
Bull. Environ. Contam. Toxicol. 31, 132-138 (1983) 
�9 1983 Springer-Verlag New York Inc. 

Effect of Mercuric Chloride on Coronary Flow 
in Perfused Rat Heart 

L B. Jha and B. Bhatia 

School of Environmental Sciences, Jawaharlal Nehru University, 
New Delhi--110 067, India 

There are  106 e l e m e n t s  ou t  of w h i c h  80 a re  m e t a l s .  
T h e s e  r a n g e  f:ro~n s imple  i o n i c  s a l t s  to c o m p l i c a t e d  s t r u c t u r e s  
s u c h  a s  l i g a n d s  and o r g a n o m e t a l l i c  c o m p o u n d s .  The u se  of 
m e t a l s  s t a r t e d  s i n c e  the  e m e r g e n c e  of man from the  s t o n e  a g e ,  
and  so  the  human e x p o s u r e  and h e a l t h  h a z a r d s  i n c r e a s e d  wi th  
the  a d v a n c e m e n t  of c i v i l i z a t i o n .  Env i ronmen ta l  po l l u t i on  and  
human  e x p o s u r e  to  m e t a l s  m a y  o c c u r  n a t u r a l l y ,  i . e . ,  by  e r o s i o n  
of s u r f a c e  d e p o s i t s  of me ta l  m i n e r a l s  and by human  a c t i v i t i e s  
l ike  m i n i n g ,  s m e l t i n g ,  i n d u s t r i a l  a p p l i c a t i o n  of m e t a l s ,  and 
f o s s i l  fue l  c o m b u s t i o n .  The c o m m e r c i a l  and i n d u s t r i a l  u s e s  of 
m e t a l s  a re  c o n t i n u o u s l y  i n c r e a s i n g .  All t h e s e  a c t i v i t i e s  i n c r e a s e  
the d i s c h a r g e  of m e t a l s  in to  t he  human e n v i r o n m e n t .  It is  a l s o  
transported along aquatic and terrestrial routes, and thus enter 
the food chain. It causes environmental disease e.g. minamata 
disease caused after eating methylmercury contaminated fish. 

M e t a l l i c  e l e m e n t s  a re  found  in al l  l iv ing  o r g a n i s m s  as  
s t r u c t u r a l  e l e m e n t ,  c o m p o n e n t s  of con t ro l  m e c h a n i s m ,  s t a b i l i z e r  
of b i o l o g i c a l  s t r u c t u r e ,  and as  a c t i v a t o r s  of e n z y m e s .  The re -  
f o r e ,  some  are e s s e n t i a l  e l e m e n t s  and  i ts  d e f i c i e n c y  c a u s e s  
impa i rmen t  of b i o l o g i c a l  f u n c t i o n .  When  p r e s e n t  in e x c e s s  
q u a n t i t y  in the  l iv ing  s y s t e m ,  i t  b e c o m e s  t o x i c .  

Mer cu ry  is  a h e a v y  m e t a l  of g roup  II e l e m e n t s  of the  
p e r i o d i c  t a b l e .  It i s  w i d e l y  d i s t r i b u t e d  in the  e a r t h ' s  c r u s t ,  s e a ,  
g round  and ra in  w a t e r ,  a l l  phy la  and  s p e c i e s  n a t u r a l l y  c o n t a i n  
t r a c e s  w h i c h  v a r i e s  wi th  l o c a l i t i e s .  E x t e n s i v e  a g r i c u l t u r a l  and  
i n d u s t r i a l  u s a g e s  c a n  s i g n i f i c a n t l y  a f f e c t  i t s  r e d i s t r i b u t i o n  in 
s p e c i f i c  r e g i o n s .  Burning of f o s s i l  f u e l s  g e n e r a t e  e n v i r o n m e n t a l  
m e r c u r y  in a m o u n t s  c o m p a r a b l e  to  t h a t  from i n d u s t r i a l  p r o c e s s e s .  

