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It was shown previous ly  that during reperfusion of organs  after prolonged ischemic lipid peroxidation 
(LPO) p roces se s  continue in them at a level of intensity which remains  high or  continues to r i se  further,  in 
corre la t ion  with the sever i ty  of reoxygenation injuries in the organ, thus providing evidence of the essential  
role of LPO in the pathogenesis  of the oxygen paradox [1-5, 7, 8, 11, 13]. 

Intensification of L PO during reperfusion of an ischemic organ is due to dispar i ty  between the reduced 
activity of protect ive antioxidant sys tems  and weakened ability of the r e sp i r a to ry  chain to utilize oxygen, on 
the one hand, and the relat ively high concentrat ion of oxygen reaching the organ with the blood, on the other  
hand, so that a situation of "relat ive local hyperoxia" is crea ted  [3] and this makes  the usual blood oxygen 
concentrat ion excess ive  and toxic for  the organ. In fact, lowering the oxygen concentration in the blood dur-  
ing reperfusion of the kidneys, heart ,  and l iver  in exper iments  on animals inhaling a hypoxic gas mixture 
(HGM) [3, 5], and also administrat ion of antioxidants [4, 8, 11], inhibit the reintensification of LPO and reduce 
the sever i ty  of reoxygenation injuries in the organs,  whereas  elevation of pO 2 of the salt solution during re-  
perfusion of the hear t  and kidneys is accompanied by increased membrane  permeabi l i ty  and by increased out- 
flow of enzyme into the perfusion fluid [12]. 

Tempora ry  hypoxemia as a method of protect ing an organ against reoxygenation injuries could be used 
in c a s e s  when prophylact ic  antioxidant therapy has been overlooked or  is impossible,  but the protect ive effect 
of inhalation of HGM has been demonstra ted previously  in acute exper iments  only, and the animals were not 
subsequently t ransfer ' red to breathing ord inary  air. 

In the present  investigation the protect ive action of t empora ry  inhalation of HGM on function of the kid- 
neys rendered ischemic for  2 h was studied in chronic experiments ,  the required duration of such inhalation 
was determined,  and corre la t ion  was established between the protect ive effect of HGM and the rate of resyn-  
thesis  of adenine nucleotides (ADN) in the organ. 

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

Exper iments  were ca r r i ed  out on 250 August and Wister  ra t s  weighing 120-200 g. Renal ischemia was 
produced under hexobarbital  anesthesia {70 mg/kg) by applying microc l ips  to the vascular  pedicle of both kid- 
neys, isolated f rom the per inephr ic  cel lular  t issue. The clips were removed after  2 h, during which t ime the 
ra t s  breathed ord inary  air  o r  inhaled an HGM containing 10-12% oxygen or  pure oxygen through a mask. In- 
halation of the gas mix tures  began 5 rain before the beginning of reperfusion of the kidneys. After suture of 
the wound in the abdominal wall the ra t s  were kept for 4 or  24 h in a chamber  ventilated with the same gas at 
the rate of 2 l i t e r s /min ,  af ter  which they were t r ans fe r r ed  to breathing air. Stable humidity (85-90%) and 
tempera tu re  (23-25~ were maintained in the chamber.  The oxygen concentration in the gas mixture and 
chamber  was recorded  by an oximeter  (Beckman, USA) and pO 2 a n d  HbO 2 in the r a t s '  blood were determined 
on a m ic r o -As t r up  apparatus.  To compare  the protect ive effect of HGM with the effect of antioxidants, 29 ra t s  
were given an intraperitone~/1 injection of 240 mg/kg  of ionol (2,6-di- ter tbutyl-4-methylphenol)  24 h before 
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TABLE 1. Surv iva l  Rate of Augus t  Rats  a f t e r  I s e h e m i a  for  2 h and R e p e r f u s t o n  of the K idneys  
du r ing  Inha la t ion  of Gas M i x t u r e s  Di f fe r ing  in Oxygen C onc e n t r a t i on  and In jec t ion  of Ionol 

Experimental 
conditions 

Mock operation 

hchemia lbr 2 b 

Type of ga~ mixture 

Air 
Oxygen 

HGM 
Air 
Oxygen 
HGM 
Air preceded by injeetionofiono! 

