Basic research

UDC 615.31:547.792].099
DOI: 10.14739/2310-1210.2023.1.266318

Study of acute toxicity of new thiophene-containing derivatives of
1,2,4-triazole

A.V. Khilkovets(+*8¢®, |, M. Bilai(oAEF

Zaporizhzhia State Medical University, Ukraine

A - research concept and design; B - collection and/or assembly of data; C - data analysis and interpretation; D - writing the article;
E - critical revision of the article; F - final approval of the article

Key words:

acute toxicity,
rats, 1,2,4-triazole
derivatives.

Zaporozhye
medical journal
2023; 25 (1), 46-49

*E-mail:
nastia010792@ukr.net

Katouosi croBa:
rocTpa TOKCUYHICTB,
LLypU, NOXIAHI
1,2,4-tpia3ony.

3anopisbkuii
MEeAUYHUN XKypHaA.

2023.T. 25, Ne 1(136).

C. 46-49

46  ISSN 2306-4145 http://zmj.zsmu.edu.ua

Acute toxicity studies are an integral part of preclinical studies of any new biologically active compound. It should be noted that it
is this stage of research that is crucial regarding the possibility of further use of a pharmacologically active substance as a drug.
This indicator also helps to determine the initial dose for clinical trials and establish a range of potentially safe doses. The data
obtained will help determine the direction of new chemical syntheses, replenish the relevant libraries in silico, as well as reveal
many other fundamentally important parameters that characterize the interaction in the compound - living organism system.

The aim of this research is to study the acute toxicity of 2-((4-phenyl-5-(thiophene-3-yimethyl)-1,2,4-triazole-3-yl)thio)sodium acetate.

Materials and methods. Previously, a prediction was made using the GUSAR computer program, which helped determine the dose
intervals. Acute toxicity was determined by the experimental method of Kerber in vivo using white nonlinear Wistar rats. The rats
were weighed, labeled, and divided into five groups of six individuals of each.

Results. After the introduction of compound moving activity decreased, drowsiness, pupil miosis, and thirst were observed. In
the fifth group, with the maximum dilution, all rats died within two hours after administration of the test compound. During the death,
convulsions were observed. In the fourth group five animals died, and in the third — two rats died. In the first two groups, all the rats
survived. During follow-up, the animals behaved normally. Based on the results of the research, calculations were made and
the LD, indicator was determined.

Conclusions. According to the results, the studied compound belonged to the V class of toxicity (almost non-toxic), and the resulting
LD,, value was 1125 mg/kg. This indicator confirmed the prospects for further study of this compound.

BuBUY€HHA rocTpoi TOKCUYHOCTI HOBUX TiopeH-BMiCHUX noXiaHuX 1,2,4-Tpiasony

A. B. XinbkoBeupb, I. M. binan

JlocnimkeHHs rocTpoi TOKCUYHOCTI — HEBIf EMHMIA eTan AOKMIHIYHUX AoCimKeHb Byab-koi HOBOT BIONOriYHO aKTUBHOI CMOMYKY.
Cawme Leii eTan JOCTMKEHHS Mae BUpiLLanbHe 3Ha4YeHHS L0 MOXITMBOCTi HACTYMHOIO BUKOPUCTaHHS hapMaKonoriYHO aKTUBHOI
PeyoBWHMU K Nlikapcbkoro 3acoby. Lieit nokasHWk Jjonomarae Takox BU3HAYUTUCA 3 MOYATKOBOIO A03010 ANSt KMiHIYHWX AOCHIMKEHD
i BCTQHOBWTM Aiana3oH NOTEeHLiiHO 6e3neyHnx [o3. Pesynstatit 4ONOMOXYTb BU3HAYUTUCA 3i CNPAMOBAHICTIO HOBUX XiMIYHMX
CWHTE3iB, NOMOBHWTY BignoBiaHi 6ibnioteku in silico, a TakoX PO3KPUTM iHLLI MPUHLIMNOBO BaXXNWBI NapaMeTpy, LLIO XapaKTepr3yoTb
B32€EMO/iI0 B CUCTEMI CrIOSTyKa — XMBUIA OpraHiam.

