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The mechanism of ischemic damage to the structure and function of neurons has received little study, es-
pecially in the early stages [1, 4]. One factor triggering this process may be an intensification of lipid per-
oxidation (LPO) in the brain during ischemia and in the early recovery period. The aim of the present investiga-
tion was to test this hypothesis.

EXPERIMENTAL METHOD

Experiments were carried out on36 male albino rats weighing 180-220 g under ether anesthesia; nine of
the animalg were controls. The model of ischemia consisted of clinical death lasting 5 min, produced by blood
loss through the external iliac artery, followed by resuscitation by a modified Negovskii's method. The brain
was fixed intravitally in liquid nitrogen at the end of ischemia and after 30 min and 24 h of the recovery period
{six animals at each time). The antioxidant activity of lipids [9] and the concentrations of diene conjugates {10}
and malonic dialdehyde (MDA) [5] were determined in tissue from the cerebral hemispheres. For eleciron
microscopy the brain was perfused intravitally with a mixture of 4% paraform and 1% glutaraldehyde in phos-
phate buffer, pH 7.4 (three animals at each time). Pieces of cortex from the sensomotor area were treated in
the usual way for survey multimicroscopy (embedding in Araldite, ultrathin sections stained with uranyl acetate
and lead citrate). The numerical results were subjected to statistical analysis by Student's t test.

EXPERIMENTAL RESULTS

During the period of ischemia the antioxidant activity of brain tissue lipids fell by 32.5% compared with
the control. It remained at the same level 30 min after the beginning of ischemia. After 24 h only a tendency
was observed toward recovery of this parameter (Table 1), The concentrations of diene conjugates and MDA
in the brain tissue increased during ischemia by 22.5 and 53.5% respectively. This increase reached an even
higher level after 30 min of the postischemic period. After 24 h the concenirations of diene conjugates re-
mained high in the majority of animals, whereas the MDA concentration was low.

Mitochondria and the rough endoplasmic reticulum of the neurons were subjected to ultrastructural an~
alysis, as the organelles most sensitive to hypoxia [1]. During ischemia, moderate swelling of mitochondria
with focal destruction of their cristae, local lysis of the tubules of the rough endoplasmic reticulum, and an
uneven widening of their lumen were observed in a small group of nerve cells. The number of nerve cells with
structurally damaged mitochondria, with focal or, less frequently, subtotal lysis of the Nissl's substance, and
with dilated tubules of the rough endoplasmic reticulum was increased 30 min after the beginning of ischemia.
On the whole, however, these changes could be described as moderate. After 24 h various degrees of severity
of destructive and metaholic changes in the organelles could be seen in most cerebral cortical neurons (Fig. 1).

The decrease in antioxidant activity in brain tissue at the end of ischemia is evidence of accumulation of
superoxide radicals, capable of interacting with hydrogen peroxide to form hydroxyl radicals inducing LPO of
unsaturated membrane fatty acids [8], in the brain. The level of antioxidant activity correlates negatively with
the free radical concentration {7]. An increase in the concentration of lipid hydroperoxide in the brain is found
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TABLE 1. Brain Tissue LPO Parameters
during Ischemia and Postischemic Period

(M = m)
Time of investi- ﬁé‘t‘.l“?i’fydam Diene con- | 4
gation jugates
meq/gwet weight of tssue
1
Ischemia 0,285+0,047 | 38,64-1,41 |0,624::0,040
. <0,05 <0,01 <0,001
Postischemic
period
30min 0,278+-0,059| 40,3+2,80 |0,832+0,155
P < 0,05 <0,05 < 0,01
1day 0,3634-0,022 | 38,8+4,00 |0,3682:0,027
P 0,06 >0,05 >0,05
Control 0,422-£0,021 [ 31,5-:0,93 | 0,406:0,021

Fig. 1, Lysis and vacuolation of rough endo-
plasmic reticulum in cytoplasm of neuron in post-
ischematic period: a) control, 12,000x; b) after
24 h, 14,000x%.

6.5 min after mechanical asphyxia [2]. The harmful action of free radicals on membranous structures of nerve
cells at the end of ischemia is demonstrated by the sharply increased concentration of diene conjugates and
MDA in the brain. The mildness and limited spread of changes in neuron organelle ultrastructure at this time
point to the development of fine injuries fo the membranes at the molecular level. Lipid peroxidation in the
brain in the early postischemicperiod is facilitated by the hypercatecholaminemia, lactacidosis, hyperoxygena-
tion of the nerve tissue, and low activity of enzymes of antiradical and antiperoxide defense [2, 4], The intengity
of the ultrastructural disturbances of the neuronal organelles increases under these circumstances.

The small increase in antioxidant activity of brain tissue and the decrease in MDA concentration 24 h after
ischemia reflect activation of compensatory mechanisms of defense of the lipid component of the membranes.
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However, marked generalized lesions of neuronal membrane formations are evidence of progressive destruc-
tive processes in the cells. Profound disturbance of membrane ultrastructure mainly in neurons in the late
stages of exposure to hypoxia has been reported in several publications [1, 6]. At this time the harmful action
of other factors, and, in particular, of a broad spectrum of lysosomal enzymes, is manifested {3]. Excessive
activation of PO in the neurons during ischemia and in the early stages of recirculation evidently plays a
leading role in the increased lysosomal membrane permeability and in the solubilization and decompartmentali-
zation of acid hydrolases, and through peroxidation of membrane structures it creates optimal conditions for
realization of the hydrolytic effect of the lysosomal enzymes.

The sharply intensified processes of LPO in brain tissue during ischemia and in the early postischemic
period thus cause damage to membrane structures at the molecular level and lysosome formation, which ag-
gravates subsequent destruction of the nerve cells.
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Considerable attention has been paid to the study of the mechanisms of pain {2, 8, 9, 12, 13]. At the same
time, the mechanisms of formation of reflex analgesia are being studied, as one of the most promising methods
of treatment of acute and chronic pain syndromes [4, 5]. The present writers have shown [11] that electro~
acupuncture (EAP) considerably depresses the conduction of nociceptive impulses at the level of the primary
relay nuclei without affecting transmission of nonnociceptive tactile afferent impulses. It has been shown that
EAP blocks nociceptive impulses in the specific and nonspecific thalamic nuclei. In particular, depression of
nociceptive impulses is stronger in the parafascicular complex than in the specific projection nuclei, in the
ventromedial nucleus for example [10]. An essential role in the mechanisms of pain perception is played by the
orbitofrontal and second somatosensory (SII) areas of the cortex [2, 4].
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