
C A T E C H O L A M I N E  C O N T E N T  A N D  E L E C T R O L Y T E  

B A L A N C E  I N  T H E  M Y O C A R D I U M  O F  R A B B I T S  

P O I S O N E D  W I T H  2 , 4 - D I N I T R O P H E N O L  

N.  K .  K h i t r o v ,  Vo S.  P a u k o v ,  UDC615.917:547o564.3].07:616.127-068~ 
Ao I~ S v i s t u k h i n ,  a n d  V.  V .  P a d a l k o  

After  in t ravenous  inject ion of 2,4-dini t rophenol  in a dose of 10 mg/kg ,  des t ruc t ion  of the mi -  
tochondria  in some  myoca rd i a l  musc le  ce l l s  was accompanied  by hyperfunqtion of these o r -  
ganel les  in o thers .  The noradrena l in  content in the hea r t  t i s sue  was inc reased ,  but the po-  
t a s s ium level  was reduced.  With a m o r e  s eve re  energy deficit  (20 and 30=40 m g / k g  2 ,4-d i -  
nitrophenol) s igns of des t ruc t ion  predominated  in the mi tochondr ia  of the myocard ia l  cel ls ,  
the noradrena l in  concentra t ion in the hear t  t i ssue fell,  but the po ta s s ium level  in the p l a s m a  
and myoca rd ium rose .  The adrenal in  concentrat ion in the hea r t  and adrenal  t i ssue fetlo A 
s e v e r e  energy  defici t  gave r i se  to a syndrome of hype rka l i emia  linked with d ischarge  of po-  
t a s s ium into the blood s t r e a m  f rom the t i ssue  depots.  
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When an energy deficit  is p re sen t ,  the depletion of the r e s e r v e s  of sympathet ic  neurohormones  [4, 5] 
and dis turbance of the e lec t ro ly te  balance  of the myoca rd ium [6, 71 m a y  play impor tan t  ro les  in the changes 
in functional p r o p e r t i e s  of the hea r t  musc le .  

The content of ca techolamines  and e lec t ro ly tes  in the hea r t  and other  organs  were  de te rmined  during 
energy  deficit  caused  by 2,4-dini t rophenol  (DNP)o 

E X P E R I M E N T A L  M E T H O D  

Rabbits  were  used.  In the expe r i emen t s  of s e r i e s  I (15 rabbi ts)  and II ( l l )  DNP was injected in t r a -  
venously as a single dose of 10 or  20 m g / kg ,  respec t ive ly ,  whereas  in s e r i e s  III (8 animals)  DNP was in- 
jected in doses  of 20, 10, and 10 m g / k g  at in terva ls  of 1-1o5 ho 

The body t e m p e r a t u r e  and the blood p r e s s u r e  (in the carot id  ar tery} of the an imals  were  invest igated,  
the ECG was recorded ,  the concentra t ion of noradrena l in  (NA) and adrenal in  (A) in the t i ssues  of the card iac  
ven t r i c l e s  and adrena ls  was de te rmined  [ll ,  and the concentra t ions  of po t a s s ium, sod ium,and  ca lc ium in the 
blood p l a sma ,  e ry th rocy te s ,  and t issue of the ven t r ic les  were  m e a s u r e d  by f lame pho tomet ry  (Hitachi spec-  
t rophotometer)o The u l t r a s t r uc t u r e  of the myocard ia l  musc le  cel ls  was invest igated with the UI~MV-100 
K e lec t ron  m i c r o s c o p e  (magnification f rom 9000 to 21,000 t imes) .  

E X P E R I M E N T A L  R E S U L T S  

DNP in a dose of 10 m g / k g  caused the body t e m p e r a t u r e  to r i se  by 1.5~ and the hea r t  ra te  to quicken 
1o5-2 h a f t e r  injection. Heterogenei ty  of the myocard ia l  ce l l s  was observed  on the e l e c t romic rog rap h .  In 
some musc le  cel ls  mos t  of the mi tochondr ia  were  pa r t ly  or  comple te ly  homogenized (Fig. la ) ,  but in other  
cel ls  in the same  p a r t  of the myocard ium signs of hyperfunct ion of the mi tochondr ia  were  p resen t :  marked  
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Fig. 1. Changes in ul t rastructure of contractile myocardium in 
DNP poisoning: a) DNP given in a dose of 10 mg/kg. Swelling and 
homogenization of mitochondria, reduced number of cris tae.  
15,000 x b) Same dose of DNP. Marked swelling of mitochondria, 
blurring of their matrix, decrease in number and fragmentation 
of cristae.  Residual cristae arcuate in shape; 21,000 x; e) DNP 
given in dose of 20 mg/kg. More marked changes in mitochondria, 
marked fragmentation of their cristae.  21,000 x d) DNP given 
in dose of 30 mg/kg. Destruction of mitochondria; dilation of tu- 
bules of sareoplasmic reticuIum, appearance of lipid inclusions, 
overcontraction of myofibrils. 9000 • M) mitochondria, N) nu- 
cleus, MF) myofibrils, SR) sarcoplasmic reticulum, L) lipids. 

swelling, circular shape, clear matrix, reduced number of highly fragmented, arcuate cristae with anasto- 
moses (Fig. lb). The NA content in the heart tissue of these animals (Fig. 2) was increased (P < 0.05), 
most probably because of the increased extracardiae sympathetic influences and not an increase in the up- 
take of NA from the blood. In fact, in the isolated heart DNP reduces the NA level in the myocardium and 
inhibits its uptake from the perfusion fluid [5]. The potassium concentration in the plasma and heart tissue 
of the animals of this series fell (Fig. 3), and the sodium concentration was indistinguishable from the con- 
t rol. 

