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It is shown that during stress a rapid twofold increase of erythrocyte acid resistance in 
rats of  both sexes was followed by a 1.5-fold decrease toward the 60th rain in males 
and the 120th rain in females. In males, in contrast to females, the level of malonic 
dialdehyde was raised not only during stress, but also 1 and 24 hours after its comple- 
tion. Stress-induced dystrophic changes of cardiomyocytes were more marked in males. 
The area of myocardial damage in females was almost twice as small as in males. It is 
assumed that the better resistance of females to stress-induced cardiovascular damage may 
be due to increased efficacy of antioxidant mechanisms inhibiting lipid peroxidation. 
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It has been established that decompensated activa- 
tion of lipid peroxidation (LPO) during severe and 
long-lasting stress affects the integrity of cell mem- 
branes, leading to the damage of various organs, 
including the cardiovascular system [3,4,8]. The 
antioxidant system (AOS) in the female organism 
is known to be more active than in males, owing 
to antioxidative enzymes [14], alpha-tocopherol 
[15], estrogens that possess antioxidant properties 
[I1], and a higher stress-induced glucocorticoid 
level [1]. This suggests that stress-induced responses 
in females are associated with a lesser activation of 
LPO and an increased resistance of the cardiovas- 
cular system. To check this hypothesis, we carried 
out a study of the degree of LPO activation and 
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resistance to cardiovascular damage in female and 
male albino rats subjected to severe stress. 

MATERIALS AND METHODS 

Experiments were carried out on 200 rats of both 
sexes. As an extreme agent acting on the cardio- 
vascular system we used a two-hour acoustic stress 
against the background of  strict immobilization 
[10]. For estimation of the integral ratio of LPO 
to AOS activity we studied changes in erythrocyte 
membrane structural-functional properties, evaluat- 
ing the erythrocyte acid resistance (EAR) by the 
method of erythrograms [5]. The erythrocyte con- 
tent of malonic dialdehyde was assayed as described 
earlier [12]. Indexes of LPO intensity were esti- 
mated in rats decapitated 30 sec and 10, 60, and 
120 rain after the start of  stress, and 1 and 24 
hours after its completion. Hearts taken immedi- 
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ately and 1 and 24 hours following the disconti- 
nuation of  stress were fixed in 10% formalin so- 
lution. Deparaft-mized sections were stained with 
hematoxyl in -eos in  and iron hematoxyl in  after 
Heidenhain,  Li, and Mallory. The size of  the 
damaged myocardial area and number  of function- 
ing capillaries were estimated by the morphomet-  
ric method. The results were statistically evaluated 
using Student's test. 

RESULTS 

Analysis of  erythrograms showed that as early as 
30 sec after the start of  the experiment the resis- 
tance o f  erythrocyte membranes  drastically in- 
creased. This led to a delay o f  the maximal  
hemolysis time by 1.8 and 1.6 times in females 
and males, respectively (Fig. 1), thus reflecting an 
increased resistance of  most erythrocytes. The frac- 
tion of highly resistant erythrocytes also increased, 
as judged by the 1.6-fold increase of  the total 
hemolysis time in both females and males (Fig. 
2). Moreover, the indexes of  the maximal degree 
of hemolysis were reduced more than twofold. The 
EAR increase may be a consequence of LPO in- 
hibition in the early stages of  stress. This process 
is thought  to be mediated via AOS activation 
caused by an emergency release o f  catecholamines 
and glucocorticoids [2,3,7]. A short-term LPO in- 
hibition at the beginning of  stress, similar in fe- 
males and males, was replaced by LPO enhance- 
ment  and EAR decrease. Towards the 10th minute 
of stress a dramatic shortening of  the maximal as 
well as the total hemolysis time took place in both 
females and males, the magnitude being indepen- 
dent  of  sex (Figs. 1 and 2). As stress progressed, 
males showed a higher level of  LPO activation as 
compared to females, which led to a more rapid 
fall of  EAR in them. Thus, at the 60th rain the 
resistance of  the bulk of the erythrocyte popula- 
tion was reduced to 42% of the  control level, 
whereas in females the resistance did not  differ 
from the control level. Only after the completion 
of  stress was the maximal hemolysis time lowered 
in both females and males (Fig. 1). Notably, the 
total hemolysis t ime was shortened in females by 
the 60th min, and in males by the 120th rain of  
stress (Fig. 2). In the post-stress period the sex- 
associated differences in the dynamics o f  EAR 
changes assumed a qualitative nature. In females 
the completion of  stress was accompanied by a 
rapid increase in both the resistance of  the main 
erythrocyte fraction and the number  of highly re- 
sistant erythrocytes.  Thus, 60 min  after stress 
completion the maximal hemolysis time increased 
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by 2.5 times as compared to the preceding level 
(under the stress conditions) and exceeded the con- 
trol index by 40% (Fig. 1). The total hemolysis 
t ime showed a 1.7-fold increase, exceeding the 
control  value by 53% (Fig. 2). Moreover,  the 
maximal degree of  hemolysis showed a 2.6-fold 
reduction. Increased cell membrane stability in the 
post-stress period in females reflected a shift in 
favor of  AOS in the LPO/AOS balance. In males 
the EAR level of  most erythrocytes remained at 
the stress level as long as 60 min after stress abo- 
lition (Fig. 1), the total hemolysis time rose only 
to the control  level (Fig. 2), and the maximal 
degree of  hemolysis showed a 1.5-fold reduction. 
The dynamics of  the malonic dialdehyde content  
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F i g .  2. Dynamics  of  total hemolys is  t ime in female and male  
ra ts  s u b j e c t e d  to e x p e r i m e n t a l  s t ress .  
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Fig. 3. Dynamics  of e ry th rocy te  con ten t  of malonic  di-  
aldehyde in female and male rats subjected to experimental 
stress. 

i n  erythrocytes confirmed the sex-related differ- 
ences in the activity of  compensatory processes in 
the post-stress period. In distinction to females, 
males showed an increased content of  malonic 
dialdehyde not only during stress, but also 1 hour 
and even 24 hours after its abolition, thereby pro- 
viding evidence of long-lasting post-stress LPO 
activation (Fig. 3). This means that in females an 
increased AOS activity was expressed both during 
stress (in agreement with published data [9]) and 
after its end, creating more favorable conditions 
for restoration processes. 