MeTa po6oTH — JOCTiZXKEHHS rOCTPOi TOKCUYHOCTI 2-((4-cheHin-5-(tiodper-3-inmeTun)-1,2,4-Tpiason-3-in)Tio)aueTar HaTpito.

Marepianu Ta MmeToaum. lNonepeaHbOo 3iNCHUNM NPOrHO3yBaHHS 3 BUKOPUCTaHHS KOM'loTepHOI nporpamu GUSAR, Lo gornomorno
BW3HAUMTUCA 3 iHTepBanamm 4o3. [0CTPy TOKCUYHICTb BU3HAYanM 3a 4ONOMOroL0 ekcnepuMeHTansHoro Metogy Kepbepa in vivo,
BUKOpUCTanu Binux HeniHinHUX LypiB NiHii Bictap. LLypis 3Baxunu, npoMapKyBanv Ta noginunm Ha m'stb rpyn no 6 0COBWH y KOXHIN.

Pesynkraru. [Nicns BBegeHHS CNOMyKM pyxoBa aKTUBHICTb LLYPIB 3HKYBanacs, cnocTepirany COHMMBICTb, MiO3 3iHULb i cripary.
B n’atin rpyni (3 MakcuManbHUM po3BEAEHHSM) YCi LLLYpKU 3aruHynu B nepiod 6nu3bko 2 roauH nicns BBEAEHHS LOCAimKyBaHOI
crnonyku, nig vac 3arubeni cnoctepiranu cynomu. B yeTBepTilt rpyni 3aruHynm 5 ocobuH, y TpeTii — 2 wypu. B nepiumx asox rpy-
nax yci TeapuHu Buxunu. Iig Yac HacTyMHOTo CNOCTEPEXEHHS LLypyu NoBoaunu cebe HopmanbHo. 3a pesynsTatami 4OCTiKeHb
30iACHWNN PO3paxXyHKN, BU3HAUMNM NOKasHuK LD, .

BucHoBkuM. BcTaHoBMNM, WO AOCTIZKYBaHA CNOMyKa HanexuTb A0 V Knacy TOKCUYHOCTI (MPaKTUYHO HETOKCUYHI), MOKa3HMK LD,,
cTaHoBUTb 1125 mr/kr. Lie 06rpyHTOBYE NepCEKTUBHICTb NPOLOBXEHHS BUBYEHHS Lii€i CrIOMNyKM.

The accelerated development of the chemical industry
is explained by the desire to compensate for the lack of
natural materials that are traditionally used. Also, the rapid
development is explained by the need to create new syn-
thetic substances that are superior to natural compounds
in consumer properties or differ in a wider range of applica-
tions. In today’s completely natural conditions, continuous
population growth has its downside, namely, an increase in
the degree of negative impact on the environment. Currently,
a significant part of humanity is more or less exposed to

various chemical compounds. They enter the body with air,
water, and food, and of course in the form of medicines [1,2].
An obvious consequence of this effect was an increase in
the incidence rate, especially associated with drug poison-
ing, impaired immune status, and so on. Therefore, the most
important requirement for newly synthesized compounds is
their low, acceptable degree of toxicity.

Taking into account the work of scientists at our univer-
sity and foreign scientists, it can be concluded that deriva-
tives of 1,2,4-triazole are low-toxic or practically non-toxic
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compounds [3,4]. This fact is undoubtedly convincing
when choosing a “molecular framework” for obtaining new
promising heterocyclic compounds. To date, a consider-
able number of these derivatives have been obtained,
which are used in numerous industries, pharmacies, and
veterinary medicine [5]. A striking example is morpho-
linium-3-methyl-1,2,4-triazolyl-5-thioacetate, which later
became known as Thiotriazoline. To date, Thiotriazoline
has a wide spectrum of use in the treatment of diseases in
neurology, surgery, cardiology, ophthalmology, gynecology,
and urology [6].