M e r c u r i a l  c o m p o u n d s  exe r t  i n t e r e s t i n g  e f f e c t s  on c o n -  
t r a c t i l e  s y s t e m  (Ferri et a l .  1972) .  P roduc t i on  of  v a s o c o n s t r i c -  
t ion  in in v i t ro  by  m e r c u r i c  i o n s  was  d e m o n s t r a t e d  e a r l i e r  

(Mi t che l l  1963) .  The e f f e c t  of m e r c u r i c  c h l o r i d e  on a r t e r i a l  
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b lood  p r e s s u r e  of dog w a s  s t u d i e d  by W o r o w s k i  e t  a l .  (1969) .  
L e s z k o v s z k y  & Szan tho  (1970) d id  the  e x p e r i m e n t s  on a n i m a l s  
r e g a r d i n g  s e l e c t i v e  u p t a k e  of m e r c u r y  by  m y o c a r d i a l  i n f a r c t s  in 
the  r a t .  So lomon et a l .  (1975) did the  work  on the  m e c h a n i s m  of 
m e r c u r i c  ion  (Hg ++ ) i n d u c e d  c o n t r a c t i o n  of v a s c u l a r  smoo th  
m u s c l e .  He and  c o - w o r k e r s  found  t h a t  in v i v o ,  i n j e c t i o n  of 
HgC12 in to  the  r e n a l  a r t e r y  i n d u c e d  a d o s e - r e l a t e d  r e d u c t i o n  in 
t he  r e n a l  b l o o d  f l o w .  The i n f u s i o n  of  p h e n o z y b e n z a m i n e  i n t r a -  
a r t e r i a l l y  r e d u c e d  the  v a s c u l a r  r e s p o n s e  to  HgC12 s i g n i f i c a n t l y .  
The c o r o n a r y  f low w a s  a l s o  d e t e r m i n e d  in f i b r i l l a t i n g  hea r t  w i t h  

and  w i t h o u t  p e r f u s i o n  wi th  m e r c u r i c  c h l o r i d e .  

The present study was conducted to investigate the effect 
of mercuric chloride on the coronary flow of perfused rat heart 
and the role of phenoxybenzamine in protection against HgCI2. 
It was found that the reduction in coronary flow was according 
to dose-response. Alpha adrenergic blockade i.e. phenoxyben- 
zamine partially prevented mercury induced reduction in coronary 
flow in in vitro condition. 

MATERIALS AND METHODS 

The method of perfusing the isolated rat heart was the 
classical Langendorff preparation in which the aorta was cannu- 
fated and the coronary vessels were prefused by introducing 
perfusate into the aorta. Ringer-Locke solution was used as 
perfusion medium at pH 7.4 equilibrated with pure 02 at 37~ 
The solution was made each day. The final concentration of 
salts in the buffer (g/L) were: NaCI 9; NaHCO 3 0.5; on the day 
of use the buffer was prepared by mixing these stock solutions 
in the ratio KCI 10% solution (4.2 mL); Calcium chloride molar 
(i. 08 mL) and finally glucose was added in concentration(ig/L). 

M a l e  w i s t a r  r a t s  w e i g h i n g  b e t w e e n  150 - 300 g were  u s e d .  
The p r e p a r a t i o n  of the  hea r t  for p e r f u s i o n  i n v o l v e s  in s e q u e n c e  
the  rap id  r e m o v a l  of the  hea r t  from the  an ima l  by a b low a t  the  
b a s e  of s k u l l  wi th  a n  i ron rod mid s t e r n a l  i n c i s i o n  and  o p e n i n g  
of the  p l eu ra l  c a v i t y ,  s l i t t i ng  the  p e r i c a r d i a l  m e m b r a n e  and  rap id  
c u t t i ng  of t he  vena  c a v a ,  p u l m o n a r y  a r t e r i e s ,  v e i n s  and  a o r t a .  
The hea r t  w a s  r e m o v e d  from the  p e r i c a r d i a l  s a c  and  p l a c e d  in a 
d i s h  of w a r m e d  p e r f u s i o n  s o l u t i o n .  

The perfusion cannula was tied into the root of aorta 
pointing to the aortic valve. The heart was perfused at a press- 
ure of 50 mm of Hg. The perfusing fluid was warmed to 37~ by 
a water bath held at this temperature. The aorta was tied on to 
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the  t e r m i n a l  of  the  c a n n u l a .  Bubbles  shou ld  not  e n t e r  t he  c a n n -  
u l a .  A t h r e a d  w a s  s e w n  th rough  the  a p e x  of the  v e n t r i c l e s  and  
a t t a c h e d  to the  l i n e a r  mo t ion  t r a n s d u c e r  for  r e c o r d i n g  of i n o t r o p i c  
a nd  c h r o n o t r o p i c  p r o p e r t i e s  by the  p o l y g r a p h  7754 D s y s t e m  of 
H e w l e t t  P a c k a r d .  

