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HISTOLOGICAL VIOLATIONS IN THE RAT HIPPOCAMPUS AND

PARIETAL CORTEX IN TOTAL CEREBRAL ISCHEMIA
Bon E. L., Zimatkin S. M., Maksimovich N. Ye., Bashlakova K. E., Zolotukhina L .S.
Grodno State Medical University, Grodno, Belarus

Objective. To analyze the changes in the size and shape of perikaryons and the degree of cytoplasm chromatophilia
of the rat hippocampal and parietal cortex neurons at different periods after the modeling of total cerebral ischemia.

Material and Methods. The experiments were performed on 42 male outbred white rats with an initial weight
of 240 = 20 g. Total cerebral ischemia in white outbred rats was modeled by decapitation. The material for further
histological examination was taken at the Ist, 5th, 15th, 30th and 60th minutes, as well as 5 and 24 hours after
decapitation. The study of histological preparations was carried out using an Axioscop 2 plus microscope, a digital
video camera and the ImageWarp image analysis program. Among the total number, the cells were isolated by the
intensity of cytoplasm staining (chromatophilia). After a preliminary check for the normal distribution of indicators,
the data obtained were analyzed by non-parametric statistics.

Results. With total cerebral ischemia, a decrease in the size of neurons and deformation of perikaryons were
observed. Normochromic neurons completely disappeared at the 60th minute. The number of hyperchromic neurons
increased, and then progressively decreased. Shrunken neurons made up the majority of cells in the studied cortical
sections at the 30—-60th minutes, and then, after 5 and 24 hours, cells with pericellular edema prevailed in the neuron
population.

Conclusion. The obtained data on histological changes in neurons of phylogenetically different parts of the cerebral
cortex in the dynamics of total cerebral ischemia provide the basis for further detailed study of post-mortem changes
of the brain as well as determining the time of death, thus creating a fundamental basis for studying the properties of
neurons, including their transition from one functional state to another.
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Introduction

Currently, in medicine, the concept of death
is based on evidence of a persistent lack of brain
function. A number of methods are used to diagnose
brain functioning: electroencephalography,
assessment of cranial nerve reflexes, and cerebral
blood flow studies. In a histopathological
examination, post-mortem changes include
edema, hemorrhages, necrosis, ischemic softening,
wrinkling and deformation of neurons, pycnosis of
their nuclei. In the cerebral hemispheres, swelling
and venous congestion are often found, in the
subthalamic region and the optic tubercle - the
area of spotted lysis. The most typical histological
change is considered to be edema of its tissues with
subsequent rupture of blood vessels [1]. Previous
studies on the morphological changes in the neurons
of the parietal and cortex and hippocampus with
subtotal cerebral ischemia of the brain showed a
decrease in the size of pericarions and an increase
in the number of hyperchromic and hyperchromic
shrunken neurons [2, 3]. At the same time, a
quantitative study of changes in the size, shape, and
degree of chromatophilia of the cytoplasm of neurons
in different periods after total experimental cerebral
ischemia is of interest. The aim was to analysis of
changes in the size and shape of pericarions and
the degree of cytoplasm chromatophilia of the rats
hippocampal and parietal cortex neurons at different
periods after modeling of total cerebral ischemia.

Material and methods
The experiments were performed on 42 males of
outbred white rats with an initial weight of 240420 g,
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in compliance with the requirements of the Directive
of the European Parliament and the Council No.
2010/63 / EU of 09.22.2010 on the protection of
animals used for scientific purposes. Animals were
kept in an air-conditioned room (22° C) under
mixed lighting on a standard diet of vivarium and
free access to food and water, in groups of no more
than 5 individuals in a vivarium cell [4].

The use of rats as experimental animals is due to
the similarity of angioarchitectonics and morphology
of the cerebral cortex in rats and humans [5]. Total
cerebral ischemia in outbred white rats was modeled
by decapitation [6]. Material sampling was carried
outat 1,5, 15, 30 and 60 minutes, as well as 5 and
24 hours after decapitation. After decapitation, the
brain was quickly removed, pieces of the anterior
cortex of the cerebral hemispheres were fixed in
Carnoy fluid. Serial paraffin sections were stained
with 0.1% toluidine blue according to the Nissl
method and for the detection of ribonucleoproteins
according to Einarson.

