
80 ISSN 2226-2008 ОДЕСЬКИЙ МЕДИЧНИЙ ЖУРНАЛ № 1 (192)  2025

ФАРМАКОЛОГІЯ І ФАРМАЦІЯ

UDС 615.31:547.792].015.34:612.83.014.2
DOI https://doi.org/10.32782/2226-2008-2025-1-15

A. A. Safonov https://orcid.org/0000-0003-2861-1826
A. S. Gotsulya https://orcid.org/0000-0001-9696-221X

R. O. Shcherbyna https://orcid.org/0000-0002-9742-0284
O. I. Panasenko https://orcid.org/0000-0002-6102-3455

ANALYSIS OF THE EFFECT OF SODIUM  
2-((4-AMINO-5-(THIOPHEN-2-YLMETHYL)-4H-1,2,4-TRIAZOL-3-YL)THIO)

ACETATE HIGH DOSES ON BRAIN TISSUE

Zaporizhzhia State Medical and Pharmaceutical University, Zaporizhzhia, Ukraine

UDС 615.31:547.792].015.34:612.83.014.2
A. A. Safonov, A. S. Gotsulya, R. O. Shcherbyna, O. I. Panasenko
ANALYSIS OF THE EFFECT OF SODIUM 2-((4-AMINO-5-(THIOPHEN-2-YLMETHYL)-4H-1,2,4-TRIAZOL-3-YL)THIO)

ACETATE HIGH DOSES ON BRAIN TISSUE
Zaporizhzhia State Medical and Pharmaceutical University, Zaporizhzhia, Ukraine
The aim of the study is to analyze the effect of high doses of sodium 2-((4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazol-3-yl)thio)

acetate (ASP) on brain tissue. 
Material and methods. The effect of ASP high doses (1000 mg/kg and 5000 mg/kg) was studied on white outbred rats. The substance 

was administered intragastrically dissolved in purified water using a special metal probe. The brain tissue was fixed in a 10% formaldehyde 
solution for subsequent histological examination, dehydrated in alcohols of increasing concentrations, and embedded in paraffin.

Results. Analyzing the effect of different doses of ASP on brain tissue, it can be concluded that at 1000 mg/kg, vacuolar cytoplasmic 
degeneration is detected in many neurons and cells without nuclei are observed. This is indicated by histological evidence of selective neuronal 
death. At the same time, the capillary system is preserved. Partial chromatolysis of Purkinje cells is observed in the cerebellum, the layering 
is preserved. Against the background of moderate interstitial edema of the brain selective neuronal death with the formation of collapsed 
(eosinophilic) neurons is observed at 5000 mg/kg.

A dose 10 times higher than effective dose (1000 mg/kg) leads to changes in the histological structure of organ tissues. The maximum 
argued dose of the fourth toxicity class of 5000 mg/kg also causes more serious changes in the structure of organ tissues.
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УДК 615.31:547.792].015.34:612.83.014.2
А. А. Сафонов, А. С. Гоцуля, Р. О. Щербина, О. І. Панасенко
АНАЛІЗ ВПЛИВУ ВИСОКИХ ДОЗ 2-((4-АМІНО-5-(ТІОФЕН-2-ІЛМЕТИЛ)-4Н-1,2,4-ТРИАЗОЛ-3-ІЛ)ТІО)

АЦЕТАТУ НА ТКАНИНУ МОЗКУ
Запорізький державний медико-фармацевтичний університет, Запоріжжя, Україна
Стаття присвячена дослідженню тканин мозку у разі введення високих доз (1000 мг/кг і 5000 мг/кг) 2-((4-аміно-5-(тіофен-2-

ілметил)-4Н-1,2,4-триазол-3-іл)тіо)ацетату перорально за допомогою зонду. Доза в 10 разів більша за ефективну дозу (100 мг/кг – 
щури) – 1000 мг/кг уже призводить до змін гістологічної структури тканин органів. Максимальна аргументована доза четвертого 
класу токсичності 5000 мг/кг також викликає серйозніші зміни у структурі тканин органів.

Таким чином, наше дослідження дало докази зміненої гістологічної архітектури тканини мозку.
Ключові слова: 1,2,4-триазол, мозкова тканина, токсична дія.
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Стаття поширюється на умовах ліцензії 

Introduction. The study of the toxic effect of com-
pounds on the tissues of internal organs is one of the main 
tasks in determining the toxicity of already known or newly 
synthesized compounds. It enables scientists to identify 
the target organs that have the greatest impact of the com-
pounds being studied. One of the large lists of organs for 
research is the brain. Analyzing brain tissue after taking 
high doses of drugs can show and detect structural changes 
in the organ and subsequently prevent them.

In recent years, 1,2,4-triazole compounds have gained 
wide and promising development [1–4]. Scientists have 
already found substances with antimicrobial, antifungal, 
hepatoprotective, antiradical, antipyretic activities [5–8]. 
Sodium 2-((4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-
triazol-3-yl)thio)acetate (ASP) is a new generation com-
pound that can be used as an actoprotective tool [9], and 
synthesized by Ukrainian scientists. 