Duration of 
inhalation, h 

Whole expt. 
4 

24 
24 

Whole expt. 
4 
4 

24 
Whole expt. 

Number 
of rats 

Number of rats surviving 

a day~ 

15 
10 
!0 
I5 �9 
24' 
9 

23 
26 
12 

15 (100) 
I0 (10O) 
~o 000) 
~5 00o) 
5 (21) 
2 (22) 
6 (26) 

19 (73)* 
8 (67)* 

7 days 

~5 000) 
10 000) 
lo 00o) 
15 (too) 
2 (8) 

o 
3 03) 

17 (65)* 
8 (67)* 

3o days 

15 000) 
io 000) 
~0 000) 
14 (94) 
1(4) 

0 
3 (13) 

13 (50)* 
7 (58)* 

Legend.  N u m b e r  of s u r v i v i n g  r a t s  g iven in p a r e n t h e s e s .  *) D i f f e r e n c e s  be tween  e x p e r i m e n t s  
with inha la t ion  of gas  m i x t u r e s  and e x p e r i m e n t  with inha la t ion  of a i r  s ign i f i can t  at the P < 0.05 

level .  

TABLE 2. C o n c e n t r a t i o n s  of Adenine  Nuc leo t ides  in K idneys  of August  Rats  a f t e r  ]~schernia for  
2 h and R e p e r f u s l o n  dur ing  Inha la t ion  of Gas M i x t u r e s  d i f fe r ing  in Oxygen C o n c e n t r a t i o n  

Experimental. 
eonditio ns 

Without ischemia (norm.) 
Ischemia for 2 h without 

reperfusion 
ischemia for 2 h + roper- 

fusion for 4 h 

Isehemia for 2 h + reper| 
fusion for 24 h 

Number lStatisti- 
Type of gas cal pa- - 

mixture of rats rameters 

Air 

Oxygen~ 

HGM 

Air 

Oxygen ~ 

HG M & 

HGM 

I 

Parameters studied (#moleg/g wet weight of tissue) 