Ateam of Ukrainian scientists continues to study Thiotri-
azoline as a means of combating today’s current disease —
COVID-19 [7]. Another significant scientific discovery among
1,2,4-triazole derivatives is the drug Angiolin ((S)-2,6-di-
aminohexanoic acid 3-methyl-1,2 4-triazolyl-5-thioacetate)
which has high prospects in ophthalmology and cardiology
[8,9]. It should be noted that the compounds mentioned
above belong to the V class of toxicity (almost non-toxic
substances). But the search continues in the future because
science is progressing.

Traditionally, the detection of the degree of toxicity
is carried out experimentally on laboratory animals. Toxi-
cological testing is a long-term process, an alternative to
which can be non-experimental screening using expert
systems. These systems are based on previously identified
quantitative structure-toxicity patterns for already known
compounds and allow predicting toxic properties for new,
not yet synthesized chemical compounds. Taking into ac-
count all the possibilities of the present and biotic norms,
we analyzed a number of compounds and selected one for
the study of acute toxicity in vivo.

Aim

The aim of our work is to determine acute toxicity in vivo
for the previously obtained compound XPI I-28, namely
2-((4-phenyl-5-(thiophene-3-ylmethyl)-1,2,4-triazole-3-yl)
thio)sodium acetate.

Materials and methods

The studied compound was obtained at the Department of
Natural Sciences for Foreign Students and Toxicological
Chemistry of Zaporizhzhia State Medical University (ZSMU)
as part of the planned thesis work under the supervision of
Professor V. V. Parchenko (Fig. 1).

The research was conducted in accordance with the na-
tional “general ethical principles of animal experiments”
(Ukraine, 2001), which is consistent with the provisions of
the “European Convention for the protection of vertebrates
used for experiments and other scientific purposes” (Stras-
bourg, France, 1985), as well as in accordance with the EU
Council Directive [10].

To determine dose levels, the GUSAR (General unlim-
ited Structure-Activity Relationships) program performed
computer prediction of acute toxicity. The specified GUSAR
computer program is designed to build models of quantitative
dependencies between the structure and various properties
of organic molecules. GUSAR uses QNA (Quantitative neigh-
bors of Atoms) descriptors, some physical-chemical descrip-
tors, and (as additional parameters) the results of predicting
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Fig. 1. Sodium 2-((4-phenyl-5-(thiophen-3-ylmethyl)-1,2,4-triazole-3-yl)thio)acetate.

3,663 types of activity by the PASS program. When predicting
the LD, value for the analyzed compound, itis estimated that
it falls within the scope of the QSAR model. Computer predic-
tion of acute toxicity was carried out according to the struc-
tural formula in the Internet version of the GUSAR-online
program. According to the received online prediction data,
the average lethal dose of LD, for the tested compound
XPI I-28 had the following values: with intraperitoneal ad-
ministration — 681.6 mg/kg, intravenously — 183.3 mg/kg,
orally — 752.7 mg/kg, and subcutaneously — 468.7 mg/kg.

The study of acute toxicity of a water-soluble compound
was carried outin accordance with the recommendations of O.
V. Stefanov [11]. The determination of acute toxicity parameters
(LD,,) was calculated by the Kerber method in modifications of
A. O.Loytand M. F. Savchenkov. The research was carried out
jointly with the staff of the ESMLC with the vivarium of ZSMU.

For this, six groups were formed, one of which was
a control group. Each group consisted of six non-linear
white rats. The rats were weighed and labeled. An aqueous
solution of the test compound was administered to animals
on an empty stomach intraperitoneally.

During the experiments, feeding and maintenance
conditions were maintained, and water intake was not re-
stricted. Rats were monitored for 14 days from the moment
of administration of the substance. During the observation,
their behavior, general condition, the clinical picture of
poisoning, attitude to food, the condition of the coat, and
visible mucous membranes were taken into account. Body
weight control was performed on the day of administration
of the substance, as well as on days 3, 7, and 14.

