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The protective or potentiating effect of drugs in relation to adrenalin-induced damage to the 
heart is manifested as a regular shortening or lengthening of the time taken for eosinophilia 
to develop compared with that following injection of adrenalin alone. This effect lies at the 
basis of quantitative evaluation of the efficacy of drugs in the treatment of heart damage. 
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Methods of  quantitat ive evaluation of the eff icacy of drug action used at the p resen t  t ime in exper imental  
models  of ca rd iovascu la r  d iseases  do not take into account the initial s ta te  of  the p i t u i t a r y - a d r e n a l  sys tem 
(PAS), one of the f i r s t  sys tems  of the body to r e ac t  to ex t remal  fac tors ,  and its r e sponses  to pharmacological  
agents.  Yet we know thai in s t r e s s  si tuations changes in PAS function a re  accompanied by the regu la r  develop- 
ment  of an eosinopenic effect, followed by eosinophilia [1, 4-6], and this has been used to develop c r i t e r i a  for  
evaluation of drug action. 

This  paper  gives the r e su l t s  of a morphological  study of  the s t ruc tu re  of the hear t  a f te r  injury by adrena-  
l in and also of  the dynamics  of changes in the  pe r iphera l  blood eosinophil count, as an in tegra t ive  indicator  of 
PAS function. Adminis t ra t ion  of  Inderal  (propranolol),  which reduces  the cardiotoxici ty  of sympathomimet ics ,  
and of i s ad r ine  ( isoproterenol) ,  increas ing  cardiotoxic i ty  [2], against  the background of adrenal in could be 
used to a s se s s  not only the p ro tec t ive  action of drugs,  but also the i r  potentiating action on hear t  injury.  

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

Exper iments  were  c a r r i e d  out on ma le  albino r a t s  weighing 180-200 g with a per iphera l  blood eosinophil 
count of 220-340//~1 at 9 a .m.  The  animals  were  divided into four groups ,  with six r a t s  in each group.  The  
r a t s  of group 1 (control) r ece ived  a subcutaneous injection of adrenal in  in a dose of 3.75 mg/kg.  The animals  
of group 2 rece ived  adrenal in  in the same dose,  followed 1-1.5 h l a t e r  by a subcutaneous injection of i sadr ine ,  
5 mg/kg .  The animals  of group 3 r ece ived  the same dose of adrenal in  followed 1-1.5 h l a t e r  by Inderal ,  5 
mg/kg .  The  ra t s  of  group 4 r ece ived  adrenal in  and physiological  sal ine.  The per iphera l  blood eosinophil count 
was de te rmined  in the animals  of all groups at in tervals  of 3 h a f te r  inject ion of adrenal in  (in a Goryaev 's  
counting chamber ,  a f t e r  staining by Hinkleman 's  method).  Changes in the eosinophJl count were  subjected to 
s ta t is t ical  analysis  and plot ted graphica l ly  (Fig. 1}. The  eff icacy of i sadr ine  and Inderal  therapy  was a s s e s s e d  
by calculating the ra t io  of the t ime  taken for  eosinophilia to develop in the animals  of  the control  group to the 
cor responding  t ime  for  animals  of each exper imental  group.  Additionally, on o ther  animals  divided into four  
s imi la r  groups,  o rd inary  histological  invest igat ions of the s t ruc tu re  of the  hea r t  were  c a r r i e d  out to de te rmine  
the degree  of injury to the organ.  The  animals  were  killed in all groups  at a t ime  of marked  eosinophilia,  fo r  
it  was shown prev ious ly  that under  ex t remal  conditions m o re  marked  s t ruc tura l  changes a r e  found in the hear t  
at that  t ime  [3]. 

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

Adrenal in  was found to cause  the development  of s t ruc tura l  damage to the hea r t  in the fo rm of foci of 
nec ros i s  of musc le  ce l ls  (Fig. 2a), which was sharply  intensif ied af te r  combined  adminis t ra t ion  of adrenalin and 
the $ -ad renomime t i c  i sadr ine  (Fig. 2b). Af ter  adminis t ra t ion  of the f i -adrenobloeker  Inderal  a f te r  adrenalin,  
the degree  of s t ruc tura l  damage to the hea r t  was cons iderably  reduced  and foci  of nec ros i s  of musc le  ce l l s  
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F ig.  1. Number  of  eosinophils  in 1 ~1 pe r iphe ra l  
blood of r a t s  a f t e r  inject ion of adrenal in  (1), 
adrena l in  and Indera l  (2), and adrenal in  and 
i sad r ine  (3). Absc i s sa ,  t i m e  a f t e r  inject ion of 
adrena l in  (in h); ordinate ,  number  of  eosinophils  
in 1/~1 blood. 

