
differed in degree. Significant inhibition of synthesis of water-insoluble proteins, to the 
greatest degree; was observed in the hypothalamus, and in the other structures it was less 
marked. Incorporation of 35S-methionine into water-soluble proteins of the experimental ani- 
mals was significantly reduced in the hippocampus, subcortical formations and the medulla, 
and it was reduced by a lesser degree in the cerebral cortex and cerebellum. Some degree of 
activation of protein synthesis was observed in the hypothalamus. Comparison of the results 
with data on the action of ethanol administered in the antenatal period on brain protein syn- 
thesis [i, 2] reveals definite similarity: inhibition of incorporation of precursors into 
brain proteins. Some differences were found in the effect of ethanol during each of these pe- 
riods. Whereas with intrauterine exposure to ethanol synthesis of water-insoluble proteins 
was disturbed by a greater degree, mainly in the hippocampus and neocortex, postnatal adminis- 
tration of ethanol was accompanied in late ontogeny by marked inhibition of synthesis of wa- 
ter-soluble proteins in several brain structures. Meanwhile, changes of this kind in water- 
insoluble proteins were observed mainly in the hippocampus. 

Disturbances of metabolism of individual groups of proteins in certain brain structures 
may lie at the basis of changes in behavioral responses and may be reflected in integrative 
activity of the brain. As was shown above, the action of ethanol in the early postnatal pe- 
riod led to disturbances of certain forms of learning (CPAR) but had no significant effect on 
CAAR, i.e., it was selective in character. Antenatal alcoholization gave rise to more marked 
changes in various forms of behavioral reactions than exposure to ethanol in the lactation pe- 
riod. These results are evidently linked both with the action of ethyl alcohol on different 
stages of ontogenetic maturation of the CNS and with its smaller doses transmitted with mater- 
nal milk. 

LITERATURE CITED 

i. M. Ya. Maizelis, A. L. Zabludovskii, and S. N. Shikhov, Zh. Nevropatol. Psikhiat., 83, 
No. 3, 394 (1983). 

2. M. Ya. Maizelis, A. L. Zabludovskii, and S. N. Shikhov, Neirokhimiya, ~, No. 3, 288 (1983). 
3. C. Bauer-Mofott and I. Altman, Exp. Neurol., 48, 378 (1975). 
4. I. L. Dahlgren, Acta Pharmacol. Toxicol., 57, Suppl. i, 36 (1985). 
5. I. Hornguth, Brain Res., 177, 347 (1979). 
6. M. Oemichen and N. Schmidt, Med. Welt (Stuttgart), 35, 1543 (1984). 
7. P. Piccarainen and N. L. Rajha, Nature, 222, 563 (1969). 
8. L. Wagner, G. Wagner, and J. Guerrero, Am. J. Obstet. Gynec., 108, 308 (1970). 

STAGE OF INHIBITION OF LIPID PEROXIDATION DURING STRESS 
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KEY WORDS: stress; pain syndrome; lipid peroxidation. 

One result of exposure of the body to stress is activation of free-radical lipid peroxi- 
dation (LPO), leading to damage to cell membrane structures [2, 7]. However, the question of 
the pathogenetic role of different stages of stress and of their particular features remains 
unexplained; in particular, it is not clear what changes in LPO take place during the little- 
studied early stage of stress. 

The aim of this investigation was to study the state of LPO in the brain and blood of 
rats during exposure to acute stress and to compare it with changes in the parameters of LPO 

during a pain syndrome. 
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TABLE i. Parameters of LPO in Brain and Blood of Rats Exposed to Immobilization Stress 
for 2 h (M • m) 

Parameters 

TBA-active products 
The same 
Conjugated dienes 
lhe same 
Schiff bases 
Superoxide dismutase activity 
Nonenzymic superoxide 
scavenging activity 

Total PL concentration 
Ch concentration 
Ch/PL 
Readily oxidized PL/not so read i ly  

oxidized PL 

Test 
object 

Brain 
Serum 
Brain 
Serum 
Brain 
Brain 

Serum 

Lipid ex- 
tracts of 
brain 

Control 

lO0,O::k3,4 
100,0___3, l 
100,0-+5,5 
100,0-+7,1 
100,0/=2,2 

100-+5 

100-+5 
100,0-+3,2 
100,05:2,7 

100 

100 

Immobilization 
in tubes 

80,6/=3,0** 
100,0-+3,4 
93,1-+5,3 
95,9_+5,4 
93,1-+2,3"* 

99-+3 

96+3 
87,3• 
89,2--+3,3** 

102,2 

103,1 

Immobi 1 i za t ion  
in  supine 
pos i t ion  

23,4_+5, l** 
21,4-+6,0"* 
86,0_+4,6'* 

107,0_+7,6 
94,6• 

144_7"* 

106/:3" 
92,4• 
85,2-+3,0"* 

79,5* 

117,5"* 

L@gend. i. Parameters calculated in percent of corresponding values for control group, 
taken as 100%. 2. Readily oxidized PL: phosphatidylserine + phosphatidylethanol- 
amine + phosphatidylinositol + cardiolipin; not so easily oxidized PL: phosphatidyl- 
choline + sphingomyelin. 3. *p < 0.05, **p < 0.01 for comparison with control. 

