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Abstract

Introduction: Alzheimer’s disease (AD) is a severe neurodegenerative disease characterized by loss of synaptic
connection between neurons of the cortex and subcortical regions. The cholinergic deficit is a consistent and early
finding in AD, hence acetylcholinesterase inhibitors (AChEIs) are used for symptomatic improvement of AD. Most
of these therapeutic agents are hepatotoxic, leading to liver failure and other complications. Therefore, the study of
new AChEIs with less toxic impact and better effectivity is a topical challenge. In view of this, we synthesized novel
chemical compounds: TVA and TVS that possess AChEI activity and studied their neuroprotective effect in an exper-
imental AD model.

Materials and methods: Studies were performed on white rats. Acute toxicity studies were performed by Karber’s
method. AD was induced via bilateral intracerebroventricular administration of AR 25-35. Histopathological examina-
tions were performed in the hippocampus and the entorhinal cortex. Liver tissue was additionally examined to monitor
the hepatotoxicity of these compounds.

Results: Studies of the hippocampus showed that compared to control and TVA-treated groups, under the influence of
TVS there were few morphological alterations. Experimental groups showed an increase in the glial cell count, com-
pared to the intact animals. In comparison to the AD group, the increase in microglia was not that prominent under the
action of the novel compounds. Under the influence of TVA and TVS, the entorhinal cortex was more susceptible to
neuronal injury, although TVS protected pyramidal neurons. Also, the group treated with TVA had signs of acute liver
damage, while under the influence of TVS there were no signs of liver changes.

Discussion: Histopathological examination showed that the neurodegenerative processes in the hippocampus, as well
as in the entorhinal cortex, were significantly reduced under the influence of TVS, compared with the control group.
At the same time, TVA had no significant effect on the protection of neuronal cells. Also, TVS was less toxic, and there
was no sign of hepatotoxicity during the experiments.

Conclusion: These studies demonstrated that TVS possesses neuroprotective activity and reduces neuronal damage
induced by Af.

Copyright Gasparyan HV et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-BY 4.0), which per-
mits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Introduction

Alzheimer’s disease (AD) is a progressive and fatal neuro-
degenerative disorder that leads to cognitive and memory
loss and an increasing impairment of daily activities, as
well as a variety of neuropsychiatric symptoms (Mufson
et al. 2008). It was established that neurofibrillary degen-
eration of the neurons’ cholinergic nucleus basalis of Mey-
nert, designated Ch4, is present at the early stages of AD
(Mesulam et al. 2004). Serious loss of cholinergic function
in the central nervous system contributes to the cognitive
symptoms of AD (Bartus et al. 1982). As the cholinergic
deficit is a consistent and early finding in AD, acetylcho-
linesterase (AChE) is still considered as one of the viable
therapeutic targets for symptomatic improvement of this
disease (Bartus et al. 1982; Mufson et al. 2008; Mehta et
al. 2012; Hampel et al. 2019). Hence acetylcholinesterase
inhibitors (AChEIs), such as donepezil, rivastigmine, and
galantamine, were developed and approved for the treat-
ment of AD (Tabet 2006). Although they were approved
for use in AD, these drugs have limited therapeutic effica-
cy, and long-term intolerability, due to poor bioavailability,
hepatotoxicity, and non-selectivity (Agatonovic-Kustrin et
al.2018). Also, the adverse effects of AChEIs are associat-
ed with an increase in peripheral cholinergic signaling and
often mirror activation of the parasympathetic nervous sys-
tem (Bloemer 2020). Hence the search for and development
of new therapeutic agents remains an ongoing challenge.

