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EFFECT OF PERIOD 

OF EXPERIMENTAL 

IN THE MOUNTAINS 

A. Kadyr alley 

OF ADAPTATION ON THE COURSE 

HEART FAILURE AT HIGH ALTITUDES 

UDC 616.12-008.46-092.9 : 613.12(23.03) 

Data on the state of compensatory hyperfunction of the circulation and respirati~ in animals 
with varied degrees of mitral incompetence are given in relation to the periods of adaptation 
te high-altitude hypoxia in the mountains. In unadapted animals with mitral incompetence more 
severe disturbances of the hemodynamics and gas exchange were found, accompanied by con- 
gestion in the pulmonary and systemic circulatory systems. During the first day after forma- 
tion of the lesion 52.9% of the animals died. In animals adapted to high-altitude hypoxia the 
disturbances of the circulation and respiration were milder and only 28.6% of the animals died. 

KEY WORDS: adaptation; mitral incompetence; compensatory hyperfunction. 

Despi te  many clinical and exper imenta l  studies of  c i r cu la to ry  fa i lure ,  few such invest igat ions have been 
undertaken under high mountain conditions. Most of these  observa t ions  have been made in cases  of combined, 
decompensa ted  card iac  defects  [5, 7, 9, 11]. Under the c l imat ic  conditions of the Tyan ' -Shan '  Mountains va l -  
vular  d i sease  of the hear t  accounts for a high propor t ion  of d i seases  of the ca rd iovascu la r  s y s t e m  [1, 6]. Ac-  
cording to the s ta t i s t i cs  [2], about 70% of all  valvular  les ions of the hear t  affect  the  m i t r a l  valve.  

Hence the urgency of the study of the functions of the ca rd iovascu la r  and r e s p i r a t o r y  s y s t e m s  in an ima l s  
with mi t r a l  incompetence under ex t r em a l  mountain conditions. 

The  object of this investigation was to study the degree  of compensa tory  hyperfunct ion of the hear t  de-  
veloping af ter  meas u red  r e sec t ion  of the m i t r a l  valve in an imals  depending on the pe r iods  of s tay in the moun-  
tains and to de te rmine  any specia l  f ea tu res  of the course  of hea r t  fa i lure  under the conditions of high-alt i tude 
hypoxia. 

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

Exper imen t s  were  c a r r i e d  out on mongre l  dogs of  both sexes  weighing 17-30 kg. In the exper imen t s  of 
s e r i e s  I (17 dogs) mi t r a l  incompetence was produced by surg ica l  operat ion on the 2nd-4th day af ter  the ascent  
f r o m  the city of Frunze  (760 m above sea level) to the Tuya-Ashu  P a s s  (3200 m above sea level).  In s e r i e s  II  
(14 dogs) mi t r a l  incompetence was produced af ter  p r e l i m i n a r y  adaptation for 60 days to an alt i tude of 3200 m 
above sea level .  Measured  mi t r a l  incompetence (10-15% of the to ta l  a rea)  was produced by the method sug- 
ges ted  by Chechulin and Bobkov [10]. Function t e s t s  were  c a r r i e d  out on the an imals  before  and for 30-60 days 
af ter  the operat ion,  The  gas exchange was de te rmined  by the open method, hemodynamic  indices by the dye 
method in the w r i t e r ' s  modification for chronic expe r imen t s  [4], and the venous p r e s s u r e  in the l e s s e r  saphe-  
nous vein in the leg was m e a s u r e d  by Waldman 's  appara tus .  Phase  analys is  of lef t  ven t r icu la r  systole  was 
c a r r i e d  out by acce le ra t ion  k inetocardiography [8], with synchronous record ing  of the ECG by the ]~lkar appa-  
r a tus .  The calculat ions and s ta t i s t i ca l  ana lys is  of the r e su l t s  were  ca r r i ed  out by the I s k r a - l l 2  and Mir -1  
compute r s .  

