
the mi tochondr ia  of the polypeptide fac tor  r e spons ib l e  for  the i r  "ca lc ium capac i ty"  [2, 3]. 
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C Y C L I C  A M P  IN T H E  O R G A N S  A N D  T I S S U E S  

D U P I N G  A D A P T A T I O N  T O  E X T R E M A L  F A C T O R S  

L. A.  K o z h e m y a k i n ,  D. S. K o r o s t o v t s e v ,  
and  T .  R .  K o r o l e v a  
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Ex t r ema l  f ac to r s  of  d i f ferent  na ture  (hypoxic hypoxia,  carbon monoxide  poisoning,  exposure  
to chemica l s  and to noise ,  hypokinesia)  caused s i m i l a r  changes in the cyclic  AMP level  in 
the o rgans  of albino r a t s  {liver, c e r e b r a l  h e m i s p h e r e s ,  hear t ) .  A cons iderab le  i nc r ea se  in 
the cyclic  AMP concent ra t ion  was found in the f i r s t  s t age s ,  followed by a p r o g r e s s i v e  fall 
dur ing subsequent  exposure ,  e spec ia l ly  if  the intensi ty  of the fac tor  was high. It is sug-  
gested that  the un ive r sa l i ty  of this r e sponse  r e f l ec t s  one of the cent ra l  adaptive m e c h a n i s m s  
of the cel l  and of the o r g a n i s m  as a whole. 
KEY WOPDS: adaptation; hypoxia;  cycl ic  AMP; ex t r ema l  fac to rs .  

The d i s cove ry  of cycl ic  adenos i ne -3 ' , 5 ' -monophospha t e  (cyclic AMP) as an in t r ace l lu la r  med i a to r  of 
neurohormona l  r egu la to ry  influences has  provided a new approach  to the study of the ce l lu la r  m e c h a n i s m  of 
adaptat ion to e x t r e m a l  envi ronmenta l  f ac to r s .  A few pape r s  desc r ib ing  the study of the cycl ic  AMP sys t em in 
hypoxic s t a t e s  have now been published.  An i n c r ea se  in the cycl ic  AMP concentra t ion and adenylate  cyc lase  
ac t iv i ty  has  been demons t r a t ed  in bra in  t i s sue  in acute hypoxia [3, 6], and a sharp  i nc r ea se  in the cycl ic  AMP 
concent ra t ion  has  been found in the ea r ly  s tages  a f t e r  acute  i so la ted  i schemia  of the bra in  [7] and myoca rd ium 
[5] in dogs.  

Consider ing the impor tance  of the de te rmina t ion  of the p r inc ip les  governing the r e sponse  of the cycl ic  
AMP s y s t e m  to ex t r em a l  fac to r s  in o r d e r  to unders tand the m e c h a n i s m s  of goa l -d i r ec t ed  changes in the r e -  
s i s t ance  of the body, changes in the cyclic  AMP concentra t ion  in the o rgans  and t i s sue s  we re  studied during 
exposure  to e x t r e m a l  fac to r s  of va r i ed  na ture .  

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

Noninbred m a l e  albino r a t s  weighing 150-180 g were  used.  The effect  of  ex t r ema l  f ac to r s  was studied 
under  dynamic conditions a t  two leve ls  of intensi ty (acute l imit ing - Lira. ac.) and mean  lethal  (LDs0) exposure .  
Hypoxic hypoxia was produced by " ra i s ing"  the an imals  in a p r e s s u r e  c h a m b e r  to an "al t i tude" of 6000-10,000 
m (the mean  r a t e  of "ascent"  was 150-200 m / r a i n ) .  Acute poisoning with carbon monoxide (CO), s ty rene ,  and 

Leningrad Ped ia t r i c  Medical Inst i tute.  (Presented  by Academic ian  S. E. Severin.) Trans la ted  f rom Byul-  
s 

l e ten '  Ekspe r imen ta l ' no i  Biologii i Medits iny,  Vol. 84, No. 11, pp. 567-568, November ,  1977. Original a r t i c l e  
submit ted  May 17, 1977. 

0007-4888/77/8411-1587507.50 �9 1978 Plenum Publishing Corpora t ion  1587 



TABLE 1. Cyclic AMP Concentrat ion ~n p i c o m o l e s / m g  t issue)  in Organs  of Bats Ex-  
posed to Ex t r em a l  Fac to r s  (M :~ m) 

Intensity - 

off  actor 

L]m, ac. 