ATP ADP AMP 

M• 

M •  

M_-+_m 
Pl 

M+_m 
P1 

M+_m 
Px 
P2 

M rfl 

M m 

1,54• 

0,11 •  ~176 

0,104-0,03 

0,24+-0,05 

0,60___0,11"* 
<0,01 
<0,0t 

0,34• 
<0,05 

0, l 1 +-0,03* 

0,45• 
<0,01 
<0,02 

0,62+-0,12"* 
<0,01 
<0,01 

0,66+-0,06 

0,20• oo 

0,42+-0,12 

0,51 ~+-0,20 

0,35 ~--0,03 

0,24+__0,04 

0,27-~0,03 

0,76Z0,05"* 
<0,01 

0,37• 

0,92• 

1,52+_0,11 ~176 

0,51+-0,12 
<0,0I 

0,38+_0,07 
<0,01 

0,98+-0,06"* 
<0,05 
<0,01 

0,23• 
<0,01 
<0,05 

0,32+__0,01 
<0,01 

0,66+-0,04 
<0,0I 
<0,01 

1,05_0,03 
<0,01 
<0,01 

ADN 

3, ! 1 ___0,26 

1,92+-0,05 ~176 

1,02• 
<0,01 

1,12-+-0,24 
<0,02 

1,93• 

0,80_+_0,10 
<021 

0,70+_0,07 
<0,01 

1,80=1:0,04"* 

2,04++_0,14"* 

<63, 

Legend.  A) InhMatton of oxygen o r  HG1V[ for  4 h, inha la t ion  of a i r  fo r  the r e m a i n i n g  20 h; oo) 
s ign i f i cance  of d i f f e r e n c e s  be tween e x p e r i m e n t s  with i s c h e m i a  for  2 h without  r e p e r f u s i o n  and 
e x p e r i m e n t s  without  i s c h e m i a  (P < 0.01); *, **) s ign i f i cance  of d i f f e r e n c e s  be tween  e x p e r i m e n t s  
with r e p e r f u s i o n  p r e c e d e d  by inha la t ion  of gas  m i x t u r e s  and by inha la t ion  of a i r ,  * P < 0.05, 
�9 *P < 0.01; Pi)  s ign i f i cance  of d i f f e r e n c e s  be tween  e x p e r i m e n t s  with r e p e r f u s i o n  for  4 o r  24 h 
and e x p e r i m e n t s  without  r e p e r f u s t o n ;  P2) s ign i f i cance  of d i f f e r e n c e s  be tween  e x p e r i m e n t s  with 
r e p e r f u s i o n  p r e c e d e d  by inha la t ion  of HG1VI and by inhMat ion of oxygen;  Pa) s ign i f i cance  of dtf-  
f e r e n c e s  be tween  e x p e r i m e n t s  with r e p e r f u s i o n  for  24 h and r e p e r f u s i o n  for  4 h p r e c e d e d  by 
inha la t ion  of the s ame  gas  m i x t u r e .  

i s chemia .  The p ro t ec t i ve  act ion of HGNf on i n t eg ra l  k idney  funct ion  was  e s t i m a t e d  as  the p e r c e n t a g e  of r a t s  
su rv iv ing  30 days  a f t e r  the operati .on. The ADtt c o n c e n t r a t i o n  in the k idneys  was  d e t e r m i n e d  be fo re  and 4 and 
24 h a f t e r  r e p e r f u s i 0 n .  ATP  was  d e t e r m i n e d  by the hexokinase  method,  ADP and A l P  by the py ruva t e  k i n a s e  
method,  and the total  ADN pool (ZADN) was  ca lcu la ted .  The r e s u l t s  w e r e  sub jec ted  to s t a t i s t i c a l  a n a l y s i s  by 
S tuden t ' s  t t e s t  for  s m a l l  s a m p l e s  and by the e h t - s q u a r e  tes t .  

EXPERIIMENTAL RESULTS 

Estimation of the blood oxygen concentration in 12 intact rats 5 rain after the beginning of inhalation of 

the gas mixtures showed that HGM led to a fall of pO 2 to 47~1.7 mm Hg and of HbO 2 to 82~1.7%, whereas 
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TABLE 3. Concent ra t ions  of Adenine Nucleot ides  in Kidneys  a f t e r  I schemia  for  2 h and Re-  
pe r fus ion  1)receded by Inject ion of Ionol 

Experimental 
conditions 

Without ischemia Cnorrn.) 

Ischemia for 2 h without 
reperfusion 

Ischemia for 2 h + reper- 
fusion for 24 h 

Preparation 

�9 Without ionol 
With tonol 

Number Statisti- 
Of rats cal pa- 

parme- 
i tel~ 

6 ] M •  
5 M •  

P, 
5 M:t:m 
5 M •  

Without ionol 
With ionol 

Without ionol 

tWith ionol 

Parameters studied (Vmoles/g, wet weight Of tissue__) 

ATP ADP SMP x ADN 

1,65-+-0,09 
1,14• 

<:0,01 
0,12• 
0,11 • 

P2 
M• 10,42• 

PI <0,01 
M •  0,56• 

P1 <0,01 
P~ 

0.63=t=0,05 
1,24• 

<0,01 
0,20• 
0,24• 

0,24• 

0,32+0,04 

0,38+0,08 2,66--+-0,11 
0,56::t:::0,05 2,94::i:0,20 

0,84___+_.0,050o 1,65=0,08 ~176 
1,00• 1,35• 

0,31• 0,97• 
<0,01 

0,68+0,05 1,56• 
<0,01 
<0,01 <o,01 

Legend.  oo) Significance of d i f f e rences  between e x p e r i m e n t s  with i s chemia  for  2 h and e xpe r i -  
men t s  without i s chemia  (1) < 0.01); Pl) s igni f icance  of d i f f e rences  between e x p e r i m e n t s  with 
r epe r fu s ion  of the k idneys  and without reper fus ion ,  1) 2) s ignif icance of d i f f e r ences  between ex-  
p e r i m e n t s  without and with ionol. 

