l i c  b lood  
p r e s s u r e  w ith  l i t t l e  change In d i a s t o l i c ,  o r  a marked In c r e a se  In p u ls e  

p r e s s u r e .  T h is Is  o f t e n  a s s o c ia t e d  w ith  v ig o r o u s , b r is k  and ra p id  

c o n t r a c t io n s  o f  th e  h e a r t ,  w hich are  in  c o n t r a s t  w ith  th e  weak h e a r t  b ea t  

o f  h y p o th y ro id ism . The a r m -to -lu n g  or a rm -to -to n g u e  c i r c u l a t i o n  tim e  i s  

p ro lo n g ed  in  h y p o th y ro id ism  and sh o rten ed  In h y p er th y ro id ism .

There a re  two th y r o id  hormones w ith  b io lo g ic  a c t i v i t y  In v iv o .  One 

o f  them , th y r o x in e  (T ^ ), i s  produced o n ly  by th y r o id  g la n d . The o th e r ,  
3 .5 ,3 ' - t r i l o d o t h y r o n i n e  CTa ) ,  Is  produced la r g e ly  by d e lo d ln a t lo n  o f  T  ̂ a t  

e x tr B th y r o Id a l s i t e s  (C a v a lie r !  and R apoport, 1977 I Schirrmel and u t ig e r ,  
1 9 7 7 ). P e r ip h e r a l t i s s u e s ,  p a r t ic u la r ly  k id n ey , c o n ta in  a d e lo d ln a s e  
enzyme com plex th B t c o n v e r ts  TA to  th e  m o ta b o l le a l ly  more a c t iv e  Ts 
( C hiraseveenuprapun d e t  a l . ,  1 9 7 8 ). A bnorm ality  o f  th y r o id  hormone le v e l  
was found In a c u te  r e n a l f a i l u r e ,  t o t a l  T  ̂ and t o t a l  Ta d ecr e a se d  w h ile  
th y r o id  s t im u la t in g  hormone was normal (U t ig e r ,  1980 I K a p te ln , 1981 t
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Chopra, 1 9 8 3 ). The same p a tte r n  was found In c h r o n ic  r e n a l f a i l u r e  

(F in u can e  e t  a l . ,  1977 I W e lsse l e t  a l . ,  1979 I K osow lcz e t  a l . ,  1980; 

u t i g e r ,  1 9 8 0 ). A s i g n i f i c a n t  in v e r s e  r e la t io n s h ip  b etw een  th e  serum  

c o n c e n tr a t io n  o f  t o t a l  and t o t a l  Ta and th e  d e g ree  o f  r e n a l f a i l u r e  was 

ap p aren t (J o a so o  e t  e l . ,  1974 ; F in u can e e t  a l . ,  1977} K a p te ln , 1 9 8 1 ).

In h y p er th y ro id ism , a hyperdynam ic c i r c u l a t i o n  c h a r a c te r iz e d  by an 

e le v B t lo n  In cardiBC o u tp u t , ta c h y c a r d ia , d im in ish ed  p e r ip h e r a l v a s c u la r  
r e s i s t a n c e  and a ten d en cy  t o  8 r i s e  in  a r t e r i a l  p r e s s u r e  ap p ears t o  be  

a s s o c ia t e d  w ith  an in c r e a s e  in  r e n a l b lood  f lo w . Measurement o f  

p a ra -a m in o h ip p u r ic  a c id  (PAH) c le a r a n c e  in  h y p er th y ro id  p a t ie n t s  have been  

found t o  y i e l d  r e s u l t s  w e ll  above normal (B r a d le y , 1 9 7 1 ). In b oth  

h y p er th y ro id ism  and h y p o th y ro id ism , g lo m eru la r  f i l t r a t i o n  r a t e  h as u s u a l ly  

been  found t o  ch an ge, r i s i n g  above normal in  th e  form er and f a l l i n g  in  th e  

l a t t e r  (C orcoran , 1947 ) Ford e t  a l . ,  1951} B ra d ley , 1 9 7 1 ). Under
normal c ir c u m sta n c e s , a n im a ls  and men appear t o  r e g u la t e  body e l e c t r o l y t e  

c o m p o s it io n  w ith in  normal l im i t s  d e s p i t e  th y r o id  a b n o rm a lity  a s  B rad ley  

(1 9 7 8 ) ,  W illiam s (1931) Bnd C haiyabutr (1 9 8 1 ) have shown th e  normal le v e l  

o f  plasm a sodium , p o ta ssiu m  ca lc iu m  and phosphorus in  b o th  h y p erth y ro id ism  

and h y p o th y ro id ism .