The study of histological preparations, their
microphotography, morphometry and densitometry
of chromogen sediment in histological preparations
was carried out using an Axioscop 2 plus microscope
(Zeiss, Germany), a digital video camera (LeicaDFC
320, Germany) and ImageWarp image analysis
program (Bitflow, USA). The localization of the
parietal cortex and hippocampus of the cortex in rat
brain histological preparations was determined using
a stereotactic atlas [7]. At least 30 neurons of the fifth
layer of the parietal cortex and the pyramidal layer
of the CAL field of the hippocampus were evaluated
in each animal, which provided a sufficient sample
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size for subsequent analysis. On paraffin sections,
the number of large pyramidal neurons per unit area
of sections of the cerebral cortex was determined.
Among the total number, cells were isolated
by the intensity of cytoplasm staining
(chromatophilia). Several types were distinguished:
normochromic - moderately colored; hyperchromic
- dark; hyperchromic shrunken - very dark, with
deformed pericarions; hypochromic - light colored;
shadow cells are almost transparent. The number of
each type of cell was counted.

After a preliminary check on the normality of
the distribution of indicators, the data obtained were
analyzed by non-parametric statistics using the
Statistica 10.0 software for Windows (StatSoft, Inc.,
USA). The results are presented in the form of Me
(LQ; UQ), where Me is the median, LQ is the value
of the lower quartile; UQ is the value of the upper
quartile. Differences between the indices of the
control and experimental groups were considered
significant at p <0.05 (Mann-WhitneyU-test) [8].

Results and discussion

At the 15th minute of total ischemia, the neurons
of the parietal cortex and hippocampus significantly
decreased in size - by 47 and 22%, respectively (p
<0.05). By 30 minutes of total ischemia, the size
of the pyramidal neurons of the parietal cortex
decreased by 74% (p <0.05), compared with the
control, and the size of the hippocampal neurons by
51% (p <0.05). By 5 o’clock the area of pericarions
of the neurons of the parietal cortex was only 1/6
(p <0.05) of normal, and the hippocampus neurons
decreased by 3.5 times, compared with the control
(p <0.05) (Table 1).

The shape of the neurons significantly changed
already by the 15th minute - they became more
elongated (25%, p <0.05). By the 60th minute, the
elongation factor of neurons of the parietal cortex
and hippocampus increased by 35% (p <0.05)
compared to the control, while the form factor (the
indicator of roundness of pericarions) decreased by
34% (p <0.05).

At the 30th minute, the number of normochromic
neurons decreased by 80% (p<0.05) compared to
1 minute, and at the 60th minute they completely
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disappeared. The number of hyperchromic neurons
increased by 15 minutes by 3 times, and then
progressively decreased. Hyperchromic shrunken
neurons made up the majority of cells in the studied
cortical regions at the 30-60th minute, and then,
after 5 and 24 hours, cells with pericellular edema
predominated in the neuron population (Figs. 1,2,3).
Similar to the change in the number of hyperchromic
neurons, the concentration of ribonucleoproteins in
the cytoplasm of the cells also changed, reaching
a maximum by 60 minutes of total ischemia and
decreasing by 1 day, which is explained by a large
number of neurons with pericellular edema, which
have a low degree of cytoplasm chromatophilia.

Hyperchromic neurons are regarded as ischemic-
altered cells [9]. The appearance of shriveled dark
cells under hypoxic and anoxic conditions is the
universal and most severe form of reactive and
pathological changes in neurons, accompanied
by changes in the level of metabolism, tinctorial
properties of the cytoplasm, karyoplasm of cells
and various degrees of ultrastructural changes in
cytoplasmic organelles. RNA synthesis proceeds
intensively in dark, non-wrinkled neurons, and
pycnomorphic cells contain destructive organelles,
their nuclei and cytoplasm become indistinguishable
[10].

At the electron microscope level, organelle
compaction is observed in their cytoplasm. At
the same time, the cytoplasm and the nucleus of
hyperchromic shrunken neurons are reduced in
volume, which led to an increase in the density of
ribosomes (respectively, ribonucleoproteins) and
hyperchromatosis. The number of ribosomes on the
outer membrane of the karyolemma is significantly
greater than in animals of the control group. A shift in
the nucleolus to the periphery of the nucleus and an
increase in the concentration of ribonucleoproteins
due to their exit from the nucleolus and a significant
increase in the number of free ribosomes in the
cytoplasm of rat experimental neurons are noted
[9]. In shriveled necrotic neurons, clumps of tigroid
material and neuro-fibrils usually stick together, and
then the cells begin to diffuse and very intensely
stain with thionine and silver [11].

