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

D U R I N G  A D A P T A T I O N  TO M O U N T A I N  H Y P O X I A  

V. A.  K o n o n o v a  UDC 612.172.6-06 : 612.275.1 

Changes in weight indices for  different  pa r t s  of the hear t ,  the a r e a  of c r o s s  sec t ions  of the 
myocy te s ,  and vascu la r i za t ion  of the m y o c a r d i u m  during adaptat ion to hypoxia we re  s tudiedtn  
expe r imen t s  on r a t s  exposed to high-al t i tude hypoxia (3200 m above sea  level). The morpho-  
logical  mani fes ta t ion  of compensa to ry  and adaptive reac t ions  of the r a t  hea r t  to hypoxia is an 
i n c r e a s e  in i t s  weight, chiefly on account  of hyper t rophy  of the m y o c a r d i u m  of the r igh t  ventr ic le .  
Inc reas ing  hyper t rophy  of the m y o c a r d i u m  is  accompanied  by the cor responding  i nc r ea se  in i ts  
vascular iza t ion .  

KEY WORDS: myocard ium;  hypoxia; morphomet ry .  

The effect  of mountain conditions on man  and an ima l s  is  a subjec t  that  increas ing ly  a t t r ac t s  the at tention 
of r e s e a r c h  worke r s .  Even a shor t  s tay under conditions of high-al t i tude hypoxia in the mountains evokes a 
r e s p o n s e  p r i m a r i l y  of the ca rd iovascu la r  s y s t e m  [2, 4, 10, 12]. However ,  al l  the extensive evidence so fa r  
avai lable  is  concerned  main ly  with functional mani fes ta t ions  of adaptat ion of the ca rd iovascu la r  s y s t e m  to hy-  
poxia [1, 13, 14]. There  a r e  few data on the s t ruc tu ra l  manifes ta t ions  of adaptat ion of the sys tem.  Among the 
mos t  impor tan t  morphologica l  c r i t e r i a  of adaptation to hypoxia a r e  hyper t rophy  of the m y o c a r d i u m  of the r igh t  
ven t r ic le  and an i n c r e a s e  in the blood supply to the t i ssues .  However ,  in format ion  on the dynamics  of develop-  
ment  of hyper t rophy  and vascu la r i za t ion  of the hyper t rophied  m y o c a r d i u m  is  f requent ly  con t r ad i c to ry  [8, 11]. 

The object  of this invest igat ion was to study the dynamics  of weight  indices  of the hear t ,  the a r e a  of c r o s s  
sect ion of the myocy tes ,  and vascu la r i za t ion  of the m y o c a r d i u m  during adaptat ion of an ima l s  to mountain hy-  
poxia. 

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

Noninbred ma le  r a t s  weighing 200-250 g were  used. The control  cons is ted  of 16 an imals  ki l led in the 
city of Frunze  (760 m above sea  level). The expe r imen ta l  r a t s  (75 animals)  w e r e  taken up to Tyuya-Ashu Pass ,  
at an alt i tude of 3200 m above sea  level  in the mountains of Kirghizia .  The durat ion of the exper iment  was 
counted as  the number  of days of exposure  of the r a t s  to mountain hypoxia. Tes t s  w e r e  c a r r i e d  out on the 1st, 
3rd, 7th, 15th, 30th, and 45th days.  To de te rmine  the weight indices of the hear t ,  the hea r t  was  weighed by 
Mii l ler ' s  method in I I ' i n ' s  modif icat ion [5] s epa ra t e ly  in s ix r a t s  at  each of the above-ment ioned  t imes  of the 
experiment::  The absolute  weight of the hear t ,  the weight of the r ight  and left ven t r i c l e s  and septum,  and the 
ca rd iac  and ven t r i cu la r  indices we re  de termined.  The numer i ca l  r e s u l t s  we re  e x p r e s s e d  per  100 g body weight. 
The a r e a  of c r o s s  s ec t ion  of 100 m us c l e  f i be r s  f r o m  the r igh t  and left ven t r i c l e s  of each r a t  was  de te rmined  
in the s a m e  an imals  in h is to logical  sect ions  cut a f ter  embedding in paraff in  wax by the method of d i rec t  m i c r o -  
p lan imet ry .  The a r e a  of the a r t e r i a l  m i c r o c i r c u l a t o r y  s y s t e m  was m e a s u r e d  in f rozen  sec t ions  cut f r o m  r a t  
hea r t s  pe r fused  with an aqueous solution of ink (six r a t s  at  each t ime  of the exper iment) .  The a r e a  of the m y o -  
ca rd ia l  v e s s e l s  in the r igh t  and left  ven t r i c l e s  was calcula ted in 10 f ie lds  of v is ion as  a pe rcen tage  of the total  
a r e a  of the myoca rd ium.  The method of d i rec t  mic rop lan ime t ry ,  with the aid of a m i c r o p r o j e c t o r ,  was used 
for  this invest igat ion.  The numer i ca l  data we re  subjected to s ta t i s t i ca l  analys is .  The coefficient  of c o r r e l a -  
tion was ca lcula ted  by the method of squares .  
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TABLE i. 
Mountain Hypoxia 