P e r f u s a t e  w h i c h  p a s s e d  t h rough  the  c o r o n a r y  c i r c u l a t i o n  
d r ipped  th rough  the  f u n n e l  to a b e a k e r  and w a s  m e a s u r e d  in a 
g r a d u a t e d  t u b e .  Thus c o r o n a r y  f low w a s  m e a s u r e d  by  t imed 
c o l l e c t i o n  of t o t a l  h e a r t  d r a i n a g e .  M e r c u r i c  c h l o r i d e  (HgC12) 
s o l u t i o n  of  c o n c e n t r a t i o n  1 u g / m L  (1 ppm) w a s  p r e p a r e d  from the  
s t o c k  s o l u t i o n  of 1 , 0 0 0  ppm.  HgC12 w a s  mixed  d i r e c t l y  in the 
R i n g e r - L o c k e  s o l u t i o n  and  poured  in to  Marr i tor  b o t t l e  and bubb led  
wi th  o x y g e n .  C o r o n a r y  p e r f u s i o n  p r e s s u r e  w a s  r e d u c e d  by 
c l a m p i n g  the  rubbe r  t ube  a b o v e  the  c a m u l a .  C o r o n a r y  f low 
d e c r e a s e d  l i n e a r l y  wi th  d e c r e a s e  in p e r f u s i o n  p r e s s u r e  i . e .  f low 
of f lu id  in to  c o r o n a r y  c i r c u l a t i o n .  P r e s s u r e  w a s  m e a s u r e d  by 
a m a n o m e t e r  a t t a c h e d  to c a n n u l a  wi th  a rubber  t u b e .  D i f f e ren t  
c o n c e n t r a t i o n s  of m e r c u r i c  c h l o r i d e  w e r e  u s e d  by r e m o v i n g  the  
p r e v i o u s  s o l u t i o n  from Marr i to r  bo t t l e  and w a s  w a s h e d  p r o p e r l y .  
Hear t  w a s  f i b r i f a t ed  wi th  the  he lp  of o s c i l l a t o r  by  p a s s i n g  10 
v o l t s  to  i t .  

RESULTS AND DISCUSSION 

The p r e s s u r e - f l o w  r e l a t i o n s h i p  in p e r f u s e d  r a t ' s  hea r t  
i s  l i nea r  (The L .B .  e t a l .  1930) .  It m e a n s  t h e r e  i s  no c h a n g e  in 
the  r e s i s t a n c e  w h e n  p r e s s u r e  is  i n c r e a s e d  from 20 mm Hg to 50 
mm Hg.  Whi l e  in t he  c a s e  of dog  h e a r t  the  f low a g a i n s t  p e r f u s i o n  
p r e s s u r e  i n c r e a s e s  in e x p o n e n t i a l  f a s h i o n .  In the  c a s e  of i s o -  
l a t ed  r abb i t  hea r t  the  p r e s s u r e - f l o w  r e l a t i o n s h i p  i s  c u r v i l i n e a r  
w i th  the  c u r v e  c o n v e x  to t he  p r e s s u r e  a x i s .  This  d i f f e r e n c e  in 
the  p r e s s u r e - f l o w  r e l a t i o n s h i p  may  be due  s p e c t e s  d i f f e r e n c e  
the  r e a s o n  for  w h i c h  is  not k n o w n .  It may be due  to d i f f e r e n c e  
in the c o r o n a r y  c i r c u i t .  

In f i gu re  1, c o r o n a r y  f low i s  p lo t t ed  a g a i n s t  t ime  in log  
v a l u e  a t  d i f f e r en t  p r e s s u r e s  (20, 30,  40 & 50 mm Hg) w h e n  h e a r t  
i s  p r e f u s e d  wi th  1 ppm (1 ug /mL)  of  m e r c u r i c  c h l o r i d e .  The 
r e s u l t  s h o w s  tha t  a t  t he  l o w e s t  p r e s s u r e ,  i . e . ,  i s c h e m i c  c o n d i -  
t i o n ,  i t  t a k e s  more  t ime for  the  f low to  b e c o m e  z e r o  or no f l o w .  
There  i s  p a r a l l e l  sh i f t  in f low at  h i g h e r  p r e s s u r e  t h a n  a t  lower  
pre s s u r e .  
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Figure i: Coronary flow against time in log scale at different 
pressure perfused with 1 ug/mL of HgCl 2 . 

It might be possible that mercuric chloride has a favourable 

effect on the components of energy metabolism and contributes 
to reestablishment of ionic balance across the cell membrane in 
ischemic foci in the myocardium and improve energy metabolism 
by increasing the concentration of ATP and the balance between 
ATP and creatine phosphate (CP) is also maintained (Mrhova et al. 
1975). The present result is in agreement with the findings of 
these authors. It can be said that the enzymes of the basic 
metabolic cycles which decreases in ischemic condition is im- 
proved by mercuric chloride. The effect of mercuric chloride and 
lead salts on coronary was studied by ~ha et al. (1980). 