EXPERIKENTAL METHOD 

Experiments were carried out on i00 noninbred albino rats weighing 150-180 g. The fol- 
lowing procedures were used to induce stress: immobilization in Plexiglass tubes for 2 h, strict 
immobilization in the supine position with the paws fixed for 2 h, painful electrical stimula- 
tion in a special chamber with electrically conducting floor, by a current of 3-4mA; frequency 
of electrical stimulation 1-2 pulses/sec, duration 0.25-2 h. After the end of the procedure 
the animals were decapitated, a homogenate of the cerebral cortex was obtained together with 
blood serum, in which the concentration of material reacting with 2-thiobarbituric acid (TBA) 
[12], conjugated dienes [6], and superoxide dismutase activity [Ii] were determined. Lipids 
were extracted from the homogenate by means of a mixture of chloroform and methanol by Folch's 
method [13], fluorescent products of LPO (Schiff bases) were determined in the lipid extracts 
[4], and the concentrations of phospholipids (PL) and cholesterol (Ch) were determined by thin- 
layer chromatography. Parameters of LP0 also were investigated in venous blood plasma from 
44 women with dysmenorrhea, in the midlutein phase of the menstrual cycle, at the height of 
the pain, during the first 12 h and 12-24 h after the beginning of the pain syndrome during 
menstruation. The concentration of Schiff's bases were determined as in [4], lipid hydroper- 
oxides were estimated by chemiluminescence induced by Fe ++ ions [5], peroxide chemilumines- 
cence was measured in a system induced by H=02 [8]. 

EXPERImeNTAL RESULTS 

Parameters of LPO in the brain and blood serum of rats subjected to immobilization stress 
are given in Table I. Activation of LPO did not take place under these conditions; moreover, 
in the case of immobilization in the supine position for 2 h significant inhibition of LPO 
was observed in the brain, accompanied by accumulation of readily oxidized PL and by an in- 
crease in superoxide dismutase activity. Since data indicating activation of LPO during stress 
were obtained as a rule during the long-term action of stressors, it was logical to suggest 
that activation of LPO is preceded by a stage of its inhibition. 

To test this hypothesis changes in parameters of LPO during severe stress caused by the 
action of the electric current were investigated (Table 2). During continuation of the ac- 
tion of stress all the parameters underwent phasic changes. The content of LPO products in 
the brain and blood serum fell sharply after 15 min, then rose, to approach the corresponding 
initial values, and to exceed them after 30 min and 1 h. Maximal activation of LPO was ob- 
served after 2 h of continuous action of the electric current, and it lasted at least 4-5 h 
after discontinuation. The corresponding stages also were characteristic of brain lipids: The 
concentration of Ch and the Ch/PL ratio fell to minimal values after 15 min, then rose, to 
reach a maximum after 2 h of exposure to stress. The PL concentration and the ratio of read- 
ily oxidized to not so readily oxidized forms of PL showed reciprocal changes relative to those 
of the Ch level. Changes in superoxide dismutase activity in the brain and blood serum also 
were phasic in character, rising during inhibition of LPO and falling in the phase of its 
activation. 
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TABLE 3. Dynamics of Parameters of LPO at Different Periods of the Pain Syndrome in Pa- 
tients with Dysmenorrhea (in % of value of LPO parameters in midlutein phase, taken as 
100%; M • m) 

Parameter 

Schiff's bases 

Peroxide chemiluminescence 

Hydroperoxides (induced 
chemiluminescence) 

Control 
(c) 

t41,1 (n-- 14) 
109,4--177,2 
259,8 (n=15) 
87,8--700,0 

105,6 (n= 14) 
93,0--114,6 

First 12 h after'-13-24 h from 
beginning of 
pain (I) 

50,98 (n=I5) 
7,92--I01,16 
460,2 (n=8) 

1,7--1550,4 
1o2,1 (n= 16) 
30,3--238,9 

beginning of 
pain (II) 

260,07 (n=14) 
19,17--642,58 
15117,3 (n=7) 

999,9--68263,4 
172,8 (n=8) 

47,4--518,5 

PC-I 

<0,001 

<0,05 

>0,05 

PC-II 

>0,05 

<0,00! 

:>0,05 

LeEend. i. Numerator shows mean value, denominator shows limits of variations. 
Significance of difference calculated by Mann-Whitney U test. 

Pi-u 

<0,00! 

<0,005 

>0,05 

. 

In women with dysmenorrhea the plasma concentration of Schiff's bases 12 h after the be- 
ginning of pain was reduced by almost two-thirds, whereas after 12-24 h it was raised to al- 
most twice the corresponding control values (Table 3). In the early stage of pain stress no 
increase was found in the levels of hydroperoxides or of peroxide chemiluminescence, which 
was observed in the later period. 

