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ABSTRACT

BACKGROUND: Preconditioning is effective for increasing the body's resistance to hypoxia/ischemia.

AIM: To evaluate morphological changes in the most hypoxia-sensitive fields of the hippocampus CA1 and CA3 in cerebral
ischemia in rats and under conditions of combined preconditioning.

MATERIALS AND METHODS: Cerebral ischemia was simulated in rats under anesthesia (8% chloral hydrate solution,
400 mg/kg) by bilateral ligation of the common carotid arteries. The combined preconditioning method included the alternate
use of two preconditional factors: pharmacological (amtisol, 25 mg/kg) and hypoxic (hypobaric hypoxia, 410 mmHg; exposure
time, 60 min). Morphometric assessment of brain damage was performed a day after modeling ischemia in the CA1 and CA3
fields of the hippocampus.

RESULTS: Combined preconditioning has a positive effect on the morphometric parameters of the brain during ischemia, including
increasing neuronal survival in the early and late periods of ischemia modeling, preventing the formation of necrotically and
apoptotically altered neurons, hyperactivation of microglial cells, and contributing to endotheliocyte preservation.
CONCLUSIONS: Combined preconditioning (amtisol + hypobaric hypoxia) has a neuroprotective effect in cerebral ischemia.
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Mopdonoruyeckue usMeHeHMs B rMNNoKammne
roJIOBHOIO M03ra KpbIC NPU ULLEMUU U B YCJIOBUSAX
KOMOMHMPOBAHHOIO NPEKOHAULUOHUPOBAHUS

B.E. Hosukos, 0.C. JleBueHKoBa, H0.C. KopHeBa

CMONEHCKUI rocyaapCTBeHHbIN MeanLMHCKMIA yHuBepeuTeT, CMoneHck, Poccus

AHHOTALIMA

060cHoBaHue. [pekoHaAMLMOHMPOBaHNE — 3P DEKTUBHBIA METOA NOBbLILLEHMS YCTOMYMBOCTY OPraHU3Ma K rMNOKCUN/LLEMUM.
Lenb — oueHka Mopdonoruyeckux M3MeHeHWn B Haubonee YyBCTBUTENbHBIX K runokcuu nonsix runnokamna CA1 u CA3
NPy ULLIEMMU FOJTOBHOMO MO3ra Y KpbIC U B YCIIOBUAX KOMOMHMPOBAHHOTO NPEKOHAMLIMOHVUPOBAHMS.

Marepuanbl 1 MeTogpbl. Y KpbIC MOLENMPOBAM ULLEMMIO FOJIOBHOTO MO3ra nof, HapKo3oM (8 % pacTeop xnopanruaparta B jo3e
400 Mr/Kr) nyTeM [BYCTOPOHHEN MepeBA3KM 0OLLUMX COHHbIX apTepuii. MeToa KOMOMHWMPOBaHHOTO NMPEKOHAMLMOHUPOBAHUSA
BKJII0Ya/ NO0YEPEHOE NPUMEHEHUE ABYX NPEKOHANLMOHHBIX haKTopoB — hapMaKoiorMyeckoro (aMTmson B aose 25 Mr/kr)
W runoKcudeckoro (runobapuyeckas runokeus, 410 MM pr. cT., BpeMs akcnosvumn — 60 MuH). MopdoMeTpryeckyio oLeHKy
MOBPEXAEHMS FOIOBHOIO MO3ra MPOBOAWNM Yepe3 CYTKM Nocsie MOAenMpoBaHus uwemmu B nonsx runnokamna CA1 u CA3.
PesynbTathl. KoOMOMHMpPOBaHHOE MPEKOHAULMOHUPOBAHUE NONOXUTENBHO BUAET HA MOP(OMETPUUECKME MOKa3aTeNn Mo3ra
Mpu ero WULLIEMUY, YBENMYMBAS BbIKMBAEMOCTb HEMPOHOB B PaHHUIA M NO3JHWI NEpUOAbI MOLENMPOBAHMUS ULLIEMUM, NPENST-
cTBYS 00pa30BaHNMI0 HEKPOTMYECKW M anoNTOTUYECKW U3MEHEHHBIX HEMPOHOB, FMNEPaKTUBALMW KNETOK MUKPOMWM 1 cnocob-
CTBYSA COXPaHEHUIO 3H[OTENNOLIMTOB.