Results

According to the results of the study, it was found that
the compound XP!I I-26 when administered intraperitoneally
caused the death of rats. General information on the dose,
weight, and death of animals is given below (Table 7).
During the experiment, it was found that the highest
dose of 3000 mg/kg caused the death of all rats within
two hours after administration. Abdominal breathing,
drowsiness, loss of pain reflex, atypical ways of movement
(convulsions), and prostration were noted during clinical
observations of animals. The death of animals was accom-
panied by tonic-clonic convulsions lasting up to one minute.
A dose of 1500 mg/kg also caused suppression of
the general condition of the rats, as well as a decrease in
appetite and motor activity. Diaphragmatic breathing and
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Table 1. Characteristics of the material under study

Dose.nghkg | Cioher [ Waght.g [ vohume,i__|Time o deat
200 3.0

DSl 302
DS-I 277 28
DS-llI 280 2.8
F-l 292 29
F-ll 271 2.7
F-lll 264 26
500 DS-l 348 35
DS-I 243 24
DS-llI 331 33
F-l 212 21
F-ll 313 3.1
F-lll 276 2.8
700 DS-l 270 2.7
DS-I 250 25
DS-llI 238 24 10:10
F-l 197 1.9
F-Il 240 24
F-lll 390 39 12:34
1500 DS-I 282 2.8 10:45
DS-Il 324 34 12:30
DS-lll 282 2.8
F-l 228 2.3 11:10
F-ll 259 2.6 10:30
-1l 255 25 11
3000 DS-I 260 26 10:50
DS-Il 301 3.0 11:30
DS-lll 219 2.2 10:55
F-l 240 24 10:57
F-ll 197 2.0 11:01
F-1lI 219 22 10:55

Table 2. Toxicity results

Dose, n, alive n,died e, interval LD, LD,,
mg/kg pieces pieces mg/kg mglkg mglkg
200 6 0 0 200 0

500 6
700 4
1500 1

0

0
2
5
3000 6

3000 125
0 300 0
1 200 200
3.5 800 2800
55 1500 8250

Table 3. Dynamics of rat body mass (g), V. m

Animal groups Observation period

Outgoing data 34 day 7™ day 14" day
Intact control 273.00 + 20.83 274.00 +20.38 274.00 +20.26 274.00 +20.64
200 mg/kg 281.00 + 13.91 276.00 + 14.81*  278.00+ 14.89*  279.00+ 15.13
500 mg/kg 287.1+52.9 281.00 £55.00*  284.00 +52.68*  284.00 + 53.12*
700 mg/kg 264.00 £ 32.5 210.00 £ 20.07 219.00 +20.30 220.00 +21.07
1500 mg/kg 271.00 £ 32.5 - - -
3000 mg/kg - - -

*: reliability relative to the initial data, according to the Student's t-criterion, P > 0.05.
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prostration (abdominal position) were observed in animals
in this group. Miosis, narrowing of the pupils regardless of
the presence of light, was also detected. In this group, five
animals out of six died, during the death of which convul-
sions were also observed.

Among the animals that received a dose of 700 mg/kg
in the first hours after administration, one animal died,
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during the death of which convulsions were not observed.
The rats were depressed and sedentary, and their appetite
was reduced during the first day of observation.

As a result of monitoring animals that received a dose of
500 mg/kg and 200 mg/kg, signs of intoxication and animal
death were not been. The general condition of the rats was
satisfactory, behavior changes were not detected, the rats’
appetite and thirst did not change, and seizures were not
observed.

