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The dynamics of lipid peroxidation and of the aseptic inflammatory process is studied 
in rats adapted to high altitude hypoxia. A greater activity and shorter duration of the 
acute period of inflammation are found in these animals, while in the reparative pe- 
riod stimulation of the proliferative processes and slowed formation of the fibroblast 
capsule are noted. 
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Previous experiments established that the inflam- 
matory process is regularly followed by a stress 
reaction, which markedly affects its course [4]. It 
may be assumed that limitation of this stress re- 
action would considerably modify the dynamics of 
the inflammatory process. One of the most effec- 
tive ways of boosting the power of stress-limiting 
systems is the adaptation of the organism to envi- 
ronmental  factors, including high altitude hypoxia 
(HAH), which greatly enhances the organism's re- 
sistance to i schemia ,  ionizing radiat ion,  toxic 
chemicals, etc. [6]. However, there are still no 
data on the possibility of optimizing the course of 
inflammation using such adaptation, i.e., of miti- 
gating the pathogenic aspects of  this process. On 
the basis of the above the aim of the present in- 
vestigation was to study the effect of HAH adapta- 
tion on the dynamics of the inflammatory process. 

MATERIALS AND METHODS 
Experiments were carried out on 100 male albino 
rats weighing 140-160 g, 40 of which were con- 
trois, while 60 rats underwent adaptation to HAH 
in a KU-7 pressure chamber during 6 weeks (5 
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days a week for 6 hours each day at an "altitude" 
of 5500 m) [6]. Aseptic inflammation was simu- 
lated 24 hours after the adaptation was completed 
using a 1• m m  celloidin plate implanted in the 
subcutaneous connective tissue of the shank. For 
assessment of the activity of lipid peroxidation 
(LPO) processes and of the antioxidant systems of 
the organism the content of lipid LPO-hydroperox- 
ide products and malonic dialdehyde and the antio- 
xidative activity (AOA) was determined in the  se- 
rum [2,3]. Vascular and cell reactions in the in- 
flammatory focus were assessed morphometrically o n  
histological preparations [1,5] 0.5, 1, 2, 3, 5, 10, 
and 25 days after the initiation of inflammation. 
The functional activity of mast cells was deter- 
mined using the mean index of degranulation [8]. 

RESULTS 
It was found that the acute period of  inflamma- 
tion in HAH adapted animals proceeds more vig- 
orously and finishes earlier than in control  ani- 
mals. For example, in the leukocytic phase (0.5 
day of inflammation) control animals at first show 
activation only of capillaries (mean area of one 
vessel S=265+55 g2) and of arterioles and venules 
only toward the end of the 2rid day (S=500+100 
rt~). The activation of  microvessels of all calibers 
(S=503+72.2 g2, p<0.05) was already noted in test 
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animals during the first 12 hours of  the inflam- 
matory process, indicating a n  earlier and more 
intensive vascular reaction in HAIt adapted rats. It 
should be stressed that whereas in test animals the 
vascular reaction markedly diminishes toward the 
end of the first day, it is increased in controls. 
The more  p ronounced  plethora of  rnicrovessels 
noted in adapted animals may be due to a high 
concentra t ion of histamine in the inflammatory 
focus, because the number of mast cells surround- 
ing the foreign body is 4.4 times greater as com- 
pared to the control (35+1.3/mm 2 and 8+2 /mm 2, 
p<0.001, respectively). The active vascular reaction 
in test rats is accompanied by a greater density of 
the leukocytic infiltrate (53.9+5.1 macrophages and 
14.7+0.57 neutrophils per 5000 g2) as compared to 
the control  (21.5+1.5 macrophages and 5.1+2.5 
neutrophils, p<0.001). The thickness of the leuko- 
cyte rampart surrounding the celloidin plate is regu- 
larly increased under the test conditions (79.2+5.1 
vs .  54.5+2.4 g, p<0.001). This rampart  consists 
72-74% of neutrophils in animals of both groups 
(17.1+7.6 per 1000 m 2 in the test and 22.1+1.8 
in the control).  

