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Introduction. Seizures provoke several morphological alterations in the brain structures. These alterations are 
primarily located in the hippocampal CA1 region and the entorhinal cortex. Recurrent seizures are common 
in patients with epilepsy. Therapeutic options for this disease are very limited and most of them are aimed 
at relieving symptoms. In most cases, to treat epilepsy, anti-seizure drugs are used. Nevertheless, one-third 
of affected individuals have resistance to them. Thus, the study of new effective agents that can prevent 
epileptogenesis is still an ongoing challenge. In this work, we aimed to study the neuroprotective activity of 
several new derivatives of tricyclic pyrazolyl substituted thieno[2,3-c]isoquinolins (SHD-89 and SHD-91) 
and pyrano[4,3-d]thieno[2,3-b]pyridines (SHD-78 and SHD-85) as potential anti-seizure drugs.
Materials and methods. The study was performed on mice (n=60). The action of compounds SHD-78, SHD-85, 
SHD-89, and SHD-91 was tested in seizures with and without Corazol administration. Histopathological 
examinations were performed in the hippocampus and the entorhinal cortex in different experimental groups.
Results. The study showed that under the action of SHD-89 and SHD-78, there was a reduction in the number 
of neurons and activation of glial cells in examined regions of the brain. SHD-91 caused severe neurode-
generative effects with changes in the brain structure. In contrast, under the action of SHD-85, the number 
of neurons was higher and with lower activation of glial cells. 
Conclusion. Studies showed that among the tested compounds SHD-85 possessed moderate neuroprotective 
activity and reduced gliosis and neuronal loss induced by Corazol.
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Патоморфологическое исследование нейропротекторной активности новых производных 
конденсированных пиразолил-тиенопиридинов при судорогах, индуцированных коразолом
Г.В. Гаспарян, С.А. Булоян, А.Е. Погосян, Л.М. Аршакян, Л.С. Арутюнян,  
Р.Г. Пароникян, И.М. Назарян, Ш.Ш. Дашян, Е.Г. Пароникян
Научно-технологический центр органической и фармацевтической химии Национальной академии наук Республики Армения, 
Ереван, Армения

Введение. Судороги вызывают несколько морфологических изменений в структуре мозга. Эти измене-
ния в основном локализуются в области CA1 гиппокампа и в энторинальной коре. Рецидивирующие 
cудороги часто встречаются у пациентов с эпилепсией. Варианты лечения этого заболевания очень 
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Introduction
Seizure is a paroxysmal alteration of brain function 

caused by hypersynchronous discharges of CNS neurons. 
Seizures are divided into three categories: generalized, fo-
cal, and status epilepticus (SE) [1]. Epilepsy is one of the 
most common neurological disorders that includes a num-
ber of different syndromes and is characterized by recurrent 
unprovoked seizures [2]. 

Studies on different animal models of epilepsy and the 
human brain with temporal lobe epilepsy (TLE) showed 
that epileptic seizures induced neuronal loss of pyramidal 
cells of the hippocampal CA1 region and reorganization 
of the granular cells of the dentate gyrus that was accom-
panied by astrocytic hypertrophy and proliferation [3, 4]. 
Moreover, patients with mesial TLE show histopathologi-
cal alterations in the entorhinal cortex and amygdala, which 
accompany extensive gliosis [5, 6]. 

Therapeutic options for seizure syndrome are very 
limited and most of them are aimed at relieving its symp-
toms rather than preventing epileptogenesis [7]. The main 
treatment for epilepsy is still considered to be anti-seizure 
drugs (ASDs), yet at least one-third of affected individu-
als continue to experience spontaneous recurrent seizures. 

These patients not only have continuous seizure activity 
but are also at risk of developing cognitive impairment and 
comorbid mental health problems [8]. Thus, a new effective 
agent that can prevent epileptogenesis or cure convulsions 
during any type of seizures with mild side effects is still an 
ongoing challenge. For the same reason, it is very impor-
tant to search for original drugs in new series of chemical 
compounds, in particular, among the derivatives of new 
heterocyclic systems.