3aksnioyeHmne. KoMbrHMpoBaHHOE NPEKOHANLMOHUPOBaHWe (aMTU30A + runobapuyeckast IMNOKCUSA) OKa3bIBaeT HeponpoTeK-
TOpHOE JeNCcTBUE NMPU WULLEMUW TONTOBHOMD MO3ra.

KnioueBble cnoBa: aMTu3on; NPEKOHAMLMOHMPOBAHKNE; NULLIEMUA TONIOBHOIO MO3ra; rMnnoKamn.

Kak uutupoBatb

HoBukos B.E., JleeyenkoBa 0.C, KopHeBa [0.C. Mopdonornyeckne w3MeHeHWss B TUMNOKaMMe [OMOBHOTO Mo3ra KpbiC MpU  MLWEMUM
W B YCNOBMAX KOMOWHMPOBAHHOIO MpeKoHaMuMoHvpoBakus // lcuxodapMakonorvs v buonornyeckas Hapkonorws. 2024 T 15, N° 2. C. 117-126.
DOI: https://doi.org/10.17816/phbn626415

Pykonucb nonyyena: 03.02.2024 Pykonucb opo6pena: 10.03.2024 Ony6numkoBaHa online: 12.04.2024

A
3KO®BEKTOP Bce MpaBa 3allyLieHb!
© 3Ko-BexTop, 2024


https://doi.org/10.17816/phbn626415
https://doi.org/10.17816/phbn626415
https://eco-vector.com/for_authors.php#07

PSYCHONEUROPHARMACOLOGY

BACKGROUND

Over the past decades, cerebral ischemia is a
leading cause of mortality and disability worldwide [1].
Preconditioning is an effective way to increase the body’s
tolerance to hypoxia/ischemia, including cerebral ischemia.
[t mobilizes the body’s physiological reserves under the
influence of preconditioning, such as short-term and repeated
sublethal ischemia or hypoxia [2, 3]. Preconditioning can be
induced by drugs from several pharmacological classes
[4-8]. Nevertheless, pharmacological preconditioning is
less effective than physical methods regarding the extent
of protective effect [9]. Conversely, pharmacological agents
can be used to enhance the impact of physical methods
of preconditioning, thereby reducing the effect of physical
factors [8-10]. Experimental studies demonstrated that the
combination of pQ-4 compound with moderate hypobaric
hypoxia significantly increased the survival rate of rats with
cerebral ischemia and reduced neurological deficits in the
postischemic period [11].

This study aimed to assess morphological changes
in the most hypoxia-sensitive hippocampal CA1 and CA3
regions during brain ischemia in rats and under conditions
of ischemia modeling following combined pharmacological-
hypoxic preconditioning.

MATERIALS AND METHODS

The study included 38 white Wistar rats (Scientific Center
for Biomedical Technologies of the Federal Medical and
Biological Agency, Stolbovaya, Russia) weighing 200-230 g.
The studies were conducted in accordance with the Rules of
Laboratory Practice (Order of the Ministry of Health of Russia
no. 199n, dated April 1, 2016).

Combined preconditioning (CPreC) involved the alternate
application of two preconditioning factors: pharmacological
and hypoxic. On experiment days 1, 3, and 5, the animals
were intraperitoneally injected with amtisol at 25 mg/kg.
On days 2, 4, and 6, rats were subjected to moderate
hypobaric hypoxia (410 mmHg; exposure time: 60 min) [11, 12].
Following the final session of CPreC, the rats were subjected
to a model of cerebral ischemia under anesthesia (8%
chloral hydrate solution at 400 mg/kg) through bilateral
ligation of the common carotid arteries. The experimental
animals were divided into four groups: 1 control group with
ischemia, two experimental groups of CPreC with ischemia
(CPreC Isch), one hour after preconditioning (CPreC Isch
after one hour), and 48 hours after preconditioning (CPreC
Isch after 48 hours).