Toward the end of the first day the density of 
leukocyte infiltration on the periphery of the in- 
flammatory focus declines in test animals and ap- 
proximates the control level. The thickness of the 
leukocyte rampart remains as before, while in the 
control animals it increases almost twofold and con- 
stitutes 102.3+14.6 g. Mass death of neutrophils is 
noted in the leukocyte rampart at this time, the 
losses being markedly more pronounced in test ani- 
mals, resulting in a drop in the concentration of 
these cells to 8.6+0.3 per 1000 g2 in the test and 
to 15.7+0.2 in the control (2<0.001). 

The cell rampart surrounding the foreign body 
is formed at the macrophagic stage of inflamma- 
tion, i.e., toward the 2rid day, and contains more 
macrophages in test animals (70+3.8% in the test 
and 56.7+3.5% in the control, p<0.05). Toward 
the 3rd day the macrophages completely clear the 
inflammatory focus of detritus. The more intensive 
course of the acute period may be due in large 
measure to the early activation of LPO processes 
(Fig. 1). The maximal content  of LPO products 
in test animals is reached 12 h after the onset of 
inflammation, while the same indexes in the con- 
trol group peak only after 3 days of inflammation. 
The rapid curtailment of the acute period of in- 
f lammation in HAH adapted rats is probably re- 
lated to the drastic limitation of lipid hyperpe- 
roxidation induced by the early activation of the 
antioxidant systems, as is conf i rmed by an in- 
crease of the blood AOA (Fig. 2). 
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Pig. 1. Content  of LPO products  in control  (I) and test (2) 
groups in the dynamics of inflammation. Ordinate: level of lipid 
hydrope rox ides  (LHP) and malon ic  d i a l d e h y d e  (]VlDA), rel.  
units .  

It may be assumed that the lability of the pro- 
cesses responsible for the activation and inhibition 
of LPO processes increases during adaptation to 
hypoxia. On the one hand, rapid activation of LPO 
results in the stimulation of cell and vascular reac- 
tions m the inflammatory focus due to changing 
properties of the cell membranes, and, on the other 
hand, the antioxidant systems, boosted due to the 
HAH adaptation, "kick in" quickly in response to 
LPO activation [6]. This prevents excessive LPO ac- 
tivation, lowers cell activity, and limits the develop- 
ment of secondary alteration of tissue. 
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Pig. 2. Se rum A O A  in c o n t r o l  and  t e s t  g r o u p s  in the  
dynamics of inflammation.  Ordinate:  level of AOA, rel. uni ts  
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:Fig. 3. Concentration of l i t t l e -d i f fe ren t ia ted  fibroblasts (Fb) 
in the inflammatory focus and of collagen (Col} in the fibroblast 
capsule  in the p rocess  of d e v e l o p m e n t  of in t lammation in 
control (I) and test (2) animals. Ordinate: /} number of Fb (per 
5000 g2}; I/) area of Iibroblast capsule occupied by Col, %. 

Toward the begmmg of the reparative period 
the proliferation of fibroblasts, which peaks 2 days 
after the onset of inflammation, is terminated in 
control animals. In contrast, the proliferative pro- 
cesses in test animals are still further stimulated 
and continue till the 10th day of the inflamma- 
tion process (Fig. 3). 

In a discussion of the findings, several groups 
of factors stimulating the proliferation of fibroblasts 
may be isolated: 1) serum factors [7,9]; 2) factors 
released by neutrophils [10], 3) the macrophagal 
growth factor [7]. Our results suggest that the 
concentration of the above factors is greatly in- 
creased in the inflammatory focus. The more vig- 
orous reaction of blood vessels, neutrophils, and 
macrophages in HAH adapted animals may indi- 
rectly point to this. 