The e a r ly  r e p o r ts  have been shown t h a t  th e  u r in a r y  e x c r e t io n  o f  
sodium  and c a lc iu m  w ere in c r e a se d  in  h y p e r th y r o id  p a t ie n t s  (W illia m s , 1981} 

R esn ick  and Laragh, 1982) and dogs (P ro n in a , 1971} C h a iy a b u tr , 1 9 8 1 ), in  

th e  o p p o s i t e ,  were d ecr e a se d  in  h y p o th y ro id  p a t ie n t s  (W illia m s , 1981) Bnd
dogs (C h a iy a b u tr , 1981)



6
I t  has been c o n s i s t e n t l y  r e p o r te d  t h a t  c o n c e n tr a t io n s  o f

a n g io te n s in -c o n v e r t in g  enzyme a re  in c r e a se d  in  p a t ie n t s  w ith
h y p erth y ro id ism  and th e  in crem ent may be due t o  a d i r e c t  e f f e c t  a t  th e  

c e l l u l a r  l e v e l  (gow and R o u ls to n , 1 9 8 7 ). E a r l ie r  in v e s t ig a t o r s  found th a t  
plasm a r e n in  a c t i v i t y  and plasm a r e n in  s u b s tr a te  d ecr e a se d  in
th y r o id e c to m iz e d  r a t s ,  and a f t e r  T9 in j e c t i o n ,  th e  change in  . th e  plasm a  
r e n in -B n g io te n s in  sy stem  in  th e  r a t  w ere c o r r e c te d  w ith in  E 0-40 hours 

(B ouhnik , 1 9 8 1 ).

Many pap ers has r e p o r te d  about th e  b e n e f i c ia l  e f f e c t  o f  th y r o x in e  
on r e c o v e r y  from t o x i c  and isc h e m ic  a c u te  r e n a l f a i l u r e .  P otassiu m  
d icro m a te  in j e c t e d  r a t s  t r e a t e d  w ith  th y r o x in e  had s i g n i f i c a n t  b e t t e r  in  
i nul in  c le a r a n c e ,  improved f r a c t io n a l  e x c r e t io n  o f  sodium  and In crea sed  
u r in e  o sm o la r ity  a s  compared t o  a n im a ls  g iv e n  o n ly  normal s a l i n e  ( S ie g e l  
e t  a l . , 1984). T hyrox in e was p r o t e c t iv e  a l s o  a g a in s t  g en ta m ic in
n e p h r o to x ic ity  (C ron in  and Newman, 1985). Gaudio e t  B l.(1984) e v a lu a te d  
th e  e f f i c a c y  o f  th y r o x in e  in  isc h e m ic  a c u te  r e n a l f a i l u r e ,  r a t s  were 

t r e a te d  w ith  th y r o x in e  a f t e r  45 m in u tes o f  r en a l isc h e m ia . The r e s u l t s  

showed th a t  p o s t  isc h e m ic  tr e a tm en t w ith  th y r o x in e  a c c e le r a te d  th e  r e c o v e r y  

o f  g lo m eru la r  and tu b u la r  f u n c t io n .

R u s s e l l ' s  V ip er Venom

The R u s s e l l ' s  v ip e r  venom w ere found t o  c o n s i s t  o f  a m ix tu re  o f  
t o x i c  f a c t o r s ,  c o a g u la t io n  f a c t o r s  and a number o f  enzym es w hich  c o n tr ib u te  

t o  th e  p a th o p h y s io lo g ic  a c t io n s  in c lu d in g  p h o sp h o lip a se  Aj1,
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p h o s p h o d ie s te r a s e , a d e n o s in e  t r ip h o s p h a ta s e ,  h y a lu r o d in a se , k ln in o g e n a se ,  
th r o m b in lik e  enzym e, f a c t o r  X B c t iv a t o r ,  f a c t o r  IX a c t iv a t o r ,  f a c t o r  V 

a c t iv a t o r  and prothrom bin  a c t iv a t o r  (L in d q u is t  e t  a i . ,1 9 7 8  J M orris e t  a l . ,  