Day of 
experiment 

Weight Indices of Rat Heart at Different Times of Exposure to 

Weight, mg/lO0 g body weight, of 

right ventricle left ventricle heart septum 

Control 350,8_+21,5 76,0_+7,67 ] 136,8_+6,28 113,0___10,22 
I 

77,3_+7,5 
84,2_+3.7 
98,6_+3,1 

112,0_+2,8 
125,3_+8,2 
128,0• 

359,0_+4,6 
363,0-+14,6 
451,0-+4,8 
399,0-+6,4 
429,0_+24,1 
417,0_+I0,7 

142,0___8,3 
158,0_+13,2 
148,0_+5,2 
143,3_+2,6 
172,0_+9,3 
160,2_+5,5 

1st 
3rd 
71tl 

15th 
30th 
45111 

103,0_+8,6 
93,3-+5,3 

119,0_+4,8 
100,0• 
95,2-+7,8 

100,5_+9,1 

Index 
ventricu- 

cardiac lar 

0,0035 0,46 

0,0035 0,62 
0,0036 0,54 
0,0044 0,67 
0,0040 0,78 
0,0043 0,70 
0,0044 0,72 

TABLE 2. Indices of Area  of Vascular izat ion of Rat Myocardium 
at Various Times of Exposure to Mountain ttypoxia 

Day of experiment 
Right ventricle 

area of blood 
vessels, % 

area of myo- 
cardium, % 

Left ventricle 
area of blood 
vessels, % 

area of myo- 
! cardium, % 

Control 21,0~1,58 79,0_+1,58 21,5_+1,7 78,5_+1,7 

76,8_+1,53 
64,7_+1,84 
63,0_+1,03 
57,4__1,41 
54,6_+0,96 
53,2_+1,44 

22,9+ 1,35 
33,4_+1,05 
35,6-+2,3 
30,7-+ 1,08 
43,6+_2,04 
43,2_+1,96 

ist 
3rd 
7th 

15111 
30th 
45th 

23,2_+1,53 
35,3_+1,84 
37,0_+ 1,03 
42,6_+1,41 
45,4_+0,96 
46,8_+ 1,44 

77,1_+1,35 
66,6_+1,05 
64,4_+2,3 
69,3_+1,08 
56,4_+2,04 
56,8_+1,96 

EXPERIMENTAL RESULTS 

The results of separate weighing of the rats' hearts are given in Table i. They show that after the first 
days of the animals' exposure to mountain conditions there was an increase in the absolute weight of the heart. 
The absolute weight of the hearts was significantly increased until the 7th day. Later it fell somewhat, and 
starting with the 30th day of the experiment and continuing until its end it became stabilized at a new level, 
higher than that in the control. The resuRs of separate weighing show that changes in the weight of the heart 
were  due to hyper t rophy of the myocard ium of the left and, in par t icular ,  of the r ight  ventr ic les :  An increase  
in the absolute weight of the r ight  ventr ic le  was observed constantly at all t imes of the experiment.  For all 
values P < 0.001. Corre la t ion between the weights of the hear t  and the myocard ium of the r ight  ventr ic le  was 
strongly positive (r = 0.76). The absolute weight of the myocard ium of the left ventr ic le  showed cycl ic  changes. 
It inc reased  during the f i r s t  three days of the experiment  and again af ter  the 30th and 45th days. The absolute 
weight of the septum of the r a t  hear t  at  different t imes of the experiment  varied, somet imes  being higher, 
somet imes  lower than the c o n t r o l  However, differences between these indices were  not s tat is t ical ly signifi-  
cant. 

The cardiac  and ventr ieular  indices were  higher at all t imes of the exper imens in the control,  and 
their actual values fluctuated. The differences between most  values of the cardiac  and ventr icular  indices and 
the control  was s ta t is t ical ly  significant. Corre la t ion  between the ventr icular  and cardiac  indices was strongly 
positive (r = 0.58). This is evidence of hyper t rophy predominantly of the r ight  ventr ic le  as the factor  causing 
the inc rease  in weight of the heart .  

.The a rea  of c ro s s  sect ion of myocytes  of the right ventr ic le  increased with an increase  in the dura -  
tion of exposure of the animals to moantaincondit ions.  For instance,  whereas  the mean area  of c ross  section 
of a myocyte  in the control  r a t s  was 121pm 2, on the 3rd day of the exper iment  it incroased  to 123.6 pm 2, by the 
15th day to 139.8 pm 2, and by the 45th day, to a maximum of 142.2 pm 2. The d i f ferencebetweenthese  values and 
the control  is s ta t is t ical ly  significant (P< 0.001). 

The a rea  of c ross  section of the muscle  f ibers  of the left ventr ic le  increased  during the f i r s t  th ree  days of 
the experiment  and again on the 30th and 45th days (129.3 and 123.5/~m 2 respect ively) .  
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The a r e a  of c ro s s  sect ion of the myocy tes  showed s t rong posi t ive  co r re la t ion  with the weight of the m y o -  
ca rd ium and, in pa r t i cu la r ,  the weight of the r igh t  vent r ic le ,  concerning the p r e sence  of t rue  working h y p e r -  
t rophy of the m y o c a r d i u m  of the r ight  ventr ic le .  