Depar tment  of  Pathological  Physiology,  Kirghiz Medical Insti tute,  Frunze .  (Presented  by Academician  
of the Academy of Medical Sciences  of the USSR P.  D. Gorizontov.) T rans l a t ed  f r o m  Byulleten '  t~ksper imenta l ' -  
noi Biologii i Meditsiny, Vol. 85, No. 3, pp. 274-277, March,  1978. Original a r t i c le  submit ted April  4, 1977. 
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E X P E R I M E N T A L  R E S U L T S  

The  data in Tab le s  1 and 2 indicate that  during adaptation in healthy an imals  the card iac  index inc reases ,  
the veloci ty  of the blood flow r i s e s ,  and signs of t achyeard ia  develop. The r e s u l t s  ag reed  with data in the l i t -  
e r a t u r e  [12-15]. The  oxygen uptake inc reased  s imul taneously  with an inc rease  in the eff iciency of uti l ization 
of the t idal  a i r  (P < 0.05). During ana lys i s  of  left  ventr~cular  sys to le  a pos i t ive  inotropic effect  was observed .  
The  expulsion per iod was shor tened and B l u m b e r g e r ' s  mechanical  coefficient  and the in t rasys to l ic  index (ISI) 
both fell .  Mitra l  incompetence was  accompanied  by over loading of the left  hear t ,  with a consequent d i sorgan i -  
zat ion of  c i r cu la to ry  function. In t he se  c a s e s  the an ima l s '  blood flow was slowed, the card iac  index fell,  and 
the r a t e  of the ca rd iac  cont rac t ions  was sl ightly reduced.  

In animals  with mi t r a l  incompetence,  adapted to high al t i tudes,  the r e s u l t s  of ana lys is  of lef t  ven t r icu la r  
sys to le  showed a ve ry  smal l  inc rease  in mechanical  sys to le  and shortening of the phase  of maximal  expulsion 
of blood, re f lec t ing  compensa to ry  hyperfunct ion of the hea r t  and evidence of a high level  of contract i le  power 
of the myocard ium.  

In an imals  not adapted to the conditions of high-al t i tude hypoxia the contract i le  power of the myoca rd ium 
was reduced.  During ven t r i cu la r  sys to le  the phase  of max ima l  expulsion of blood was increased,  with an in- 
c r e a s e  in ISI. The  commencing  e m b a r r a s s m e n t  of the work  of  the hea r t  led to the development  of s t a s i s  in 
the pu lmonary  and l a te r  in the sys t emic  circulat ion.  The  venous p r e s s u r e  r o s e  (P < 0.00D. The  oxygen uptake 
fell  a lmos t  equally, it will  be noted, in the an imals  in both s e r i e s  of expe r imen t s  1 h a f te r  the development  of 
m i t r a l  incompetence  (P < 0.001). 

The  s e v e r e r  d is turbances  of the hemodynamics  in the unadapted an imals  with mi t r a l  incompetence af-  
fec ted  the duration of the i r  surv iva l .  For  instance,  52.9% of the animals  in this  s e r i e s  of exper iments  died 
f r o m  acute hea r t  fa i lure  (mainly dur ing the f i r s t  few days a f te r  format ion  of the defect) .  The mor ta l i ty  among 
the an ima l s  adapted to al t i tudes was reduced  by a lmos t  half  to 28.6%. 

The  g r e a t e r  r e s i s t a n c e  of the an ima l s  as the i r  s tay under high alt i tude conditions increased  in length 
was evidently due to  the development  of adaptive reac t ions  in them.  The poss ib i l i ty  cannot be ruled out that 
these  adapt ive p r o c e s s e s  a r e  consol idated a t  the cel lular  level  [3]. Whatever  the case ,  during a long s tay in 
the mountains the vi tal  act ivi ty of the whole o rgan i sm is p r e s e r v e d ,  even in such compl ica ted  si tuations as a 
combination of c i r cu la to ry  and high-al t i tude hypoxia. 