The degree of brain damage was assessed 1 day after
surgery using morphometry. The brain was fixed in 10% neutral
buffered formalin. Brain slices 5-pm-thick (3.8 + 0.2 mm
posterior to the bregma [13]) were prepared after standard
pouring in paraffin and stained with hematoxylin and eosin
and toluidine blue according to the Nissl method. The
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number of neurons in the hippocampal CA1 and CA3 fields
was quantified in 10 non-overlapping fields of view at
x400 magnification (Carl Zeiss, Germany). The following cell
types were counted: normal (unchanged), reversibly damaged
(hypochromic), and irreversibly damaged neurons (apoptotic,
hyperchromic) and necrotic cells (shadow cells). Additionally,
microglia cells and endotheliocytes were counted.

The results were statistically analyzed using the Stat
Plus Pro 7.0.1.0 program. The Mann-Whitney (U) test was
employed to identify differences between the studied
indicators in the compared two independent samples.
When comparing a larger number of independent samples,
the Kruskal-Wallis rank analysis of variance (H-criterion)
was used (p < 0.05). Descriptive statistics by groups are
presented as median and percentiles (@;; @,).

RESULTS

A morphometric study of the hippocampus of
rats with ischemia revealed pronounced, widespread
pathomorphologic changes 1 day after surgery compared
to falsely operated animals. In animals with ischemia,
pyramidal neurons in the hippocampal CA1 and CA3 fields
exhibited absence of normal morphology, in contrast to the
presence of damaged neurons (H = 15.41; p = 0.002 and
H =21.68; p < 0.001, respectively, for the fields), which were
predominantly necrotic (Table 1, Fig. 1).

The number of hypochromic neurons was significantly
lower in the CA1 field than in the group of falsely operated
animals (U = 14; p = 0.032). However, no significant
difference was observed in the number of hypochromic
neurons in the CA3 field (U = 32; p = 0.116). Most neurons
exhibited morphological alterations. Consequently, the
number of hyperchromic neurons was significantly higher
in both hippocampal fields under study compared to the
falsely operated group (U = 45.5; p = 0.042 for CA1 and
U= 6.5 p=0.038 for CA3). Additionally, shade cells were
significantly increased compared to the falsely operated
group in CA1 (U = 56; p = 0.001) and CA3 (U =0; p = 0.002)
fields. Normal macroglia cells in controls with ischemia were
significantly fewer compared to the falsely operated controls
in the CA1 (U = 75; p = 0.017) and CA3 (U = 37, p = 0.022)
fields. Concurrently, no significant differences were found in
the number of dystrophically altered macroglia cells in the
CA1 (U=18; p=0.247) and CA3 (U= 27; p = 0.391) fields. The
number of microglia cells, which are particularly reactive in
ischemic brain injury, increased in the CA1 (U = 44; p = 0.05)
and CA3 (U = 4.5; p = 0.018) fields compared to the group
of falsely operated animals. One day after ischemia, the
number of endothelial cells was lower than in the group of
falsely operated rats in the hippocampal CA1 field (U = 10;
p = 0.037), but not in the hippocampal CA3 field (U = 31;
p = 0.153).

When ischemia was simulated 1 hour (early period) and
48 hours (late period) after CPreC with amtisol (CPreC-Amt),
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positive morphological changes were noted in hippocampal
CA1 and CA3 fields compared to ischemic controls (Table 1,
Fig. 2).