Thus, the aim of the study is to analyze the effect 
of toxic doses of sodium 2-((4-amino-5-(thiophen-2-yl-
methyl)-4H-1,2,4-triazol-3-yl)thio)acetate (ASP) on brain 
tissue. Brain tissue was selected as one of the objects in a 
comprehensive study of the toxic effects of the ASP sub-
stance. There is a large number of publications aimed at 
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studying the effects of substances specifically on the brain 
[10; 11]. In the overall comprehensive study of high doses 
of the ASP substance, tissues of the heart, pulmonary sys-
tem, spleen, gastrointestinal tract, liver, thymus, kidneys, 
and adrenal glands were also analyzed. Part of the research 
has already been published [12–14] due to the wide range 
of research. 

 Material and methods. Sodium 2-((4-amino-5-(thi-
ophen-2-ylmethyl)-4H-1,2,4-triazol-3-yl)thio)acetate [9] 
was used as the research object at doses of 1000 mg/kg (the 
dose that caused a change in clinical indicators, namely 
respiratory rate, and 10 times greater than the dose used 
to study pharmacological activity) and 5000 mg/kg (maxi- 
mum dose of the fourth class of toxicity). These doses do 
not cause the death of animals – they were chosen accord-
ing to the recommendations for preclinical studies of the 
toxicity of medicinal products [15]. The substance was 
administered intragastrically dissolved in purified water 
using a special metal probe. 

Analysis of the effect of ASP toxic doses was studied on 
white outbred rats aged 12 months. Care, maintenance and 
feeding of animals was carried out in standard conditions 
of a stable microclimate of the vivarium at the ZSMPhU 
(Ukraine) under conditions of 12-hour daylight. Feeding of 
laboratory animals was carried out on the basis of stand-
ardized balanced feed with free access to food and water, 
in conditions excluding the influence of stress factors. Rats 
were kept in standard conventional polycarbonate cages of 
size 610x435x215 mm, by 4 animals in each one. Every 
group included 4 animals to study 1 dose of the compound. 
A total of 9 animals were used. Male rats were used that 
were available and suitable for the experiment in terms of 
age and weight. [16]. All stages of the research were carried 
out in compliance with the Directive of the European Par-
liament and of the Council 2010/63/EU of 22 September 
2010 “On the protection of animals used for scientific pur-
poses” and based on the OECD guidelines (Approval of the 
ethics committee of ZSMPhU No. 5 of 05.09.2023) [17]. 

The brain tissue was fixed in a 10% formaldehyde solu-
tion for subsequent histological examination, dehydrated 
in alcohols of increasing concentrations, and embedded in 
paraffin colored by hematoxylin and eosin.

The analysis of micropreparations was conducted using 
a Granum light microscope, and microscopic images were 
captured with a Granum DSM 310 digital video camera.

Result and Discussion. The study began with a visual 
inspection and weighing of the analyzed organ of both con-
trol animals and experimental animals. The weight of the 
organ in the experimental group ranged from 1.28 to 1.46 g 
(Table 1). 

tiated in the section. In the white matter of the hemispheres 
and in the projection of the lateral ventricles, there are small 
hemorrhages throughout its area (Fig. 1) and full blood ves-
sels, the brain tissue is soft, sticking to the knife blade.

The brain of the control group of animals weighed 
1.30 g. Macroscopically, the hemispheres were light gray 
in color, of dense elastic consistency, with clear visuali-
zation of furrows and gyrus, the soft meninges was gray-
white, 0.1 mm thick, without the presence of blood vessels. 
The gray and white matter of homogeneous structure was 
clearly visualized in the section (Fig. 1).

 
 

A B 

Fig. 1. The right cerebral hemisphere with hemorrhage 
loci in the lateral ventricle projection (А). Brain 
in sagittal section in the projection of the lateral 

ventricles (В)

Analysis of the cerebellum and brainstem in the exper-
imental animals and the control group revealed no macro-
scopic changes.

Histological analysis of the brain tissue of experimen-
tal animals (dose 1000 mg/kg) revealed the following 
changes: single neurons with basophilic cytoplasm and 
chromatolysis of nuclei, the branched system of append-
ages is preserved. Many neurons showed vacuolar cyto-
plasmic degeneration, separate groups of cells without 
nuclei (“shadow neurons”) pyknotically altered, basophilic 
(histological signs of selective neuronal death). Microglia 
has perineuronal and perivascular satellite formation. The 
capillary system is preserved, erythrocytes are detected in 
the capillary lumen (Fig. 2). Scientists [18] also studied the 
effect of high doses of organic compounds on brain tissue 
and noted the presence of similar pathologies.