inhalat ion of oxygen ied to a r i s e  of these  va lues  to 258~7.5 mm Hg and 100% respec t ive ly ,  compared  with 
102~ 1.8 mm Hg and 98~0.2% with inhalat ion of a i r ,  i .e . ,  a s tate of mode ra t e  hypoxemia o r  of marked  hype r -  
oxemia  developed in r a t s  inhaling gas  mix tu re s ,  in the same way as  in dogs [5]. 

It wil l  be c l e a r  f rom Table 1 that  inhalat ion of gas  mix tu re  with d i f ferent  concen t ra t ions  of oxygen 
had no effect  on an ima l s  undergoing the mock opera t ion  but s igni f icant ly  affected the surv iva l  ra te  of r a t s  
with r ena l  i schemia .  In e x p e r i m e n t s  with inhalat ion of a i r  o r  oxygen mos t  of the r a t s  died, main ly  during 
the f i r s t  3 days  a f t e r  the operat ion.  Reper fus ion  of the k idneys  aga ins t  the background of HGM inc rea sed  the 
pe rcen tage  of surviving an imals ,  and the p ro t ec t ive  effect  was mos t  m a r k e d  and s ignif icant  in the case  of 
inhalat ion of HGM for  24 h in the pos t i s chemic  per iod .  

Es t imat ion  of the ADN concen t ra t ion  showed (Table 2) that  i s chemia  caused a sharp fal l  in Y.ADN in the 
k idneys  and a l t e r ed  the ra t io  between i ts  components :  a fal l  in the AT1) and AD1) l eve l s  and an i n c r e a s e  in the 
AMP concentra t ion .  Reperfus ion  of the k idneys  for  4 and 24 h while the an ima l s  b rea thed  a i r  o r  oxygen (O 2 
fo r  4 h o r  O 2 for  4 h followed by a i r  fo r  20 h} was accompanied  by a fu r the r  d e c r e a s e  in ~ADN due to b r e a k -  
down of AM1). By con t ras t ,  r epe r fus ion  of the k idensy  aga ins t  the background of inhalat ion of HGM by the r a t s  
for  4 and 24 h was accompanied  by p r e s e r v a t i o n  of ~ADN and by a s ignif icant  r i s e  in the AT1) concentra t ion.  
Inhalat ion of HGM for  4 h followed by r e sumpt ion  of a i r  b rea th ing  by the an ima l s  was l e s s  effect ive than in- 
hala t ion of HGM for  the whole 24 h on r e s y n t h e s i s  of h igh -ene rgy  compounds,  and, co r respond ing ly ,  a 4-h 
cou r se  of HGM was l e s s  effect ive  a lso  accord ing  to the c r i t e r i o n  of surv iva l  r a t s .  

1)rophylactic  inject ion of ionot into the r a t s  improved  the i r  surv iva l  ra te  by approx ima te ly  the same 
degree  as  in the e x p e r i m e n t s  with HGM (Table 1). In th is  case  ionol reduced the AT1) concent ra t ion  in the 
k idneys  of in tac t  r a t s ,  did not affect  the fal l  of ADN concent ra t ion  o r  the change in t he i r  components  dur ing 
rena l  i schemia ,  but improved  the r e s t o r a t i o n  of AT1) arid ~ADN 24 h a f te r  r epe r fus ion  (Table 3}. As Fig.  1 
shows, the degree  of r e s t o r a t i o n  of AT1) and ZADN when r epe r fus ion  of the k idneys  was  p r e c e d e d  by inject ion 
of ionol was  about the same as  that  a f te r  inhalat ion of HGM for  24 h, a~d s u r p a s s e d  the level  obse rved  af te r  
r epe r fus ion  of the k idneys  p r e c e d e d  by inhalat ion for  HGM for  4 h o r  inhalat ion of a i r ,  and was ve ry  much 
h igher  than i ts  level  in e x p e r i m e n t s  with inhalat ion of oxygen. 1)ositive c o r r e l a t i o n  was  found (r  = 0.74} be-  
tween the degree  of r e s t o r a t i o n  of AT1) 24 h a f te r  r epe r fus ion  of the k idneys  and the pe rcen tage  of an ima l s  
which survived.  