A number of heterocyclic derivatives containing nitro-
gen atoms serve as universal structural units for the syn-
thesis of complex heterocyclic systems. Pyridine is the par-
ent ring system of a large number of naturally occurring 
products and important pharmaceuticals. The derivatives 
of condensed pyridines are of interest as biologically active 
substances. Thus, alkaloids of the pyrano[3,4-с]pyridine 
series extracted from plants exert various effects: hypo-
tensive, anticonvulsant, antipsychotic, anti-inflammatory, 
and hypothermic [9]. Furthermore, pyrano[3,4-с]pyridine 
derivatives are the starting compounds for the synthesis 
of indole alkaloids, in particular, camptothecin exhibiting 
antitumor activity [10, 11]. The pyrazole nucleus attracted 
great attention due to the use of this ring system as an 

ограничены, и большинство из них нацелено на облегчение его симптомов. Во многих случаях для 
терапии эпилепсии используют противосудорожные препараты. Тем не менее одна треть пациентов 
с этим состоянием резистентна к противосудорожным препаратам. Таким образом, изучение новых 
эффективных агентов, которые могут предотвратить эпилептогенез или предотвратить судороги, по-
прежнему остается сложной задачей в медицине. В данной работе мы изучили нейропротекторную 
и противосудорожную активность нескольких новых производных трициклических пиразолилзаме-
щенных тиено[2,3-c]изохинолинов (SHD-89 и SHD-91) и пирано[4,3-d]тиено[2,3-b]пиридинов (SHD-78 
и SHD-85) в качестве потенциальных противосудорожных препаратов.
Материалы и методы. Исследования проводились на белых беспородных мышах. Действие этих 
соединений (SHD-89, SHD-91, SHD-78, SHD-85) было протестировано при судорогах, вызванных 
коразолом, а также без действия хемоконвульсанта. Гистопатологические исследования проведены 
в гиппокампе и энторинальной коре головного мозга, в разных экспериментальных группах.
Результаты. Исследования показали, что под действием SHD-89 и SHD-78 происходят уменьшение 
количества нейронов и активация глиальных клеток в исследуемых областях мозга, тогда как соеди-
нение SHD-91 оказывает тяжелые нейродегенеративные эффекты на мозговую ткань, с изменением 
структуры мозга. Напротив, под действием SHD-85 количество нейронов было выше по сравнению 
с этим показателем в других экспериментальных группах, с меньшей активацией глиальных клеток.
Заключение. Исследования показали, что среди всех изученных соединений (SHD-89, SHD-91, SHD-78, 
SHD-85) SHD-85 обладает умеренной нейропротекторной активностью и предотвращает глиоз и по-
терю нейронов, вызванную коразолом.
Ключевые слова: противосудорожные препараты, пиразолилтиенопиридины, гиппокамп, энтори-
нальная кора, гистопатологическое исследование
Для корреспонденции: Грачик Ваграмович Гаспарян. E-mail: hrachikgasparyan@mail.ru
Для цитирования: Гаспарян Г.В., Булоян С.А., Погосян А.Е., Аршакян Л.М., Арутюнян Л.С., Па-
роникян Р.Г., Назарян И.М., Дашян Ш.Ш., Пароникян Е.Г. Патоморфологическое исследование 
нейропротекторной активности новых производных конденсированных пиразолил-тиенопириди-
нов при судорогах, индуцированных коразолом. Клин. эксп. морфология. 2021;10(4):53–62 (англ.).  
DOI: 10.31088/CEM2021.10.4.53-62. 
Финансирование. Исследование выполнено при финансовой поддержке Государственного комитета науки МОН РА 
в рамках исследовательского проекта № 18Т-1D066.
Конфликт интересов. Авторы заявляют об отсутствии конфликта интересов.
Статья поступила 30.08.2021. Получена после рецензирования 15.09.2021. Принята в печать 22.09.2021. 



КЛИНИЧЕСКАЯ И ЭКСПЕРИМЕНТАЛЬНАЯ МОРФОЛОГИЯ / CLINICAL AND EXPERIMENTAL MORPHOLOGY       Том 10  № 4  2021 55

ОРИГИНАЛЬНЫЕ ИССЛЕДОВАНИЯ

important core structure in many drug substances. A large 
number of substituted pyrazolopyridine derivatives were 
found to possess diverse biological properties, such as anti-
microbial [12, 13], antiviral [14], antileishmanial [15], and 
anti-inflammatory [16] non-anionic antiplatelet agents [17], 
as well as psychotropic effects [18].