Table 1. — The morphometric analysis of the neurons of the 5th layer of the parietal cortex and the pyramidal

layer of the CA1 field of the hippocampus

Tabnuya 1. — MopdomeTpriecKnil aHaIU3 HEMPOHOB 5-TO CII0S TEMEHHOW KOpPBI U mupamuHoro ciost noist CAl

THUIIIIOKaMIIa
area, mkm 2 elongation factor, units form factor, units
Groups parietal cortex hippocampus parietal cortex hippocampus parietal cortex hippocampus
1 minute 153 (126; 165) 99 (92; 102) 1,3(1,2;1,3) 1,2(1,2; 1,2) 0,9 (0,8; 0,9) 0,9 (0,9; 0,9)
5 minutes 157 (136; 159) 99 (95; 102) 1,2 (1,25 1,3) 1,2(1,1; 1,2) 0,9 (0,9; 0,9) 0,9 (0,9; 0,9)
15 minutes 81 (77; 86)* 78 (71; 89)* 1,6 (1,4; 1,7)* 1,6 (1,5; 1,7)* 0,8 (0,7; 0,8) 0,8 (0,8; 0,9)
30 minutes 40 (33; 44)* 49 (47; 52)* 1,8 (1,7; 1,9)* 1,8 (1,8; 1,8)* 0,6 (0,6; 0,6)* 0,6 (0,5; 0,6)*
1 hour 37(27;47)* 54(50;60)* 1,8 (1,7; 1,&)* 1,8 (1,8; 1,9)* 0,6 (0,6; 0,6)* 0,6 (0,5; 0,6)*
5 hour 24(22,5;26,5)* 28(26;31)* 2,1(2;2,1)* 1,9 (1,8; 2)* 0,6 (0,6; 0,7)* 0,6 (0,6; 0,6)*
1 day 24,5(23;25)* 26(24;28)* 2,4(2,3;2,5)* 2,3 (2,1;2,4)* 0,6 (0,5; 0,6)* 0,5 (0,5; 0,6)*

Ipumeuanue: data are presented as Me (LQ; UQ); *—p < 0.05, as compared to 1 minute
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Figure 1. — Neurons of the fifth layer of the parietal cortex. A - 1 minute (predominance of normochromic neurons),

B - 30 minutes (predominance of hyperchromic and hyperchromic shrunken neurons), C - 1 hour (swollen and hyperchromic

shrunken neurons), D - 1 day (predominance of cells with pericellular edema). Stained by the Nissl method. Digital

microphotography. Magnifications — x40

Pucynok 1. — Heiiponst namozo cnos memeHHoul Kopol. A — 1 munyma (npeodnadanue HOpmMoOXpOMHBIX HEUPOHOE),

B — 30 munym (npeoonadanue 2unepxpomMHuix u 2UREPXPOMHBIX CMOPULEHHBIX Heliponos), C — 1 uac (nadyxuiue u 2unepxpomuolie CMOPU{EH-
Hute neiponst), D — 1 densv (npeobnadanue Kiemok ¢ nepuyennionapuoim omexkom). Oxpauweno no memody Huccna. Hughposas muxkpoghomo-
epagpusa. Yeenuuenue — oo6vexmue x40

It is believed that the intense staining of the
neuronal cytoplasm characterizes the predominance
of protein formation over its utilization [12]. But there
is evidence that the hyperchromic neuron, through
superexpression of amplified genes, is a cell that
intensively synthesizes proteins. Some researchers
regard hyperchromic neurons as hyperfunctional and
believe that the protein synthesized by them goes to
their own needs [13]. Shrunken neurons are cells with
inhibition of functional activity. Their characteristic
form is associated with pathological irreversible
changes in water-salt metabolism [12, 13].

Depending on the operating conditions, neurons
with the initial signs of hyper- and hypochromia
either turn into shadow cells (hypochromic) or
shrunken hyperchromic neurons with subsequent
collision and coagulation necrosis or apoptosis [10].

In hyperchromic shrunken neurons, metabolic
processes decrease, the decay of nucleoproteins,
especially nuclear ones, prevails over their synthesis.
Stocks of ribonucleoprotein particles in the nucleus
are preserved, but their excretion into the cytoplasm
is blocked.

According to the literature, in the late stages
of ischemia, neuronal swelling is observed,
accompanied by dissolution of the chromatophilic
substance, coarsening, decay and melting of
neurofibrils, pycnosis of the nuclei, thickening and
decay of the processes [10, 11]. The neuropil is
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vacuolized and fragmented, undergoing granular-
block decomposition, and myelin is dissolved, as
a result of which droplets of lipids begin to appear
along the nerve fibers. Synapses swell, collapse, and
disappear [11].