The dynamics  of changes in  the a r e a  of the a r t e r i a l  component  of the m i c r o c i r c u l a t o r y  s y s t e m  in the r a t  
m y o c a r d i u m  is  shown in Table  2. Clear ly  at  al l  t imes  of the expe r imen t  the a r e a  of the blood v e s s e l s  was  
g r ea t e r  than in the control .  In the r igh t  ven t r i c le  the a r e a  of the v e s s e l s  accounted on ave rage  for  21• 1.58% 
of the total  a r e a  of the myoca rd ium in the control ,  on the 3rd  day of exposure  of the an imals  to mountain con-  
ditions the ra t io  was i nc rea sed  to 35.3%, and at  subsequent  t imes  of the exper imen t  an i n c r e a s e  in a r e a  of the 
ve s se l s  was obse rved  until the 45th day, when they accounted for 46.8% of the total  a r e a  (P < 0.001). Strong 
posi t ive co r r e l a t i on  was found between the weight indices of the m y o c a r d i u m  of the r ight  ven t r i c le  and the 
a r e a  of i ts  blood v e s s e l s  (r =0.87). 

The a r e a  of the a r t e r i a l  component  of the m i c r o c i r c u l a t o r y  s y s t e m  in the m y o c a r d i u m  of the left  ven t r ic le  
showed cycl ic  changes in the cour se  of the exper iment ,  e i ther  r i s i ng  or falling. However ,  no c lea r  c o r r e l a -  
tion was found between the a r e a  of the blood v e s s e l s  of the [eft ven t r ic le  and i ts  weight (r = 0.36). 

As the exper imen ta l  r e s u l t s  showed, a f te r  the f i r s t  few days of the an ima l s '  exposure  to mountain condi-  
tions, compensa to ry  and adaptive m e c h a n i s m s  of adaptation of the c i r cu la to ry  s y s t e m  began to ope ra t e .  A 
s t ruc tu ra l  mani fes ta t ion  of the adaptive r eac t ions  was  the i nc r ea se  in weight of the hea r t  because  of h y p e r -  
t rophy of the left and, in pa r t i cu la r ,  of the r ight  vent r ic le .  Hyper t rophy  of the m y o c a r d i u m  of the r ight  ven t r ic le  
was due to pulmonary  hyper tens ion,  which is obse rved  in hypoxia [6, 9]. Pa ra l l e l  with the inc reas ing  hype r -  
t rophy of the m y o c a r d i u m  of the r ight  vent r ic le ,  i ts  vascu la r i za l ion  a lso  increased .  This was shown by the in-  
c r e a s e  in a r e a  of the a r t e r i a l  components  of the m i c r o c i r c u l a t o r y  sys t em.  In accordance  with the views of 
Anestiadi and Russu  [3] and of Meerson  [8], these  changes a r e  evidence of s t ruc tu ra l  mani fes ta t ions  of adap-  
l ive r eac t i ons  of the myocard ium.  

A s imi l a r  pa t te rn  a lso  was obse rved  in the myoca rd ium of the left ventr ic le .  However,  co r re la t ion  
analys is  of the weight indices,  a r e a  of c ro s s  sect ion of the myocytes ,  and vascu la r i za t ion  of the m y o c a r d i u m  
of the left  ven t r i c l e  indicates  that  s t ruc t t t ra l  manifes ta t ion  of adaptive r eac t ions  follow a cycl ic  course  in it: 
The cor responding  p a r a m e t e r s  a r e  s o m e t i m e s  i nc rea sed  ( l s t -7 th  day of the exper iment) ,  s o m e t i m e s  reduced  
(Tth-15th day). Star t ing with the 30th-45th day of the exper iment ,  indices such as  the absolute  weight of the 
left vent r ic le ,  the a r e a  of c r o s s  sec t ion  of i ts  myocy tes ,  and the a r e a  of i ts  blood v e s s e l s  became  s tabi l ized 
at  a higher level  than the control .  These  data indicate  that  the s t ruc tu r a l  mani fes ta t ions  of adaptive r eac t ions  
of the m y o c a r d i u m  to 1Wpoxia a r e  c h a r a c t e r i z e d  by a s e r i e s  of succes s ive  changes,  as Mi r rakh imov  and 
Yusupova [6] have  shown. 

Poss ib ly  as a r e s u l t  of a spec ia l  kind of changes in the hemodynamics  of the pu lmonary  c i rcula t ion and 
a lveolar  hypoxemia  other r e g u l a r  m e c h a n i s m s  of compensat ion,  which de te rmine  d i f fe rences  between the adap-  
t ive r eac t ions  of s t ruc tu ra l  components  of the m y o c a r d i u m  of the left and r ight  ven t r i c l e s  to mountain hypoxia, 
a r e  brought to light [7, 14]. 
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