Although the key factors in the development of AD are
the beta-amyloid (AB) and abnormal tau protein, oxidative
damage and a slow inflammatory process are two possi-
ble mechanisms involved in it (McGleenon et al. 1999).
Inflammatory pathways are increasingly recognized as
essential contributors to cell death in AD (Stuchbury and
Miinch 2005). It was shown that AChEIs directly inhibit
the release of cytokines from microglia and monocytes
and have an anti-inflammatory effect in the brain as well
(Tabet 2006). There is multiple evidence that improve-
ment of AD with AChEIs may be achieved independently
of an acetylcholine raise, and possibly these agents might
offer a degree of neuroprotection in AD because of their
anti-inflammatory effect (Francis et al. 2005). Due to
these effects of AChEIs, new derivatives with the same or
better efficacy and lesser side effects are in developement
(Bartus et al. 1982; Makarian et al. 2022).

From this perspective, compounds such as N-substi-
tuted amino acids dialkylaminoalkylamides are of special
interest as they display acetylcholinesterase inhibitor ac-
tivity (Abbasi et al. 2014). We have synthesized the novel
compounds:  N-benzoyl-DL-valinedimethylamino-ethyl-
amine iodmetilate (TVVA) and 1-diethylaminoethyl-2-phe-
nyl-4-benzylidene-5-imidazolone  (TVS), possessing
prominent anticholinesterase and antibutyrylcholinesterase
activity (Topuzyan et al. 2018). Thereafter, in this paper, we
study their neuroprotective effects in rodent AD models, as
well as report toxicological studies of these compounds.
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Materials and methods

Synthesis of chemical compounds

Compound TVA was synthesized by the method of active
esthers. The oxibenzotriazolic ester of N-benzoil-DL-valin
(IIT) was synthesized using esthered reagent o-nitrophenyl-
sulfonyloxybenzotriazole (II). The resulting compound III,
without separation from the mixture, was reacted with di-
alkylamino alkyl amines. The obtained dimethylaminoeth-
yl amid of N-benzoil-DL-valin was reacted with methylio-
dide and turned to quaternary ammonium salt (Fig. 1).

CsHs‘{ >‘OH2

al. 2013). Compounds TVA and TVS, dissolved in dis-
tillate water (Tween 80, E433), were administered once
via intraperitoneal injection in various doses. Each group
consisted of five male and five female animals. In the first
series, the LD, dosage was determined, the least dose
being with 100% animal mortality. In the second series,
the maximum tolerated dose (MTD) of the compounds
with no animal mortality was determined. Between these
two, we selected two interval doses and tested them in the
same way. The mortality rate was recorded in each group.
The gross observable clinical and behavioral changes in
the animals were examined 15, 30, 45, 60 and 90 minutes
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Figure 1. Synthesis of N-benzoyl-DL-valinedimethylamino-ethylamine iodmetilate (TVA).

The synthesis of the second compound, TVS, wasachieved
by the azlactone method. 2-phenyl-4-benzylidene-5 oxaz-
olone(VI) was reacted with 2-diethylaminoethanol (VII),
and the obtained N-benzoyl-a,B-dehidrophenilalaninedi-
ethylamino ethyl amide (VIII) was cyclized with hexameth-
yldisilazane (Fig. 2) (Topuzyan et al. 2018).

Animals

Animal experiments were performed in compliance with
Directive 2010/63/EU, with the approval of the Bioethical
Committee of Mkhitar Heratsi Yerevan State Medical Uni-
versity (minutes Ne1-8/2020). They were placed in a room
at 21+2 °C, and 12 hours diurnal cycle with humidity lev-
els 40—43%. Food and water were given ad libitum. Three
animals of the same sex were placed in cages of 1600 cm?.

Acute toxicity test

Acute toxicity studies by Karber’s method were performed
on outbreed white rats weighing 180-200 g (Chinedu et

after the initial injection and for 14 days of the exper-
iment. The LD, was calculated through Karber’s arith-
metical method, as follows:

axb
LDy, = LD, _Z( j

n

where LD, = median lethal dose; LD, = least dose re-
quired to kill 100%; a = dose difference; b = mean mortal-
ity; n = group population.

