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T r i t i u m - l a b e l e d  thymidine was injected into r a t s  with an exper imen ta l  myocard ia l  infarct  and 
the number  of DNA-synthes tz ing  nuclei was de te rmined  in var ious  pa r t s  of the heart .  Myocar -  
dial  infarct ion act ivated DNA synthes is  to some extent in the nuclei of monocytes  lying at the 
pe r iphe ry  of the focus of injury.  However,  there  was no doubt about the e x t r e m e l y  low densi ty 
of labeling in the muscle  nucleus.  Inc reas ing  the dose and giving three  injections of thymldine-  
3H did not inc rease  the number  of labeled muscle  cell  nuclei. Activation of pro l i fe ra t ion  of the 
connective t i ssue  cel ls  was obse rved  in all pa r t s  of the heart .  The number  of connec t ive - t i s sue  
nuclei synthes iz ing DNA was inc reased  af ter  24 h, reached  a max imum on the second day, and 
r ema ined  above the control  level until the end of the exper iment .  
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The most  debatable  p rob lem in the subject  of r egenera t ion  of the myocard ium is the possibi l i ty  of DNA 
synthes is  in the nuclei  of the musc le  ce l l s  of the ventr ic le  of the adult m a m m a l i a n  heart .  Although Grove 
et  al. [10] and Sasa r i  et al. [15] found an inc rease  in the number  of polyploid ca rd iomyocyte  nuclei and in the 
number  of muscle  cel ls  in the hyper t rophied  ra t  hear t ,  autoradiographic  invest igat ions with t r i t ium- labe led  
thymidine (thymidine-3H) have yielded the opposite r e su l t s .  For  instance,  in addition to data pointing to the 
absence of DNA-synthes iz ing  myocyte  nuclei in the hyper t rophied  [4, 9] and infarcted [ 1] myocard ium of adult 
animals ,  in other invest igat ions act ivat ion of DNA synthes is  has been r epor t ed  in some muscle  cel ls  of the 
ven t r ic les  [ 3], e spec ia l ly  cel ls  near  the focus of injury [11, 12]. 

Meanwhile, during the e lec t ron-au to rad iograph ic  study of DNA synthes is  in ca rd iomyocy te s  af ter  physical  
exer t ion,  nuclei with a sma l l  number  of gra ins  were  found, and the i r  appearance  could be at t r ibuted to slow 
synthes is  of nuclear  DNA [5] .  This  is in ag reement  with the view that an inc rease  in the level  of d i f fe ren t ia -  
tion of the myocard ia l  myocytes  is accompanied  by a marked  inc rease  in the durat ion of the main per iods  of 
the cel l  cycle  [ 2, 13]. 

It thus appeared  in teres t ing  to use autoradiographic  techniques to study the topography of DNA-synthe-  
s iz ing nuclei of the ven t r i c les  of the ra t  hear t  in re la t ion  to a focus of infarct ion.  

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

An infarct  was produced in the myocard ium of 20 noninbred male albino r a t s  weighing 90-100 g by suture  
and ligation of the left co rona ry  a r t e ry .  The animals  were  kil led 1, 2, 3, 5, 7, 15, and 20 days  af ter  the begin- 
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Fig. 1. Labeled nuclei of ra t  card iomyocytes  15 (a) and 20 (b) days after onset of myo- 
cardia l  infarct. 1100• 

ning of the experiments .  Two rats  were taken each time. As the control, four intact ra ts  of the same weight 
were used and were killed at the beginning and end of the experiments.  All the animals were given an int ra-  
peri toneal injection of thymidine-3H (specific activity 2.8 Ci/mmole) in a dose of 1 ~Ci/g 2 h before sacrif ice.  
Four rats  received thymidine-3H in the same dose as three injections with an interval of 24 h after each hnjec- 
tion. The animals of this group were killed 5 and 7 days after development of the infarct and 2 h after the last 
injection of thymidine-3H. Thymidine-3H was injected into two rats  in adose  of 3 pCi /g  1 week after  development 
of the myocardia l  infarct and these animals were killed 3 h after the injection. The hearts  were cut t r ans -  
verse ly  ac ross  the ventr icles ,  fixed in Carnoy ' s  fluid, and embedded in paraffin wax. An undercoating was ap- 
plied to sections 5 # thick [8],  which were covered with type M emulsion. The sections were exposed for 15, 
30, and 45 days. The following zones of the heart  were distinguished in histoautoradiographs stained with 
hematoxylirr-eosin and azure II--eosin: the focus of injury, the boundary zone, intact regions of the left and 
right ventricles.  In all these zones of the myocardium the number of labeled nuclei of muscle and[ connective- 
t issue cells of the heart  was counted in 100 fields of vision under a magnification of 1350• Labeled nuclei 
were not counted in the group of animals receiving three injections of an increased dose of thumidine-3H. The 
numerical  resul ts  were subjected to s tat is t ical  analysis.  