The  r e s u l t s  indicate  that  keeping an ima l s  a t  an alt i tude of 3200 m above sea  level  for 2 months is suf-  
f ic ient  to ensu re  a definite degree  of adaptat ion to hypoxia.  Exper imenta l  m i t r a l  incompetence,  accompanied  
by phenomena of c i r cu la to ry  hypoxia runs  a mi lder  course  in an imals  p rev ious ly  adapted in the mountains,  
with l ess  marked  c i r cu l a to ry  d i s tu rbances .  

I t  can tenta t ively  be suggested that  adaptive mechan i sms  a imed a t  the "fight for  oxygen" a r e  act ivated 
in the mountains,  and consequently pathological  p r o c e s s e s  in whose pathogenesis  an impor tant  ro l e  is p layed 
by oxygen deficiency follow a mi lde r  cour se .  

L I T E R A T U R E  C I T E D  

1. K . D .  Abdullin, "C a rd i ovas cu l a r  pathology under high mountain conditions in Kirghiz ia ,"  Candidate 's  
Disser ta t ion ,  Frunze  (1965). 

2. Yu. I .  Bobkov, "Card iac  fa i lu re  a f te r  graded injury to the m i t r a l  valve, �9 Candidate ' s  Disser ta t ion ,  Moscow 
(1971). 

3. Z.I. Barbashova, in: Oxygen Therapy and Oxygen Deficiency [in Russian], Kiev (1952), p. 85. 
4. A.K. Kadyraliev, Nauch. Trud. Kirgiz. Med. Inst., i_~_02, 35 (1974). 
5. Z . M .  Kudaiberdiev,  "Some spec ia l  f ea tu res  of the cont rac t i le  function of the myoca rd inm in healthy p e r -  

sons and pat ients  with m i t r a l  hea r t  d i sease  living at high alt i tudes in the Tyan ' -Shan '  and P a m i r , "  Au- 
t h o r ' s  Abs t r ac t  of Candida te ' s  Disser ta t ion ,  Frunze  (1970). 

6. M . M .  Mi r r akh imov  and E.  A. Goloma,  Sov. Zdravookhr .  Kirgizi i ,  No. 3, 42 (1962). 
7. O . N .  Narbekov,  ~I-Iemodynamie indices in heal thy subjec ts  and pa t ien ts  with rheumat ic  hea r t  d i sease  

living at  high al t i tudes in the Tyan ' -Shan '  and P a m i r ,  w Author ' s  Abs t rac t  of Candidate ' s  Disser ta t ion ,  
Frunze  (1970). 

8. I .  E, Oranski i ,  Acce le ra t ion  Kinetocard iography [in Russian] ,  Moscow (1973). 
9. A . D .  Dzhailobaev, A. Yu. Ti l i s ,  and M. M. Mir rakhimov,  P roceed ings  of the 2nd Scientific Conference  

of the Inst i tute  of The rapy ,  Academy  of Medical  Sciences  of the USSR, on P r o b l e m s  in Cl imatopathology 
of Ca rd iovascu la r  D i s e a s e s  [in Russian],  Leningrad (1965), p. 238. 

288 



10. Yu. S. Cheehulin and Yu. I.  Bobkov, in: P r o b l e m s  of the Use of Models in Cardiology [in Russian],  Mos-  
cow (1968), pp. 53-60. 

11. N. Ya. Yusupova, "Clinical and functional c h a r a c t e r i s t i c s  o f  decompensated  m i t r a l  h e a r t  d i sease  (with 
p redominance  of s tenosis)  in pat ients  living at different  alt i tudes and some  spec ia l  f ea tu res  of the act ion 
of s t rophanthin,"  Author ' s  Abs t r ac t  o f  Doc to ra l  Disser ta t ion ,  Frunze  (1975). 