The results are evidence that in different forms of stress there is a primary stage of 
inhibition of LPO, which is followed by its activation; the times of onset of the phases of 
inhibition and activation of LPO, moreover, depend on the nature of the stress and the state 
of the organism. Inhibition of LPO is accompanied by an increase in the fraction of readily 
oxidized PL, a decrease in the Ch concentration and the Ch/PL ratio, whereas on the change 
from inhibition of LPO to its activation, the shift of these parameters also changes. The re- 
sults of correlation agree with the regulatory scheme suggested by Burlakova [i]. The in- 
crease in superoxide dismutase activity in the brain and blood serum corresponded to inhibi- 
tion of LPO, a decrease to its activation~ All changes appearing in homogenates of the cere- 
bral cortex corresponded to changes observed in fractions of glia, neurons, and synaptosomes, 
evidence of generalized changes in these parameters. 

The question of the causes and physiological significance of the biphasic changes in LPO 
in the body under the influence of stress is of great theoretical and practical importance. 
Since we know that catecholamines and certain steroid compounds have the ability to act as 
"traps" of superoxide radicals [9], it can be postulated that these hormones, secreted inten- 
sively by the adrenals in response to the action of stress factors [14], take part in the in- 
hibition of LPO in the initial period of stress. Activation of scavenging of superoxide rad- 
icals in the brain and, in particular, in the blood serum takes place predominantly through 
an increase in the contribution of the nonprotein, cyanide-resistant component, indirect evi- 
dence in support of this hypothesis. 

What is the cause of the subsequent rapid replacement of inhibition of LPO by its acti- 
vation? Probably a predisposition to activation of LPO is created actually in the period of 
its inhibition: readily oxidized PL accumulate, the Ch level falls, and the lipids become 
less resistant to LPO. Disturbances of the microcirculation observed during stress [3] lead 
to increased radical formation [i0], loosening of the structure of the membranes, and in the 
presence of an excess of radicals, catecholamines undergo autooxidation, and are converted 
from "traps" into generators of additional radicals. All these phenomena create conditions 
favorable for activation of LPO. 

On the basis of all the facts described above, the two sequences of events, whose reali- 
zation leads to inhibition, followed by activation, of LPO can be represented schematically. 
The first: stress--catecholamine release--lowering of the Ch concentration, the Ch/PL ra- 
tio, and the antioxidative activity of membrane lipids, while the second stage is realized si- 
multaneously: the sequence of stress--catecholamine release-disturbances of the microcircula- 
tion--radical formation--activation of LPO. The state of LPO at each moment of time depends on 
the contribution of both processes. For instance, initially the excess of radicals does not 
initiate LPO because of the sufficient quantity of antioxidants and because of the elevated 
level of hormones, which are scavengers of radicals. Later, when the total antioxidative ca- 
pacity is exhausted, radical and lipids with low antioxidative activity accumulate because of 
the first group of processes and they are rapidly oxidized. LPO products inhibit superoxide 
dismutase, which leads to a further decrease in the antiradical protection of the body and to 
intensification of LPO. 
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The results also deserve attention from the general biological point of view: The first 
phase, in which LPO is inhibited, is the stage of mobilization of protective mechanisms and 
activation of antistressor systems; the second phase develops as a result of overcoming of the 
activity of the antistressor system due to the continued exposure to stress. 
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EFFECT OF DIFFERENT REPERFUSIOI~ SCHEDULES ON RESTORATION OF MYOCARDIAL 

CONTRACTILITY AFTER TOTAL ISCHEMIA 

V. S. Shul'zhenko and V. I. Kapel'ko UDC 616.127-005.4-07:616.127-008.3/-085- 
036.8-07 

KEY WORDS: heart; ischemia; reperfusion; contractility. 

Reperfusion of the ischemic myocardium often causes additional disturbances of its struc- 
ture and metabolism [6, i0] accompanied by arrhythmias, the development of contracture, and 
incomplete recovery of its contractile function (CF) [7, 9, ii]. Excessive reoxygenation of 
the myocardium and accumulation of intracellular calcium [4] play an important role in the on- 
set and development of reperfusion disturbances, and for that reason the use of antioxidants 
[7], of Ca++-antagonists [8, 13], and of reperfusion hemodilution [12] diminishes the damag- 
ing action of reperfusion. These data suggest that delayed recovery of CF of the ischemicmy- 
ocardium, determining the intensity of energy expenditure in the initial period of reperfu- 
sion, may improve the restoration of CF at the end of reperfusion. In this investigation en- 
ergy expenditure in the initial period of reperfusion was reduced by the use of a reperfusion 
solution with modified ionic composition or the initial rate of perfusion was limited. 

EXPERIMENTAL METHOD 

Experiments were carried out on guinea pigs weighing 200-300 g, anesthetized with ure- 
thane (1.25-1.50 g/kg). The isolated hearts were perfused in the retrograde direction through 
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