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The functional morphology  of the hypo t tmlamic -neu rohypophysea l  s y s t e m  (HNHS) and juxta-  
g lomeru la r  appara tus  (JGA) was studied in 50 ma le  cats .  In acute c i r cu la to ry  fa i lu re  induced 
by gangl ion-blocking drugs  or exsanguination, an i nc r ea se  in s e c r e t o r y  act ivi ty of HNHA and 
JGA was  accompanied  by accumula t ion  of hormone-conta in ing  granules  in them. This fac tor  is  
r e g a r d e d  as a speci f ic  fea ture  dist inguishing hypotensive s t r e s s ,  namely  incomple te  ut i l izat ion 
of the adaptive powers  of the HNHS and JGA under conditions of an acute d e p r e s s o r  hormone  
deficiency.  
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c i r cu la to ry  fa i lure .  

Hormona l  regula t ion  of the a r t e r i a l  blood p r e s s u r e  is achieved through a s e r i e s  of s y s t e m s  the m o s t  
impor tan t  of which a r e  the h y p o t h a l a m i c - n e u r o h y p o p h y s e a l  s y s t e m  (HNHS), the adrena l s ,  and the jux tag iomeru-  
lar  appara tus  (JGA) of the kidneys. Morphological  invest igat ions have been devoted as  a ru le  to the study of 
only ce r ta in  components  of the neuroendocr ine  s y s t e m  [1, 2, 6, 7, 10, 12-16]. I t  was  accordingly  decided to 
under take  a combined study of neuroendocr ine  regula t ion  of the a r t e r i a l  p r e s s u r e .  

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

The HNHS and JGA, which p o s s e s s  the m o s t  powerful  p r e s s e r  f a c t o r s  with sy s t emic  and prolonged action, 
w e r e  inves t iga ted  in 50 ma le  cats.* Acute s y s t e m i c  c i r cu l a to ry  fa i lu re  was produced in anes the t ized  an imals  
by  in t ravenous  drip injection of a ganglion-blocking drug (0.1% solution of Arfonad ~) or  by pa r t i a l  exsanguina-  
tion f r o m  the f e m o r a l  a r t e ry .  The a r t e r i a l  p r e s s u r e  was lowered to 50% of i ts  ini t ial  value and kept at  that  
level for  5 h. In tac t  and anes the t ized  ca ts  (hexobarbi tal  0.1 g /kg  in a 10% solution, in t raper i toneal ly)  we re  
used as  the control .  The an imals  we re  ki l led immedia te ly  or 24 h af ter  the end of the exper iment .  

The bra in  and pi tu i tary  gland were  f ixed in Bouin 's  fluid. Ser ia l  paraf f in  sec t ions  were  s ta ined by the 
G o m o r i - G a b e  method and counters ta ined  with Heidenhain ' s  azan. The r e l a t ive  pe rcen tages  of the different  
functional types  of n e u r o s e c r e t o r y  ce l l s  w e r e  counted in the supraopt ic  (SON) and pa r aven t r i cu l a r  (PVN) nuclei 
and the total  content of neu rosec re t ion  (NS) was e s t ima ted  in the neurons  and the i r  p r o c e s s e s  and in the pos -  
t e r i o r  lobes of the p i tu i tary  [3]. The kidneys were  f ixed in Z e n k e r - f o r m o l  (by Ha l e ' s  method),  paraf f in  s e c -  
t ions we re  s ta ined with Bowie ' s  s ta in  and counters ta ined  with light green,  and the jux tag lomeru la r  index (JGI) 
was calculated.  The nuclei of SON and PVN neurons  and of the s e c r e t o r y  cel ls  of JGA (JG-ee l l s )  w e r e  m e a -  
su red  and the i r  vo lume calculated.  All quant i ta t ive r e s u l t s  we re  subjected to s t a t i s t i ca l  ana lys is .  

*A pa ra l l e l  study of the adrena ls  in these  s a m e  expe r imen t s  was under taken by N. M. Kochubei [4, 9]. 
t Tr imethaphan  camsyla te .  
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Fig. 1. JGA of a cat: a) JGA of control  cat (hexobarbital anesthesia),  degree of 
granulation +2 (after Hartroft);  b, c, d) JGA of animals during hypotension, degree 
of granulation + 4 (after Hartroft).  Stained by Bowie's  method and counterstained 
with light green, a, b, c) 600 x, d) 1500 x. 

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

The HNHS of male  cats has a s t ruc ture  basically s imi lar  to that of other mammals  and man. The only 
charac te r i s t i c  differences were  a looser a r rangement  of the neurons of SON and PVN and a deep infundibular 
r e c e s s ,  penetrat ing into the neurohoyphysis .  These features  have been observed by other workers  also [5]. 
Gomori-posi t ive  nuclei of the anter ior  hypothaiamus consis ted mainly of active neurons (type I) with a var ied  
content of neurosecretion, whereas the PVN was distinguished by a higher content of neurosecretion. Neurons 
with low synthetic activity (type II) were practically absent. There was a fairly high percentage of ~degenera- 
tive" forms.  