Extremal factor 

Hypoxie hypoxia 
CO 
ECU 
Styren e 

Brain 

3,89=0,28 
4,02-----0,29 
3,32-----0,22 
3,65-+-0,21 

Liver 

3,25~0,28 
2,80~0,31 
3,10--0,21 
3,48-----0,23 

Heart 

4,60-----0,38 
3,25=0,24 
2,30=0,14 
2,10-4-0,14 

LDso 

Hypoxic hypoxia 
CO 
ECH 
Styrene 

Control 

0,63+0,07 
0,50---+0,05 
],05-----0,13 
0,84--0,I0 

2,22~0,t0 

0,90-+-0,11 
0,69~0,02 
0,25-0,06 
0,66~0,06 

1,38=0,15 

0,57-+0,06 
0,78-+-0,07 
1,00~-0,10 
1 , 6 5 - 0 , 2 1 .  

1,51-0,19 

* Not s ta t i s t i ca l ly  s ignif icant .  

200 

150 

/00 

50 

0 

-50 

200 

/50 

/00 

50 

0 

,fO 

A 

Fig. 1. Changes in cycl ic  AMP level  in 
o rgans  of r a t s  during acute  (A) and 
chronic  03) exposure  to ex t r ema l  f a c -  
t o r s .  A b s c i s s a ,  t ime :  in m i n  (A) and 
m s e c  (B); o rd ina te ,  cycl ic  AMP con-  
cen t ra t ion  in t i s sue s  (~n % of  control) .  
1) Chemical  act ion (aggregated r e -  
sul ts  for exposure  to ECH and s ty rene) ;  
2) hypoxic hypoxia; 3) CO poisoning; 
4) exposure  to noise;  5) hypokinesia .  
Cyclic AMP concent ra t ion  de t e rmined  
in l i ve r ,  except  during exposure  to 
no ise ,  when it was de t e rmined  in b ra in  
t i ssue .  

ep ich lorhydr in  (ECH) was produced by the inhalation method in spec ia l  c h a m b e r s ,  with the following c o n c e n t r a -  
t ions:  CO 0.6-1.0 and 3.0-4.0 g / m  3, s t y rene  0.8-1.2 and 10-20 g / m  3, ECIq 0.04 and 0.1-0.2 g / m  3. The length 
of  surv iva l  of the an imals  during acute exposure  was 20-60 min .  The concentra t ion  of the chemica l s  during 
chronic  poisoning was 0.1 g / m  3 for  s ty rene  and 0.001 g / m  3 for  ECH. The background intensi ty  of  noise  expo-  
su re  was 105 dB and the pulse intensi ty  75 dB. I~ypokinesia was s imula ted  by the usual  method [2]. The cycl ic  
AMP concentra t ion  was de te rmined  in l i v e r ,  he a r t ,  and bra in  homogena tes  by Gi lman ' s  method [4], based  on 
compet i t ive  binding of oyolic [3H]AMP and endogenous cycl ic  AMP by cycl ic  AMP-dependent  pro te in  k inases ;  
cyl ic  [3H]AMP was f rom the Radiochemical  Centre ,  A m e r s h a m ,  and cycl ic  AMP-dependent  pro te in  kinase  was 
obtained f r o m  pig bra in  by the method of Sever in  et  al .  [1]. Each s e r i e s  of  expe r imen t s  involved 10-12 an imals .  

EXPEBIIYIENTAL B E S U L T S  AND D I S C U S S I O N  

The c h a r a c t e r  of the changes in the cycl ic  AMP concent ra t ion  in the t i s sue s  d i f fered  substant ia l ly  depend-  
ing on the in tensi ty  of  the ex t r em a l  f ac to r s  studied (Table 1). At the acute  l imi t ing  level  of exposure  a defini te 
i nc rease  in the cycl ic  AMP concent ra t ion  was found in al l  o rgans  invest igated;  in the ca se  of  the mean  le thal  
level  of  intensi ty the cycl ic  AMP concent ra t ion  in the t i s sues  fell  s ignif icant ly.  

