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The relevance of searching for new active compounds among 1,2,4-triazole derivatives is determined by their potential effectiveness in
treating various diseases such as cancer, inflammation, microbial infections, and antioxidant disorders. Studies show that these compounds
can inhibit the proliferation of cancer cells, exhibit anti-inflammatory properties, demonstrate activity against pathogenic microorganisms,
and neutralize free radicals, which is important for preventing oxidative stress. Therefore, the study of 1,2,4-triazole derivatives may lead
to the development of new effective drugs, which is extremely relevant in modern medicine.

The aim of the work is to summarize recent scientific advances in the study of 1,2,4-triazole derivatives, particularly their antitumor, anti-
microbial, anti-inflammatory, anticonvulsant, and antioxidant activity, to substantiate their potential as multifunctional therapeutic agents
in modern medicine.

Results. The literature review confirmed that 1,2,4-triazole derivatives exhibit significant biological activity across various therapeutic areas.
Studies revealed high antitumor efficacy of hybrid compounds, particularly the derivative 5-((4-(6-fluorobenzo[d]isoxazol-3-yl)piperidin-1-yl)
methyl)-4-(4-nitrophenyl)-4H-1,2,4-triazole-3-thiol, which demonstrated notable activity against breast cancer cells (MCF-7), as confirmed
by DFT and molecular docking methods. In antimicrobial therapy, derivatives combined with norfloxacin showed higher efficacy compared
to standard antibiotics against both Gram-positive and Gram-negative bacteria while maintaining good biocompatibility. Research on an-
ticonvulsant properties found that 4-amino-4H-1,2,4-triazole derivatives effectively interact with the GABA-A receptor, outperforming the
standard drug phenytoin in in vivo models. In anti-inflammatory studies, compounds containing a 1,3,4-thiadiazine fragment achieved 91 %
inhibition of edema, surpassing ibuprofen (82 %), and reduced key inflammatory biomarkers. The antioxidant properties of brominated
[1,2,4]triazolo[1,5-a]pyridine derivatives were particularly pronounced, with maximum activity observed at a concentration of 150 pg/mL.
These results highlight the broad therapeutic potential of 1,2,4-triazole derivatives, making them promising candidates for the development
of novel drugs to combat oncological, infectious, inflammatory, and neurodegenerative diseases, as well as for oxidative stress prevention.

Conclusions. 1,2,4-Triazole derivatives exhibit a wide range of biological activity, including antifungal, antimicrobial, anticancer, antibac-
terial, anticonvulsant, anti-inflammatory, and antioxidant properties. This indicates their potential as versatile agents for the treatment of
various diseases.
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CyuacHi HanpsiMu gocnipxeHb GionoriyHoi akTMBHOCTI noxigHux 1,2,4-Tpiasony (ornsa nitepatypm)
|. M. Binaw, B. |. Qapin, A. B. Xinbkoseup, A. |. binan

AKTyanbHICTb MOLLYKY HOBUX aKTUBHWX CMOMYK y NOXiaHMX 1,2,4-Tpia3oniB 3yMOBMEHa iXHbOK NOTEHLNHOK eeKTUBHICTLO Mid Yac NikyBaHHs
NaLjieHTIB i3 PisHUMM CTaHaMU: OHKOMOFYHUMU NpoLecamMit, 3ananeHHsaM, MiKpOOHUMY IHGEKLSIMM Ta NOPYLIEHHSIMW aHTUOKCUAAHTHOT
cuctemu. 3rigHo 3 pesynbratamy LOCTIAKeHb, Ui CoMykM MOXYThb iHribyBaTy nponichepalliio pakoBUX KIiTUH, MatoTb NpoTu3anasbHi
BI1aCTWUBOCTI, aKTUBHICTb NPOTU NATOreHHUX MIKPOOPraHi3miB i MOXYTb HeATpani3yBaTy BinbHi paguKkarnu, Lo BaXIMBO AN NPOMinakTukm
okcupatusHoro ctpecy. OTxe, BUBYEHHS NOXigHWX 1,2,4-Tpia3oniB MOXe CrpusaTi PO3POBNeHHI0 HOBMX eheKTUBHIX Nikapcbkux 3acobiB,
LU0 € HaA3BMYaHO aKTyanbHUM Y Cy4YacHi MeauLMHi.

MeTa po6oTu — y3aranbHEHHSI OCTaHHIX HayKOBWX AOCATHEHb Y AOCIMXEHHI noxigHux 1,2,4-Tpiaonis, 30kpema LLoA0 NPOTUMYXIMHHOI,
aHTUMIKPOBHOI, NPOTM3anarnbHoi, NPOTUCYAOMHOI Ta aHTMOKCUAAHTHOI @KTUBHOCTI, ANs 0BrpyHTYBaHHS iXHbOrO noTeHuiany sk 6araTo-
yHKLIOHaNbHKUX TepaneBTUYHUX areHTiB y Cy4acHin MeauLnH.

