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Studies of the functional [2, 3, 8] and s t ruc tu ra l  [ 1, 4-7, 10] bases  of l o n g - t e r m  adaptation to h igh-a l t i -  
tude and other  e x t r e m a l  conditions have recen t ly  been published. Typical  r e p r e s e n t a t i v e s  of pe rmanen t  moun-  
t a in -dwel l e r s  a r e  the argal i ,  which l ive in he rds  on exposed spaces  of mountain p la teaus  at al t i tudes of 3800- 
5000 m above sea  level .  The specif ic  fea tures  of the i r  ecologic envi ronment  make spec ia l  demands  on the 
argal i .  They have a s t rong  constitution, they have g r ea t  powers  of endurance,  and if n e c e s s a r y  they can cove r  
g r e a t  d is tances  over  rocky  mountains at  high speed. No apprec iab le  functional d i s turbances  of the c a r d i o v a s -  
cu la r  and r e s p i r a t o r y  s y s t e m s  a r i s e  in the argal i .  Yet no invest igat ions have yet  been  under taken to study the 
pa r t i cu l a r  fea tu res  of the u l t r a s t r u c t u r e  of the ca rd iomyocy tes  in the argal i .  It was accordingly decided to 
study the myoea rd ium of these an imals  by the use of l ight-opt ical  and e l e c t r o n - m i c r o s c o p i c  methods of inves -  
tigation. 

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

Pieces  of m y o c a r d i u m  f r o m  the lef t  and r ight  ven t r ic les  of a rga l i  were  taken 20-30 rain a f t e r  s laughter  
of the animals .  The length of the hea r t s  va r i ed  f rom 11 to 12 cm, the t r a n s v e r s e  d i ame te r  f r o m  9 to 12 cm,  
and the a n t e r o p o s t e r i o r  d i a m e t e r  6-8 cm. The thickness  of the wall  of the left  ven t r ic le  was 1.8-2.2 cm,  of 
the r ight  ven t r ic le  0.5-1 cm,  and of the ven t r i cu la r  sep tum 1.4-1.8 cm,  which co r r e sponds  to mode ra t e  and 
un i form hyper t rophy  of the myocard ium.  

P ieces  of m y o c a r d i u m  for  light m i c r o s c o p y  were  fixed in 10% neut ra l  fo rmal in  solution and embedded 
in paraf f in  wax. Sections were  s ta ined with hematoxyl in  and eosin. Mater ia l  for  e lec t ron  m i c r o s c o p y  was 
fixed in 1% osmium  te t roxide solution in ve rona l - ace t a t e  buffer ,  pH 7.4, for  2 h. The f r agments  were  dehy-  
dra ted  in alcohols of inc reas ing  concentrat ion.  Af te r  appropr ia t e  r insing and p roces s ing  they were  embedded 
in a mix tu re  of Epon-812 and Araldi te .  Ul t ra thin sect ions were  s ta ined with lead c i t r a te  by Reynolds v method 
and examined in the JEM-100B e lec t ron  mic roscope .  Semithin sec t ions  1 ~ thick a lso  were  cut f r o m  the 
blocks  embedded for  e l e c t r o n - m i c r o s c o p y  and these  were  s ta ined with toluidine blue. 

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

Macroscopica l ly ,  the hea r t  had the concical  shape usual  for  m a m m a l s .  The a lmos t  comple te  absence  of 
adipose t i s sue  beneath the ep ica rd inm was noted. A ve ry  sma l l  quantity of adipose t i s sue  was confined to the 
c o r o n a r y  sulcus.  The cou r s e  of the b ranches  co r re sponded  to the left  co rona ry  type of blood supply to hhe 
hear t .  The main  b ranches  were  s t r a igh t  in hheir course .  On sect ion their  in t ima was smooth.  The t i ssue  of 
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Fig. 1. Photomicrographs  of the argali  myocardium. A) Semithin longitudinal section 
through myoeardium of left ventricle.  Cross - s t r i a t ion  of myofibri ls  formed by thickened 
Z-lines is c lear ly  defined. Intercalated disks, shown as optically dense lines, run pe r -  
pendicularly to long axis of myofibri ls  (arrow).  900 x; B) myocard ium of left ventriele~ 
In the in tercel lu lar  space around a single myocyte five or  six capi l lar ies  can be seen. 
2700 x; C) myocard ium of r ight ventricle.  Z-lines of myofibri ls  g ros s ly  thickened (up 
to 0.32 ~). Single mitoehondria extend over a length of seven s a r c o m e r e s  or  more.  
12, 500 x. 

the hear t  muscle was pale brown in color.  In t r ansver se  histological sections the cardiomyocytes  were poly- 
gonal in shape, with a central  nucleus and small  dark r ims  at the poles and near  the membrane.  The s t roma  
was thin everywhere  and delicate. Beneath the intima of the co ronary  a r te r ies  longitudinally oriented smooth-  
muscle  cells could be seen as well as c i rcu la r  muscle cells in t r ansver se  sections. Here and there they were 
ar ranged as single bundles, or  they joined together to become sickle-shaped,  when they occupied a segment  of 
the a r te r ies .  Between the muscle layers  and muscle bundles there was a thin ret iculum consist ing of delicate 
f ibers.  Each eardiomyocyte  made contact  with three o r  four capil lar ies  or  more,  evidence of the good blood 
supply to the organ. Collagen and elast ic fibers could be identified in the s t roma,  with sol i tary  lymphocytes,  
f ibroblasts ,  and mas t  cells among them. In longitudinal ordinary  and semithin sections the myofibri ls  were  
paral lel  to one another and formed small  bundles. The c ro s s - s t r i a t i on  of the myofibri ls ,  formed by the thick- 
ened Z-lines,  was well defined. The intercalated disks were seen as dark zigzag lines running perpendicular ly  
to the length of the myofibri ls  (Fig. 1, a r row) .  

