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The action of many ext remal  fac tors  on the myocard ium is mediated through catecholamines [ 121 which, 
in large doses,  have a damaging action and play an important  role in the onset  of cardiomyopathles  [ 131. Ex- 
posure  to eateeholamines enables the s t ruc tura l  and metabolic r e s e r v e s  of the hear t  t issue to be a s sessed  and 
sheds light on the protect ive mechanisms which are exhibited during the f i r s t  minutes af ter  administrat ion of 
the drug, thereby significantly affecting the whole course  of the subsequent morphological  changes. 

The object of this investigation was to study s t ruc tura l  and metabolic charac te r i s t i c s  of the myocardium 
during acute injury by cateeholamines in ra ts ,  depending on the age of the animal; this is an important  step 
toward elucidation of the mechanisms determining the course  and rel iabil i ty of compensa tory  and adaptive r e -  
sponses to various ex t remal  fac tors  in the course  of aging. 

EXPERIMENTAL METHOD 

Experiments were carried out on 11 male Wistar rats aged 3.5, 26, and 37 months. [aH]Uridine (specific 
activity 41 Ci/mmole) was injected intraperitoneally in a dose of 5 gCi/g body weight into the animals 1.5 h 
before sacrifice, and this was followed by an injection of isoproterenol in a dose of 0.1 mg/g body weight 20 
rain before sacrifice. Ten intact rats of the same age served as the control. 

The autoradiographic investigation was conducted on semithin (I g) Epon-Araldite sections, coated on 
slides with type M emulsion. After exposure for I0 days the autoradiographs were developed and stained with 
azure If. paraffin sections stained with hematoxylin and eosin, by Van Gieson's method, and the PAS reaction 
were examined in polarized light by means of a "Docuval" microscope (Carl Zeiss, East Germany). 

Pieces of myocardium from all the animals for electron-microscopic investigation were fixed in cold 4~j 
buffered formaldehyde solution, postfixed with I% OsO 4 solution, dehydrated in alcohols and propylene oxide, 
and embedded in a mixture of Epon and Araldite. Ultrathin sections, stained by the usual method, were exam- 
ined in the JEM 100B electron microscope. Electron-eytochemical demonstration of suecinate dehydrogenase 
(SDH) activity with copper ferrocyanide was carried out on specimens of the wall of the left ventricle from 
rats aged 3.5 and 37 months. The bulk density of granules of the SDH reaction product in mitochondria of the 
cardiomyocytes was determined by morphometrie methods [31. 

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

Lesions developed in the myocard ium of the rats  20 ml af ter  injection of isoproterenol  (Fig. 1), mainly 
of the contrac ture  type [3, 7, 8]. As a resu l t  of dis turbances  of capi l lary  permeabil i ty ,  edema o f t hemyoca rd i a l  
tissue developed, with inhibition of p lasma by the wails of the blood vesse ls  and disturbance of the hemody-  
namics .  These changes were mos t  marked in rats  aged 37 months. E lec t ron -mic roscop ic  examination (Fig. 2) 
revealed card iomyocytes  mos t  frequently with definite u l t ras t ruc tura l  disorganizat ion in these same animals,  
reflecting a disturbance of integri ty of the s a r c o l e m m a  and commencing necros i s  of the cells.  The number  of 
granules  of glycogen was sharply reduced in the sa rcopiasm,  especial ly in the old animals.  

Depar tment  of Pathological  Anatomy, A. V. Vishnevskii Institute of Surgery,  Academy of Medica lSc ienc-  
es of the USSR, Moseow. Department of Pathomorphology and Morphometry, Institute of Clinical and Experi- 
mental Medicine, Siberian Branch, Academy of Medical Sciences of the USSR, Novosibirsk. (Presented by 
Academician of the Academy of Medical Sciences of the USSR D. S. Sarkisov.) Translated from Byulleten' 
Eksperimental'noi Biologii i Meditsiny, Vol. 94, No. 10, pp. ]19-123, October, 1982. 

1458 0007-4888/82/9410-1458 $07.50 �9 1983 Plenum Publishing Corporat ion 



Fig. 1. Changes in myofibri ls  and cardiomyocytes  of old rats  20 rain after  injection of iso-  
proterenol ,  a) F i r s t  degree cont rac ture  in myocard ium of ra t  aged 26 months. Hematoxy- 
lin and eosin, photographed in polar ized light, 1000 • b) the same,  in ordinary  light. Focal  
eosinophilia of sarcoplasm;  c) second degree contraeture  and myoeytolysis ;  d) third de-  
gree  contracture;  c, d) ra ts  aged 37 months, photographed in polar ized light, 1250x. 

Structural  changes in the mitochondria  were not d iscovered in the ea r ly  stages of the lesions, but the 
functional state of these organelles could be judged by the activity of their  r e sp i r a to ry  cycle enzymes.  