This study continues our research on the synthesis and 
evaluation of the neurotropic activity of fused heterocy-
clic systems containing nitrogen atoms [19, 20]. New de-
rivatives of tricyclic pyrazolyl substituted thieno[2,3-c]
isoquinolins (SHD-89 and SHD-91) and pyrano[4,3-d]
thieno[2,3-b]pyridines (SHD-78 and SHD-85) were syn-
thesized in the Laboratory of the synthesis of psychotropic 
compounds. In this work, we aimed to study their neuro-
protective activity in Corazol-induced seizure models as 
potential ASDs. 

Materials and methods
Chemical compounds. We studied anticonvulsant and 

neuroprotective properties of the following compounds:
 y SHD-89: thieno[2,3-c]isoquinolin-1-amine-N-phenyl
 y SHD-78: pyrano[4,3-d]thieno[2,3-b]pyridin-1-amine-
N-phenethyl

 y SHD-91: thieno[2,3-c]isoquinolin-1-amine- N-(2,4-
dimethoxyphenyl)

 y SHD-85: pyrano[4,3-d]thieno[2,3-b]pyridin-1-amine-
N-(3,4-dichlorophenyl)

Design of a Corazol-induced animal model. For histo-
pathological evaluation of the brain tissue, we conducted 
experiments on 60 male and female mice weighing 18–24 g. 
All novel compounds were administered via intraperitoneal 
injection at a 50-mg/kg dose for 3 successive days. To model 
the seizures, 1 hour after the injections, all animals from the 
control group and experimental groups 1, 3, 5, and 7 received 
the same dose of Corazol via subcutaneous injection. 

The animals were divided into 10 groups (n=6 in each 
group):
A. Intact group: normal animals
B. Control group: Corazol-treated group
C. Experimental group 1: treated with Corazol and 

compound SHD-89
D. Experimental group 2: treated with compound SHD-89
E. Experimental group 3: treated with Corazol and 

compound SHD-78
F. Experimental group 4: treated with compound SHD-78
G. Experimental group 5: treated with Corazol and 

compound SHD-91
H. Experimental group 6: treated with compound SHD-91
I. Experimental group 7: treated with Corazol and 

compound SHD-85
J. Experimental group 8: treated with compound SHD-85

All experiments were performed according to the Direc-
tive 2010/63/EU of the European Parliament. The animals 
were kept in a room at 21±2°C and a 12-hour light/dark 
cycle and given ad libitum access to food and water.

Histopathological examination. After day 3 of the 
experiment, the mice were sacrificed under anesthesia  

(40 mg/kg Nembutal Sodium via intraperitoneal injection). 
Brain tissue was collected and stored in a 10% neutral buff-
ered formalin. The samples were dehydrated and embedded 
in paraffin; 3–5-μm microtome sections were prepared. 
Brain tissues were cut in coronal sections and stained with 
Nissl stain. 

For morphometric analysis, ten samples of the hip-
pocampal CA1 region and entorhinal cortex were photo-
graphed at 400× magnification using AmScope MU500 
5MP USB2.0 Microscope Digital Camera & Software 
(USA). In the CA1 region, we counted normal neurons 
with a light nucleus. In the entorhinal cortex, we counted 
neurons of layers II and III, microglial cells, and astrocytes. 
All cells were counted with ImageJ 1.x software using Cell 
Counter Plugin. All data were expressed as means ± SD. 
Statistical data analysis was performed using IBM SPSS 
Statistics 22.0.0 software with one-way ANOVA, followed 
by Bonferroni post hoc test.

Results and discussion 
Although the source of convulsions is located in other 

brain areas, the literature review showed that in various 
animal models of epilepsy, such as TLE and Pilocarpine 
and Kainate treated models, the main pathological changes 
(e.g., neurolysis and gliosis) were observed in the hippo-
campus, entorhinal cortex, amygdala, and thalamus [5, 7, 
21–24]. Our observations showed that the main regions 
which had undergone pathological alterations after Corazol 
treatment were the hippocampus and entorhinal cortex. 
Consequently, we made a pathological evaluation of these 
regions after Corazol-induced seizures and treated them 
with different newly synthesized compounds to investi-
gate their neuroprotective effects. Corazol had convulsant 
effects in animal models due to the inhibition of chlorine 
channels in the GABAA-receptor complex and the impair-
ment of the GABAergic inhibitory mechanisms [25].