1978 J Iwanaga and S u zu k i, 1979 I K i s i e l ,  1979 I Teng e t  a l . ,  1 9 8 4 ).  
E a r l ie r  s t u d ie s  had found t h a t  th e  c o a g u la n t  a c t io n  o f  th e  R u s s e l l ' s  v ip e r  

venom b oth  in  v i t r o  and in  v iv o  showed d i f f e r e n t  r e s u l t s .  An in tr a v a s c u la r  

c l o t t i n g  had been  n o t ic e d  in  some CBses and co m p le te  f a i l u r e  o f  b lood  

c l o t t i n g  had p r o c e s s  in  o th e r s  (Lamb and Hanna, 1 9 0 3 ). In tr a v a sc u la r  

c o a g u la t io n  and in c o a g u la b i l i t y  b o th  w ere m a n ife s ta t io n s  o f  a c t io n  o f  th e  

venom w hich d i f f e r e d  o n ly  in  d eg ree  and r a p id i t y .  The ra p id  a c t io n  o f  th e  

venom produced m a ssiv e  c l o t t i n g  o f  th e  b lo o d  w h ile  S low er a c t io n  produced  

i n v i s i b l e  c o a g u la t io n  and o ccu rred  w ith  f i n e  d e p o s i t io n  o f  f i b r i n  in  th e  

w a ll o f  th e  b lood  v e s s e l s .  F in a l ly  b lood  was d e f ib r in a te d  and in  

con seq u en ce in c o a g u la b le  (T a y lo r  e t  a l . , 1 9 3 5 ). G eneral f e a t u r e s  o f  
d isse m in a te d  in tr a v a s c u la r  c o a g u la t io n  have been  se e n  a s  a r e s u l t  o f  th e  

s tr o n g  c o a g u la n t e f f e c t s  o f  th e  venom (A ung-K hin, 1 9 7 8 ). The prothrom bin  

in h ib i t o r s ,  p l a t e l e t  a g g r e g a t io n  in h ib i t o r s  Bnd an a n t ic o a g u la n t  p r o te in  

have a l s o  been p u r i f ie d  from th e  venom (Teng e t  a l . , 1 9 8 4 ). I n te r fe r e n c e  in  

b lood  c o a g u la t io n  by th e  venom would a g g r a v a te  b le e d in g ,  and a c c e le r a t io n  

o f  b lood  c o a g u la t io n  by th e  venom m ight c a u se  in tr a v a s c u la r  c o a g u la t io n  or  

b le e d in g  a f t e r  consum ption  o f  th e  c o a g u la t io n  f a c t o r s  (Teng e t  a l . , 1 9 8 4 ). 
The o b s tr u c t io n  o f  g lo m eru la r  c a p i l l a r i e s  by c o a g u la te d  m a te r ia l was th e  
most l i k e l y  ca u se  o f  r e d u c t io n  o f  b lood  su p p ly  t o  th e  r e n a l t u b u le s ,  t h i s  
tu b u lB r isch em ia  r e s u l t e d  in  tu b u la r  n e c r o s i s  and su b seq u en t r e n a l f a i l u r e
(Chugh e t  a l . , 1975 J Aung-Khin, 1978)
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e v a lu a te d  by th e  d eg ree  o f  h em oglob in u ria  (C o n d rea ,1 9 7 9 ). The s tu d y  by 

S it p r i j B  e t  a l . , (1 9 8 5 ) showed hem oglobin  c a s t s  In th e  lumen o f  d i s t a l  

c o n v o lu te d  tu b u le s  Bnd c o l l e c t n g  tu b u le s  o f  k id n e y . P h o sp h o lip a se  AL in
th e  venom was r e s p o n s ib le  f o r  h e m o ly tic  e f f e c t  (Mckay e t  a l . , 1970 I 
R u s s e ll  and P u f f e r ,1971 J T u ,1969 J iwanaga and S u z u k i,1 9 7 9 ) .  Condrea 