Design of AD experiment

Studies were performed on outbreed male white rats, weigh-
ing 200-250 g. The animals were divided into four groups
(n = 6): a) Intact group — normal animals; b) Experimental
AD group — non-treated animals with AD induced by AB
25-35; c¢) Experimental group [ — animals treated with TVA,
after AP 25-35 administration; d) Experimental group II —
animals treated with TVS, after AP 25-35 administration.
AD was induced via bilateral intracerebroventricular
administration of 3 pl 10° M AP 25-35(Sigma-Aldrich,
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Figure 2. Synthesis of 1-diethylaminoethyl-2-phenyl-4-benzylidene-5-imidazolone (TVS).

USA) (Maurice et al. 1998). Prior administrations of
1 mg/ml of AP 25-35 were aggregated for 4 days at 37 °C.
Intracerebroventricular administration of the toxic oligo-
mer AP 25-35 was made under general anesthesia (Ket-
amine/Xylazine 80/10 mg/kg via intraperitoneal injection)
according to the stereotaxic atlas coordinates (AP—1, L+1.5,
DV+3.5 mm) (Paxinos and Watson 2005). TVA and TVS
were administered via intraperitoneal injection in 20 mg/kg
dosage 14 times over one month. After the final injection,
the animals were left for 12 weeks for the recovery period.

Histopathological observation

After the recovery period, the rats were sacrificed under
anaesthesia (40 mg/kg Nembutal via intraperitoneal in-
jection). Brain and liver tissue was collected and stored
in 10% buffered formalin. Samples were dehydrated,
embedded in paraffin, and 3—5 pm microtome sections
were prepared. Brain sections were stained with Nissl and
Bielschowsky silver stain, liver tissue — with H&E (Sig-
ma-Aldrich, USA) (Korjevski and Gliyarov 2010), and
examined with a light microscope.

Morphometric analysis

Ten samples of the entire hippocampal CA3 region with
Nissl stain were photographed at 100x magnification
via AmScope MUS500 SMP USB2.0 Microscope Digital
Camera & Software (USA). For differentiation of mor-
phological features, photomicrographs were additionally
magnified by ImageJ 1.x software. Normal neurons with
a light nucleus, dark pyknotic neurons, and chromatolytic
neurons were counted by using Cell Counter Plugin. For
glial cells, additional ten images were obtained at 400x
magnification. Microglial and astroglial cells of the CA3
region were counted within microscopic field.

Statistical analysis

All data were expressed as means + S.D. Statistical anal-
ysis of data was performed using IBM SPSS Statistics
22.0.0 software with one-way ANOVA, with Levene
test for equality of variances followed by nonparametric
Games-Howell post hoc test.

Results

Acute toxicity test

The acute toxicity test of TVA showed the LD, , dosage of
this compound at 350 mg/kg, whereas the MTD was 50 mg/
kg. The 2 interval dosages were 100 mg/kg and 200 mg/kg.
Observation during the 15-90 minutes after injection showed
that the animals experienced the dose-dependent onset and
severity of toxic symptoms. Gross observable symptoms of
LD,,, dosage constituted severe convulsions, dyspnea, and
an increased heart rate of animals. After 30 minutes, all the
animals died. In the case of intermediate dosage, within 90
minutes of observation, the animals were mainly lethargic,
with shallow breathing and mostly no response to external
triggers. At the MTD dosage, the animals were mostly pas-
sive, but responsive to external triggers after 45 minutes fol-
lowing the injection. After 60 minutes of the experiment, the
animals regained normal activity and started to use food and
water. Between the 1% and the 14" days of observation, the
condition of all survivors was normal, without noticeable be-
havioral and physiological changes. The animals were using
food and water. The mortality rate is presented in Table 1.
The LD, of TVA was 218 mg/kg by the Karber calculation.