Histological and pathological observations showed that 
the hippocampi of the intact animals had a normal morpho-
logical appearance, i.e., they showed no signs of sclerosis, 
chromatolysis, or shrinkage of neurons. Pyramidal cells in 
the CA1 region were neatly arranged with clear nuclei and 
visible nucleoli, and the cytoplasm had a normal distribu-
tion of Nissl bodies (Fig. 1A). The average neuron count 
in the CA1 region was 101.3±8.96 cells in the microscopic 
field (Fig. 2).

Patients with TLE are known to have cornu ammonis 
(CA) sclerosis as the most common pathological lesion. 
The lesion is characterized by severe loss of pyramidal 
neurons and gliosis in the CA1 region, prosubiculum, and 
CA3 region [26], with both being less severe in the CA3 
region. Compared to the hippocampi of the animals in the 
intact group, the hippocampi of the animals treated with 
Corazol had prominent chromatolysis of neurons. Neurons 
were absent in all regions of the hippocampi, and the CA1 
region showed sclerosis (Fig. 1B). The count of pyramidal 
cells drastically decreased compared to that in the intact 
animals and was 44.7±2.87 cells in the microscopic field 
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(Fig. 2). There was also a prominent activation of astrocytes 
and microglial cells. In the CA3 region, there was gliosis 
along with many dark neurons with indistinct nuclei. The 
vessels near the CA3 region and in the dorsal part of the 
third ventricle were congested, and the ventricles were col-
lapsed.

In comparison with the hippocampi of the animals in 
the intact group, those in experimental group 1 showed 
increased neurodegenerative signs. The number of neu-
rons decreased significantly, especially in the CA1 region 
(Fig. 1C). Neuron count was 46.6±4.81 cells in the micro-
scopic field, which was not statistically different from that 
of the control group (Fig. 2). 

In the hippocampus, there was noticeable activation 
of microglia. Due to hemodynamic disbalance, delicate 
vessels of the choroid plexus were disrupted, resulting in 
the formation of hematoma in the dorsal part of the third 
ventricle. In addition, there was congestion of the vessels 
near the CA3 region. High doses of antiepileptic drugs were 
shown to cause a high risk of stroke [27]. In experimental 
models of epilepsy, there were various lesions and changes 
in the permeability of the blood-brain barrier that is charac-
terized by the leakage of various blood components into the 
brain [28]. Consequently, in our experiments, intracranial 
hemorrhages can be due to the high dosage of SHD-89 in 

a combination with Corazol that leads to changes in the 
permeability of blood vessels.

In experimental group 2, no noticeable morphological 
alterations in the hippocampal region were detected. There 
was a slight activation of astrocytes and hyperchromasia 

Fig. 1.  Photomicrographs of the hippocampus with Nissl stain ×400. 
 A – intact; B – control animals treated with Corazol; C – animals treated with Corazol and SHD-89; D – animals treated with 

SHD-89; E – animals treated with Corazol and SHD-78; F – animals treated with SHD-78; G – animals treated with Corazol and 
SHD-91; H – animals treated with SHD-91; I – animals treated with Corazol and SHD-85; J – animals treated with SHD-85

Рис. 1.  Микрофотографии гиппокампа, окрашивание по Нисслю × 400. 
 А – интактная группа, B – контрольные животные, получавшие коразол, C – животные, получавшие коразол и SHD-89, 

D – животные, получавшие SHD-89, E – животные, получавшие коразол и SHD-78, F – животные, получавшие SHD-78, 
G – животные, получавшие коразол и SHD-91, H – животные, получавшие SHD-91, I – животные, получавшие коразол 
и SHD-85, J – животные, получавшие SHD-85

J H

А B C E

F G I

D

Fig. 2. The count of neuronal cells in the CA1 region. Data 
are expressed as Mean ± SD; * p<0.05 compared to the 
control group; + p<0.05 compared to the intact group

Рис. 2. Подсчет нейрональных клеток в области CA1. Данные 
выражены как среднее ± стандартное отклонение;  
* р<0,05 по сравнению с контрольной группой;  
+ р<0,05 по сравнению с интактной группой