(1979) showed t h a t  th e  major red  c e l l  p h o s p h o lip id s  a re  

p h o s p h a t id y lc h o lin e , sp r in g o m y e lin  and p h o sp h a tid y le th a n o la m in e . A ll o f  

t h e s e  p h o sp h o lip id s  a re  good s u b s tr a te s  f o r  p h o sp h o lip B se . In s e v e r e  

h e m o ly s is , tu b u la r  o b s t r u c t io n  by hem oglobin  c a s t s  may c a u se  r e n a l f a i l u r e  

( P e i r i s  e t  a l . , 1969 I Chugh e t  a l . , 1 9 7 5 ).

The a c t io n  o f  R u s s e l l ' s  v ip e r  venom on th e  c ir c u la t o r y  sy stem  has  

been  r e p o r ted  by many in v e s t ig a t o r s .  Two phase o f  ch an ges in  

c a r d io v a s c u la r  sy stem  were ob served  in  th e  ex p e r im e n ta l dog
(T u n g th a n a th a n ic h ,1983 J T ongvongch ai,1984  } C h a iy a s e s t ,1 9 8 6  5

M eera ta n a ,1986 I K ingkheaw kanthong,1 9 8 7 ). In th e  f i r s t  p h a se , th e  venom 

produced a marked r e d u c t io n  in  mean a r t e r i a l  b lood  p r e s s u r e . In th e  second  

p h a se , meBn a r t e r i a l  b lood  p r e ssu r e  r e c o v ered  t o  c o n tr o l  l e v e l .  The 

p a tte r n  o f  ch an ges in  th e  f i r s t  phase a re  s im i la r  t o  t h a t  o f  s tu d y  in  r a t s  

(C haiyB butr e t  a l . , 1 9 8 5 ) . There i s  e v id e n c e  o b ta in e d  by Huang and Lee 
(1984) th a t  most p h o sp h o lip a se  Aa s u b fr a c t io n s  o f  th e  venom had h y p o te n s iv e  

e f f e c t  in  r a t s  g iv e n  0 .1  m g/kg BW in tr a v e n o u s ly .  Huang (1 9 8 4 ) su g g e s te d  

t h a t  phospholipB SB  Aa f r a c t io n s  in  th e  venom r e le a s e d  throm boxane Aa , 
p r o s t a c y c l in e  and h istB m in e  from th e  p e r fu se d  g u in e a -p ig  lu n gs w hich m ight

I n t r a v a s c u l a r  h e m o l y s i s  I s  o b s e r v e d  I n  R u s s e l l ' s  v i p e r  b i t e  ( P e l r l s

e t  a l . , 1 9 6 9  ; C h u g h  e t  a l . , 1 9 7 5  { M a h a s a n d a n a  e t  a l . , 1 9 8 0 ) ,  I t  c a n  b e
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c a u se  v a s o d i la t io n  in  th e  p e r ip h e r y , com bined w ith  pulmonary 
v a s o c o n s t r ic t io n ,  r e s t r i c t i o n  b lood  r e tu r n  t o  th e  h e a r t ,  le a d in g  t o  a 
d e c r e a se  in  c a r d ia c  o u tp u t and induced h y p o te n s iv e  e f f e c t s .  The r i s e  in  
mean a r t e r i a l  b lood  p r e ssu r e  f o l lo w in g  th e  t r a n s ie n t  d e c r e a s e  a f t e r  
envenom ation  and r e s to r e d  t o  normal le v e l  in  th e  second  phase has e x p la in e d  
by th e  e f f e c t  o f  v a s o p r e s s iv e  m ed ia tor  such  as r e n in - a n g io t e n s in  system  
(C h a iy a b u tr ,1985) and c a te c h o la m in e  (C h a iyab u tr  e t  a l . , 1 9 8 4 ).