Chronic expe r imen t s ,  l ike the acute e x p e r i m e n t s  under taken p rev ious ly ,  thus showed that  t e m p o r a r y  
m o d e r a t e  hypoxemia  in the e a r l y  r epe r fus ion  pe r iod  has  a p ro tec t ive  action on kidney function a f te r  prolonged 

i schemia .  

Af ter  2 h of to ta l  rena l  l s chemia  a s table  p ro t ec t ive  effect  of the HGM, about equal to the effect  of a high 
dose of ionol, was  obse rved ,  but only when inhaled for  24 h, and not for  4 h, although with s ho r t e r  p e r i o d s  of 
i s c h e m i a  o r  dur ing r epe r fus ion  of o rgans  l e s s  sens i t ive  to i schemia ,  a s h o r t e r  pe r iod  of inhalat ion of the 
HGM would p robab ly  be sufficient.  
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Fig. I. Concentrat ion (in % of initial) of AT]? (I) 
and 2:ADN (II) in r a t  kidneys a f t e r  i schemia  for  
2 h, before  reper fus ion  (a, b) and 24 h a f te r  r e -  
perfus ion (c-g):  a) Wis te r  ra ts ,  b) August ra ts ,  
c) inhalation of oxygen, d) inhalation of air ,  e} in- 
halat ion of HGM for  4 h and a i r  for  20 h, f) inhal- 
ation of HGM for  24 h, g) injection of ionol. Num- 
b e r s  in p a r e n t h e s e s  give pe rcen tage  of r a t s  su r -  
viving a f te r  30 days. *) Significance of d i f ference  
between ATP and ~.ADN content compared  with pe-  
riod a f te r  i schemia:  *P < 0.05, ** P < 0.01. Ci r -  
cles) Significance of d i f fe rences  for  survival  ra te  
of r a t s  com pa re d  with value a f t e r  inhalation of a i r ,  
P < 0.05. 

The p ro tec t ive  effect  of ionol and of t e m p o r a r y  inhalation of HGM on renat  function, like the p ro tec t ive  
effect  of HGM on card iac  function [5], c o r r e l a t e s  with the ra te  of r e syn thes i s  of ATP in the i schemic  organs~ 
Manifesta t ion of the p ro tec t ive  effect  of LPO inhibttors  by acce le ra t ion  of r e syn thes i s  of h igh-energy  com-  
pounds in the organ  is reasonable ,  e spec ia l ly  if it is  a s sumed  that induction of LPO in the mi tochondr ta  is ac-  
companied by reduced act ivi ty of  the r e s p i r a t o r y  chain and by uncoupling of oxidative phosphoryla t ton [6], and 
that  [ schemta  of o rgans  leads  to the m o r e  rapid accumulat ion of LPO produc t s  in the mt tochondr ia  than in o ther  
subcel lu lar  o rgane l les .  The question of the effect  of ionol on the ADN level in the kidneys  ca l l s  for  special  
d iscuss ion.  The d e c r e a s e  in ATP which we found under the influence of ionol in the intact kidney is in ha r -  
mony with data obtained by o ther  w o r k e r s  [9], who showed that  m o s t  d rugs  with an t i - i schemtc  action {including 