КЛИНИЧЕСКАЯ И ЭКСПЕРИМЕНТАЛЬНАЯ МОРФОЛОГИЯ / CLINICAL AND EXPERIMENTAL MORPHOLOGY       Том 10  № 4  2021 57

ОРИГИНАЛЬНЫЕ ИССЛЕДОВАНИЯ

of the neurons of the CA3 and CA1 regions. In a higher 
magnification, the neurons showed darker staining com-
pared to those of the intact animals, but their nuclei were 
clear with visible nucleoli (Fig. 1D). The pyramidal cell 
count was 73.9±5.55, which is statistically higher compared 
to that in the control animals [p<0.05] (Fig. 2). These data 
indicate that compound SHD-89 has a synergic effect on 
the chemoculvunsant agent.

 We observed very similar changes in the hippocampi of 
animals from experimental group 3. There were hyperchro-
matic dark neurons and activation of astrocytes. In the CA1 
region, the neurons were hyperchromatic and there was 
chromatolysis of Nissl bodies and microgliosis (Fig. 1E). 
The neuronal cell count also decreased (48.8±5.63) and was 
not statistically different from that in the control animals 
(Fig. 2). 

The blood vessels close to the dentate gyrus were con-
gested. There was noticeable congestion of vessels in the 
choroid plexus and hemorrhage to the dorsal part of the 
third ventricle. Along with the above-mentioned morpho-
logical changes, there was also atrophy of the medial ha-
benula. Multiple studies have shown that chronic stress 
induces bilateral atrophy of the medial habenula and the 
lateral habenula [29]. Thus, the combination of the chemo-
convulsant agent and compound SHD-78 result in severe 
stress response in mice, which leads to the atrophy of this 
region. 

Experimental group 4 showed similar morphologi-
cal changes: astrogliosis, microgliosis, hyperchromasia 
of the neurons, and congested blood vessels. In the CA1 
region, the number of neurons was reduced and the pre-
served neurons were mostly chromatolytic. Besides, we 
observed there few dark pyknotic neurons (Fig. 1F). The 
neuron count was 50.1±3.35 cells in the microscopic field, 
which was not statistically different from that in the control 
group (Fig. 2). The congestions in different regions of the 
brain indicate that compound SHD-78 results in a change 
in permeability of the blood-brain barrier. 

In the brain tissue of animals from experimental 
group 5, there was a prominent activation and prolifera-
tion of astroglia, which resulted in the structural change 
of the hippocampus, especially in the CA3 region. The 
number of pyramidal cells of the CA1 region significantly 
reduced (Fig. 1G). The neuron count was 23±3.06 cells, 
which was statistically lower compared to that in the con-
trol animals (Fig. 2). As a result of structural changes in 
the hippocampus, the dorsal part of the third ventricle 
had shrinkage, and delicate vessels of the choroid plexus 
were disrupted. 

Morphological changes in experimental group 6 were 
almost the same as those in experimental group 5. There 
was prominent astrogliosis and hyperchromatic dark neu-
rons in the dentate gyrus and CA3 regions. In the CA1 
region, there was a reduction in the number of cells and 
pyknosis (Fig. 1H). The count of pyramidal cells was 
30.2±3.68, which was also significantly lower compared 
to that in the control animals (Fig. 2).

The hippocampi of animals from experimental group 6 
resembled those of the intact animals. There was mild glio-
sis, and only a few cells underwent pyknosis and chroma-
tolysis. The number of pyramidal cells of the CA1 region 
was not visibly reduced, although there was evidence of 
chromatolysis of Nissl bodies in some nerve cells (Fig. 1I). 
The count of neurons was 72.3±3.89 cells, which was sta-
tistically higher compared to that in the control animals but 
lower than that in the intact animals (Fig. 2). 

The animals from experimental group 8 had minor 
changes in the hippocampal region of the brain as well. 
The neurons of the CA1 region were mostly neatly ar-
ranged with clear nuclei and visible nucleoli, and only few 
of them had chromatolysis of Nissl bodies (Fig. 1J). There 
was mild gliosis and a slight reduction in the number of 
neurons (86.7±4.74) that was significantly higher than that 
in the control group but slightly lower than that in the intact 
group (Fig. 2). 

