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fective in preventing experimental lipoidosis but 
also capable of  optimizing hydro- and hemody- 
namic  parameters  in animals  with established 
lipoidosis, a feature which opens up prospects for 
therapeutic application of  such biopolymers. 
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Preadaptation of  rats to altitude hypoxia results in reduced activation of  lipid peroxi- 
dation during subsequent stress, inflammation, or both, as compared  to hypoxia- 
unadapted animals, with the result that secondary changes in organs and tissues of  
adapted rats are much less pronounced and conditions are created for alleviating the 
acute inflammation and the stress reaction. 
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Activation of  lipid peroxidat ion (LPO) is now 
known to be one of  the main injurious factors in 
stress and may determine the development of sec- 
ondary  changes in organs and tissues [2,8]. It 
should be noted that the deleterious effects from 
LPO activation in inflammatory diseases are inten- 
sified by leukocyte-generated free oxygen radicals 
released into the inflammatory focus [13-15]. This 
is an important point, since the inflammatory pro- 
cess is usually accompanied by a marked stress 
reaction [5]. Recent research has  shown that stress- 
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associated damage can be significantly reduced by 
suppressing LPO through adaptation of  the organ- 
ism to hypoxia [8,9]. 

Accordingly, we assumed that enhancing the 
antioxidative potential of  animals by adapting them 
to hypoxia should mit igate the secondary chan- 
ges arising in their tissues during stress, inflam- 
mation, or both. 

MATERIALS AND METHODS 
Male white rats weighing 160-180 g were used; 40 
of  them served as controls and 80 were adapted to 
altitude hypoxia in a pressure chamber by expos- 
ing them to an "altitude" o f  5500 m for 6 h p e r  
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Fig. 1, S e r u m  leve l s  o f  LPO p r o d u c t s  a n d  a n t i o x i d a n t  
act ivi ty (AOA} in in tac t  controls  {I), u n a d a p t e d  s tressed rats 
{2), and  h y p o x i a - - a d a p t e d  stressed rats {3). Ordinate:  /) LHP 
and MDA in  rel. units;  I/) AOA in arb. units.  

day 5 days per week for a total of  6 weeks [9]. 
Stress was induced by immobilizing the animals on 
the back for 6 h. Aseptic inflammation was pro- 
duced by implanting a sterile 1• mm celloidin 
plate under  the skin. Morphological changes in the 
inflammatory focus were evaluated morphometrically 
on histological preparations [1,7]. The activity of 
LPO and antioxidant systems was estimated by mea- 
suring serum levels o f  the LPO products lipid hy- 
droperoxides (LHP) [3] and malonic dialdehyde 
(MDA) [11], antioxidative activity (AOA) of  the 
serum [4], and the content  of  reduced glutathione 
in the brain, heart, kidneys, and liver [12]. 

In the first experimental series we measured 
LPO products  in the  serum and reduced glu- 
tathione in the vital organs of unadapted and lay- 

poxia-adapted stressed rats. The LPO products were 
measured when secondary changes in the tissues 
were at their maximum, i.e., 39 h after the 6-h 
immobil izat ion,  which corresponds to the t ime 
when the anxiety stage of  the stress reaction is 
succeeded by a stage of  resistance [6]. 

In the second series, the time course of  LPO 
activity was followed during the acute period of  
inflammation development (the first 3 days) in rats 
with altered bodily resistance. There were three 
groups in this series. Group 1 had not  been sub- 
jected to any treatment before inflammation was 
induced. Group 2 comprised rats  adapted to hy- 
poxia before inflammation induction, while group 
3 animals were first adapted to hypoxia, then im- 
mobilized for 6 h, and finally implanted with a 
celloidin plate to produce inflammation. 

RESULTS 
The hypoxia-unadapted stressed rats had signifi- 
cantly higher serum levels o f  the LPO products 
than the intact controls or the rats adapted to hy- 
poxia before being stressed (p<0.01, Fig. 1); the 
latter rats contained MDA at levels even lower 
than did the intact controls. The preliminary ad- 
aptation to hypoxia was therefore effective in pre- 
venting LPO activation during stress, apparently by 
making the antioxidant systems more capable o f  
countering the activation process. This hypothesis 
is supported by the elevated concentrations of re- 
duced glutathione (which is necessary for effective 
functioning of  antioxidant systems [2]) in the or- 
gans of  hypoxia-adapted rats (Table 1). 

The results of  the second experimental series 
are summarized in Figs. 2 and 3. Figure 2 shows 
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Fig. 2. Serum levels of LPO products  (/) and  ant ioxidant  activity (AOA} (I/) in  the  course of inf lammation in unadap ted  and 
h y p o x i a - - a d a p t e d  rats. Int: in tac t  rats. I: I and  2) LHP and  MDA in in tac t  and  u n a d a p t e d  rats d u r i n g  the acu te  per iod of 
inf lammation;  3 and 4) LHP and MDA in h y p o x i a - - a d a p t e d  rats dur ing  that  period. Ih I) AOA in in tac t  and unadap t ed  rats; 
2) AOA in  hypoxia  -- a d a p t e d  rats. 
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Fig. 3. Serum levels of LPO products  and antioxidant activity (AOA) during the development  of inflammation in unadapted  
s t ressed rats and in rats adap ted  to hypoxia  before s tressing.  Int: intact  rats; S: rats sub jec ted  to stress (39 h after 6 - - h  
immobilization). I: I and 2) LHP and MDA in intact rats and in rats of the control group in the course of inflammation; 3 and 
4) LHP and  MDA in unadap ted  and hypoxia -- adapted stressed rats in the course of inflammation, I1: 1) AOA in intact rats 
and in rats of the control  group in the course of inflammation; 2) AOA in unadapted  and h y p o x i a - - ad ap t ed  stressed rats in 
the course  of inflammation. 