- tocophero l )  give r i s e  to an energy-def ic ien t  state in the intact  organ,  poss ib ly  faci l i tat ing adaptation of the 
organ to i schemia .  The absence of effect  of tonol on the ADN content of the kidney a f te r  i schemia  is evidently 
due to the rapid  cessa t ion  of the i r  synthesis  during total i schemia ,  superposed on the i r  e x t r e m e l y  rapid ut i l iz-  
ation in o r d e r  to mainta in  ionic gradients ,  c h a r a c t e r i s t i c  of the kidney (and of severa l  o ther  o rgans  also).  
Other  anttoxidants  (c~-tocopherol, CoQ10) l ikewise pro tec ted  nei ther  ATP nor F~ADN f rom a fall  in the i r  level  
during i schemia  of the kidneys  and l iver ,  but guaranteed  p r e s e r v a t i o n  of the mi tochondr ta  according  to the 
c r i t e r ion  of the r e s p i r a t o r y  control ,  and s t imulated ADN re syn thes i s  in the reper fus ion  per iod [13, 15]. 

Meanwhile antioxidants  ( a - tocophero l ,  CoQ10) delayed the fall of the ATP (but not the c rea t ine  phosphate) 
level  in hypoxia of the hea r t  [10, 14], the me tabo l i sm of which is known to differ  f rom that of o ther  organs ,  
and in which both the breakdown and the reduced synthes is  of ATP las t  longer,  e spec ia l ly  under conditions 
of hypoxia. 

In conclusion, attention is  drawn to the poss ib le  use, in pr inciple ,  of t e m p o r a r y  inhalation of hypoxic gas  
m i x t u r e s  in the ea r ly  reper fus ion  per iod to p reven t  reoxygenat ion in jur ies  and to improve  the function and 
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metabol ism of an organ subjected to prolonged ischemta;  however,  the duration of inhalation, o ther  methods 
of creat ing hypoxemia and, in par t icu lar ,  the search  for  ways of inducing local hypoxemia, r equ i r e  fu r ther  in- 
ve sttgatio n. 
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COMPARISON OF THE PROTECTIVE EFFECT OF ADAPTATION 

TO SHORT-TERM STRESS AGAINST INJURY TO THE HEART 

AND PORTAL VEIN BY LONG-TERM STRESS 

E. B. Manukhina, L. S. Katkova, UDC 616.12+616.149]-02:613.863]-092: 

and F. Z. Meerson 612.14.49-06:613.863 
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Long - t e r m  s t r e s s  causes  marked  dis turbances  of contrac t i l i ty  of the hear t  and capacit ive vesse l s  [2]. 
S t ress  injury to the myocard ium has been shown to be preventable  by p re l imina ry  adaptation of animals  to 
daily short  exposures  to s t r e s s  [3]. The protect ive  effect  of intensive adaptation of this kind is incomplete 
and it has i ts  "p r i ce , "  i.e.,  adaptation i tself  causes  the significant depress ion  of myocardial  contract i l i ty .  

In the p resen t  investigation, bes ides  the protec t ive  effect  of daily (intensive) adaptation, the effect  of 
gentle adaptation, inwhieh short  exposures  to s t r e s s  were  given on a l ternate  days, also was studied. Since 
vascular  injury in long- te rm s t r e s s  has  been shown to be more  severe  than the dis turbance of myocard ia l  
function af te r  exposure  to the same kind of s t r e s s  [4] the main aim of this investigation was to compare  the 
protec t ive  effect  of p re l imina ry  adaptation on dis turbance of contract i le  function of the right a t r ia l  myocard i -  
um and the smooth muscle  of the portal  vein ar is ing during long- te rm s t ress .  

EXPERIMENTAL METHOD 

Experiments were carried out on male Wister rats weighing 200-280 g in two stages. In the first stage 

the effect  of p re l imina ry  intensive adaptation of the animals  to s t r e s s  on dis turbance of contract i le  function of 
the myocard ium and vascular  smooth muscle  ar is ing during long- te rm s t r e s s  was studied. Intensive adaptation 
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