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An e l e c t r o n - m i c r o s c o p i c  invest igat ion of hea r t  musc le  t i s sue  showed that the ca rd iomyocy tes  
of the a t r i a  d i f fe r  f r o m  those  of the ven t r i c l e s .  T h r e e  types  of ce l l s  d i f fer ing in the c h a r a c -  
t e r  of r e l a t ions  between the  organoids  and the number  of specif ic  s e c r e t o r y  granules  in them,  
w e r e  found in the a t r i a l  musc le  t i ssue .  A study of the dis t r ibut ion of the act ivi ty  of lac ta te  
dehydrogenase  (LD) and its  i s ozym es  by disc e l ec t rophores i s  and i soe lec t r i c  focusing showed 
that  LD i sozym e  s p e c t r a  of the ven t r i c l e s  and a t r i a  di f fer  cons iderably  f r o m  each other.  It is 
sugges ted  that  the  s o u r c e s  of ene rgy  and the mechan i sm of ene rgy  product ion a r e  not the s a m e  
in the musc l e  ce l l s  of the a t r i a  and ven t r i c l e s .  

KEY WORDS: c a r d i o m y o c ~ e s  of the a t r i a  and ven t r i c les ,  u l t r a s t ruc tu re ,  l ac ta te  dehydrogen-  
a s e  i s o z y m e  s p e c t r u m .  

The main  s t ruc tu ra l  unit  of ca rd iac  m usc l e  t i s sue  is  a highly di f ferent ia ted  cel l  - the card iomyocyte .  
Until r ecen t ly  it  was cons idered  that  the typica l  c r o s s - s t r i a t e d  musc le  f ibe r s  of the hea r t  p e r f o r m  only a 
con t rac t i l e  function. These  v iews w e r e  fo rm e d  because  mainly  the myoca rd ium of the ven t r ic les  has been 
studied and the r e s u l t s  obtained in this way w e r e  au tomat ica l ly  ext rapola ted  to the hea r t  as  a whole. 

Recent  publ icat ions have shown not only the s t ruc tu ra l  specif ic i ty ,  but a lso  ce r t a in  dist inguishing f e a -  
t u re s  of the me tabo l i sm  of the m us c l e  t i s sue  of the a t r i a  and ven t r i c les  in higher  v e r t e b r a t e s  [1, 2, 5, 6, 10, 
11]. The  r e su l t s  of physiological  obse rva t ions  indicate  that  the pos i t ive  inotropic effect  pe r  contract ion is 
g r e a t e r  in the ven t r i c l e  than in the a t r i u m  [4]. However,  the value of the invest igat ions so f a r  under taken  is 
cons iderab ly  reduced  because  the i r  r e s u l t s  have  not h i ther to  been compared  with r e s p e c t  to the s ame  object. 

It  was accordingly  decided to under take  a combined morphologica l  and b iochemica l  invest igat ion of hea r t  
musc le  t i s sue  in r a t s  in o rder  to elucidate c e r t a i n  s t ruc tu ra l  and metabol ic  c h a r a c t e r i s t i c s  of different  r e -  

gions of the hea r t .  

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

Exper imen t s  we re  c a r r i e d  out on 30 noninbred ma le  albino r a t s  weighing 150-200 g. The musc le  t i s sue  
of the ven t r i c l e s  and a t r i a  w e r e  studied by the usual  his tological  method and by e lec t ron  mic roscopy .  Mate-  
r i a l f o r  e l e c t r o n - m i c r o s c o p i c  ana lys i s  was fixed in 3% glutaraldehyde (in phosphate  buffer ,  pH 7.4) and emb ed -  
ded in Araldi te .  Ul t ra th in  sec t ions  were  cut on the LKB-1 u l t r a tome  and stained with uranyl  ace ta te  followed 

by lead c i t ra te .  