12. A. Grolrrmn, Am. J .  Phys io l . ,  93, 19 (1930). 
13. K. Jensen,  W. Kratz,  and W. Schoedel,  Luftfahrtmedizin,  5, 40 (1940). 
14. A. Loewy and E. Wittkower, The  Pathology of High Altitude, London (1937), p. 212. 

D Y N A M I C S  O F  I N S U L I N  

D I A B E T E S  

L.  N .  D a g a e v a ,  F .  
O.  I .  P o d o t y k i n a  

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

S.  B e l i k o v a ,  
a n d  A.  V .  M a k a r o v a  

UDC 616.379- 008.64- 092.9- 07 : 
616.379-008.6-072.7 

Hypoinsul inemia in the supe r io r  pancrea t ico-duodenal  vein and depress ion  of the f i r s t  phase  of 
insulin secre t ion  by the pancreas ,  cha rac t e r i s t i c  of alloxan diabetes  of different  degrees  of 
sever i ty ,  a r e  not observed  in the f emora l  vein. The r e su l t s  of an investigation of the dynamics  
of the insulin and glucose concentra t ions  in the super io r  pancrea t ico-duodenai  vein emphas ize  
the dominant ro le  of the pancrea t i c  factor  in the pathogenesis  of alloxan diabetes  in dogs. Data 
obtained by the study of these  indices in the p e r i p h e r a l  f emora l  vein do not r e f l ec t  this s tate  of 
a f fa i r s  adequately.  
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T h e r e  is no genera l  ag reemen t  in the l i t e ra tu re  on the c h a r a c t e r  of the insulin insufficiency in diabetes  
mel l i tus .  It  has been suggested that  the cause of the diabetes  is not an absolute but a r e l a t ive  insulin deficiency 
[1] caused by depress ion  of the "acute"  l ibera t ion of insulin [9, 10]. The insulin r e s p o n s e  to glucose in pat ients  
with diabetes  mel l i tus  has been shown [12] to be weaker ,  and tllat the f i r s t  phase  of insulin sec re t ion  is d e p r e s s e d  
pa r t i cu la r ly  sharp ly  in this case .  The study of the concentrat ion of immunoreac t ive  insulin (IRI) has  also 
revea led  a reduction in the "acute"  l ibera t ion  of insulin af ter  intravenous injection of glucose in pat ients  with 
diabetes  mel l i tus ,  which is more  marked  in the po r t a l  vein than in the pe r iphe ra l  ve s se l s  [2]. The weakening 
of the insulin response ,  it is considered,  may be the pr inc ipa l  pathogenetic  component  common to all types  of 
diabetes ,  including p red iabe tes  [3-7]. Unlike the insulin level  in blood f r o m  the po r t a l  vein, the pe r iphe ra l  in- 
sulin level has been shown not to r e f l ec t  insulin sec re t ion  adequately [8]. 

The  object  of this investigation was to study the dynamics  of insulin secre t ion  in dogs with alloxan dia-  
be tes  of different  degrees  of sever i ty .  

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

Alloxan diabetes  was induced in 9 dogs weighing 18-25 kg by intravenous injection of alloxan in a dose 
of 60-65 m g / k g  body weight. A glucose to le rance  tes t  (GTT) was c a r r i e d  out 16-18 days la te r  on these  and 5 
control  an imals .  The super ior  pancrea t ico-duodenal  and f emora l  veins were  ca the te r ized  under anesthesia ,  
a f te r  which 100 ml physiological  sal ine was injected subcutaneously by the drip method during the next 90 min. 
The f i r s t  blood samples  were  taken f r o m  the ca the te r s  f rom fast ing dogs, and 40% glucose solution was injected 
over  a per iod  of 10 min into the opposite femora l  vein to the one catheter ized,  in a dose of 1 g / k g  body weight. 
Blood samples  were  taken immedia te ly  af ter  the end of the glucose infusion and at definite t imes  during the 
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