 
Fig. 2. Chromatolysis of neurons with the formation 

of “shadow cells” (the upper part of the photo)  
(dose 1000 mg/kg). x400

Microscopic analysis of experimental animals (dose 
5000 mg/kg) revealed single neurons with eosinophilic 
cytoplasm and chromatolysis of nuclei. The branched sys-
tem of appendages was partially preserved. In many neu-
rons, vacuolar cytoplasmic dystrophy (more than 50%), 
separate groups of cells without nuclei, pyknotic, baso-

Table 1
Weight measurements of rats

Rat brain weight  
(dose 1000 mg/kg)

Rat brain weight  
(dose 5000 mg/kg)

1.36±0.045 1.375±0.05

Macroscopically, the hemispheres are light gray, swol-
len, furrows and gyrations are not clearly visualized, the 
soft meninges are gray-white, with clearly contoured full-
blooded vessels. Gray and white matters are clearly differen-
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philic (histological signs of selective neuronal death) are 
detected. Loci of gliofibrosis, perineuronal and perivascu-
lar satelliteosis are determined in microglia. The capillary 
system is preserved. Red blood cells are detected in the 
capillary lumen (Fig. 3). 

 

Fig. 3. Selective neuronal death with the formation 
of collapsed (eosinophilic) neurons, against the 

background of moderate interstitial brain edema  
(dose 5000 mg/kg). x400

Among the control group, the histoarchitectonics of 
the cortex has a typical structure. The histological layer-
ing of cortical structures is clearly defined. Neurons with 
a branched system of processes and nuclei (in single cells) 
vacuolar dystrophy is determined. Microglia is sufficient 
in its cellular structure, diffuse minimal lymphocytic infil-
tration of the tissue is determined. The capillary network is 
unchanged, erythrocytes are detected in the lumen (Fig. 4).

 
Fig. 4. Typical structure of rat brain microglia  

(control group). x200

Analysis of the cerebellum among rats (dose 1000 mg/kg): 
the histological structure and layering of the cerebellum is 
preserved, the granular layer is clearly defined, pear-shaped 
neurons (Purkinje cells) are typical histological structure 
(Fig. 5).

 
Fig. 5. Partial chromatolysis of Purkinje cells, layers 

preserved (dose 1000 mg/kg). x400

Analysis of the cerebellum among rats (dose 5000 mg/kg): 
the capillary system is preserved, and red blood cells are 

detected in the capillary lumen. The histological structure 
and layering of the cerebellum are preserved, the granule 
layer is clearly defined, and Purkinje cells are of typical 
histological structure (Fig. 6). These changes can also be 
observed in brain lesions [19]. 

 
Fig. 6. Purkinje cell precipitation and chromatolysis 

(5000 mg/kg dose). x400

Microscopic analysis of the control group revealed that 
the histoarchitecture of the cerebellum has a typical struc-
ture, with a clear differentiation into gray and white matter 
(with a ratio 1:3). Neurons with a branched system of pro-
cesses had typical structure (Fig. 7). The brainstem has a 
typical histological structure with sufficient distribution of 
microglial elements and visualization of conducting path-
ways with an ordered structure.

 
Fig. 7. Typical stratification of the rat cerebellum 

(control group). x400

Based on the obtained data of the histological examina-
tion and comparing with the studies of other scientists [20], 
it should be noted that the substance under study at a dose of 
1000 mg/kg has a toxic effect on brain cells, but this effect 
is not as significant as at a higher dose of 5000 mg/kg. How-
ever, these doses do not lead to the death of animals. 

Conclusions. Analyzing the effect of different doses of ASP 
on brain tissue, it can be concluded that at 1000 mg/kg, vacu-
olar cytoplasmic degeneration is detected in many neurons and 
cells without nuclei are observed. This is indicated by histolog-
ical evidence of selective neuronal death. At the same time, the 
capillary system is preserved. Partial chromatolysis of Purkinje 
cells is observed in the cerebellum, the layering is preserved.

Against the background of moderate interstitial edema 
of the brain selective neuronal death with the formation of 
collapsed (eosinophilic) neurons is observed at 5000 mg/kg. 
There is a partial loss and chromatolysis of Purkinje cells in 
the cerebellum tissue.

The authors sum up that that high doses of an ASP drug 
have a negative effect on brain tissues and cause changes in 
cells. Also, based on previously conducted studies of the effect 
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of high doses of ASP on tissues of the heart, pulmonary sys-
tem, spleen, gastrointestinal tract, liver, thymus, kidneys, and 
adrenal glands, as well as biochemical studies of blood serum 
[21], it can be concluded that high doses of ASP 1000 mg/kg 
and 5000 mg/kg are toxic for rats. The dose used to study the 
pharmacological activity (actoprotective and stress-protective 
activity) is 100 mg/kg. A dose 10 times higher – 1000 mg/kg 
already leads to changes in the histological structure of organ 
tissues. The maximum argued dose of the fourth toxicity class 

of 5000 mg/kg also causes more serious changes in the struc-
ture of organ tissues. It should be noted that these high doses 
do not lead to the death of animals.

As a result, the present study provided evidence of 
altered histological architecture of the brain tissue. In this 
regard, it is not necessary to exaggerate the effective dose 
of the ASP substance.

Conflict of interest: The authors declare that there is no 
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