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

Nuclei of muscle cells  synthesizing DNA were found ext remely  r a re ly  in both the intact and the infarcted 
rat  heart.  Increasing the dose and the number of injections of thymidine-3H caused no significant increase in 
the number of labeled cardiomyocytes .  Of the 16,000 myocyte nuclei counted in the histoautoradiographs 23 
were labeled, but only in three of them was there no doubt that a label was located above the nucleus of the 
muscle cell, for it was found in the t r ansver se  section of a muscle fiber (Fig. la). Otherwise, despite the very  
large size of the nuclei and their location s t r ic t ly  in the center  of the muscle fiber (Fig. lb), differentiation 
between labeled nuclei of myocytes and fibroblasts  was difficult. By contras t  with the ventricles,  labeled nuclei 
of muscle cells were found relat ively frequently in the myocardium of the a t r ia  and auricles.  

The number of DNA-synthesizing nuclei in the hearts of the intact ra ts  killed at the beginning and end of 
the experiments  did not differ significantly, and for that reason the control  d a t a  are combined into a single 
group (Table 1). 

The myocardial  infarct  Stimulated the synthetic activity of the myocyte nuclei a little. The number of 
labeled muscle nuclei was increased 48 h after the beginning of the experiment,  especial ly in the per ipheral  
zone of the infarct, when it amounted to 0.54 :~ 0.19% compared with 0.12 + 0.08~ in the wall of the left ventricle 
of the myocardium of the control ra t s  (P < 0.05). In the later  s tages of infarction the number of nuclei incor-  
porating thymidine-3H also was somewhat g rea te r  than in the control, especial ly in muscle cells bounding the 
focus of injury; however, differences from the myocardium of the intact animals were not s tat is t ical ly signifi- 
cant. 

In myocardial  infarction proliferat ion of the connect ive- t issue cells took place in all parts  of! the heart.  
Labeled nuclei of s t romal  cells were par t icular ly  numerous at the per iphery of the focus of injury, where the 
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TABLE 1. Topography of Changes in Number of DNA-Synthesizing Nuclei of Rat 
Myocardium at Different Stages of Experimental  Infarction 

Time after appearance 
of infarct, days 

Labeled mmcle cell nuclei, % 
left 
ventricle 

right focus of peripheral 
Labeled connective-tissue cell nuclei, ~o 

peripheral 
zone of 
in'farct 

left right 
ventricle injury zcmr of ventricle ventricle infarct 

~,ontrol 0,12--0,08 0,07-----0,06 0,49--0,12 0,46+0,12 

0 4,10--0,48 
0,14--0.01 9,69--0,35 
0,13--0,13 7,70--0,37 

0 2,76--0,21 
0 2,68~0,25 
0 0,79--0,12 
0 ! ,61--0,23 

6,32--0.39 
10.78--"-0,45 

5,04--0,43 
3,08--0.31 
2,16---+0,30 
0,71--0.17 
1,19-----0,20 

1 
2 
3 
5 
7 

I5 
20 

0,93~ 0,22 
1,39"~ 0,19 
1,15--*'0,24 
1,28--0,24 
1,02--0,20 
0,40-----0,13 
0,29--0,11 

0 
0,06-"-0.06 
0,13--0,13 

0 
0 
0 
0 

0 
0,54-----0,18 
0,18--0,18 

0 
0,21-----0,21 
0,20--0,20 
0,54-----0,38 

1,12-'-0,24 
t ,80-----0,23 
6,74-----0,18 
0,69--0,18 
0,68--0,16 
0,21--0,09 
0,28-----0;12 

percentage of nuclei synthesizing DNA 24 h after the beginning of the exper iments  was 1.5 t imes the percentage 
of labeled nuclei in the focus of injury (P < 0.001) and 12 t imes grea te r  than the number in the myocardium of 
the control  ra t s .  The percentage of DNA-synthesizing nuclei of connect ive- t issue ceils after 2 days was the 
same in the zone around the infarct  and in the focus of injury, but on the third day of the experiment the num- 
ber  of labeled connect ive- t issue cell nuclei in the focus of in jury  was g rea te r  than their  number in the boundary 
zone (P < 0.001). Not until the 15th day of the experiment  was equality reached between the number of labeled 
s t romal  cell  nuclei in the focus of injury and at its periphery,  but it exceeded the control  level until the end of 
the experiment.  This is evidence of growth of granulation t issue mainly f rom the per ipheral  zones and partly 
f rom areas  of s t r oma  remaining intact in the focus of the infarct.  The smal l  increase  in the number of labeled 
s t romal  cell  nuclei in the heart  on the 20th day of the experiment compared with the 15th day can evidently be 
attributed to differences in the ra tes  of maturation of the connective tissue [ 7] and to r ecu r r ence  of the infarct. 