The same test for TVS determined that LD, was

1000 mg/kg, MTD was 125 mg/kg, and interval dosages
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Table 1. Mortality after injection of various doses of compound
TVA

Table 2. Mortality after injection of various doses of compound
TVS

Dosage 350 mg/kg 200 mg/kg 100 mg/kg 50 mg/kg Dosage 1000 mg/kg 500 mg/kg 250 mg/kg 125 mg/kg
Survival No survivors 6 animals 9animals 10 animals Survival No survivors 5 animals 8 animals 10 animals
Death 10 animals 4 animals 1animal  No mortality Death 10 animals 5 animals 2 animals  No mortality

(B9 1) (19) (3%;29) 23)

were 250 and 500 mg/kg. At LD, , after 15 minutes of the
experiment, the animals experienced severe convulsions
with shallow irregular breathing and tachycardia. After
30-60 minutes, the animals were lethargic with shallow
breathing and gradually died from intoxication. The last
one died after 90 minutes. With intermediate dosages, af-
ter 15 minutes following the injection, the animals had
moderate convulsions and were in a lethargic state. After
30-60 minutes of the experiment, convulsions intensi-
fied. The animals had dyspnea, and their eyes were half-
opened. After 90 minutes, the survivors were passive,
but responsive to external triggers. Several animals were
using food and water. At MTD dosage after 45 minutes
following the injection, the animals were mostly passive,
but responded to external triggers. The breathing rate was
normal. After the 60 minutes of the experiment, the an-
imals became active and started to use food and water.

= " -
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The mortality rate is presented in Table 2. LD of TVS
was 525 mg/kg.

Histopathological
analysis

observation and morphometric

Morphological observation with Nissl stain and mor-
phometric analysis of brain tissue showed no notice-
able histological alterations in the intact animals. The
neuronal cells of the CA3 region were neatly arranged
and displayed sharp edges (Fig. 3A). From the total of
141+6.164 cells in the microscopic field, normal cells
were 120.4+5.892, whereas only a few cells had dark
pyknotic (12.8+£0.919 cells) or chromatolytic (7.8£1.398
cells) appearance (Fig. 4).There were very few microg-
lial cells (10£1.247 cells) in this region and astrocytes
(18.9+2.846) accounted for most of the glial cells (Fig. 5).

" ' @ Ll YRy

Figure 3. Photomicrographs of CA3 hippocampal region stained with Nissl stain x400. A. Intact animals: The neurons are neatly
arranged with a clear nucleus and visible nucleoli; B. Animals with AD induced by Ap 25-35: cells have dark pyknotic appearance,
with indistinct nucleus; C. Animals treated with TVA: neurons are arranged scantily, the cytoplasm was stained in different shades;
D. Animals treated with TVS: there are few dark pyknotic neurons, mostly with a clear nucleus, cytoplasm has visible Nissl bodies.
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Figure 5. The count of glial cells in CA3 hippocampal region. Note: Data is expressed as Mean + SD; *— p < 0.05 compared with

the intact group; +— p < 0.05 compared with the AD group.

After administration of AP 25-35 in the untreated
AD group, there were prominent morphological changes
in the hippocampal CA3 region (Fig. 3B). Examination
showed severe degeneration of neuronal cells, where the
majority of cells displayed dark pyknotic appearance with
missing or indistinct nucleoli (88.6+7.027 cells, P < 0.05).
There was a significant decrease in neuronal cell count in
this group (124.3+6.993 cells, P < 0.05), and the majority
of cells were dark neurons, whereas the count of chro-
matolytic cells (8+1.633) was not significantly different
from that in the intact animals (Fig. 4).Under the depo-
sition of A, there was prominent gliosis, and vacuoliza-
tion in the microscopic field. The count of microglial cells
drastically increased and amounted to 30.4+2.797 cells in
the microscopic field (P < 0.05). The astrocyte count also
significantly increased and amounted to 22.5+2.369 cells
in the microscopic field (P < 0.05) (Fig. 5).