In both females and males stress was accom- 
panied by disturbance of  coronary blood flow and 
dystrophic alterations in cardiomyocytes. The del- 
eterious effect of  stress on coronary blood flow was 
comparable in females and males (Table 1) and 
was manifested in alterations of vascular permeabil- 

ity, leading to hemorrhages, and in dilatation of 
vessels with an increase in the number of func- 
t ioning capillaries. Dystrophic ca rd iomyocy te  
changes in the middle layers of the left ventricle 
myocardium could be detected immediately after 
the removal of the stress factors. The myocardial 
damage was of a diffuse character and the areas of 
damage were similar in females and males (Table 
1). During the first post-stress hour dystrophic 
processes in the myocardium progressed. Along 
with myofibril damage, the denaturation of sarco- 
plasm protein was observed as well as individual 
necrotized cells; in addition, altered cardiomyocytes 
were revealed in the subendocardial layer. However, 
in females the pathological processes were less 
marked, since the total area of damaged sites was 
1.7 times less in females than in males (Table 1). 
Moreover, in two of 11 females (18%) focal myo- 
cardial damage did not exceed 3-4%. Twenty-four 
hours later, among the cardiomyocytes with seg- 
mental dystrophic alterations there appeared foci of 
necrotized cells which reflected further aggravation 
of the pathological process. However, in females, 
unlike males, this did not result in a substantial 
increase of the area of  damaged myocardium. 
Therefore, one day after stress removal the sex-as- 
sociated differences in the degree of myocardial 
damage became more pronounced. The area of 
diffuse myocardial damage in females was almost 
twice as small as in males (Table 1). 

Thus, in the model of  stress discussed, females 
proved to be more resistant not only to cerebrovas- 
cular damage, as shown by us earlier [1], but also 
to cardiovascular disorders. This is consistent with 
the data concerning the higher resistance of fe- 
males to experimental myocardial infarction [6,13]. 
The inverse correlation between the level of LPO 

T a b l e  l .  Development of St ress- - Induced Cardiovascular Damage in Female and Male Rats 

N o t e .  Number of animals given in parentheses. The results differ reliably {p<0.05--0.001) from the control ('), from males (*'), 
and from the preceding level (+). 
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activation and cardiomyocyte resistance to stress 
suggests that the increased resistance of females to 
cardiovascular diseases is largely due to increased 
AOS activity during and after stress. 

The investigations were carried out with the 
support of  the International Scientific Foundation. 

REFERENCES 
1. T. G. Anishchenko, G. E. Brill', T. P. Romanova, and 

N. B. Igosheva, Byull. Eksp. Biol. Med., 114, J~_ 10, 351- 
353 (1992). 

2. Yu. V. A_rkhipenko, V. V. Didenko, T .  G. Sazontova, and 
F. Z. Meerson, Dokl. Akad. Nauk SSSR, 304, J~_ 6, 
1500-1503 (1989). 

3. V. A. Baraboi, I. I. Brek_hman, V. G. Golotin, and Yu. 
B. Kudryashov, Peroxidation and Stress [in Russian], St. 
Petersburg (1992). 

4. Yu. A. Vladirnirov and A. I. Arclaakov, Lipid Peroxi- 
clarion in Biological Membranes [in Russian], Moscow 
(1972). 

5. I. I. Gitel"zon and I. A. Terskov, Biofizika, 2, 259-262 (1957). 
6. A. I. Gladkova and N. I. Rykova, Krovoobrashehenie, 20, 

N~_ 5, 64-66 (1977). 
7. N. V. Gulyaeva, N. L. Luzina, I. P. Levshina, and G. 

N. Kryzhanovskii, Byull. Eksp. Biol. Med., 106, N o _ 12, 
660-663 (1988). 

8. F. Z. Meerson, Pathogenesis and Prevention of Stress-In- 
duced and Ischemic Damage to the Heart [in Russian], 
Moscow (1984). 

9. M. M. Melkonyan, E. A. Melik-Agaeva, and V. G. 
Mkhitaryan, Zh. Eksp. Klin. Med. Arm. SSR, 26, N_ o 4, 
322-328 (1986). 
T. P. Romanova, Pat. l~ziol., No 3, 80-81 (1989). 
P. V. Sergeev, Steroid Hormones [in Russian], Moscow 
(1984). 
I. D. Stal'naya and T. G. Garishvili, Modern Methods in 
Biochemistry [in Russianl, Moscow (1977), pp. 66-68. 
K. V. Sudakov, Systemic Mechanisms of Emotional Stress 
lin Russian], Moscow (1981). 
D. Carville, J. Strain, R. Welch, and M. Barker, Proc. 
Nutr. Soc., 48, N~_ 1, A35 (1989). 
K. Hirai, R. Higuchi, M. Azuma, and M. Sonoda, J. Clin. 
Biochem. Nutr., 7, N~_ 1, 15-25 (1989). 

10. 
11. 

12. 

13. 

14. 

15. 