serum levels of the LPO products on different days 
of the acute period of  inflammation in unadapted 
and hypox ia -adap ted  rats. The i r  levels in the 
unadapted rats are seen to have reached their peak 
later (on day 3 of  inflammation) than in the hy- 
poxia'adapted animals, in which the levels of  both 
LHP and MDA were highest as early as after 12 h 
of inflammation and then fell to approach on day 
2 the values recorded for the intact controls. As 
shown in Fig. 2, the variations in serum AOA par- 
alleled those in the LPO products. 

Morphological  examination of  inflammation 
foci pointed to a more intensive, though transient, 
leukocyte reaction in the hypoxia-adapted rats in 
the acute period of  inflammation, which can prob- 
ably be associated with the early activation and 
rapid suppression of  LPO. The adaptation to alti- 
tude hypoxia thus substantially shortened the pe- 
r iod o f  LPO act ivat ion dur ing  in f l ammat ion ,  
thereby limiting the degree of  secondary changes 
in tissues of  the inflammatory focus. 

Serum levels o f  the LPO products in the course 
of inflammation in rats adapted to hypoxia and then 
subjected to 6-h immobilization are shown in Fig. 
3. The hypoxia-adapted rats had much lower serum 
LHP and MDA concentrations during stress in the 

acute period of inflanmmtion than did the unadapted 
or control animals, although by 48 h of  inflamma- 
tion the LPO products showed some rise, with a 
corresponding increase of serum AOA activity. 

Morphological examination of  the inflamma- 
tory foci from stressed rats showed that the acute 
period of  inflammation was characterized by severe 
suppression of  the leukocyte reaction and reduced 
phagocytic activity by macrophages. The preadap- 
tation to hypoxia virtually normalized the course 
of  acute inf lammation,  probably as a result o f  
LPO suppression. 

On the basis of  the results of  this study, we 
may speak of  the following three interrelated ben- 
eficial effects to be expected from adaptation to 
altitude hypoxia: 

1) substantially reduced LPO activation during 
stress; 

2) increased lability of  the systems activating 
and inhibiting LPO processes, which leads to an 
early onset of  acute inflammation and its shortened 
duration and, hence, to much less pronounced sec- 
ondary changes in the tissues concerned; 

3) mitigation of  the inflammatory process be- 
came of  the adaptation-induced limitation of LPO 
activation. 

Table  1. Levels of Reduced Glutathione in Control Rats and Rats A d ap t ed  to Alt i tude Hypoxia (nmol /g  Tissue; M• 

Group Brain Heart Kidneys Liver 

1.62• Control rats (n= 10) 

N o t e .  "p<O.05 in comparison with t h e  control  group. 

1.33• 2.52 • 3.86• 
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Quantitative ratios between alveolar polymorphonuclear leukocytes (PML) and macroph- 
ages and the ingesting and reducing potentials of these phagocytic cells were studied 
after lung damage in unstressed mice and mice that had just been stressed by strenu- 
ous physical exercise (swimming for 60 min). Three days after the lung damage in- 
duced in unstressed mice by AgNO 3 (0.1 ml instilled intratracheally), PML numbers 
in the airway lumens were significantly increased, while the bronchoalveolar lavage fluid 
samples taken on day 14 after lung damage indicated intensified macrophage activity. In 
the mice instilled with AgNO 3 immediately after being stressed, the recruitment of PML 
and macrophages to the lungs was markedly decreased, although the percentage of mac- 
rophages reducing nitro blue tetrazolium had significantly increased. That the lungs of 
stressed mice sustained less injury than those of unstressed animals was indicated by the 
finding that lactate dehydrogenase activity in the cell-free fraction of bronchoalveolar lavage 
fluid was less damaged in response to intratracheal instillation of the destructive agent. 

Key Words: bronchoalveolar lavage fluid; macrophages; polymorphonuclear leukocytes; stren- 
uous physical exercise; lung damage 

We showed earlier that different classes of macroph- 
ages react to strenuous physical exercise in different 
or opposite ways [1]. For example, the function of  
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Kupffer cells is inhibited, whereas both fLxed and 
free pulmonary macrophages exhibit heightened pha- 
gocytic activity, accompanied by enhanced migration 
of polymorphonuclear leukocytes (PML) to the air- 
ways. Since the resistance of the lungs to damage is 
largely dependent upon pulmonary phagocytes [2], 
alterations in the reactivity of respiratory tract ph- 

0007-4888195/0006-0570512.50 �9 Plenum Publishing Corporation 