A comparison of four independent samples, namely, the
group of falsely operated animals, control with ischemia,
and two experimental groups of CPreC-Amt, revealed a
difference in the number of normal neurons (the Kruskal-
Wallis rank H-criterion was used to compare the results
between the groups; H = 87.4; df = 3; p < 0.001). The greatest
number of normal neurons in the hippocampal CA1 field was
observed in the group of falsely operated animals, followed
by the late preconditioning period (CPreC-Amt Isch group
after 48 hours) and then the early preconditioning period
(CPreC-Amt Isch group after 1 hour), with the least number
found in the control group with ischemia. In the hippocampal
CA3 field, similar significant differences in the number
of normal neurons were observed between the studied
groups (H = 54.7; df = 3; p < 0.001). A pairwise comparison
of the number of preserved normal neurons between
groups (Mann—Whitney U-criterion was used) showed that
preserved normal neurons were significantly increased in
the CA3 field than in the control with ischemia (U = 41.5;
p =0.03). The Mann-Whitney U-criterion test presented no
significant differences in the number of preserved normal
neurons between the CA1 field and CPreC-Amt Isch after 1
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hour (U = 5.0; p = 0.012) or CPreC-Amt Isch after 48 hours
(U=0; p=0.012).

A significant difference was observed in the number
of hypochromic neurons in the hippocampal CA1 field
between the studied groups (H = 15.7; df = 3; p = 0.014).
The most reversibly damaged hypochromic neurons were
identified in the CPreC-Amt Isch group after 48 hours,
followed by the CPreC-Amt Isch group after 1 hour, then
the falsely operated animals, and finally the control group
with ischemia. In the hippocampal CA3 field, the greatest
number of hypochromic neurons were observed in the
CPreC-Amt Isch group after 48 hours, followed by the
CPreC-Amt Isch group after 1 hour, and then in the falsely
operated rats group. The number of hypochromic neurons
was minimal in the control group with ischemia (H = 25.7,
df = 3; p <0.001). In pairwise comparisons, a relatively
high number of hypochromic neurons was observed in the
CPreC-Amt Isch group than in controls with ischemia. This
was noted for both the CA1 and CA3 fields after 1 hour
(U=34.5;p=0.05and U = 38.0; p = 0.015, respectively). The
number of hypochromic neurons was significantly higher in
the CPreC-Amt Isch group than in the control group in the
CA1 and CAS3 fields after 48 hours (U = 4.0; p = 0.008 and
U = 6.0; p = 0.018, respectively). No significant differences
were observed between the experimental groups of CPreC

Table 1. Morphometric changes in the hippocampus during cerebral ischemia and under preconditioning

Animal groups
Hippft?cladmpal Cells Preconditioning with amtisol + ischemia
e Falsely operated Ischemia
Early period Late period

CA1 NN 19 (15,3; 28,6) 0 (0; 0) 0 (0; 3,9 3(0; &)
HN 8,2 (5,8; 12,7) 1(0; 1)~ 15,7 (12,6; 24,5) 29 (22,7; 35)
HRN 1,2 (0,3; 2,2) 16,5 (75; 18,5) 2,2 (2; 2,8) 0(0; 0,2)*
SCs 2(1,6; 2,1) 20 (18,2; 28,2) 15,8 (6; 18,0)* 14 (10,7; 14,5)**
NMG 175 (12,8; 26) 6 (1;12)* 15 (12; 15) 95 (8; 11,5)
DAM 6,5(4,7,73) 3(0,58,2) 78 (6,3; 8,8) 75 (5,5; 8,0)
McG 3,5(2,3; 4) 12,5 (4; 20)* 3,8 (3,5; 4) 5,5 (4,5; 10)
EC 11(78; 14,1) 6 (3,7; 6,5) 15 (12; 15,4) 17 (13; 19)