Fig. 2. Morphological changes in rat myocardium: a) ~0 h after injection of adrenalin 3.75 
mg/kg: partial homogenization of muscle fibers with swelling and fragmentation, pycnotic 
changes in nuclei of necrotic muscle cells; b) 48 h after injection of adrenalin 3.75 mg/kg and 
isadrine 5 mg/kg: unbroken homogenization of myocardial cells, multiple loci of necrosis of 
muscle cells, karyorrhexis, hemorrhagic loci; c) 15 h after injection of adrenalin 3.75 mg/kg 
and Inderal 5 mg/kg: homogeneous and swollen regions of muscle fibers with disappearance of 
cross-striation and enhanced acidophilia, condensed nuclei of muscle cells, no loci of necrosis 
of myocardiocytes present. Hematoxylin-eosin, 79 • 

were  absent  (Fig. 2c). Inject ion of physiological  sa l ine  into the  r a t s  a f t e r  adrenal in  did not change the harmful  
act ion of  this  sympa thomime t i c  on the h e a r t  o r  the  t i m e  taken fo r  eosinophil ia  to develop. 

The  eff icacy of i s ad r ine  and Indera l  t he r apy  was a s s e s s e d  by calculat ing the equation: 

Tc 
A = T ~  

where  A is the eff icacy of act ion (activity) of the  drug, Tc  the t ime  (in h) taken by an imals  of the  control  group 
to develop eosinophil ia  a f t e r  p rev ious  eos inopenia  under  the influence of adrenal in  only (the ha rmfu l  agent); 
To the  t i m e  (in h) fo r  an ima l s  of  the  exper imenta l  g roup  to develop eosinophil ia  a f t e r  admin i s t r a t ion  of ad rena -  
l in  fol lowed by i s ad r ine  o r  Indera l .  

Admin i s t r a t i on  of i sad r ine ,  which potent ia tes  the cardiotoxic  act ion of adrenal in ,  to an ima l s  with ad rena -  
l in- induced  ca rd iac  in jury was found to lengthen the t i m e  taken  for  eosinophil ia  to develop to 48 h (compared  
with 30 h a f t e r  adrena l in  alone).  In jec t ion of Indera l ,  which r educes  the  s e v e r i t y  of hea r t  damage,  shor tened  
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the t ime taken for  eosinophilia to develop to 15 h. Calculation of the efficacy of action of isadrine and Inderal 
in adrenalin-induced hear t  injury gave values A = 0.62 for isadrine and A = 2 for Inderal, i.e., the former  po- 
tentiates the harmful action of adrenalin whereas the la t ter  has a protective action. 

The investigations thus showed a regular  relationship between the efficacy of action of the two drugs 
tested in adrenalin-induced hear t  injury and changes in the duration of phases of responses of the PAS, as 
ref lected in an increase  o r  decrease  in the t ime required for eosinophilia to develop in response to injection 
of adrenalin. 

In the wr i te r s '  view, this principle of evaluation of the efficacy of drug action can be used to develop 
objective c r i t e r ia  characterizing the action of chemical compounds and pharmacological agents under a wide 
range of extremal conditions. 
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E F F E C T  O F  SODI UM  H Y D R O X Y B U T Y R A T E  ON T I l E  A M M O N I A  

C O N T E N T  IN RAT M U S C L E S  D U R I N G  P H Y S I C A L  E X E R T I O N  

V. A.  K a m y s h e v a  a n d  R.  U. O s t r o v s k a y a  UDC 612.744.2.015.347.014.46 : 547.473. 
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In experiments on rats  forced to swim while carrying a load, sodium hydroxybutyrate was 
found to have a normalizing effect on the ammonia content in the str iated muscles, a biochemi- 
cal indicator of physical fatigue. Whereas in control rats  not receiving hydroxybutyrate swim- 
ruing led to a marked (more than twofold) increase  in the ammonia content in muscle tissue, 
in animals receiving prophylactic sodium hydroxybutyrate (one only or  as a 2-week course) 
ammonia did not accumulate. It is suggested that by preventing the toxic effect of one of the 
end products of nitrogen metabolism, sodium hydroxybutyrate may alleviate the af ter-effects  
of muscular fatigue. 

KEY WORDS: sodium hydroxybutyrate; physical exertion; nitrogen metabolism; str iated 
mus el e. 

Sodium hydroxybutyrate has the property of increasing the resis tance of the body to hypoxia [5, 15]. 
Analysis of the mechanism of  this effect has shown that the compound reduces the degree of disturbance of 
oxidative processes  induced by hypoxia [1, 6, 10] and also reduces the changes in nitrogen metabolism in nerve 
t i s sue  character is t ic  of that state [2]. It has also been shown that if sodium hydroxybutyrate is given during 
repeated physical exertion separated by short ir~ervals of res t  a tendency is observed toward stabilization of 
working capacity at a certain level [4]. Hypoxia due to a deficient oxygen supply to the t issues,  and the so- 
called motor hypoxia due to physical exertion, a re  known to have some common pathogenetic factors,  one of 
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