Overall, the animals from experimental group 8 did not 
show significant pathological changes in the hippocampal 
region with and without the chemoconvulsant agent.

Another brain region of particular interest involved in 
epileptic seizures is the entorhinal cortex because it is a 
part of the hippocampal memory system and constitutes 
the major gateway between hippocampal formation and the 
neocortex [30, 31]. Numerous studies have demonstrated 
that in patients with TLE, there is atrophy not only of the 
hippocampus but also of the entorhinal cortex. Addition-
ally, in these patients, quantified significant interactions be-
tween the hippocampus and entorhinal cortex were proven 
to prevent seizure onset [32]. 

The entorhinal cortex of the normal brain consists of six 
layers with different types of neurons. Histological obser-
vation of the intact brain showed that in layer I of the ento-
rhinal cortex there were few cells, while layer II consisted 
of islets of round neurons, which were hyperchromatic 
and had prominent nucleoli (Fig. 3A). The morphometric 
analysis showed the number of neurons in this layer to be 
72.5±6.22 cells in the microscopic field (Fig. 4). The cells 
of this layer project primarily to the dentate gyrus [33].

In layer III, there were medium size pyramidal cells 
with clear oval nuclei (Fig. 3A). The cells of this layer 
project predominantly to CA1 and CA3 regions [34]. The 
number of these cells was 32.6±4.03 (Fig. 4). Other three 
layers consist of large pyramidal cells and neurons of dif-
ferent sizes and shapes. In all layers, there was a normal 
number of glial cells. The morphometric analysis showed 
the number of microglial cells of the entorhinal cortex to 
be 9.6±1.58 in the microscopic field and that of astrocytes 
to be 9.6±1.27 (Fig. 5).

Astrocytes regulate brain function and are character-
ized by tight interaction with neurons. In physiological 
conditions, they play an important role in neuronal me-
tabolism and the synthesis of neurotransmitters. On the 
other hand, activated reactive astrocytes are characteristic 
of neurodegenerative diseases. In pathological conditions, 
astrocytes release several pro-inflammatory mediators, 
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reactive  oxygen species, and neurotrophic factors that 
subsequently lead to neuronal damage and death [35, 36]. 
Microglial cells, as well as astrocyte activation, are known 
to play an important role in epileptogenesis: experimen-
tal studies showed that after acute seizures or SE induced 

by convulsive drugs or electrostimulation, microglia were 
rapidly activated in various brain regions [37]. Activated 
microglia and astrocytes in seizures cause inflammation in 
brain tissue by releasing a number of proinflammatory me-
diators. Proinflammatory molecules can change  neuronal 

Fig. 3. Photomicrographs of the entorhinal cortex with Nissl stain ×400.  
A – intact; B – control animals treated with Corazol; C – animals treated with Corazol and SHD-89; D – animals treated with 
SHD-89; E – animals treated with Corazol and SHD-78; F – animals treated with SHD-78; G – animals treated with Corazol and 
SHD-91; H – animals treated with SHD-91; I – animals treated with Corazol and SHD-85; J – animals treated with SHD-85

Рис. 3. Микрофотографии энторинальной коры, окрашивание по Нисслю × 400. 
 А – интактная группа, B – контрольные животные, получавшие коразол, C – животные, получавшие коразол и SHD-89, 

D – животные, получавшие SHD-89, E – животные, получавшие коразол и SHD-78, F – животные, получавшие SHD-78, 
G – животные, получавшие коразол и SHD-91, H – животные, получавшие SHD-91, I – животные, получавшие коразол 
и SHD-85, J – животные, получавшие SHD-85

J H
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Fig. 4.  The count of neuronal cells in the entorhinal cortex. Data 
are expressed as Mean ± SD; * p<0.05 compared to the 
control group; + p<0.05 compared to the intact group

Рис. 4.  Подсчет нейрональных клеток в энторинальной 
коре. Данные выражены как среднее ± стандартное 
отклонение; * р<0,05 по сравнению с контрольной 
группой; + р<0,05 по сравнению с интактной группой

Fig. 5.  The count of glial cells in the entorhinal cortex. Data 
are expressed as Mean ± SD; * p<0.05 compared to the 
control group; + p<0.05 compared to the intact group

Рис. 5.  Подсчет глиальных клеток энторинальной коры. 
Данные выражены как среднее ± стандартное 
отклонение; * р<0,05 по сравнению с контрольной 
группой; + р<0,05 по сравнению с интактной группой
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 excitability and affect the physiological functions of glia 
by paracrine or autocrine actions, thus perturbing the com-
munication between glial cells and neurons [22, 38].