The coronary flow at a constant pressure of 50 mm Hg and 
different concentration of mercuric chloride i.e. 0.2, 0.6, 1.0 

and 2.0 ug/mL decreases in accordance with the concentration at 
the fifth minute as shown in figure - 2. The coronary flow de- 
pends on the factors like physical, neural, neurohumoral, myo- 
genic and metabolic (Berne 1964). 

Reduction in coronary f l o w  seems to be due to myogenic factor - 
the effects on vascular smooth muscle and myofibrillar proteins 
where the contraction force is generated. It is known that the 
coronary flow increases and decreases with increases and de- 
crease of vigor of contraction ( ~  1976). The amplitude of 
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Figu re  2: C o r o n a r y  f low a t  50 mm Hg p e r f u s e d  w i th  d i f f e r e n t  
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F i g u r e  3: C o r o n a r y  f low in no rm a l  and  f i b r i l l a t i n g  h e a r t  p e r f u s e d  
w i th  1 u g / m L  of HgC12 a t  d i f f e r e n t  t i m i n g s .  

Increase in coronary flow results from abolition of coordi- 
nated cardiac contraction by ventricular fibrilation (Burne 1964). 

This is understood from figure - 3, where the flow is more than 
normal value at zero time, when mercuric chloride in concentra- 
tion of 1 ug/mL is perfused through the coronary circulation. The 
reduction in the flow starts in the first minute itself. It is clear 
from this that the decrease in coronary flow is also mainly due 
to reduction in the force of contraction i.e. inotropic property. 
The partial protection in the reduction of coronary flow by pheno- 
xybenzamine is seen from figure - 4. Up to the third minute of 
mercuric chloride (I ug/mL) perfusion the flow difference from 
control is significant (P 0.01), whereas at the fourth and fifth 
minute, the reduction in flow was not significant (P 0.01). 
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Figure 4: P a r t i a l  p r o t e c t i o n  in  r e d u c t i o n  of  C o r o n a r y  f l ow  p e r f u -  
s e d  w i th  1 u g / m L  of  HgC12 a n d  25 u g / m L  of  p h e n o x y -  
b e n z a m i n e  a t  d i f f e r e n t  t i m e  i n t e r v a l s .  

A t rop ine  w a s  t r i e d  in t h e  c o n c e n t r a t i o n  5 -25  u g / m L  in  t h e  
p e r f u s i o n  f lu id  d id  no t  show a n y  c h a n g e  in  t h e  r e d u c t i o n  of c o r o -  
n a r y  f l o w .  W h e r e a s ,  p h e n o x y b e n z a m i n e ,  25 u g / m L  p r e v e n t e d  t h e  
r e d u c t i o n  of f low to s o m e  e x t e n t  a s  d e s c r i b e d  a b o v e .  The c o n -  
c e p t  r e g a r d i n g  i n v o l v e m e n t  of  r e c e p t o r  p r o t e c t i o n  w a s  f i r s t  s u g g e s  
-ted by Furchgott (1954) and later on verified by Solomon et al. 

137 



(1975). The mechanism of the protection of receptor from mercuric 
chloride might be that mercuric ion does not act directly on the 
alpha adrenergic receptor but by activating the norepinephine 
receptor and thereby causing the release of catecholamine. The 
contraction of vascular smooth muscle reduces the lumen of the 
vessel and therefore, the coronary flow is reduced. But the con- 
traction cannot increase due to the reasons that HgCl 2 inhibits 
Ca ++ATP ase as well as Ca 2+transport (Shamoo eL al. 1976). 
Therefore, the contraction of vascular smooth muscle as well as 
cardiac muscle become less. It is known that mercuric chloride 
inhibits (Na++ K + ) ATP ase and so active transport. The non- 
working of active transport may increase the passive diffusion to 
keep the balance. But in this case, it is possible that the inhi- 
bition of active transport and increase of passive diffusion do 
not keep the balance due to continuous, perfusion of mercuric 
chloride. The reason for the passive diffusion not to increase 
might be due to blockage caused by Hg ++ with lipid. This will 
cause depolarization, thereby causing constriction in vascular 
smooth muscle. The reduction in the vascular smooth muscle 
and so in coronary flow is due to blockage of gate of Na + i.e., 
inhibition of K pump. Finally, it can be concluded that the re- 
duction in the coronary flow in rat's heart perfused with different 
concentration of mercuric chloride is due to the vascular smooth 
muscle (i.e. myogenic response). 
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