CA3 NN 23,7 (20; 26,2) 0 (0; 0,5) 75 (3,3; 97+ 8,5 (3,2; 26,5)
HN 5,0(4,2; 8,3) 0(0; 4,2) 1,2 8,7 13,3 13,5 (3,5; 30,5)
HRN 2(0,6; 3,3) 15 (11,2; 16,5)* 1,5 (0,6; 2)* 2(1; 3)
SCs 0(0; 2,6) 27 (26,5; 28,5)* 8 (6,2; 13,5)* 8 (4,7; 10,5)**
NMG 14,7 (11; 15,8) 6(2,5; 8,7) 11,2 (10,2; 1,8)* 8 (6,2; 14,7)
DAM 52 (4,2;5,8) 45(2;55) 8 (6,2; 97 7(4,2; 8)
McG 2,5(1,6; 3) 12(77; 22,5) 55582 5,5 (4,7, 7)**
EC 72 (5,8; 10,1) 6(4;7) 14 (10,2; 17)* 13 (12; 15,5)*

Note: *, indices [median (@Q;; @,)] are significantly different from the sham-operated group (control); #, from the control group with ischemia;
+, from the group of combined preconditioning with amtisol in the early period at p < 0.05; Mann—Whitney U-criterion. NN, normal neurons;
HRN, hyperchromic neurons; HN, hypochromic neurons; SCs, shadow cells; NMG, normal macroglia; DAM, dystrophically altered macroglia;

McG, microglia; EC, endotheliocyte.
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Fig. 1. Zones CA1 (g, c, e) and CA3 (b, d, f) fields of the hippocampus of the rat brain with simulated ischemia. The histoarchitecture is
unclear, cellularity is sharply reduced, pronounced pericellular edema, foci of destruction in the brain tissue. e, f: in both zones, there
are no normal neurons, and almost all neurons are hyperchromatic, wrinkled, reduced in size, lacking processes; single sharply swollen
macroglial cells are detected; capillaries are not detected; maximum number of microglial cells. Hematoxylin—eosin staining. Magnification

for a, b, ¢ x 200, for d x 100, for e, f x 400

with amtisol (U = 28; p = 0.317 for CA1 and U=21; p=0.715
for CA3).

The number of hyperchromic neurons in the hippocampal
fields CA1 and CA3 exhibited significant differences between
the studied groups (H = 33.1 and H = 30.1, respectively, for
CA1 and CA3; df = 3; p < 0.001). Considerable apoptotic
hyperchromic neurons were observed during ischemia,
followed by the CPreC-Amt Isch group 1 hour after ischemia
onset, then by the group of falsely operated animals,
and finally by the CPreC-Amt Isch group 48 hours after
ischemia onset. A pairwise comparison found that the
number of hyperchromic neurons was significantly lower
in the CPreC-Amt Isch group after 1 hour in the CA3 field
(U=10.5; p = 0.003) than in the control group with ischemia.

This was further observed after 48 hours in both fields
(U = 44.0; p=0.004 for CA3). The results indicated that the
protective effect against neuronal apoptosis in the CPreC-
Amt Isch group was greater when CPreC-Amt was used
48 hours before surgery (U = 40.5; p = 0.005 for the CA1
field) compared to after 1 hour (U = 0.5; p = 0.003 for the
CA3 field).

The number of shade cells in the hippocampal CA1 field
significantly differed between the studied groups (H = 67.3;
df = 3; p < 0.001). The control group with ischemia exhibited
the highest number of cells, followed by the CPreC-Amt Isch
group after 1 hour, CPreC-Amt Isch group after 48 hours,
and falsely operated animals group, which exhibited the
lowest number of cells. The same ranking was observed