Almost the same histological alterations were observed
in the group treated with TVA (Fig. 3C), where the num-
ber of normal cells (74.2+7.685 cells), as well as the total
number of cells (121.7+10.761), decreased compared to

that in the intact group (P < 0.05). However, the count of
normal neuronal cells was significantly higher compared
to that in the AD group (P < 0.05), whereas the total num-
ber of cells was not significantly lower. In this group, the
numbers of chromatolytic cells (11.6+1.776 cells) were
significantly higher compared to those in the intact and
AD animals (Fig. 4). Compared to the intact animals,
there was evidence of gliosis in this group. The count
of microglial cells also increased (18.6 £3.373 cells), al-
though the number of cells was significantly lower com-
pared to that in the the AD group (P < 0.05). Astroglial
cell count was also higher compared to that in the intact
animals and consisted of 22.5+2.273 cells in the micro-
scopic field (P < 0.05) (Fig. 5).

Compared to the previous group, under the influence
of TVS, the morphological state of the hippocampus
more resembled the normal animals, and the neuronal
cells were fairly intact with visible Nissl bodies in the cy-
toplasm (Fig. 3D). Although the number of normal cells
(101.8£11.371) significantly reduced compared to that in
the intact group (P < 0.05), it was significantly higher than
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Figure 6. Photomicrographs of CA3 hippocampal region stained with Bielschowsky silver stain x400. A. Intact animals: numer-
ous pyramidal cells mostly with light brown cytoplasm, no sign of extracellular precipitations; B. Animals with AD induced by
AP 25-35:shrinkage of pyramidal neurons, some neurons have elongated flamed-shaped filament aggregates in the perikaryon
(neurofibrillary tangles), determined slight extracellular precipitation; C. Animals treated with TVA: degenerative vacuolization of
neurons, elongated flamed-shaped filament aggregates within the perikaryon; D. Animals treated with TVS: there are visibly more
viable neurons in the region, as well as vacuolization and flamed-shaped filament aggregates in the neurons.

in the non-treated group and the group treated with TVA (P
<0.05). There were fewer dark pycnotic cells (22.8+6.161)
compared to the AD group (P < 0.05) and the TVA treat-
ed animals (P < 0.05). Also, the number of chromatolytic
cells (7.6+1.500) was significantly lower compared to that
in the TVA treated animals (P < 0.05). The total number of
neuronal cells was 132.247.525 in the microscopic field,
insignificantly higher than in other experimental groups
(Fig. 4). There was mild gliosis in this group. The count of
microglial cells was 22+2.582 cells, which is significantly
lower than in the AD group (P < 0.05). Along with that,
the astroglial count was not so different from that in other
experimental groups (23.1£1.663 cells) (Fig. 5).

The histopathological observation of brain tissue
stained with Bielschowsky silver stain showed a picture
more or less similar to the previous examination. In the
AD group, after amyloid administration, there were nu-
merous dark brown deposits in the hippocampus (Fig. 6B),
as well as in the entorhinal cortex (Fig. 7B). In contrast,
in the intact animals, there was no sign of amyloid plaque
formation (Figs. 6, 7A). There was shrinkage of the hip-
pocampus pyramidal neurons in the animals of the AD

group, and numerous neurofibrillary tangle-like structures
(Fig. 6B). In the cortex, the depositions of plaque-like
structures were more prominent. There were few pyrami-
dal neurons in the III layer of the entorhinal cortex, be-
sides, in I, 11, and III layers of the cortex there was degen-
erative vacuolization, as well as prominent neurofibrillary
tangles in the neurons of the II layer (Fig. 7B).

In the groups treated with TVA and TVS, brain tissue
morphological pictures were similar to those in the AD
group, where the neurons had undergone degenerative
vacuolization; also deposition of senile plaques and neu-
rofibrillary tangle was observed (Figs 6, 7C, 7D). Nev-
ertheless, under the influence of TVS, there were more
viable cells in the hippocampus (Fig. 6D) compared to
those in the AD animals. The pyramidal neurons in III
layer of the entorhinal cortex were preserved compared
to those in the AD and TVA treated groups (Fig. 7D). In
the group treated with TVA, the hippocampus had shown
morphological alterations similar to those in the group
treated with TVS (Fig. 6C). Still, in the entorhinal cor-
tex, there were few viable cells throughout cortical layers
(Fig. 7C).



