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	 Inflammation is a universal protective mechanism of the body that occurs in response 
to pathological changes caused by phlogogenic agents. The progression of the inflammatory 
process depends on the balance between pro-inflammatory and anti-inflammatory cytokines, 
primarily on the level of anti-inflammatory cytokine synthesis. The anti-inflammatory effect of 
triazole derivatives is based on the inhibition of the cyclooxygenase-2 enzyme, which enhances 
the synthesis of inflammatory mediators such as prostaglandins, bradykinin, and serotonin 
from arachidonic acid. In the study of the anti-inflammatory effects of 13 newly synthesized 
derivatives of 1,4-disubstituted 1H-1,2,3-triazole on the models of «formalin-induced paw 
edema», «carrageenan-induced paw edema» and «serotonin-induced aseptic arthritis» compound 
5 at a dose of 100.0 mg/kg demonstrated the highest anti-inflammatory activity - 78%, 77.4%, 
and 79.8%, respectively. The study of the effect of this compound on the cytokine dynamics 
in blood serum revealed that, compared to the control group animals, it increased the level of 
IL-4 by 3.25 times, decreased the level of IL-6 by 5.16 times and reduced the level of TNF-a by 
3.48 times.

Keywords: Carrageenan-induced paw edema; Cytokines; Formalin-induced paw edema; 
Inflammation; Serotonin-induced aseptic arthritis; 1,4-disubstituted 1H-1,2,3-triazole 

derivatives.

	 Inflammation is a universal protective 
mechanism of the body that occurs in response to 
sequential changes triggered by various damaging 
factors in the microcirculatory bloodstream, blood 
system, and connective tissue, involving immune 
and reparative mechanisms.1 Factors that trigger 
an inflammatory response are called phlogogens.2 
Phlogogens can be of exogenous or endogenous 
origin and are classified as biological (bacteria, 

viruses, fungi), physical (radiation, high and low 
temperatures, vibration), immunological (immune 
complexes, antigens, autoantibodies), chemical 
(acids, alkalis, pharmaceuticals), and metabolic 
(metabolic byproducts such as uric acid crystal 
deposits or gallstone formation).3 The primary 
markers of the inflammatory process include 
inflammatory mediators (bradykinin, histamine, 
serotonin, prostaglandins) and cytokines.4 
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	 Cytokines are polypeptide molecules 
synthesized by various tissue cells of the body, 
with the most active producers being immune 
system cells.5 Cytokines regulate a number 
of normal physiological functions, protective 
responses against various pathogens, as well as 
the development of many pathological processes, 
including carcinogenesis, cardiovascular diseases, 
autoimmune disorders, allergic reactions, and 
others.6-7 The regulation of the inflammatory 
process involves pro-inflammatory (IL-1B, IL-6, 
IL-8, IL-17, TNF-á) and anti-inflammatory (IL-
4, IL-10) cytokines.8-9 The development of the 
inflammatory process depends on the balance of 
these cytokines, primarily on the level of anti-
inflammatory cytokine synthesis. Insufficient 
production of anti-inflammatory cytokines can 
lead to uncontrolled inflammation, while their 
synthesis in high concentrations can result in 
immunosupression.10-11 
Objective of the study
	 To investigate the anti-inflammatory 
activity of 1,4-disubstituted 1H-1,2,3-triazole 
derivatives.

Materials and Methods

Materials
	 Thirteen 1,4-disubstituted 1H-1,2,3-
triazole derivatives, synthesized in the Department 
of Organic Synthesis at the Institute of Chemistry 
of Plant Substances, Academy of Sciences of 
the Republic of Uzbekistan, were selected as the 
study subjects. Experiments to assess the anti-
inflammatory activity of the substances were 
conducted on male rats weighing 200-220 g, kept 
under standard vivarium conditions (controlled 
temperature and humidity, free access to food 
and water). Phlogogenic agents are substances 
that, after being introduced into the body, induce 
proliferative inflammation by enhancing the 
release of endogenous inflammatory mediators 
such as histamine, serotonin, prostaglandins, and 
bradykinin.
Methods
	 In our experiments, the acute inflammatory 
response was induced by subplantar injection of 
phlogogenic agents into the right hind paw of 
the test animals: 0.1 ml of 2% formalin solution 
(Sigma Aldrich, Sent-Luis, Missuri, USA), 0.1 ml 

of 0.1% carrageenan solution (Sigma Aldrich, Sent-
Luis, Missuri, USA), and 0.1 ml of 1% serotonin 
solution (Sigma Aldrich, Sent-Luis, Missuri, USA). 
The maximum swelling of the paw was observed 
180 minutes after the injection of the phlogogenic 
agent.11-14