The changes observed at the 15th minute of total
cerebral ischemia are similar to those described at
the 60th minute of subtotal ischemia, namely, the
predominance of hyperchromic and hyperchromic
shrunken neurons. Cells decreased in size,
becoming more elongated due to deformation of
the pericaryons [2, 3]. At the same time, changes at
the 60th minute of total cerebral ischemia reflected
a deeper destruction of the brain - normochromic
neurons were absent, swollen neurons appeared.
Hyperchromic neurons were almost not found, but
wrinkled made up the majority of cells in the studied
parts of the cerebral cortex.

Conclusion

The data on histological changes in neurons
of phylogenetically different parts of the cerebral
cortex in the dynamics of total cerebral ischemia
provide a basis for further detailed study of post-
mortem changes in the brain, determining the time
of death, creating a fundamental basis for studying
the properties of neurons, including their transition
from one functional state to another.
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Figure 2. — Neurons of the pyramidal layer of the CAl field of the hippocampus. A - 1 minute (predominance of
normochromic neurons), B - 30 minutes (predominance of hyperchromic and hyperchromic shrunken neurons), C - 1 hour
(swollen and hyperchromic shrunken neurons), D - 1 day (predominance of cells with pericellular edemay). Stained by the
Nissl method. Digital microphotography. Magnifications - x40
Pucynok 2. — Heiiponwt nupamuonozo cnos nons CAI zunnokamna. A — 1 munyma (npeobnadanue Hopmoxpomuslx Heiiponos), B — 30
Munym (npeoonaoanue 2UNEPXpOMHBIX U ZUNEPXPOMHBIX CMOPULEHHBIX Hellponos), C — 1 uac (Hadyxuwiue u cunepxpommsle CMOPU{EHHbLE
neiiponwt), D — 1 0ens (npeobnadanue Knemox ¢ nepuyenionapuvim omexom). Oxpauweno no memody Huccna. IHugpposas muxpogpomo-
2pagpus. Yeenuuenue — oo6vexkmug x40
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Figure 3. — The ratio of neurons with varying degrees of cytopl

chr tophilia in the parietal cortex

Pucynok 3. — Coomnoutenue HeillpoH06 ¢ Pa3HOl CHENEHbIO XPOMAMOPUAUY YUMONIAZMbL 8 MEMEHHOU Kope
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I'NMCTOJIOI'MYECKHUE HAPYHIEHUA B I'MIIIIOKAMIIE 1
TEMEHHOM KOPE 'OJIOBHOI'O MO3T'A KPBIC ITPU TOTAJIBHOM
IHEPEGPAJILHON UILIEMUU

bous E. U., 3umamkun C. M., Maxcumoesuu H. E., bawnakoea K. E., 3onomyxuna Jl. C.
I'poonenckuii ecocyoapcmeennwlii meouyunckutl ynusepcumem, I poorno, benapyce

Lenv. Ananus usmenenuil pazmepos u hopmvl NEPUKAPUOHOS U CIENEHU XPOMAMODUIUY YUMONIAZMbL HEUPOHOS
SUNNOKAMNA U MEMEHHOU KOPblL KPbIC 8 pa3Hble nepuoodbl NOCie MOOEIUPOBAHUS MOMALbHOU YepeOPaIbHOU UeMULL.

Mamepuan u memoOvl. DKcnepumeHmvl 8bINOIHEHbL HA 42 camyax 6ecnopoOHbIX DelblX KPbiC C HAYAIbHOU MACCOlL
240+20 2. Tomanvuasa yepebpanvHas uwemus y Oenvix 6eCnOPOOHbIX KPbIC MOOEIUPOBALACs Nymem OeKanumayuil.
3abop mamepuana 0ns OanbHelUIe20 2UCMONIO2ULECK020 UCCIe008anus ocywecmensicsa na 1, 5, 15, 30 u 60-u muny-
me, a maxace cnycms 5 u 24 yaca nocie oexanumayuu. Mcciedosanue 2ucmonozuieckux npenapamos npogoousocs ¢
nomoubio muxpockona Axioscop 2 plus, yugposou sudeokamepwl u npoepammvl anaiuza uzoopaxcenuu ImageWarp.
Cpeou obujeco koruuecmea vl0eANU KIEMKU NO UHMEHCUBHOCU OKPAUUBANHUS YUMONAA3MbL (XPOMAMODUIUL).
Tocne npedsapumenvHoll Npo8epKU HA HOPMATLHOCHb PACHpeOee s NoKa3amenell NoyuerHble OaHHble DbLIU NPO-
AHATUSUPOBAHBI MEMOOAMU HENapamMempuieckol Cmamucmuxu.