In the entorhinal cortex of control animals, there were 
prominent gliosis and neurolysis. In all layers, there were 
dark pyknotic neurons, as well as vacuolation and chroma-
tolysis (Fig. 3B). In layer III, the number of pyramidal neu-
rons drastically decreased and reached 9±2.36 cells in the 
microscopic field. In layer II, the reduction was more promi-
nent and the neuron count was 12.4±3.978 cells (Fig. 4). 
Experimental studies on epilepsy, as well as those of the 
patients with TLE, demonstrated that there was a selective 
loss of neurons within layer III of the entorhinal cortex [39, 
40], and this correlates with our findings. There was also hy-
perplasia of both microglial cells and astrocytes, the number 
of which was 33.7±3.23 and 40.7±4, respectively (Fig. 5). 

In experimental group 1, there were prominent neurode-
generative processes in the entorhinal cortex. The number 
of neurons in layers II and III reduced and the count of 
neurons was 22.7±3.4 and 15±3.09, respectively. Although 
this number was significantly higher compared to that in 
the control animals (p<0.05), it was significantly lower 
compared to that in the intact animals (Fig. 4). There were 
many dark pyknotic neurons along with chromatolytic neu-
rons and active gliosis (Fig. 3C). The number of microglial 
cells was not significantly different from that of the control 
group (30.8±2.15 cells), while the number of astrocytes was 
significantly lower compared to that of the control group 
[24.2±1.398] (Fig. 5). 

In experimental group 2, the results were similar. The 
number of neurons declined particularly in layer II. In lay-
ers II and III, the neurons were dark pyknotic (Fig. 3D), and 
their count was 20.9±3.24 and 15.3±3.3 cells, respectively 
(Fig. 4). In this group, there was also prominent microglio-
sis: the number of microglial cells was significantly higher 
compared to that of the control group (41.7±2.71 cells 
in the microscopic field). On the other hand, there were 
significantly fewer astrocytes than in the control animals 
[24±4.06 cells in the microscopic field] (Fig. 5).

Interestingly, under the effect of SHD-89 layer II of 
the cortex was more affected and showed pronounced mi-
crogliosis. We observed prominent epidural hematomas 
in the brains of animals treated with SHD-89 and Cora-
zol. Simultaneously, in the brains of animals treated only 
with SHD-89, there was congestion of the vessels near 
the amygdala and pronounced gliosis of amygdala. This 
suggests that due to hemodynamic disbalance, neurons of 
layer II undergo hypoxic stress and ischemic necrosis as the 
dark cells; in this case, there was a pathological feature in 
these groups (Fig. 3C, D). Various experimental studies on 
traumatic brain injury demonstrated vascular disruption in 
acute stages of trauma to lead to the exhibition of abnormal 
dark neurons in the cortex and hippocampus [41].

In experimental group 3, layer II was characterized by a 
substantial decrease in the number of neurons that reached 
18.5±3.47 cells; the neurons were dark pyknotic (Fig. 3E). 
In layer III, the reduction in the number of neurons was 

substantial as well [10±2.36 cells] (Fig. 4). Moreover, there 
was a prominent activation of the microglia. Compared to 
the number of microglial cells and astrocytes in the control 
group, here, that of the former was significantly higher 
(44.3±3.06 cells) and that of the latter was significantly 
lower [23.7±1.95 cells] (Fig. 5).

In the cortexes of animals from experimental group 4, 
we observed very similar morphological changes. There 
was a reduction in the number of neurons in layer III; 
layer II seemed to have pyknosis and pronounced gliosis 
(Fig. 3F). The number of neurons in layers II and III was 
19.4±1.51 and 10.8±1.93, respectively (Fig. 4). Gliosis 
was also pronounced: the number of microglial cells was 
36.4±3.44 and that of astrocytes (35±2 cells) was higher 
in this group compared to experimental groups 1, 2, and 3 
(Fig. 5). The presence of dark pyknotic neurons in experi-
mental groups 3 and 4 treated with compound SHD-78 can 
also be a result of hemodynamic changes and congestion. 