After administration of DNP in a dose of 20 mg/kg the body temperature rose on the average by 2.5- 
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Fig. 2. Changes in A and NA concent ra t ions  in rabbi t  hea r t  and adrenal  t i s sues  in DNP 
poisoning~ Ordinate,  d i f ference (delta} between values in exper imen ta l  and control  s e r i e s  
(in #g/g);  A) 10 mg/kg ,  B) 20 mg/kg ,  C) 30-40 m g / k g  DNP. I) Hear t ,  II) adrena l s .  

Fig~ 3. P o t a s s i u m  concentra t ion in p l a s m a  (I), e ry th rocy te s  (II), and hear t  t i s sues  {III) of 
rabbi ts  with DNP poisoning.  Ordinate,  po ta s s ium concentra t ion (in m e q / t i t e r  or  m g / g d r y  
weight): 1) control ,  2) exper iment .  Remainder  of legend as in Fig. 2. 

3~ and death of 45% of the an imals  was imminent .  On the e lec t ron  m i c r o g r a p h s  damage to the mitochon-  
d r i a  was m o r e  s e v e r e  (Fig. lc ) .  The NA and e lec t ro ly te  concentra t ions  in the hear t  t i s sues  of the surviving 
and dying rabbi ts  differed.  I n t h e s u r v i v o r s  the NA concentrat ion remained  high (0~ the po ta s s ium 
concentra t ion  in the myoea rd ium was low, but the sodium concentra t ion was r a i sed  (P < 0~ In the dying 
animals  (at the momen t  of death} an id iovent r icu lar  rhythm was observed ,  the NA concentrat ion in the hear t  
t i ssue  was reduced (to 0.34 ~g/g) ,  but the po ta s s ium concentra t ion was raised~ The p l a s m a  po tass ium con- 
centra t ion of these rabbi t s  was h igher  than in the su rv ivo r s  and much higher  than in the control  (P < 0.05). 

In a dose of 30-40 m g / k g  DNP caused genera l  convulsions and f i b r i l l a r y m u s c u l a r  s p a s m s , h y p o t e n -  
sion, and the appearance  of an id iovent r icu lar  cardiac  rhythm.  The body t e m p e r a t u r e  rose  on the average  
by 3.7 ~ and death of all  the an imals  was imminent .  Heterogenei ty  of the musc le  cel ls  was i l l -def ined on the 
e l e c t ron  m i c r o g r a p h s  of the cont rac t i le  myoca rd ium,  mos t  of the mi tochondr ia  were  swollen, genera l ly  
f r agmen ted ,  with a b lu r red  mat r ix ,  and the number  of c r i s t a e  was sharp ly  reduced (Fig. ld).  The NA con- 
cent ra t ion  in the hea r t  t i s sue  of these an imals  was lower  than in rabbi ts  dying a f t e r  rece iv ing  DNP in a 
dose  of 20 mg/kg .  The adrenal in  concentra t ion in the hea r t  and adrena ls  was reduced in all s e r i e s  of ex-  
p e r i m e n t s ,  but mos t  of all  a f te r  injection of DNP in a dose of 30-40 mg /kg ,  Po t a s s ium accumulat ion in the 
p l a s m a  of these rabbi t s  and the s imul taneous  i nc rea se  in its concentra t ion in the myoca rd ium,  accompanied 
by the f ib r i l l a ry  m u s c u l a r  twitches,  were  evidently connected with an inc rease  in the p l a s m a  K/Ca ra t io  
(3.93 compared  with 1o58 in the control ,  P < 0.05), and the elevat ion of the T 2 wave on the ECG is c h a r a c -  
t e r i s t i c  of a syndrome  of hyperkal iemiao The fall  of the po ta s s ium concentra t ion in the f e m o r a l  musc les  
(P < 0,05) obse rved  a f t e r  admin is t ra t ion  of DNP in a dose of 30-40 mg/kg suggests  that this syndrome was 
due to the d i scharge  of po t a s s ium into the blood s t r e a m  f rom i t s  depots as a r e su l t  of t i ssue changes a r i s -  
ing during the energy  deficit .  

In the initial s tages  of changes in energy  me tabo l i sm,  card iac  act ivi ty  thus was not significantly 
d is turbed because  of compensa to ry  hyperfunct ion of the mi tochondr ia .  The development  of t achycard ia  un- 
de r  those conditions was accompanied  by elevat ion of the NA concentra t ion in the hea r t  t i s sue ,  lowering 
of the po ta s s ium level ,  and an i nc rea se  in the sodium concentrat ion.  Sodium cations play a d i r ec t  pa r t  in 
the  p r e s e r v a t i o n  of the NA r e s e r v e s  in the hea r t  [2, 3]. If  the energy  defici t  is s eve re ,  the d is turbances  of 
card iac  act ivi ty  a r e  accompanied  by exhaust ion of the NA r e s e r v e s  in the hear t ,  which may  be linked with 
the accumula t ion  of po ta s s ium in the p l a s m a  and hear t  t issue,  blocking neuronal  uptake of NA. 
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