DOl https://doiorg/ 10.17816/phbné26415
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Fig. 2. Zones CA1 (a, c¢) and CA3 (b, d) of the hippocampus of the rat brain (combined preconditioning with amtizol, early period).
The histoarchitecture can be traced, the cellularity is relatively preserved, and there is pronounced perivascular and, in some places,
pericellular edema. Both zones: single normal neurons are found (more in the CA3 field); hyperchromic neurons are present. CA1 field:
shadow cells and hypochromic neurons are detected; macroglia are partially preserved; capillaries are identified, but their endothelium is
absent in places; single microglial cells appear. Hematoxylin—eosin staining. Magpnification for a, b x 200, for c, d x 400

for the CA3 field regarding the number of shade cells in the
studied groups (H = 69.2; df = 3; p < 0.001). The highest
number of cells were observed in the control group with
ischemia, followed by the CPreC-Amt Isch group after 1
hour, and then the CPreC-Amt Isch group after 48 hours,
and the lowest number was observed in the falsely operated
(control) group. In pairwise comparisons, the number of
necrotic neuron-shadow cells was lower in the CPreC-
Amt Isch group after 1 hour than in the control group with
ischemia only in the CA3 field (U = 2.0; p = 0.006). After
48 hours, it was lower in the CPreC-Amt Isch group in both
hippocampal fields (U = 44.0; p = 0.012 for CA1 and U = 48.5;
p =0.002 for CA3).

A significant difference was observed in the number of
normal macroglia cells in the hippocampal CA1 field between
the studied groups (H = 33.5; df = 3; p < 0.001). The falsely
operated animals exhibited the highest preservation level,
followed by the CPreC-Amt Isch group after 1 hour, then
the CPreC-Amt Isch group after 48 hours, and finally the
ischemic animals, which exhibited the lowest preservation
level. In the hippocampal CA3 field, the number of unaltered
macroglia cells was significantly different between groups
(H =122; df = 3; p = 0.007). It was better preserved in

D0l https://doiorg/ 10.17816/phbnb26415

the false-operated group (control), then in the CPreC-Amt
Isch group after 1 hour, and in the CPreC-Amt Isch group
after 48 hours. The group with ischemia exhibited the
least preservation. A pairwise comparison of the number
of normal macroglia cells between groups showed a
significant difference only for the CPreC-Amt Isch group
after 1 hour when compared to the control group with
ischemia in the hippocampal CA3 field (U = 37; p = 0.022).
When dystrophically altered macroglia cells were identified,
no significant differences were found in the studied groups
in both the CA1 (H = 5.4; df = 3; p = 0.142) and CA3 (H = 11.3;
df = 3; p = 0.103) fields.

A significant difference was noted in the number of
microglia cells in both hippocampal fields between the
studied groups (H = 17.4; df = 3; p = 0.006 for CA1 and
H=29.8; df = 3; p < 0.001 for CA3). The highest number of
microglia cells was observed in rats in the control group
with ischemia and the lowest number in the CPreC-Amt Isch
group after 48 hours. Furthermore, the number of microglia
cells was lowest in the falsely operated animals. A pairwise
comparison of the number of microglia cells revealed that
the number of microglia cells in the experimental group of
CPreC-Amt Isch after 1 hour was not statistically different
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from the number of microglia cells in the group of falsely
operated animals (U = 29.5; p = 0.477). However, it was not
significantly less compared to the control. The number of
microglia cells in the hippocampal field CA1 was greater for
the group with ischemia (U = 12.5; p = 0.224) than for the
falsely operated animals group (U = 4; p = 0.024), but not
significantly different from that of the control group with
ischemia (U = 11; p = 0.153). The number of microglia cells
was significantly lower in the CPreC-Amt Isch experimental
group than in controls with ischemia for the hippocampal
field CA3 (U = 21; p = 0.03) after 48 hours. However, no such
changes were found for the hippocampal field CA1 (U = 18.5;
p = 0.443).

