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To evaluate the therapeut ic  ef fec ts  of d rugs  it is n e c e s s a r y  to study the i r  mechan i sm of action on mod-  
e ls  of pathological  p r o c e s s e s  [2]. Both vascu l a r  and metabol ic  d i s tu rbances  in the myoca rd ium play ve ry  im-  
por tant  ro les  in the development  of i sochemic  hear t  d i sease  [3, 6, 7]. However,  exper imenta l  mode l s  of myo-  
card ia l  les ions  combining d i s o r d e r s  of the co rona ry  circulat ion,  hemocoagulat ion,  and metabo l i sm,  and lead-  
ing to pathological  changes  in the hea r t  musc le ,  a re  still  in an ea r ly  stage of development  and have not yet  
become widely used in pharmaco log ica l  o r  o ther  r e s e a r c h .  

The a im of this invest igat ion was  to develop exper imenta l  hea r t  les ions  cor responding  to va r ious  cl inical  
mani fes ta t ions  and suitable for  studying the therapeut ic  eff icacy of new eard io t ropic  drugs.  

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

Exper imen t s  were  c a r r i e d  out on eight dogs weighing 6-11 kg, 61 rabbi t s  weighing 2.6-3.2 kg, and 30 'a l -  
bino r a t s  of both sexes  weighing 200-240 g. The an imals  were  divided into five groups:  group I (13 r a b b i t s ) -  
myocard ia i  les ions  of m i c r o n e c r o s i s  type produced by subcutaneous injection of i sopro terenol  (5 mg/kg)  and 
theophylline (20 mg/kg)  once only, o r  twice with an interval  of 24 h between them; group 2 (15 rabbi ts )  - toxic 
myocard i t i s ,  produced by subcutaneous injection o f i sop ro te reno l  (5 mg/kg)  and caffeine (50 mg/kg) ,  once only 
and twice with an interval  of 24 h; group 3 (15 rabbi t s  and 20 ra ts )  - focal myocard ia l  dystrophy,  produced by 
subcutaneous injection of thyroxine (0.02 mg/kg)  and i sopro terenol  into rabbi t s  (5 m g / m g )  and r a t s  (75 mg/kg) ,  
once only and twice with an interval  of 24 h; group 4 {10 r a b b i t s ) -  mlc rofoca t  myocard ia l  infarction, produced 
by intravenous injection of 0.5 U/kg body weight of pi tui tr in,  followed af te r  15 min by subcutaneous injection of 
i sopro terenol  (5 mg/kg) ,  which was repeated  5-6 h ta ter ;  24 h a f te r  injection of pl tui tr in a repea ted  injection 
was given, and i sopro te renol  was injected in the same doses  and in the same order ;  group 5 (eight dogs, eight 
rabbi ts ,  and 10 albino ra ts )  - a myocard ia l  infarc t  of macro foca l  type was produced in dogs by intravenous 
injection of 0.3 U/kg of pitui tr in,  followed 20 rain l a t e r  by 3 m g / k g  of i soproterenol ;  the l a t t e r  injection was 
repea ted  in the same dose 6 h la ter ,  and 24 h a f t e r  the f i r s t  injection of pi tui tr in a second injection of 0.15 
U/kg was given intravenously,  a f te r  which i sopro te renol  was injected in the same dose and o r d e r  as  previous ly .  
Under asept ic  conditions and under  t r imepe r id ine - th iopen ta l  anes thes ia  with control led resp i ra t ion ,  24 h a f te r  
the second injection of pi tu i t r in  the an te r io r  in te rvcn t r i cu la r  branch of the left co rona ry  a r t e r y  was  l igated 
below the or igin  of the f i r s t  c o l l a t e r a l  Pi tui t r in  and i sopro te renol  were  injected into the r abb i t s  by the scheme 
in group 4, and the co rona ry  a r t e r y  was ligated without ar t i f ic ia l  r esp i ra t ion ,  by a s t r ic t ly  midl lne incision 
through the s t e rnum without injury to the p leura l  cavity.  Pi tui t r in  was  injected in t raper i tonea l ly  into the r a t s  
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Fig.1 . Schemes showing typical localization of lesions 
in myocardium. 1) Wall of right ventricle;  2) ventr icu-  
lar  septum; 3) wall of left ventricle,  a) Control; b) mi- 
c ronec roses ;  c) myocardi t is ;  d) focal dystrophy; e) mi-  
crofoeal  myocardial  infarct; f) macrofocal  myocardia l  
infarct. Squares denote necrosis ,  c i rc les  vascular  le- 
sions and edema; empty t r iangles  - contracture ,  filled 
t r i a n g l e s -  myocytolysis .  