During the f i rs t  day of development of the infarct,  in a reas  of myocardium of the left and right ventr icles  
remote  f rom the focus of injury the number of s t romal  cell nuclei of the heart  incorporat ing the label was 
a l ready increased.  The number of labeled nuclei in these zones of the hea r t  48 h after the beginning of the ex- 
per iment  was three t imes g rea te r  than in the control  (P < 0.001). Not until the third day in the wall of the right 
ventricle and until the 15th day in the wall of the left ventricle was the percentage of labeled nuclei the same as 
the percentage of labeled s t romaI  cell nuclei in the intact heart.  

Consequently, in the boundary zone around the infarct in the rat  heart  sol i tary  muscle cell  nuclei incor-  
porate thymidine-3H. The appearance of labeled nuclei of myocardial  cells in this zone around the infarct can 
evidently be attributed to the fact that ischemia and t issue breakdown products st imulate their  entry into the 
mitotic cycle.  That is why in the subepicardial  part  of the myocardium, where the muscle ceils remain  capa-  
ble of mitotic division [6] ,  there were relat ively many labeled muscle nuclei whereas  in the remaining part  of 
the ventr icles  their  number was small,  despite the repeated injections of thymidine-3H [ 14]. 

Myocardial  infarction st imulates prol i ferat ion chiefly of connective t issue in all parts  of the heart.  The 
larges t  number of labeled connect ive- t issue cell nuclei in the heart  was found on the second day of the exper i -  
ment, andthis  index remained higher than the control  level throughout the experiment.  
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H I S T O C H E M I C A L  A N D  M O R P H O M E T R I C  C H A N G E S  

IN T H E  A D R E N A L  C O R T E X  D U R I N G  A C U T E  

V A S C U L A R  I N S U F F I C I E N C Y  
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Art i f ic ia l  hypotension for  5 h produced in cats  by intravenous injection of Arfonad is a c c o m p a -  
n i e d b y d e p r e s s i o n o f a d r e n a l f u n c t i o n .  Insuff iciency of the adrenals ,  e spec ia l ly  of their  gluco- 
cor t icoid  function, in es tab l i shed  acute vascu la r  insufficiency can be in te rp re ted  as adaptation 
a imed speci f ica l ly  at mainta ining homeos tas i s .  

KEY WORDS: adrena ls ;  a r t i f ic ia l  hypotension; t issue enzyme profi le .  

The regulat ion of vascu la r  tone is la rge ly  p rede t e rmined  by the function of the adrenal  glands [2, 4]. 
Hence, there  is a need for  studying the morphologica l  and functional s ta te  of the adrenal  co r t ex  in acute va scu l a r  in- 
suff ic iency accompanied by hypoxia during the f i r s t  few hours [1, 6]. 

EXPERIMENTAL METHOD 

Experiments were carried out on male cats weighing 3.5-4 kg. For morphological study the adrenals 
were removed immediately and again 24 h after the end of a 5-h period of artificial hypotension produced by 
injection of a 0.1% solution of Arfonad. For comparison the adrenals of intact and anesthetized animals were 
studied. The dimensions of the ceils in all zones of the cortex were determined by drawing and weighing. 

The material was fixed in 10% neutral formalin and paraffin sections were stained with hematoxylin- 
eosin and with gallocyanin and chrome alum by Einarson's method. The content of lipids and activity of various 
enzymes (glucose-6-phosphate dehydrogenase, G6PD; fl-hydroxybutyrate dehydrogenase, fl-HBD; succinate de- 
hydrogenase, SD; lactate dehydrogenase, LD; NADH and NADPH dehydrogenases, NADH-D and NADPH-D; 
3/3-hydroxysteroid dehydrogenase, 313-HSD) were determined in sections from unfixed tissue. The RNA content 
and activity of the enzymes were estimated cytophotometrically. The numerical results were subjected to sta- 
tistical analysis by the Fisher--Student method. 

EXPERIMENTAL RESULTS 

Unlike in previous investigations of the adrenals of intact cats [7-9], their histochemical profile was 
studied. Predominance of direct oxidation of glucose in the hexose monophosphate shunt was found, as shown 
by the relatively high activity of G6PD, which participates in the initial stages of oxidation by this pathway 
(Fig. la).  

Another no less  important  pathway for  ca rbohydra te  oxidation is anaerobic  glycolysis ,  the impor tance  of 
which in the adrenal  cor tex  of cats  can be a s s e s s e d  by the re la t ive ly  high LD activity (Fig. lc).  The impor tance  
of other pathways of ca rbohydra te  oxidation, e spec ia l ly  the Krebs  cycle,  for  the eat  adrenals  is evidently 
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