	 Before the start of the experiment, all 
the test animals underwent a 14-day adaptation 
period and were randomly divided into groups. 
The test animals were divided into the following 
groups: control group, comparison group, and 
experimental group. Six animals were selected for 
each group. The test substances were administered 
intragastrically in doses of 25.0, 50.0, 100.0, 
150.0, and 200.0 mg/kg 60 minutes before the 
administration of the phlogogenic agent.
	 In the conducted experiments, an aqueous 
solution of Tween-80 (Sigma Aldrich, Sent-Luis, 
Missuri, USA) was used as a solvent for the test 
substances. The comparison drugs, Ketoprofen 
(Velpharm, Russia), were administered orally 
in doses of 1.0-5.0-10.0 mg/kg, and Sodium 
Diclofenac (Hemopharm, Russia) was administered 
in doses of 8.0-10.0 mg/kg. The degree of swelling 
was measured using the oncometric method, 
based on changes in the volume of the paws of the 
experimental animals.15 The volume of the animal’s 
paws was measured before the administration of 
the inflammatory agent and 180 minutes after its 
administration.
	 To study the dynamics of pro-inflammatory 
and anti-inflammatory cytokines in the blood, an 
acute inflammatory reaction was induced in male 
rats weighing 200–220 g by subcutaneous injection 
of  0.1 ml of a 2% formalin solution into the thigh are
a.                                                                                                                                                  
	 The experimental animals were divided 
into three groups: group I ñontrol group: after the 
development of acute inflammation, the animals 
were orally administered 0.2 ml of sodium 
chloride physiological solution for 7 days; group 
II comparison group: the animals were orally 
administered Ketoprofen at doses of 1.0, 5.0, and 
10.0 mg/kg and Diclofenac sodium at doses of 8.0 
and 10.0 mg/kg for 7 days; group III experimental 
group: the animals were orally administered the test 
substances at doses of 25.0, 50.0, 100.0, 150.0, and 
200.0 mg/kg for 7 days. 
	 After the development of an acute 
inflammatory process in the experimental animals, 
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divided into groups, blood samples were collected 
before the start of the experiment and 7 days after 
its initiation to study the production levels of key 
cytokines. 
	 The animal study was conducted in 
accordance with the International Convention 
for the Protection of Vertebrate Animals Used for 
Experimental and Scientific Purposes (Strasbourg, 
1986),16 and the protocol was approved by the 
Scientific Council of the Institute of Chemistry 
of Plant Substances based on the annual work 
plan of the Department of Pharmacology and 
Toxicology (Protocol No.1, January 17, 2024). The 
concentration of key cytokines in the serum of rats, 
namely: interleukin-4, interleukin-6, and TNF-á, 
was determined by enzyme-linked immunosorbent 
assay (ELISA) using the Mindray MR-96a 
immunoassay analyzer (China) with reagent kits 
manufactured by LLC «Vector-Best» (Russia), 
following the manufacturer’s instructions. The data 
are presented as the mean ± standard deviation for 
different groups. Statistical analysis was performed 
using the OriginPro 9.0 software (MicroCal 
Software, Northampton, MA). A difference was 
considered statistically significant at p < 0.05.

Results

	 The results obtained when the anti-
inflammatory activity of 1,4-dialmated 1H-1,2,3-
triazole derivatives was studied in the «formalin 
edema», «carragenin edema» and «serotonin 
aseptic arthritis» models are listed in Tables 1  
and 2.

Discussion

	 When studying the anti-inflammatory 
activity of 1,4-disubstituted 1H-1,2,3-triazole 
derivatives on the «formalin-induced paw 
edema», «carrageenan-induced paw edema» and 
«serotonin-induced aseptic arthritis» models, the 
reference drugs demonstrated the following anti-
inflammatory activity compared to the control 
group: Ketoprofen at a dose of 10.0 mg/kg - 73.4%, 
75%, and 75.8%, respectively, and Diclofenac 
sodium - 66.3%, 67.7%, and 70.3%, respectively. 
Among the tested compounds, substance 5 at a dose 
of 100.0 mg/kg showed anti-inflammatory activity 
of 78%, 77.4%, and 79.8%, respectively (Table 1).  

	 Based on the results of the study of 
cytokine dynamics in the serum of experimental 
animals during the acute inflammatory process, 
among the tested substances, compound 5 showed 
a more pronounced effect on the dynamics of 
cytokines (IL-4, IL-6, TNF-á) compared to the 
reference drugs. Relative to the control group, 
Ketoprofen at a dose of 10.0 mg/kg increased the 
IL-4 level by 2.81 times, Diclofenac sodium at a 
dose of 8.0 mg/kg increased it by 2.62 times, and 
compound 5 at a dose of 100.0 mg/kg increased it 
by 3.25 times. The IL-6 level decreased by 3.44 
times with Ketoprofen at a dose of 10.0 mg/kg, 
by 3.87 times with Diclofenac sodium at a dose of 
8.0 mg/kg, and by 5.16 times with compound 5 at 
a dose of 100.0 mg/kg. The TNF-á level decreased 
by 3.16 times with Ketoprofen at a dose of 10.0 mg/
kg, by 3.16 times with Diclofenac sodium at a dose 
of 8.0 mg/kg, and by 3.48 times with compound 5 
at a dose of 100.0 mg/kg. (Table 2)

Conclusion

1. The results of the conducted experiments showed 
that in the study of the anti-inflammatory activity 
of 13 new 1,4-disubstituted 1H-1,2,3-triazole 
derivatives on the «formalin-induced paw edema», 
«carrageenan-induced paw edema» and «serotonin-
induced aseptic arthritis»  models, compound 5 at 
a dose of 100.0 mg/kg demonstrated the highest 
anti-inflammatory activity - 78%, 77.4% and 
79.8%, respectively.
2. The results of the study on the effect of this 
compound on cytokine dynamics in the serum 
showed that compared to the control group, it 
increased the IL-4 level by 3.25 times, decreased 
the IL-6 level by 5.16 times and decreased the 
TNF-á level by 3.48 times. Further in-depth 
pharmacological and toxicological studies of this 
compound with pronounced anti-inflammatory 
activity will provide a basis for expanding the range 
of non-steroidal, low-toxicity drugs with analgesic 
and anti-inflammatory effects in medical practice.
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