Pesynomamer. [lpu momanvroil yepebpaivHoll umemuy Habaiooaniucs YMEeHbUEeHUe PA3MePO8 HEUPOHO8 U dedop-
Mayus nepukapuornos. Hopmoxpommuvie netiponvt na 60-1i muryme noanocmoio ucuesanu. Konuuecmeo eunepxpommnvix
HelPOHO8 803PACMAIIO, d 3AMEM NPOSPECCUBHO CHUMICANOCL. CMOpuentble HeUpOHbl COCMABNAIU DOTLUUHCIEO Kie-
moxK 6 uzyuaemvlx omoenax kopwl va 30-60-u munymax, a 3amem, cnycms 5 u 24 uaca, 6 nonyisyuu HetipoHo8 npeoo-
1a0anu KiemKu ¢ NepuyesLitoisApHbLM OMeKOM.

Buigoowt. onyuennvle OanHble 0 2UCMONIOSUYECKUX USMEHEHUAX HeUpPOHO8 (huioceHemudecK pasHuiX omoenos
KOPbl 20J108H020 M0O320 8 OUHAMUKE MOMATbHOU YepeopantbHoU uuemuu 0aiom ocHogy 0isl OalbHeliule2o 0emaitbHo20
U3YUEHUsL ROCMEPIMHBIX USMEHEHULl 20JI06HO20 MO32d, ONPeOeNeHUs BDEMEHU CMEPMU, C030a8as PYHOAMEHMATLHYIO
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Kntouegvie cnosa: kpwicol, yepeobpanbHas umemis, Kopa 20J108H020 MO32d.

Jna yumuposanus: I'ucmonozuueckue HapyuleHus 8 2UNNOKAMNE U MEMEHHOU KOpe 20I08H020 MO32a KPbIC NPU MOMANbHOU
yepebpanvrou uwemuu / E. U. bonw, C. M. 3umamkun, H. E. Maxcumosuu, K. E. Bawnaxosa, JI. C. 3onomyxuna // Kypran I poo-
HEHCK020 20CY0apcmeeHno20 meouyurckozo yuusepcumema. 2020. T. 18, Ne 5. C. 550-555. http://dx.doi.org/10.25298/2221-8785-
2020-18-5-550-555.

KongaukT unTepecoB. ABTOPHI 3asBIISIOT 00 OTCYTCTBUU KOH(IUKTA HHTEPECOB.
Conflict of interest. The authors declare no conflict of interest.

®dunaHcupoBaHue. VccnenoBanue mpoBeaeHO 0e3 CIOHCOPCKOH MOIEPIKKH.
Financing. The study was performed without external funding.

CooTBeTCTBHE NPHHIMIAM 3THKH. VccnenoBanrue 0g00peHO JTOKAIBHBIM ITHIECKIM KOMUTETOM.
Conformity with the principles of ethics. The study was approved by the local ethics committee.

006 aBTopax / About the authors

Bonp Enuszasera MropesHa / Bon Elizaveta Igorevna, e-mail: asphodela@list.ru*

3umarkun Cepreit Muxaiinosud / Zimatkin Sergey Mikhailovich, e-mail: smzimatkin@mail.ru
MaxkcumoBnd Haranus EprenbpeBHa / Maksimovich Natalia Yevgenievna, e-mail: mne@grsmu.by
baunakosa Kcenust EBrenseBna / Bashlakova Ksenia Evgenievna, e-mail: 76921 14@gmail.com
3omnoryxuna JIro60Bs CepreesHa / Zolotukhina Lyubov Sergeevna, e-mail: dr.valak@gmail.com
*— aemop, omeemcemeennvlil 3a nepenucky / corresponding author

IHocmynuna / Received: 16.03.2020 Tpunsima k ny6auxayuu / Accepted for publication: 18.09.2020

Kypnan ['pogHEHCKOr0 rocyAapcTBEHHOTO MEAMLIMHCKOro yHuBepcurera, Tom 18, Ne 5, 2020 555

ITlocmynuna / Received: 30.04.2020 Tpunsma x nyoauxayuu / Accepted for publication: 01.07.2020