On e l ec t ron -mic roscop ic  investigation, five or six capi l lar ies  were observed around one myocyte (Fig. 
1B). The Z-l ines of the myofibri ls  are  great ly  thickened, on average to0 .32  ~ (for comparison,  the thickness 
of the Z-lines in the dog's  myoeardium is about0.12# [9]). The mitoehoncfrfa were  of various shapes and 
sizes.  Some of them in both ventr ic les  s t re tched over  a distance of seven s a r c o m e r e s  or  more  (Fig. 1C). 
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Fig. 2. Intercalated disks and capillary of argali myocardium. A) Myocardium of left venWi- 
cle. Intercalated disks arise from membrane of T-system. Nexuses (nx) and desmosomes 
(ds) well marked. 27,000 • B) Myocardium of right ventricle. Multiple intercalated disks 
arise from sarcolemmal membrane. 20,000 • C) Myoeardium of right ventricle. Capillary 
wall seen on longitudinal section is very thin. Cytoplasm has irregular electron density. 
6,000 x. 

Their cristae were densely packed, mainly parallel in their arrangment, and perpendicular to the long axis of 
the mitochrondria. During the analysis, no appreciable hypertrophy of the right ventricle and no hypertropy or 
hyperplasia of individual organelles could be observed in the experimental animals as a result of adaptation 
to hypoxia and physical exertion under high mountain conditions. Meanwhile, the number of capillaries around 
the cardiomyocytes was increased. This rule evidently determines the improvement in the blood supply of the 
organ and in oxygen transport to it~ thus preventing the development of hypoxia under conditions of continuous 
exertion at high altitudes in the mountains. In longitudinal sections intercalated disks were found in the re- 
gion of the Z-lines in the form of zigzag electron-dense lines with clearly defined structural components 
(Fig. 2A). In transverse sections, multiple intercalated disks could be seen arising from the sareolemmal 
membrane or T-system (Fig. 2B). The nexuses were seen as darker lines about 200 A thick, formed by fusion 
of two plasma membranes of the sarcolemma; the space between the membranes could not be detected visually. 
The multiple intercalated disks evidently increase the cohesive force of the cardiomyoeytes and the extent of 
zones of low electrical resistance, thus facilitating the transmission of excitation from cell to cell. The nu- 
cleus of the cardiomyocytes was rectangular in shape, with chromatin of high electron density unevenly dis- 
tributed in the karyoplasm. The chromatin was distributed mainly at the periphery, beneath the nuclear mem- 
brane. Absence of lipid and glycogen granules in the cytoplasm of the cardiomyocytes was noted. 

The T-systems of the sarcoplasmie reticulum penetrated deep into the cell as a continuation of the 
sareolemma in longitudinal sections. In transverse sections the blood capillaries were lines with one or two, 
less frequently three, thin endothelial cells of varied electron density. In longitudinal sections the endothelial 
cells of the blood capillaries also were thin and had uneven electron density (Fig. 2C). Many microvilli facing 
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the lumen of the capi l lary,  and micropinocytot ic  ves ic les  of var ied d iameter ,  could be seen in them. This 
s tate  of the endothelial  cel ls  of the capi l la r ies  evidently improves  the blood supply to the organ and intensifies 
the t ranspor t  of mate r ia l s  and oxygen through the vesse l  wall. 

These investigations into the s t ruc tu re  of the argal i  hear t  thus showed the p re sence  of an increased  
number  of capi l lar ies  around the cardiomyocytes ,  absence of marked  hyper t rophy of the myocard ia l  cel ls  and 
the i r  organel les ,  and thickenfl~g of the Z-l ines of the myofibr i ls ;  these a re  the distinguishing fea tures  of the 
s t ruc tu re  of the myocard ium in argal i ,  animals with grea t  adaptive r e s e r v e s  which can stand high-alt i tude 
hypoxia. 
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A study of the in ternal  medium of the thymus, in the microenvi ronment  of which the thymocytes d i f fer -  
entiate,  is of considerable  in teres t .  In embryogenes is  the thymus is laid down as an epithelial  organ, bu t la te r ,  
in the course  oforganogenes is ,  mesenchymal  cells  penet ra te  into the parenchyma to fo rm the s t roma of the 
thymus: in ter lobular  septa, vesse l s ,  and capsule [ 1, 5, 11]. These s t ruc tu res  a re  formed of re t i cu la r  and 
loose and dense connective t issue.  The epithelial  cells  of the thymus, border ing  on connect ive- t i ssue  s t ruc -  
tures ,  a re  disposed On the basement  membrane  [9, 10]. As a resu l t  of l ight-optical  and e lec t ron  microscopic  
studies,  besides  cel ls  of the epithelial  re t iculum, cei ls  of connect ive- t i ssue  nature  forming re t i cu la r  t issue 
have been descr ibed  in the in ternal  medium of the lobule. As well as re t i cu la r  cells ,  it contains maerophages 
and lymphoblasts.  The macrophages  of the thymus have been shown to have the power of phagocytosis [ 1, 2, 
61. 

Studies of the connect ive- t i ssue  f ramework  of the thymus have shown that there  are  ex t remely  few 
argyrophi l ic  f ibers  in both its cor tex and its medulla. They mainly fo rm the basis  for  the walls of blood ves-  
se ls ,  they vir tual ly do not extend into the medul lary  zone, and they do not r each  the Hassa l l ' s  corpus lces  
[1, 51. 
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