Pesynitatn. MNoxigHi 1,2,4-Tpia3onis xapakTepuayTbCs 3HAYHOK BIOMOriYHOI aKTMBHICTIO Pi3HWX TEPaNeBTUYHUX HAaNPAMIB. Y pesynbrari
[OCTiAXeHb BUSIBMEHO BUCOKY NPOTUMYXMNMHHY eheKTUBHICTb ribpuaHKMX cnonyk, 3okpema noxigHoi 5-((4-(6-cpropbenso[d]icokcason-3-in)
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ninepuanH-1-in)metnn)-4-(4-Hirpotenin)-4H-1,2,4-tpiazon-3-Tion, WO YMHWUNAA 3HAYHY aKTWBHICTb NPOTU KNITUH paKy MOMOYHOI 3anosn
(MCF-7). Lie nizTBepmkeHo metopgamu DFT i monekynsipHoro aokiHry. LLlono aHTMMikpoGHOI akTMBHOCTI BCTAHOBMEHO, LLO NOXIiAHI, NOEAHaHi
3 HOpEhroKCcaLMHOM, Manm BULLY €DEKTUBHICTb NOPIBHAHO 3i CTAHAAPTHUMM @aHTUBIOTYKaMK1 NPOTY rPamMno3UTUBHKX, FPaMHEeraTuBHIX bakTe-
piit i 36epiranu xopoLuy GiocymicHicTb. Iig Yac LOCNIMKEHHS! NPOTUCYAOMHUX BNIACTUBOCTEN BUSIBUIW, LU0 NOXiaHi 4-amiHo-4H-1,2,4-Tpiasony
edheKkTMBHO B3aeMOLi0Tb i3 peLienTopoM GABA-A, cnpusinu Kpalyym pesyrnbsratam NikyBaHHs NOPIBHAHO 3 PEHITOIHOM y MoZensix in vivo.
£k 3acobw ons npoTusananeHoi Tepanii cnonyku 3 pparmenTom 1,3,4-TiagiasuHy cnpusnu iHridysanHio Habpsky (91 %), nepesepLumBLIK
edekTnBHICTb ibynpodeHy (82 %), a Takox 3HU3WUNK PIBEHD KITOYOBYMX 3anarnbHux GiomapkepiB. AHTMOKCUAAHTHI BNAacTUBOCTi GpoMoBaHMX
noxiaHux [1,2,4]tpiasono[1,5-anipuanHy BupaxeHi ocobnmneo, MakcumarbHa akTUBHICTb 3adpikcoBaHa npu koHueHTpauii 150 mkr/mn. Lli
pes3ynbraTii CBigvaTh NPO LUMPOKWIA TEPANEBTUYHUIA NOTEHLian noxiaHux 1,2,4-Tpia3onis, Wo pobuTs iX NepcnekTMBHUMM KaHaMAaTaMu Ans
pO3p0o6KM HOBUX MiKaPCbKMX 3acOBiB AN1s NiKyBaHHS NALEHTIB 3 OHKOMOTYHUMMU, IHGDEKLINHUMM, 3anarnbH1MK Ta HeMpoAereHepaTMBHUMM
3aXBOPIOBAHHAMM, @ TaKoX ANs NpodinakTNk1 OKCUAATUBHOMO CTPECY.

BucHoBku. MoxigHi 1,2,4-Tpia3onis xapakTepuayTbCs LUMPOKUM CMEKTPOM GioNoriYHOi akTUBHOCTI: NPOTMIPUOKOBO, MPOTUMIKPOBHOIO,
NpOTMPaKoBO, aHTMbaKTEpianbHOK, MPOTUCYAOMHOLD, NPOTHU3ananbHOK Ta aHTWOKCWUAAHTHO. Lle cBiguuTh Npo iXHil noTeHuian sk

yHiBepcanbHux 3acobiB ANns NiKyBaHHS Pi3HNX 3aXBOPHOBAHb.

Kntouogi cnoBa: noxigHi 1,2,4-Tpiasony, 6ionoriyHa akTUBHICTb.

AxTyanbHi nuTaHHa hapmaleBTMYHOI | MeaMyHOI Hayku Ta npakTuku. 2025. T. 18, Ne 2(48). C. 197-205

Derivatives of 1,2,4-triazoles attract considerable attention in
modern chemistry due to their diverse biological properties
and potential for medical use [1,2]. These compounds have
proven to be effective in treating various diseases, such as
cancer, infectious diseases, inflammatory processes, and
diseases of the cardiovascular system. Current research
highlights their antibacterial, antiviral, anti-inflammatory,
and cytostatic activity, making them promising candidates for
the development of new drugs [3,4]. In addition, most repre-
sentatives of this class are low-toxic or practically non-toxic
substances, which is also their significant advantage [5,6]. A
successful example of this is Thiotriazoline, which is known
for its antioxidant, hepatoprotective, and cardioprotective
properties. It is widely used in medicine for the treatment
of liver diseases, cardiovascular disorders, and conditions
associated with oxidative stress.