In all animals granules  of the react ion product  (copper ferrocyanide)  were found in the mitochondria,  
where they were located on the cr i s tae  - corresponding to the site of SDH. Activity of this enzyme in the con- 
trol  animals in the card iomyocyte  mitochondrla  was reduced a lmost  by half during aging, as could be judged 
f rom the relat ive volume of granules of the chelate (0.076 �9 0.00093 in the young and 0.047 • 0.02 in the old 
rats ;  P < 0.01). After  injection of i soproterenol  SDH activity was considerably increased  in both young and old 
rats ,  as shown by the following values of the bulk density of the chelate granules :  0.105 • 0.011 and 0.062 :L 
0.02 for  animals aged 3.5 and 37 months respect ive ly  (P < 0.05). Despite the parallel  increase  in SDH activity 
in the two groups of animals,  activity of this important  enzyme in cateeholamine lesions in old rats  never the-  
less  remained  lower than in young animals .  

Autoradiographic analysis  of RNA synthesis in the card iomyocyte  nuclei showed (Fig. 3) most  s i lver  
grains to be located above nuclei of hear t  muscle  cells in the young animals.  The number  of grains of s i lver  
above cardiomyocyte  nuclei of ra ts  aged 26 and 37 months was 1.6 and 1.7 t imes less respect ively  than in 
young" rats .  The intensity of incorporat ion of the labeled ItNA p r e c u r s o r  into the eard iomyocytes  demonst ra ted  
heterogenei ty of the level of RNA synthesis  in ceils of the intact myocardium.  Heterogeneity of the ca rd iomyo-  
cytes in the animais of the three different ages, incidentally, differed in its charac ter .  For  instance, the popu- 
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Fig. 2. U l t r a s t ruc tu r a l  and e l ec t ron -cy tochemica l  changes in ca rd iomyocy tes  of r a t s  
under  the influence of i sopro te reno l ,  a) Rat aged 26 months.  Lys is  of myof ibr i l s  
(Mf), widening of in te rca la ted  disk (ID), no changes in mi tochondr ia  (Mch). 9000 x; 
b) r a t  aged 37 months.  Dilatat ion of T s y s t e m  (T) with fo rmat ion  of vacuoles  (V) 
aga ins t  the background of i nc reased  volume of myof ib r i l s  and accumulat ion of l y so -  
somes  (Ls) .  10,000 • c) changes in SDH act ivi ty  in mi tochondr ia  of ca rd iomyocyte  
of r a t  aged 3.5 months;  d) ma rked  he terogenei ty  of SDH act ivi ty in mi toehondr ia  of 
ca rd iomyocyte  of r a t  aged 37 months,  e, d) React ion of I ~ e r p e l - F r o n i u s  and t la jos ,  
12,000 x. 

Fig. 3. His toautoradiographic  changes in ca rd iomyocy tes  of r a t s  aged 37 months r e -  
ceiving i sopro te reno l ,  a) High level  of RNA synthes is  in nucleus of uninjured ca rd i -  
omyoeyte;  b) low level  of RNA synthesis  in nucleus of injured ca rd iomyoeyte .  Semi-  
thin (1 g) Epon-Ara ld i te  sect ions ,  a z u r e - I I  stain. 1600 x 
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TABLE 1. H i s toau to rad iograph ic  Inves t iga -  
tion of Level  of RNA Synthesis  in C a r d i o m y -  
oeytes  of Rats  Receiving I sop ro t e r eno l  

Age of  
rats, 

months  

No, of  
animal 

8O 
,3 ~ : 81 

82 
83 
64 

26 65 
66 

22 
37 23 

24 

Intact  ceils 

No. of  
nuclei 

30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

total  No. 
[ o f  grains 
i above 
, nuclei 

321 
289 
3O8 
320 
256 
258 
258 
241 
249 
268 
220 

Injured cells 

No. o f  total No. 
nuclei 

30 187 
30 165 
30 188 
30 187 
30 133 
30 143 
30 126 
30 I26 
30 112 
30 112 
30 102 

of  grains 
b o r e  nuclei 

Legend. Di f fe rences  s igni f icant  by Wilcox- 

on 's  tes t .  

la t ion of hea r t  musc le  ce l l s  of the young ra t s  contained 267o of ce l l s  with RNA syn thes i s  at a low level  (below 
a v e r a g e ) .  In an ima l s  aged 26 and 37 months the number  of these ce l l s  was 75 and 79% r e s pe c t i ve l y .  

Inves t igat ion of the p rob lem whether  ce l l s  which have suf fered  acute metabo l ic  in jury  d i f fer  f rom ce l l s  
remaining'  in tac t  in the in tens i ty  of the i r  RNA synthes i s  [ 1] r e v e a l e d  that the re  were  far  fewer  g r a in s  of s i l v e r  
above the nuclei  of in jured  c a r d i o m y o c y t e s  in r a t s  of al l  age groups  than above intact  ce l l s  (Table 1). The dif -  
fe rence  as r e g a r d s  inco rpora t ion  of the labe led  RNA p r e c u r s o r  into in jured  and intact  ce l l s  r e f l e c t s  the m e t a -  
bol ic  he te rogene i ty  of the ca rd i ac  myocyte  population.  