in a dose of 1 U/kg and isoproterenol  subcutaneously in a dose of 35 mg/kg  in the same o rde r  as in the rabbits.  
The coronary  a r t e ry  was ligated 24 h after  the second injection of pituitrin, with art if icial  respirat ion.  

P a r a m e t e r s  of development of the pathological p roce s s  were ECG changes in standard and chest  leads, 
recorded  with a tape winding speed of 100 m m / s e c  (t~lkar-4 electrocardiograph) ,  together with p a r a m e t e r s  of 
the blood clotting system [4] and the resu l t s  of morphological  investigation (usually with a polarizing mic ro -  
scope also) of sections through the hear t  fixed in 10S formalin in 0.1 54 phosphate buffer, on the 1st, 3rd, and 
7th days after  the beginning of the experiment,  and subsequently stained with hematoxylin and eosin by Car-  
azz i ' s  method, with picrofuchsins,  and by Selya 's  method. The resul ts  were subjected to statist ical  analysis  
by Wilcoxon's  nonparametr ic  test  [1]. 

E X P E R I ] V ~ E N T A L  R E S U L T S  

After receiving injections of isoproterenol  and theophylline (group 1), all the animals developed tachy- 
cardia,  cardiac a r ry thmias ,  reduction of the R wave on the ECG, flattening of the T wave, and depression of 
the S - T  interval below the isoelectr ic  line. Histological examination revealed small loci of necros is  of cell 
groups, replaced in the course  of time by connect ive- t issue cells, in the endo- and subendocardial par t s  of the 
wall of the left ventr icle  and ventr icular  septum. Examination in polar ized light revealed lysis  of myofibr i ls  
in most  card iomyocytes ,  and somet imes  hypercont rac ture  of the outermost  s a r c o m e r e s  was observed [5]. 
More extensive lesions were found in animals receiving two injections of the drugs with an interval of 24 h 
(Fig. 1). 

The topography and size of the necrotic loci in animals receiving isoproterenol  and caffeine (group 2), 
and likewise the ECG changes were the same as those in the previous group. However, in this ser ies  of ex- 
per iments  and, in par t icular ,  on the 1st day, edema was observed in the interstit ial t issue of the left ventricle,  
with marked dilatation of capi l lar ies  in the subendocardial zone and with signs of stasis.  Under the polarizing 
microscope  multiple a reas  of myocyto lys is  were observed in the wall of the left ventr icle  - "the t issue ap- 
peared motheaten" [5]. 

These two types of model, n a m e l y m i c r o n e c r o s e s  and diffuse myoe arditis,  will probably be suitable for the study 
of drugs stimulating regenerat ion and affecting inf lammatory p r o c e s s e s  in the myocardium.  

Injection of isoproterenol  preceded by thyroxine (group 3) caused significant dis turbances  of the e lec-  
t r ical  activity of the hear t  and morphological  changes in both rabbits and rats .  Lengthening of the Q - S  inter-  
val, deepening of the Q wave, and changes in the shape and amplitude of the T wave were observed on the ECG. 
Destruction of cel ls  was observed over  wide a reas  in the subendocardial and subepicardial  zones of both the 
left and the right ventr ic les ,  where polymorphs,  lymphocytes,  and his t iocytes  were concentrated.  Examination 
of sections in polar ized light showed that the myocardium outside the zone of necros i s  was virtually unchanged, 
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and that only ra re ly  after repeated injection of the drugs was increased anisotropy of the A disks visible. It 
will evidently be possible to use this form of myocardia l  lesion as a model of severe  myocard iodys t rophy in 
o rde r  to study the therapeutic effects of appropriate drugs. 