There was h ig h  in c id e n c e  o f  a c u te  r e n a l f a i l u r e  f o l lo w in g  R u s s e l l ' s  
v ip e r  b i t e  (Chugh e t  a l . , 1975 I S i t p r i j a  e t  a l . , 1976 I S h a str y  e t  a l . , 1977) 
and i t  was fr e q u e n t ly  ca u se  o f  d e a th . The stu d y  by Than e t  a l . (1 985)  

showed t h a t  th e  g r e a te r  f r a c t io n  o f  a d m in is te r e d  venom was ta k e n  up by th e  

k id n e y . Many papers r e p o r te d  about th e  e f f e c t s  o f  R u s s e l l ' s  v ip e r  venom on 

th e  r e n a l fu n c t io n s  but th e  m echanism s r e s p o n s ib le  fo r  develop m en t o f  a c u te  
r e n a l f a i l u r e  are  s t i l l  u n c le a r .  P a th o p h y s io lo g ic a l  s t u d ie s  o f  t h i s  venom 
on r e n a l fu n c t io n  in  human i s  u s u a l ly  u n d ertak en  by o b s e r v a t io n  p a t ie n t s  
in  h o s p i t a l s .  In ex p er im en ta l d ogs in j e c t e d  w ith  th e  venom, th e r e  were 
marked r e d u c t io n s  in  r e n a l b lood  f lo w  and g lo m eru la r  f i l t r a t i o n  r a t e  w h ile  

r e n a l v a s c u la r  r e s i s t a n c e  in c r e a s e d . There were marked a l t e r a t i o n s  in  

g e n e r a l c i r c u l a t i o n  } d e c r e a se d  in  b lood  p r e s s u r e , h e a r t  r a t e  and c a r d ia c  

o u tp u t w h ile  t o t a l  p e r ip h e r a l r e s i s t a n c e  in c r e a se d  (T u n g th B n a th a n ich ,1983 t 
T on gvon gch ai,1 9 8 4  I C h a iy a b u tr ,1985 ; M eeratana,1 9 8 6  t
K ingkheaw kanthong,1 9 8 7 ). The b lood  p r e ssu r e  g r a d u a lly  in c r e a se d  and 
approach th e  c o n tr o l  l e v e l  w ith in  2 h o u r s . However, r e n a l b lood  f lo w ,  
g lo m eru la r  f i l t r a t o n  r a t e  were d e c r e a se d  th ro u g h o u t th e  p e r io d  o f  th e
ex p erim en t ( T u n gth an atan ich e t  a l . 1 9 8 6 ). They proposed  t o  be due t o  lo c a l
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vasoconstrictor released  in the kidney which associated  with an increased 
in renal vascular r e s is ta n c e . The ren in -an gioten sin  system was proved to  
be responsib le for renal vasocon str iction  a fte r  envenomation sin ce  in rBt 
stu d ies, when the formation o f Bngiotensin II was blocked by the converting  
enzyme in h ib itor  (MX-422, ena lap ril m aleBte), the r esu lt  showed the  
increase in renal blood flow , glomerular f i l t r a t io n  rate  and urine flow  
(Chaiyabutr e t  b1 .,1 9 8 5 ). The mechanism for renin re lea se  may be involved 
by acute plasma volume expansion (Roy e t  a l . , 1981).

D ir e c t  n e p h r o t o x ic it y  o f  R u s s e l l ' s  v ip e r  venom was d em onstrated  

by R a t c l i f f e  and P u k rittayak am ee (1 9 8 5 ) .  They e lim in a te d  th e  sy s te m ic  

e f f e c t s  by i s o la t e d  fu n c t io n in g  r a t  k id n ey  and p e r fu se d  a t  c o n s ta n t  

p r e ssu r e  w ith  B b lood  f r e e  r e c ir c u la t o r y  medium. A fte r  a b a s e l in e  p er io d  

R u s s e l l ' s  v ip e r  venom was added t o  th e  p e r f u s a t e ,  th e  venom produced a d o se  

dependent f B l l  in  i nul in  c le a r a n c e  and r i s e  in  f r a c t io n a l  e x o r e t io n  o f  

sodium . Varagunam and Panabokke (1 9 7 0 ) p o s tu la te d  t h a t  th e  d ir e c t  

n e p h r o to x ic  e f f e c t  i s  presum ably due t o  th e  a b s o r p t io n  o f  th e  venom from  

th e  s i t e  o f  th e  b i t e  in to  th e  b lood  stream  and a v e r y  h ig h  c o n c e n tr a t io n  

b e in g  a c h iev ed  in  th e  k id n ey s  b eca u se  o f  t h e i r  p r o fu se  b lood  su p p ly .