The he te rogeneous  r e a c t i v i t y  of the m y o c a r d i a l  ce l l s  is evident ly  based  on cyc l ic  renewal  of i n t r a e e l l u l a r  
s t r u c t u r e s ;  c e r t a i n  phases  of the cel l  cycle ,  m o r e o v e r ,  a r e  more  sens i t ive  or ,  conver se ly ,  res i s tam;  to h a r m -  
ful inf luences [6]. The i n c r e a s e  in the number  of in jured musc le  ce l l s  in the hype r t roph ied  m yoc a r d i u m of the 
old an ima l s  [4] in r e sponse  to i sop ro t e r eno l  and the d e c r e a s e  in RNA syn thes i s  in the c a r d i o m y o e y t e s  thereby 
r e f l ec t  the reduced  powers  of r egene ra t i on  of the hea r t  t i s sue  as a whole, although in individual  ce l l s ,  i n t r a c e l -  
l u l a r  r egene ra t i on  p r o c e s s e s  can take p lace  at  a high level .  In an ima l s  of d i f fe ren t  ages ,  a mosa i c  pa t t e rn  of 
in jury  and of i n t r a c e l l u l a r  r egene ra t i on  of the myoca rd ium thus depends on the metabo l ic  he te rogene i ty  of the 
c a r d i o m y o c y t e s  connected with the i r  d i f fe ren t  l eve l s  of RNA syn thes i s .  

I sop ro t e reno l  has a marked  necrogenic  effect,  based  on uncont ro l lab le  inflow of ex te rna l  Ca ++ ions into 
the c a r d i o m y o c y t e s  [ 10], Accord ing  to one view, s h o r t - t e r m  exposure  to this fac tor  does not affect  nucleic  
acid  b iosyn thes i s  in the ce i l s  [14], which means  that i s o p r o t e r e n o l  can be used as " p r o b e "  for  the study of 
s t r u c t u r a l  and functional  bases  of deve lopment  of adapt ive  r eac t ions  in e x p e r i m e n t a l  an ima l s  dur ing aging. 
Meanwhile in ject ion of i s o p r o t e r e n o l  into an ima l s  causes  an i n c r e a s e  in the oxygen consumption of the hea r t  
musc le  and an i n c r e a s e  in i ts ene rgy  consumption [11]. This effect  is expla ined by s t imula t ion  of m y o c a r d i a l  
me tabo l i sm,  which begins i m m e d i a t e l y  a f t e r  the harmful  act ion.  These  p r o p e r t i e s  of i s o p r o t e r e n o l  make it p o s -  
s ib le  to a s s e s s  the potent ia l  of m y o c a r d i a l  t i s sue  as r e g a r d s  i ts powers  of r e ge ne r a t i on  and the ro l e  
of me tabo l i c  changes in the c a r d i o m y o e y t e s  in the p r o c e s s  of s t r u c t u r a l  and functional he te rogene i ty ,  a 
fundamental  s tage in the deve lopment  of gene ra l  pa thologica l  p r o c e s s e s  in the hea r t  [2,  3, 51, to be r e v e a l e d  in 
one and the same  e x p e r i m e n t a l  model .  
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Many worke r s  r e g a r d  regurg i ta t ion  of bile into the s tomach  as a f ac to r  which is conducive to d i s t u r -  
bance  of the functional s ta te  of the mucosa l  b a r r i e r ,  to i nc reased  r e v e r s e d  diffusion of hydrogen ions, and as a 
r e su l t  of this,  to the development  of u lcera t ion  of the mucosa  [2, 8, 11]. 

Meanwhile o ther  w o r k e r s  have obtained evidence of a pos i t ive  r egu la to ry  effect  of bile on the motor ,  
secretory, and endocrine functions of the gastroduodenal complex [ I, 5, 6, 12, 13] and they consider that bile 
has a protective action on the gastric mucosa in the presence of hyperchlorhydria [6, 9, 10]. 

The airn of this investigation was a differential study of the dynamics of mitochondrial enzyme activity 

in the mucous neck cells and parietal cells and also of the RNA content in the chief cells and vascular permea- 
bility in the mucosa of the gastric fundus in rats, in order to assess the functional state of the gastric mucosal 
barrier and of the morphological suhstrate of the secretion of acid and digestive enzymes after diversion of 
all the bile into the stomach. 

EXPERIMENTAL METHOD 

Experiments were carried out on 47 mature male rats weighing 240-250 g. An anastomosis was formed 
in the animals between the bile duct and the body of the stomach. The experimental and control (mock opera- 

tion) rats were decapitated I0, 30, 60, and 90 days after the beginning of permanent diversion of bile into the 

stomach. Material for investigation was taken after starvation of the animals for 24 h, but with unrestricted 
fluid intake. After autopsy the gastric mucosa was carefully inspeeted for macroscopic defects. The subse- 
quent histochemieal investigation and preservation of the material were undertaken in accordance with recom- 
mendations in [ 3]. 

Frozen sections of the mucosa of the body of the stomach were stained for activity of NADH-dependent 
dehydrogenase (NADH-DH), succinate (SDH), isocitrate (ICDH), and malate dehydrogenases (MDH), and alka- 
line phosphatase (AIP) and for quantitative determination of RNA and neutral and acid mucopolysaccharides 
(MPS) by the usual histochemieal methods. 
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