Despite the more active and prolonged prolif- 
eration of fibroblasts under the test conditions, the 
differentiation of these cells begins simultaneously 
and proceeds at the same rate in animals of both 
groups till the 5th day of inflammation. But the 

subsequent process of formation of the fibroblast 
capsule is somewhat inhibited in the test animals, 
and after 10 days there are 9.5_+0.3 layers of fi- 
broblasts  v s .  15.2_+0.9 in the c o n t r o l  group 
(p<0.001). The synthetic function of fibroblasts is 
also more active in animals of the control group 
(Fig. 3). As early as the 5th day of inflammation 
the collagen content in the fibroblast capsule ac- 
counts for 51.7_+3.2% in the control, while in the 
test animals it comprises 37.4_+4.1% (p<0.05), and 
later on it remains lower m test animals than in 
controls. Thus, the capsule, fully formed by the 
25th day of inflammation, is younger and contains 
more fibroblasts (19.4_+1.0 v s .  11.9_+0.9 cells per 
1000 p2 in the control) and less collagen as com- 
pared to the control (Fig. 3), while the thickness 
of the capsule is the same in both groups. 

In our view, the decreased activity of the col- 
lagen-production process may be due to the follow- 
ing causes. Firstly, the shorter activation of LPO as 
well as of the vascular and cell reactions in the 
acute period of inflammation in HAH adapted rats 
may determine the low level of production of 
collagenogenesis stimulators in the reparative period. 
Secondly, the increased power of the antioxidant 
systems results in a change of some properties of the 
fibroblast membranes, which is responsible for their 
somewhat lesser activity. Thirdly, the more inten- 
sive degranulation of mast ceils noted in the repara- 
tive period (Table 1) probably leads to a rise in the 
concen t ra t ion  of histamine (known to inhibit 
collagenogenesis) in the inflammatory focus [7]. 

Thus, a more active and shorter course of the 
acute period of inflammation as well as a rise in 
the proliferative activity of fibroblasts, together 
with a slight lowering of the rate of coilage- 
nogenesis in the reparative period, are noted HAIl 
adapted animals. 
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Coronary perfusion pressure at increasing flow of Krebs-Henseleit buffer in the hearts 
of animals exposed to stress is decreased 23%, a decrease which is eliminated by ad- 
ministering the N O-synthase blocker NG-monomethyl-L-arginme. Stimulated vasodila- 
tion of coronary vessels (admimstration of sodium nitroprusside and acetylcholme) 
decreases markedly in stressed animals; the concentrations of sodium nitroprusside and 
acetylcholme inducing a half-maximum coronary response increase. 
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Immobilization stress causes pronounced alterations 
in the coronary circulation [1]: the volume of coro- 
nary blood flow increases, whereas intraventricular 
pressure decreases. A similar disparity between the 
demand for and the supply of the myocardium with 
blood is largely associated with a reduced tone of 
coronary vessels, which may ensue from alterations 
both of the contractile function of coronary vessels 
and of the functional activity of erythrocytes. The 
baseline activity of the nitrogen oxide system in 
coronary endotheliocytes has an important role in 
the regulation of coronary tone [7]. The amount of 
constantly released NO, which reduces coronary 
tone, is determined by the activity of the constitu- 
tional NO-synthase [5]. The role of this system in 
stress-induced changes in coronary blood flow is 
unknown. In this study we investigated the role of 
the NO-synthase system of rat coronary vessels in 
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the post-stress alterations in coronary tone. For this 
purpose we studied: first, the effect of the specific 
competitive NO-syaathase blocker N~ - 
arginine (NG-MMLA) on stress-induced alterations 
in the tone of coronary vessels; second, the response 
of coronary vessels to administration of the exog- 
enous NO source sodium nitroprusside; and, third, 
the acetylcholine-stimulated, endothelium-dependent 
dilatation of coronary vessels. 

MATERIALS AND METHODS 

Experiments were performed on isolated hearts of 
female rats weighing 180-230 g. The control and 
experimental series included 96 and 65 animals, 
respectively. Hearts were excised under  urethane 
anesthesia (1 g/kg), and Langendofff peffusion was 
performed at a constant flow of carbogen-aerated 
(5% COff95% 02) Krebs-Henseleit  buffer in a 
thermostatically controlled chamber. When the de- 
pendence between coronary perfusion pressure (PP) 
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