It has been shown by Vick e t a l .( lS 6 7 )  that R u sse ll's  v iper venom 
produced a pooling o f blood in hepato-splanchnic bed in dog, fo llow ing by a 
marked reduction o f arteriB l blood pressure. However th is  conclusion may 
not apply to  recent r e s u lts , sin ce  in  dogs e ith er  splenectomy
(Tongvongchai, 1984) or intravascular volume expansion with dextran so lu tion  
(C h aiyasest,1 9 8 6 ) , a marked decrease in blood pressure Bnd cardiBC output
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were s t i l l  apparent a f te r  envenom atlon. C haiyasest (1986) concluded th a t  
w ithout sp le n ic  and in te s t in a l  blood c ir c u la t io n , th ere  was no com pensation  
o f  th e  h yp oten sive  e f f e c t  o f  th e  venom. The h yp oten sive e f f e c t  a f te r  venom 
in je c t io n  in  volume expanded anim als in d ica ted  th a t organ and/or venous 
v a scu la r  bed o th er than sp leen  or in te s t in e  c ir c u la t io n  may p lay  a r o le  in  
p o o lin g  th e  blood volume s h i f t  (C h a iy a se s t ,1986).

Meeratana (1986) stu d ied  th e  fa c to r s  r e sp o n s ib le  fo r  th e  
hyperphosphaturia and mechanism o f Bcute renal f a i lu r e  fo llo w in g  R u s s e l l 's  
v ip er  envenom ation. He concluded th a t the phosphBturic e f f e c t  o f  th e venom 
was independent on parathyroid hormone, hypocalcem ia and e x tr a c e llu la r  
volume expansion . The hyperphosphaturia was most l ik e ly  mediated by an 
in h ib it io n  on sodium -inorganic phosphate cotran sp ort system  in  th e  renal 
tu b u le . His data in d ica ted  th a t thyroparBthyroidectom y a l le v ia te d  th e  
e f f e c t  o f  R u s s e l l 's  v ip er  venom on general c ir c u la t io n , renal hemodynamics 
and tu b u lar fu n c tio n  as compared to  th e  in ta c t  anim als.

The study by tongvongchai (1984) concluded th a t R u s s e l l 's  v ip er  
venom caused d ir e c t  e f f e c t  to  produce hypotension  due to  d ecrease  renal 
fu n c tio n s  Bnd th e  mechanism o f th e  a c t io n  appeared to  be mediated by 
p ro stag la n d in  s y n th e s is . S in ce th e  envenomated anim als showed a d ecrease  
in  renal hemodynBmic and renal fu n c tio n  w h ile  th e  animal pretreB ted  w ith  
indom ethacin, an in h ib ito r  o f  p ro sta g la n d in  s y n th e s is ,  ex h ib ite d  th e  
improvement o f  th e  changes. The s p e c i f i c  p ro sta g la n d in  can not be 
in d ica ted  s in c e  indomethacin in h ib it s  th e  con version  o f  arach id on ic  acid
to  p rostag la n d in  a t cyclooxygenase pathway. It i s  p o s s ib le  th a t



12
thromboxane Aa may tak e part in a lt e r a t io n  lead in g  to  th e  in s u l t s  o f  renal 
fu n c tio n . The study by kingkheawkanthong (1987) showed th a t th e  in tra ren a l 
a r t e r ia l  continuous in fu s io n  o f  im idazole , Bn in h ib ito r  o f  thromboxane 
s y n th e s is ,  aggravated renal fu n c tio n  o f  envenomated anim als which co r r e la te d  
to  an in crea se  in  renal vasculB r r e s is ta n c e .  She suggested  th a t  im idBzole 
may enhance e f f e c t  o f  R u s s e l l 's  v ip er  venom by in te r fe r in g  tu b u lar c e l l  
fu n c tio n , e f f e c t s  o f  im idazole o th er than thromboxane sy n th eta se  in h ib ito r  
such as cyclooxygenase in h ib ito r  and sympathomimetic a c t iv i t y  may mask th e  
b e n e f ic ia l  e f f e c t  o f  thromboxane sy n th e s is  b lo ck er .
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