F o r  b iochemica l  invest igat ion,  h e a r t s  f r o m  3 or  4 an imals  we re  used in each exper iment .  Homogenates  
of the t i s sues  of the a t r i a  and ven t r i c l e s  w e r e  p r e p a r e d  in the cold by the usual  method with the addition of 
EDTA and Tr i ton  X-100. The supernatant  was used  to de t e rmine  total l ac ta te  dehydrogenase  (LD) act ivi ty  [9], 
for  e l e c t r o p h o r e s i s  i n f l a t  blocks of po lyac ry lamide  gel [15], fo r  i soe lec t r i c  focusing with ampholines  in a 
thin l aye r  of po lyac ry l am i de  gel [12], and for  de te rmina t ion  of the prote in  content [8]. At the end of e l e c t r o -  
phores i s  and i s0e lec t r i c  focusing the local iza t ion of the LD i sozymes  was studied by the phenazine m e t a s u l -  
f a t e - t e t r a z o l i u m  reac t ion  [13]. For  quant i ta t ive e lec t rophore t ic  analys is  the ERI-65m automat ic  integrat ing 
d e n s i t o m e t e r  was used. S ta t i s t i ca l  ana lys i s  of the resu l t s  was ca r r i ed  out by the method of indirect  d i f fe r -  

ences [3]. 
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Fig. 1 Fig. 2 

Fig. 1. Ven t r i cu la r  ca rd iomyocy te  (4000x). M) Mitochondria;  MF) myof ibr i l s .  

Fig, 2. Atr ia l  (muscu lo - sec r e to ry )  ca rd iomyocy te  (4200x). N) Nucleus; MF) myof ibr i l s ;  
M) mitochondr ia ;  SG) s e c r e t o r y  granules .  

TABLE 1. Activi ty of LD and Its I sozymes  (in #moles  NADH/mg pro te in /min)  in Atr ia l  
and Ven t r i cu la r  Myocard ium of Rats  (M • m) 

Test object 

Atrium (5) 
Ventricle (5) 

Total 
LD 

0,634440,07 
1,904440,30 

LDI 

0,344440,02 
0,77-+-0,01 

LD isozymes 

LD~ LD3 

0,]1-+-0,005 0,074-0,01 
0,29• 0,454-0,02 

LD4 t LD s 

0,094-0,01 I 0,03+0,01 
0,34+0,01 0,054-0,005 

Legend. Number  of expe r imen t s  in pa ren theses .  
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Fig. 3. Data of isoeleetrie focusing and densitograms 
of isozymes of soluble LD from atria (a) and ventricles 
(b) of intact  r a t s .  pH grad ien t  3.5-9.5.  Durat ion of 
i soe lec t r i e  focusing 2 h 20 min. Final  voltage 1050 V. 
T e m p e r a t u r e  5~ 
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E X P E R I M E N T A L  R E S U L T S  

The electron-microscopic investigation showed that muscle fibers of the myocardium of the rat ventr i-  
cles consist of highly differentiated cardiomyocytes with a well-developed myofibril lary apparatus, which 
occupies nearly all of the cytoplasm (Fig. 1). Tubules of the smooth reticulum were found near the nucleus 
between the myofibrils. The mitochondria were near the cytolemma, compactly arranged between the myo- 
fibrils.  Intercalary disks in the fibers of the ventricular  myocardium consisted of folded membranes with 
many desmosomes. 

The course of the muscle f ibers in the atria was more tortuous and the places between the fibers wider 
than in the ventricles.  The cell composition of the muscle fibers of the atrial  myocardium differs significantly 
from the ventricular  not only in the degree of development of the subcellular s tructures character is t ic  of con- 
t ract i le  cells, but also in the presence of special elements - secre tory  granules (Fig. 2). This fact also was 
noted previously [10]. 

As regards the degree of development of the myofibrils, the character  of relations between the organoids, 
and the number of specif ic  granules all the muscle cells of the atria can be divided into three types. The f i r s t  
type includes cardiomyocytes with a well-developed myofibril lary apparatus and many mitochondria. Such 
cells resemble the ventr icular  cardiomyocytes.  The second type includes cells with a poorly developed myo- 
f ibrfl lary apparatus and with freely lying mitochondria (Fig. 2). The rough reticulum and Golgi complex are  
well developed in their  cytoplasm and they contain numerous secre tory  granules surrounded by a single whole 
membrane. The morphological pictures,  according to the results of electron microscopy, suggest that the 
substance of the granules is eliminated through the cytolemma. The granules studied differ from lysosomes 
and lipid inclusions. The whole description could indicate that the granules found in the heart  muscle cells 
are  secre tory  granules. Considering the morphological features of the cells of this type, they may be called 
musculo-secretory.  The third type consists of ce l ls  with well-developed myofibrils and a few secre tory  
granules. 