Gasparyan HV et al.: Neuroprotective activity of TVA and TVS

Figure 7. Photomicrographs of entorhinal cortex stained with Bielschowsky silver stain X100, x400. A. Intact animals: hyperchro-
matic islets of round neurons in II layer and medium-size pyramidal cells of III layer; B. Animals with AD induced by Ap 25-35:

depositions of plaque-like structures, II layer has few neurons and most of them are vacuolized and have flamed-shaped filament
aggregates in the perikaryon; C. Animals treated with TVA: reduced amount of the cells in cortical layers, flamed-shaped filament
aggregates in the perikaryon; D. Animals treated with TVS: III layer viable cells dominate, on II layers most cells have flamed-

shaped filament aggregates in the perikaryon.

Histopathological observation of liver tissue showed
that in the untreated animals there were fatty changes and
pycnosis of hepatocytes; however, there were no signs
of acute intoxication and periportal inflammation in this
group (Fig. 8B). While in the group treated with TVA,
there were prominent acute inflammatory processes in
portal tracts with neutrophil infiltrationand necrosis of
hepatocytes, without prominent fatty changes (Fig. 8C).
In comparison, there were no noticeable morphological
changes in liver tissue, and liver structure resembled
that of the intact animals in the group treated with TVS
(Fig. 8A, D).

Discussion

As compounds TVA and TVS were novel and had not
been used for therapeutic purposes, before studying their
neuroprotective activity, we conducted an acute toxicity
test to obtain information about LD, , therapeutic index,
and the safety degree of a pharmacological agent (Akhila

et al. 2007). The acute toxicity test showed that TVS was
more than twice less toxic than TVA, thus safer for ther-
apeutic purposes. Pursuant to the results of this test, we
decided preliminarily to use the same therapeutic dosage
for these compounds, which was around ten times lower
than LD, of TVA. Therefore 20 mg/kg was used as an
initial therapeutic dosage of compounds TVA and TVS.
In the AD patients with mild cognitive impairment and
in experimental models in CA3 region, there is hyperac-
tivity and hyperinduction of AD-related proteins. Studies
showed that at an early stage of AD, before the deposition
of B amyloid plaques, the synaptic plasticity between the
dentate gyrus and CA3 was markedly impaired (Zhang et
al 2013; da Silva et al. 2019). Therefore, in this study Nissl
stain was used to identify Nissl bodies and extend neuronal
damage in the hippocampus CA3 region which contains
pyramidal cells. This method can reveal the characteris-
tic morphological alteration of chromatolysis, which is
a reactive change occurring in the cell body of damaged
neurons, involving the dispersal and redistribution of Nissl
bodies (Bradley et al. 2018). Another typical morphologi-
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Figure 8. Photomicrographs of liver tissue stained with H&E x400. A. Intact animals: the structure is preserved, hepatocytes are
distinguished with a clear nucleus; B. Animals with AD induced by Ap 25-35: foamy hepatocytes with microvesicular steatosis;
C. Animals treated with TVA: neutrophil infiltration around portal tracts, hepatocytes are with pyknotic nuclei; D. Animals treated

with TVS: the structure of liver tissue is preserved, without noticeable infiltrative processes.