Analysis  of the cell  formulas  showed that the HNHS undoubtedly r eac t s  to adminis t ra t ion of hexobarbital,  
ganglion-blockers ,  and exsanguination. Under hexobarbitaI anesthesia  there  was a shift of the ceil formulas  
of SON and PVN in the direct ion of neurons with a low NS content. Under conditions of hypotension and blood 
loss, on the other hand, the number of fo rms  with a high NS content was increased,  evidence of a slower ra te  
of its liberation. The number of neurons reached in NS was reduced 24 h after  the end of ar t i f ic ial  hypoten- 
sion, and the cell formulas  shifted toward "pale" ceils. 
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The c h a r a c t e r  of the cel l  f o rm u l a s  co r responded  to the total  content of NS in the va r ious  pa r t s  of HNHS. 
Under hexobarb i ta l  anes thes ia  the NS content in the cy top lasm of the neurons,  the i r  p r o c e s s e s ,  and the neu ro -  
hypophysis  dec reased ,  during hypotension (and exsanguination) it  inc reased ,  and 24 h af ter  the end of hypo-  
tension i t  r e tu rned  to i ts  ini t ial  level.  

Stat is t ical  ana lys i s  showed that  the cel l  f o rmu la  i t se l f  i s  not a sufficiently sens i t ive  index of the change 
in n e u r o s e c r e t o r y  activity.  The typos of n e u r o s e c r e t o r y  cei ls  s tudied c h a r a c t e r i z e d  not so much d i f fe rences  
in thei r  s e c r e t o r y  act ivi ty as  d i f fe rences  in the r a t e  of NS l iberat ion [3]. An a t t empt  was accordingly made to 
a s s e s s  the morpholog ica l  and functional s ta te  of SON and PVN neurons  by the use  of k a r y o m e t r y .  The r e su l t s  
of k a r y o m e t r y  provide  re l i ab le  evidence of an i nc r ea se  in the volume of the nuclei of neurons  under conditions 
of hypotension (and blood loss) that  could be in t e rp re t ed  as the r e s u l t  of an i nc r ea se  in the i r  functional activity.  

Hexobarbi ta l  thus had a r e l a t ive ly  weak effect  on the ttNHS, consis t ing s imply  of emptying of the NS 
which had accumula ted  previous ly .  The i nc r ea se  in functional act iv i ty  of the neurons  during a r t i f ic ia l  hypoten-  
sion was accompanied  by m a r k e d a c c u m u l a t i o n  of NS in the cy top lasm of the cel ls ,  the i r  p r o c e s s e s ,  and the 
the neurohypophysis .  The s e c r e t o r y  act ivi ty  of the neurons fel l  24 h af ter  the end of hypotension and the r a t e s  
of NS l ibera t ion increased .  

The JGA of in tact  and anes the t ized  ca ts  was c h a r a c t e r i z e d  by a low content of g r anu la r  J G - c e l l s ,  as  other  
w o r k e r s  a l so  have obse rved  [8]. Granular  JGA were  dis t r ibuted mainly  near  the hi lum of the glomerul i  in the 
subcapsu la r  zone. After  hypotension (or blood loss) for  5 h the number  of granular  JG-ce l l s  i nc rea sed  and 
they were  found both in the subcapsular  zone and in the depth of the cortex;  they  were  d i scovered  not only in 
the jux tag lomeru la r  s egmen t s  of the a f fe ren t  a r t e r io l e ,  but a lso  f requent ly  over  i ts  whole extent and even in 
the wall  of the in te r lobular  a r t e ry .  Bes ides  the i n c r e a s e  in the number  of granular  cel ls  during hyper tens ion,  
the degree  of thei r  g ranu la r i ty  a lso  i nc rea sed  (Fig. 1). 

Analys is  of the JGI - a quant i ta t ive indicator  of the degree  of granulat ion of the JGA - showed that  under 
hexobarb i ta l  anes thes ia  it showed a tendency to decline, during hypotension the re  was a s ignif icant  i n c r e a s e  
in JGI, and 24 h a f te r  the end of hypotension JGI was again reduced.  

Since the re  is  rm genera l  a g r e e m e n t  a t  the p r e sen t  t ime  about the re l iab i l i ty  of JGI as  an indicator  of 
functional  act iv i ty  of  the JGA [7, 15], k a r y o m e t r y  was used  as  an addi t ional  morphofunct ional  c r i te r ion .  The 
r e s u l t s  of k a r y o m e t x y  showed a s ignif icant  i n c r e a s e  in the volume of the nuclei of the JG-ce l l s  under the in-  
f luence of the gangl ion-blocker  and of blood loss  which was in t e rp re t ed  as a ref lec t ion  of the i r  i nc reased  func-  
t ional  act ivi ty.  

Hexobarbi ta l  thus had p rac t i ca l ly  no effect  on the functional act ivi ty  of JGA. The i nc rea sed  synthetic 
act ivi ty of the J G - c e l l s  during hypotension (and blood loss) was accompanied  by a m a r k e d  i nc r ea se  in the num-  
ber of ren in-conta in ing  granules  in thei r  cytoplasm.  The s e c r e t o r y  act ivi ty  of the JG-ce l i s  was reduced  24 h 
af ter  the end of a r t i f i c ia l  hypotension and the r a t e  of l iberat ion of the granules  was increased .  

A compara t i ve  morphologica l  study of HNHS and JGA showed that  during prolonged and deep hypotension 
they responded  by a cons iderab le  i nc r ea s e  in thei r  s e c r e t o r y  act ivi ty,  which was conf i rmed  by the accumula -  
tion of ho rmone -con ta in ingg ranu le s  in the cy top lasm of the cel ls .  Meanwhile a dis t inct ive "blockade" of l i be ra -  
tion of hormone-con ta in ing  Gomor i -pos i t i ve  and Bowie-posi t ive  granules  was obse rved  and was evidently 
linked with the s e v e r e  d is turbance  of the mic roc i r cu l a t i on  taking place under these  expe r imen ta l  conditions. 
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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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