In experimental group 5, there were severe pathological 
changes in the entorhinal cortex: pronounced chromatolysis 
and pyknosis of neurons, as well as multiple foci of micro-
gliosis (Fig. 3G). In layer II, the reduction in the number of 
neurons was significant and amounted to 13.3±4.47 cells 
in the microscopic field, whereas in layer III, the number 
of pyramidal cells was 10.5±2.593 (Fig. 4). Because of 
gliosis and brain swelling the neurons of layer II traveled 
to layer I. The numbers of microglial cells and astrocytes 
were elevated compared to that in other groups [40±2.83 
and 41±2.26, respectively] (Fig. 5).

Without Corazol, SHD-91 produces mild pathologi-
cal changes in the entorhinal cortex of mice. There was 
a reduction in the number of neurons in layers II and III 
[18.2±3.99 and 10.6±1.713 cells, respectively] (Fig. 4). 
We observed substantial neuronal necrosis and pyknosis, 
as well as microgliosis in all layers (Fig. 3H). Glial cell 
count showed that in this group, the numbers of microglial 
cells and astrocytes increased to 36.1±2.38 and 40.2±2.86, 
respectively. The number of glial cells was not significantly 
different from that in the control group (Fig. 5).

In experimental groups 5 and 6, the neurodegenerative 
processes in the brain tissue were more pronounced than in 
other groups. Pathological changes of the brain tissue were 
particularly noticeable in group 5: there were structural 
changes in the hippocampus and entorhinal cortex. This 
suggests that SHD-91 has a synergic effect on Corazol that, 
in turn, leads to the activation of astrocytes and changes 
the structure of the brain in mice. Numerous experimental 
studies on epilepsy demonstrate that prior to seizures there 
are morphological changes in both astrocytes and neurons 
in the brain. Palisading astrocytes immediately surround the 
injury site, and their processes form a halo around the le-
sion with striking radial orientation [42]. This phenomenon 
was observed in experimental groups 5 and 6 where there 
was pronounced astrogliosis in the hippocampal region 
and entorhinal cortex.

In experimental group 7, the morphological picture of 
the cortex was almost the same as in the intact animals 
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(Fig. 3I). Although in layer II, the number of neuronal cells 
reduced (29.6±4.65 cells), it was significantly higher com-
pared to that in the control and experimental groups 1–6. In 
layer III, the number of pyramidal cells was the highest of 
all experimental groups [17.9±3.381 cells in the microscop-
ic field] (Fig. 4). There was a lower activation of microglia 
than in other groups. The count of microglial cells was 
19.8±2.94, which is significantly lower compared to that 
in the control animals. Although the number of astrocytes 
was slightly higher (32.8±2.78 cells), it was significantly 
lower than in the control group (Fig. 5). Overall, patho-
logical processes were moderate in comparison with other 
experimental groups.

In experimental group 8, however, we observed a 
reduction in the number of nerve cells in the entorhinal 
cortex to be more considerable, especially in layer III 
(10.3±2.06 cells). In layer II, on the other hand, the neurons 
were more preserved (Fig. 3J), and their number was the 
highest in this group compared to that in other experimental 
groups [37±5.099 cells] (Fig. 4). Gliosis was moderate as 
well: the number of microglial cells was much lower com-
pared to that in the control and other experimental groups 
(19.1±2.51 cells). Astrocytes count was significantly lower 
compared to that in the control animals [26.7±3.56 cells] 
(Fig. 5).

The reduction in the number of neurons in layer III 
suggests that although SHD-85 has almost no pathological 
effect on the hippocampus, it affects the entorhinal cortex 
leading to neuronal loss in this region. This phenomenon 
should be studied further with different doses of SHD-85. 

Conclusion
Histological and pathological studies of brain tissue 

under the effects of new derivatives of pyrazolyl-thieno-
pyridines with and without chemoconvulsant agent Cora-
zol show that among all the studied compounds SHD-78 
and SHD-89 cause moderate morphological changes to the 
hippocampus and entorhinal cortex, whereas compound 
SHD-91 produces severe neurodegenerative effects on 
brain tissue. Moreover, SHD-85 shows neuroprotective 
activity with reducing gliosis and neuronal loss induced 
by Corazol.
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