cal change is dark neurons that occur in many stroke types,
such as traumatic brain injury, which may be observed
through various staining methods, such as H&E, Nissl, and
silver stain (Ooigawa et al. 2006). Since in the AD group
the majority of hippocampal cells were dark pycnotic, and
there was prominent gliosis, in the morphometric analysis
after AP 25-35 administration, we counted normal, dark,
and chromatolytic neuronal cells. In our experiments, few
amounts of these dark pycnotic cells were observed in the
hippocampus of the intact animals as well, but as there
were no signs of microglial activation and vacuolization of
neurons, we considered them as common artifacts related
to pressure on fresh rat brain at necropsy (Jortner 2006).
The increase in the dark cell count in all the experimental
groups can be explained by the extracellular deposition of
B-amyloid that also promotes oxidative stress on neurons
(Behl et al. 1994). Studies with Nissl stain have shown
that compared to the control and TVA-treated groups, un-
der the influence of TVS, there were few morphological
alterations. The total of neuronal cells of this group was no
different from the norm. TVA did not show noticeable dif-
ferences from the control animals, and damaged neuronal
cells were higher in the count.

Studies of the pathogenesis of AD showed that there
are numerous reactive astrocytes and microglia within
the neuritic plaques and in the vicinity of the AB depos-
its (Hemonnot et al .2019). Recent studies suggest that in
AD microglial activation acts as a bridge leading to the
pathological phosphorylation and aggregation of tau (Dani
et al. 2018). On the one hand, in the brains of patients with
AD, microglia is closely located to amyloid plaques; on
the other, tau load and microglial cell load have also been
described in post-mortem and in vivo neuroimaging stud-
ies (Hayes et al. 2002; Dani et al. 2018; Leng and Edison
2021). In our studies, experimental groups showed an in-
crease in glial cell count, compared to that in the intact ani-
mals. The microglial count was very high in the AD group;
in comparison, an increase in microglia was not that prom-
inent under the action of novel compounds. The increase in
the astroglial cell count was the same in all the experimen-
tal groups. A possible neuroprotective effect of AChEIs
may be the cholinergic anti-inflammatory action by stim-
ulating anti-apoptotic pathways in glial cells (Benfante et
al. 2021). The anti-inflammatory effect of AChEIs could
be due to attenuation of microglial activation through the
p44/42 mitogen-activated proteinkinase system (Giunta
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et al. 2004). Possibly TVS has neuroprotective properties
through inhibitory activity on microglial cells.

As we studied the experimental model of AD, simulta-
neously with the Nissl stain, we also used the Bielschows-
ky silver staining method for revealing senile plaques (AP
depositions) and neurofibrillary tangles (tau protein),
the morphological alterations characteristic of AD (Ya-
mamoto and Hirano 1986; Antonini et al. 2011). By this
method, we also studied the morphological state of the
entorhinal cortex, which is part of the medial temporal
lobe and constitutes the primary gateway between the
hippocampal formation and the neocortex (Ibrahim and
Hala 2017). Post mortem pathological studies showed
that the entorhinal cortex is involved in the early stages
of AD development and mild cognitive impairment, thus,
this brain region merited special attention in investigating
the pathophysiology of AD (deToledo-Morrell et al. 2004;
Ibrahim and Hala 2017).

These studies showed that in experimental groups in
both regions of the brain, there was a deposition of senile
plagues, and some neurons exhibited triangular shape,
which corresponded with neurofibrillary tangles. In the
hippocampus, after the treatment with TVS, there were
more viable cells compared to those in other experimental
groups, while in the cortex, the neuroprotective properties
of this compound were not obvious. It may be assumed that
under the influence of the TVA and TVS, the entorhinal cor-
tex was more susceptible to neuronal injury, although TVS
has protected pyramidal neurons of the III layer against Af.

It is known that many AChEI drugs are hepatotoxic;
therefore during our experiments we also studied mor-
phological changes in liver tissue (Zhang et al. 2016). The
results indicate that the group treated with TVA had signs
of acute liver damage, which could contribute to neuronal
damage in the hippocampus and entorhinal cortex, as he-
patic failure leads to encephalopathy and may contribute
to neuronal loss in brain tissue (Lee 2012). There were no
signs of liver damage under the influence of TVS, which
corresponds to the results of our acute toxicity test. It may
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