Based on the data obtained during the experiment,
the average annual dose was calculated by the method of
Kerber in the modification of A. O. Loyt and M. F. Savchen-
kov, according to the formula:

Ynxe
LD, =LD

50 100 n

According to calculations (Table 2), the compound XPI
I-28 belonged to the V Class of toxicity. It was practically
non-toxic since LD, was equal to 1125 mg/kg. It was
in the range of 1001-3000 mg/kg when administered
intraperitoneally. The dynamics of weight in surviving
rats is shown in Table 3. Rat body weight changed most
significantly at a dose of 700 mg/kg on days 3, 7, and 14
(20.45 %, 17.04 %, and 16.60 % relative to the initial data).
To a lesser extent, changes were observed at a dose of
500 mg/kg on all days of follow-up. In the group of rats
that were given a dose of 200 mg/kg, the body weight of
rats did not change significantly, namely within 1 % relative
to the initial data.

The picture of acute poisoning of animals that received
a toxic dose of the test substance during intraperitoneal
administration was characterized by lethargy, passivity, and
polydipsia in all rats. After a few minutes, Cheyne-Stokes
breathing and inactivity worsened. After 2 hours, breathing
became barely noticeable, and weak, movements were not
been. Animals, that received intermediate doses of the test
substance and survived up to 14 days, experienced lethar-
gy, passivity, and polydipsia for 12 hours. Cheyne-Stokes
breathing occurred due to a violation of blood supply and
a decrease in excitability of the respiratory center. After
36 hours, the symptoms gradually began to subside, until
they completely disappeared. The rats breathing returned
to normal, motor activity resumed, and a healthy appetite
appeared after 72 hours later on the drug was administered.

It was pronounced fullness of the peritoneal vessels,
full-blooded liver, light brown color, soft consistency, and
rounded edges of the liver after an anatomical autopsy of
dead rats from all groups that were intragastrical injected
with the test substance. The gastric mucosa was hyper-
emic and swollen. On the cut was a shiny fabric. Portal
tracts are swollen, and it showed the fullness of the cen-
tral interlobular veins. Brain-no visible changes, small
hemorrhages, vessels of the cerebellum and trunk are
dilated, full-blooded. The thymus was moderately flabby,
pale pink. The bladder was full. The small intestine was
filled with contents, the descending colon was swollen.
Kidneys with visible external did not change. In the heart
of dead animals, the ventricles were dense in the stage of
contraction, the blood vessels of the arterial and venous
bed were full-blooded, and there was a small accumulation
of blood in the pericardial space.
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Discussion

The data obtained on the acute toxicity of 2-((4-phenyl-
5-(thiophene-3-ylmethyl)-1,2 4-triazole-3-yl)thio)sodium
acetate did not contradict the data of other researchers.
Thus, the study of the acute toxicity of the drug Thiotriazoline
showed that it had low toxicity with different routes of admini-
stration to four animal species, and the drug belonged to
the V class of toxicity (almost non-toxic substances). When
administered to mice, its LD, was 6500 mg/kg with intra-
gastric and 2350 mg/kg with intramuscular administration.

In rats, LD, with intragastric administration — 10300
mg/kg, intravenous — 890 mg/kg and intramuscular — 5150
mg/kg. In dogs and rabbits, LD, with intravenous admini-
stration is more than 2000 mg/kg, and with intramuscular
administration is 2500 mg/kg. This is due to the fact that
the structure of 1,2,4-triazole was closely related to some
nuclear transcription factors capable of regulating gene
expression.

1,2,4-Triazoles were involved in energy and protein
metabolism [12]. We attempted to modify the Thiotriazoline
molecule by replacing substituents in the 5 positions of
methyl with thiophene-3-ilmethyl and in the 4 position by
changing hydrogen to a phenyl group in order to increase
the safety profile of a potential medicinal substance. Obtain-
ing a new molecule led to a decrease in toxicity compared
to Thiotriazoline but did not exceed the safety parameters of
Angiolin. Thus, after addition of the aromatic heterocycle of
thiophene in the fifth position significantly reduced the acute
toxicity of the compound.

Conclusions

According to the results, the studied compound be-
longed to the V class of toxicity (almost non-toxic), and
the resulting LD, value was 1125 mg/kg. This indicator
confirmed the prospects for further study of this compound.
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