A significant difference was observed in the number of
endothelial cells in the hippocampal fields CA1 and CA3
between the groups (H = 31; df = 3; p < 0.001 for CA1 and
H = 34.2; df = 3; p < 0.001 CA3). The greatest number of
endothelial cells was observed in the CPreC-Amt Isch rats
after 48 hours, followed by the CPreC-Amt Isch group after
1 hour, then the falsely operated animals, and finally the
control group with ischemia, which exhibited the lowest
number of endothelial cells and highest mortality. The
number of endotheliocytes in the CA1 field was significantly
higher in the experimental group CPreC-Amt Isch than in the
control with ischemia (U = 4.5; p = 0.018). In the CA3 field,
there were more endothelial cells than in the control group
with ischemia (U = 2; p = 0.006) and in the falsely operated
animals (U = 6; p = 0.045). Similar results were obtained for
the experimental group CPreC-Amt Isch after 48 hours. In
the hippocampal field CA1, the number of endothelial cells
was significantly higher in comparison with the control
group that underwent ischemia (U = 0; p = 0.001). Similarly,
in field CA3, the number of endothelial cells was significantly
higher in comparison with the control group that underwent
ischemia (U = 0; p = 0.001) and the falsely operated animals
(U= 6; p=0.032).

Consequently, CPreC (amtisol in combination with
moderate hypobaric hypoxia) positively affects morphometric
indices in the hippocampal fields CA1 and CA3 of the rat
brain following modeling of ischemia. The results indicate
that CPreC with amtisol induces a neuroprotective effect,
increasing neuronal survival in the early and late periods of
ischemia modeling. This prevents the formation of necrotically
and apoptotically altered neurons and hyperactivation of
microglia cells and promotes endothelial cell preservation.
Regarding the impact of CPreC on morphometric indices in
ischemia, it is crucial to highlight the reduction in microglial
hyperactivation, given that microglial activation is a key
pathogenic mechanism in brain damage. This is accompanied
by structural and functional remodeling of mitochondria, a
shift toward glycolytic ATP production, and an increase in
reactive oxygen species production [14-16].

The positive effect of preconditioning factors on
morphometric indices of the brain during ischemia is fully
consistent with our earlier results of the effect of this
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method of CPreC on the survival rate of animals in hypoxia/
ischemia, functional activity of the central nervous system
and neurological deficit, and pro-/antioxidant status and
activity of bioenergetic processes in mitochondria of the
brain [10, 17-21].

CONCLUSIONS

A day after modeling of cerebral ischemia in rats,
significant neurodegenerative changes of diffuse nature with
neuronal death in brain regions highly sensitive to ischemia,
namely, pyramidal neurons of hippocampal fields CA1 and
CA3, occur, combined with a decrease in the number of
normal macroglia, endotheliocytes, and reactive activation
of microglia. The variability of the results between the
hippocampal CA1 and CA3 fields may be due to the fact that
different hippocampal fields are differentially sensitive to the
action of ischemia.

In the initial preconditioning phase (ischemia modeling 1
hour after CPreC), the number of surviving normal neurons
in the hippocampus increased, particularly in the CA3 field.
Hypochromic (reversible damage) neurons were more
prevalent than in the control group. Normal macroglia cells
showed superior survival rates, and fewer dystrophically
altered macroglia cells were observed. The number of
microglia cells was found to be lower than in the control
group, indicating less hippocampal cell damage. Additionally,
the number of endotheliocytes in both hippocampal fields
was preserved. Similar changes were observed in the late
period of CPreC with amtisol (modeling of ischemia after
48 hours), and in a number of cellular indices, late CPreC
demonstrated greater efficacy than early CPreC.

The results of morphometric study of the hippocampus
indicate that combined pharmacological-hypoxic
preconditioning (amtisol + hypobaric hypoxia) induces a
neuroprotective effect in cerebral ischemia.
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0.C. JleByeHKoBa, t0.C. KopHeBa — HamnmcaHue cTatbk, aHanms
JaHHbIx; B.E. HoBMKOB — peLieH31poBaHue CTaTbk, paspabatka ob-
LLIEN KOHLLENLUMK.

KoHdnukT nHTepecoB. ABTOpbI AieKapypyIaT OTCYTCTBUE SIBHBIX
W NOTEHUMaNbHbIX KOHQNMKTOB MHTEPECOB, CBA3aHHBIX C NybnnKa-
LIMEeN HACTOALLLEN CTaTbM.
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