As Table 1 shows, the LD isozyme spectrum of the myocardium is highly specific and characterized 
by a high content of LD 1 and LD 2, which determine the total activity of the enzyme. It must be emphasized 
that the total LD activity in the muscle tissue of the ventricles is 3 times grea ter  than in the muscle tissue 
of the atria. Meanwhile the relative predominance of the anodal fractions of the enzyme (LD 1 and LD 2) was 
more marked in the a t r ia  than in the ventricles (70.3% and 55.7% of the total LD activity respectively). Differ- 
ences in the LD isozyme spectra  of these two parts  of the hearts  were seen most clearly when the dis tr ibu-  
tion of activity of the cathodal forms of the enzyme, LD3, LD 4, and LDs, was analyzed. The activity of each 
of these isozymes was considerably higher in the ventricles than in the atria. Fur thermore,  the relative con- 
tent of the cathodal fractions of LD was considerably higher in the ventricles than in the atr ia  (44.3 and 29.7% 
of the total LD activity, respect ively) .  

Analysis of the LD composition in the different parts of the heart  thus indicates that the LD isozyme 
spectrum of the ventricles differs from that of the atria in the predominance, both absolute and relative, of 
cathodal forms of the enzyme: LD3, LD 4, and LD 5. 

Isoelectric focusing of LD from the ventricular  and atr ial  myocardium of rats (Fig. 3) revealed many 
zones of specific activity mainly in the weakly acid regions of the gradient at pH 4.9-7.2. The isoelectr ic 
spectra  of LD from the ventricle and atr ia  differed considerably from each other in both the number and the 
activity of individual subunits of the enzymes. The difference between the isoelectric spectra of LD from 
different parts of the myocardium was seen most clearly on analysis of isozymes identified as LD 2 and LD 3 
(isoelectric points 4.95, 5.35, 5.65, 5.85, and 5.90, respectively). 

The polymorphism of LD isozymes discovered by differential analysis of the atr ia  and ventricles,  re-  
flected in both qualitative and quantitative differences, thus corre la tes  with the profound structural  hetero-  
geneity of the cardiomyocytes of these two regions of the heart.  The reaction catalyzed by LD is the most 
suitable reaction for  the investigation of the relationship between aerobic and anaerobic processes [7, 14]. 
The results now obtained suggest that the muscle cells of the atr ia  and ventricles rely on different sources 
of energy and different mechanisms of energy production. 
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E F F E C T  OF C L O R P R O M A Z I N E  ON U L T R A S T R U C T U R E  OF E P I T H E L I A L  

C E L L S  AND C E L L  C O N T A C T S  IN T H E  F R O G  B L A D D E R  

Ya Yu.  K o m i s s a r c h i k ,  Yu.  V N a t o c h i n ,  UDC615.214.22:547.869.2].015.44: 
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Chlorpromazine causes swelling and vacuotation of cells of the mucous membrane of the frog 
ur inary bladder and prevents their  response to antidiuretic hormone (ADH) by increased pe r -  
meability for  water. The s t ructure  of the zone of intercel lular  contacts was undisturbed, and 
this could be the reason for  the impermeability of the chl0rpromazine-treated epithelium for 
water. 

KEY WORDS: chlorpromazine; permeability for  water; antidiuretic hormone; swelling of the 
cell; intercel lular  contacts. 

For  the last two decades the problem of the mechanism of the increased water t ransport  under the in- 
fluence of antidiuretic hormone (ADH) has been a:subject of intense discussion. According to one hypothesis, 
ADH increases the permeabili ty of the apical pi'a~ma merhbrane of the cell for water [6, 7], whereas accord-  
ing to another hypothesis it is the permeabili ty of the ground substance that is  increased [1, 4]. Chlorproma- 
zinc prevents ADH from increasing the absorption of water [3]. The object of the present investigation was to 
compare the effect of chlorpromazine on the ul t rastructure of the cell and intercellular contacts during its in- 
hibition of the ADH effect. 

EXPERIMENTAL METHOD 

The bladder of a frog was filled with Ringer 's solution diluted with water 1:!0, with the mucous membrane 
on the inner side, and immersed in aerated Ringer 's  solution. The degree of permeability for water was es -  
timated from the volume of water absorbed from the bladder along the osmotic gradient [5]. Chlorpromazine and 
and ADH were added to the Ringer's solution on the side of the mucous membrane. For  the electron micro-  
scopic investigation, bladders in different functional states were t ransfer red  for 3-5 rain into a 2.5 % solution of 
glutaraldehyde made up in Ringer's solution with cacodylate buffer (pH 7.4). The bladder wall was then incised, 
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