Invest igat ion of the dynamics  of changes  in the cycl ic  AMP concentra t ion  during exposure  to the var ious  
ex t r ema l  fac to r s  showed a common pa t t e rn  (Fig. 1): 1) pa ra l l e l  changes in the cycl ic  AMP concentra t ion  in the 
va r ious  o rgans  and t i s sues  during both acute and chronic  exposure  to ex t r ema l  fac to rs ;  2) a dis t inct  phasic 
c h a r a c t e r  of  these  changes  with an initial  i nc r e a se  in the cycl ic  AMP concentra t ion  (up to 196-280% with acute 
and 131-208~ with chronic  exposure)  followed by a p r o g r e s s i v e  decl ine to below the or ig ina l  va lues .  
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L-~xtremal fac to r s  of  d i f ferent  na ture  thus caused changes of  a s i m i l a r  c h a r a c t e r  in the cycl ic  AMP s y s -  
t em.  The genera l  biological  s ignif icance  of cycl ic  AMP in the m e c h a n i s m  of neu rohumora l  r egu la to ry  influences 
and the in tegra t ion of ce l lu la r  m e t a b o l i s m  sugges ts  that un iversa l i ty  of this r e sponse  r e f l ec t s  one of the cen t ra l  
adaptive m e c h a n i s m s  of  the cel l  and of the o r g a n i s m  as a whole. 
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E N E P G Y  P O T E N T I A L  O F  T H E  C E P E B B A L  C O P T E X  

I N  T H E  P B E A G O N A L  A N D  B E S U S C I T A T I O N  P E R I O D S  

A F T E P  A C U T E  B L O O D  L O S S  

V~ L .  K o z h u r a  UDC 616-036.882-08-07:616.831-073.97 

In e x p e r i m e n t s  on dogs the A T P  concent ra t ion  fell (by 38%) and the ADP and AMP c o n c e n t r a -  
t ions r o s e  by 121 and 875%, r e s p e c t i v e l y ,  in the cor t i ca l  g r ay  m a t t e r  in the preagonal  per iod 
a f t e r  hypovolemic  hypotension for  4 h o Beflect ing these  changes ,  the energy potent ia l  fell 
f rom 0.931 to 0.736 (P < 0.05). In the ea r ly  and late pos t r e suse i t a t i oa  per iod  the con-  
cen t ra t ions  of these  me tabo l i t e s  and the level  of the energy  potential  we re  the s a m e  as  init ially.  
KEY WOPDS: energy  potential;  c e r e b r a l  cor tex;  hypovolemic hypotension; pos t r e susc i t a t ion  
per iod .  

It was shown p rev ious ly  that  profound degenera t ive  changes  develop in the c e r e b r a l  co r t ex  in the late  
pos t r e susc i t a t i on  per iod  a f t e r  m a s s i v e  blood loss  and prolonged hypotension,  as the r e su l t  of a d is turbance  of 
s t ruc tu ra l  m e t a b o l i s m  and p ro t eo lys i s  [3]~ 

Invest igat ion of the energy  m e t a b o l i s m  under these  conditions is pa r t i cu l a r ly  impor tan t ,  for i m p a i r m e n t  
of  the energy  supply is known to be a t r i g g e r  fac tor  in the d i s tu rbance  of bra in  nutr i t ion [1, 2, 8]. Meanwhile 
the study of the energy  s ta te  of  the CNS in p reagona l  s ta tes  developing a f t e r  prolonged hypotension caused by 
blood loss  a r e  not homogeneous  and they apply ma in ly  to acute hypoxia and not to the pos t r e susc i t a t i on  per iod 
[7, 13]~ 

The object  of  this invest igat ion was to study the energy  potential  of the aden ine -nuc l eo t i de  s y s t e m  of 
the c e r e b r a l  co r t ex  (the g ray  ma t t e r )  in the p reagona l  s ta te  a f t e r  hypovolemic hypotension for 4 h, and a lso  in 
the e a r l y  and la te  pos t r e suse i t a t i on  per iod.  

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

Exper iments  we re  c a r r i e d  out on 13 adult  dogs of both sexes .  After  t r imepe r id ine  p remedica t ion  (10 mg/ 
kg) and under  extens ive  local  anes thes ia  rap id  bleeding was c a r r i e d  out for a per iod of 3-5 rain f rom the f e m o r - .  
al a r t e r y ,  reducing the blood p r e s s u r e  to 40 m m  Hg, at which level  it was main ta ined  for 4 h. 

Toward  the end of the per iod  of hypotension the mean  blood loss  was 40 • 5 m l / k g  body weight. The 
blood p r e s s u r e  was r e s t o r e d  by i n t r a a r t e r i a l  re infusion of the blood in smal l  doses  (50-150 ml) into the f e m o r -  
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