Successive injections of pituitrin and isoproterenol  (group 4) led to the appearance of charac te r i s t i c  
ECG changes: depress ion of the P wave and ~simultaneous lengthening of the Q - S  interval. Poiyeardiography 
showed an increase  of 30-60%(P < 0.05) in the duration of the contract ion period and a decrease  by 9-12% (P < 
0.05) in the ejection period. Congestion of a r te r io les  and venules, i r r egu la r i ty  of staining of the sarcoplasm 
of the card iomyocytes  with eosin, and the presence of large foci (large numbers  of cells) of necros i s  in the 
subendocard~al and subepicardial layers of the myocardium of the [eft ventricle, ventrlcular septum, and apex 
of the heart, and of small foci (small groups of cells) in the middle layers of these same parts of the heart 
were discovered. In polarized light, especially on the ist day, areas of myoeytolysis were observed, and like 
areas of segmental increase in anisotropy of the A disks [5], these were topographically more characteristic 
of the middle layer of myocardium of the left ventricle and ventricular septum. The blood clotting time was 
reduced by 30-36% (p < 0.05) and the plasma recalcifieation time by 38-60% (p < 0.05), whereas the fibrinogen 
concentration was increased by 35-140% (P <0.05). It can be postulated that this model is similar in its basic 
pathological manifestat ions to microfocal  myocardia l  infarction and can be used to study ant[anginal, curdle-  
tonic, and anticoagulant drugs. 

Injection of pituitrin and isoprotereno[ into dogs before ligation of the co ronary  a r t e ry  (group 5) led to 
the development of a typical behavioral response charac te r i s t i c  of the anginal form of ischemic hear t  disease:  
the animal howls, moves res t less ly ,  and its pupils dilate. In the f i r s t  minutes af ter  injection of pituitrin the 
respira t ion rate quickened by 40-50 cycles / ra in  whereas  the hear t  rate fell by 30-100 beat/rain.  After injec- 
tion of isoproterenol  paroxysmal  tachycardia was recorded,  with the hear t  rate r is ing to 370 beats/rain,  and 
the ECG showed displacement of the S - T  interval, a change in voltage of the R and T waves, and enlargement  
of the S wave. The blood fibrinogen concentration was increased by 70-160% (P < 0.05), the p lasma reca l -  
cification time was reduced by 40-50% (P < 0.05), and the degree of the thrombotes t  was increased by more  
than 1.5 times. Ligation of the coronary  a r t e ry  under these conditions led to a fail in blood p re s su re  in the 
femoral  a r t e ry  by 30% (P < 0.05), to a marked shift of the S -  T interval in all ECG leads, and to even g rea t e r  
hypercoagulation of the blood. Histological investigation revealed extensive t ransmura[  necroses  of the anter-  
ior apical region of the heart  measuring up to 45 cm 2, together with small (small groups and large masses  of 
cells) foci of necrot ic  tissue in other par ts  of the heart .  White thrombi,  intimately connected with the endo- 
cardium, were found in the chambers  of the heart  and in the mouth of the pulmonary a r te ry .  Similar  changes 
also were found in rabbits  and rats .  I t canbe  concluded f rom a compar ison of the changes in all these pa r ame-  
t e r s  that a major  myocardial  infarct bad formed in these animals, with high morta l i ty  (50-80%) and accompan- 
ied by complications Such as fibrillation, asystole,  cardiogenic shock, thromboembolism,  and the formation of 
an aneurysm in animals which survived until the 3rd-6th month. This model may be suitable for the study of 
resusci ta t ion measu re s  after major  myocardia l  infarction. 

All five types of experimental pathological lesions of the myocardium (micronecroses ,  myocardi t is ,  
focal dystrophy, mic ro -  and macrofocal  myocardial  infarction) may thus find different applications for  the 
study of the therapeutic proper t ies  of many drugs. 
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