Due to the variety of synthetic approaches and the ability
to modify the structure of 1,2,4-triazoles [7,8], an objective
assessment of their biological activity is crucial for the de-
velopment of effective drugs. The literature review will not
only analyze the results already achieved, but also point out
knowledge gaps that require further study.

The literature review on current trends in the study of the
biological activity of 1,2,4-triazole derivatives is important
for systematizing existing knowledge and identifying di-
rections for further research. Currently, there are numerous
publications describing new synthetic methods, mechanisms
of action, and clinical trials of triazole derivatives, but it is
necessary to summarize these data and identify key trends
in this area [9,10].

Therefore, the study of current trends in this area is an
important contribution to pharmaceutical science, which will
contribute to the development of new therapeutic strategies.

Aim

The aim of the work is to summarize recent scientific advan-
ces in the study of 1,2,4-triazole derivatives, particularly their
antitumor, antimicrobial, anti-inflammatory, anticonvulsant,
and antioxidant activity, to substantiate their potential as
multifunctional therapeutic agents in modern medicine.

The review aims to identify major research trends, identify
knowledge gaps, and formulate recommendations for further
experimental studies to develop new therapeutics based on
these compounds.

Materials and methods

The study employed the following methods: analytical, infor-
mation search, descriptive, and generalization. The sources
of materials included data from domestic information and
scientific databases, as well as scientometric platforms such
as Scopus, Web of Science, and PubMed over the past five
years. The literature search was conducted using the following
selection criteria: peer-reviewed publications investigating
the biological activity of 1,2,4-triazole derivatives. Articles
were screened based on titles, abstracts, and keywords, with
additional filters applied for publication year, full-text avail-
ability, and study type.

Results

Today, the search for antitumor agents is due to the growing
prevalence of cancer worldwide [11,12]. Traditional treat-
ments, such as chemotherapy and radiotherapy, are often
accompanied by serious side effects and tumor resistance to
therapy. Therefore, there is an urgent need to develop new
drugs that can provide more effective treatment with minimal
side effects.

A joint group of Chinese and Indian scientists [ 13] synthe-
sized and investigated a series of six new hybrids of 1,2,4-tri-
azole and the aromatic fragment of benzisoxazole. The
compounds were subsequently studied for antitumor activity,
namely against MCF-7 cells (breast cancer cells). To evaluate
the antitumor activity of derivatives, the Alamar Blue assay
method was used on a well-characterized MCF-7 cell line,
which is widely used in scientific research. The compounds
were tested in various concentrations up to 100 microns for
72 hours. Of the six compounds, 5-((4-(6-fluorobenzo[d]
isoxazol-3-yl)piperidin-1-yl)methyl)-4-(4-nitrophenyl)-4H-
1,2,4-triazole-3-thiol (Fig. 1) demonstrated a high activity
against the studied cells. To confirm and explain the obtained
results, the Density functional theory method and molecular
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Fig. 2. Derivatives containing 5-(2-chlorophenyl)-2,4-dihydro-1,2,4-triazole-3-thione.
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Fig. 3. (4-(3,5-Dimethoxyphenyl)piperazin-1-yl)(5-methyl-4-phenyl-4H-1,2, 4-triazol-3-yl)methanone.

docking were also used. They showed that this molecule is
characterized by a small energy gap value, which indicates
its high reactivity.

For the same purpose, M. R. Aouad, H. M. Al-Moham-
mad et al. invented a convenient and efficient regioselective
synthesis of a series of S- and S,N-bis-acyclonucleoside
derivatives containing 5-(2-chlorphenyl)-2,4-dihydro-1,2,4-
triazole-3-thion, as well as direct synthesis of triazolothiazines
(Fig. 2) [14]. Scientists analyzed the obtained compounds for
cytotoxicity against three types of human liver cancer cells
(Hep G2, MCF-7, HCT116). To obtain detailed data on the
mechanism of action, EGFR analysis and tubulin inhibition
analysis were performed for the most active compounds. Ac-
cording to the results, it was found that some of the obtained
substances exhibit a significant anti-cancer effect.

A group of scientists [15] synthesized several 5-methyl-4-
aryl-3-(4-arylpiperazine-1-carbonyl)-4H-1,2,4-triazoles and
studied their antiproliferative and inhibitory effects on tubulin

polymerization. According to the results of the study, it be-
came known that some compounds of the series showed mod-
erate activity in vitro against three cancer cell lines SGC-7901,
A549 and HeLa. The compound (4-(3,5-dimethoxyphenyl)
piperazine-1-yl)(5-methyl-4-phenyl-4H-1,2 4-triazole-3-yl)
methanone (Fig. 3) found the highest efficacy against three
cancer cell lines).

Around the world, many new strains of microorganisms
have recently been discovered that show resistance to an-
timicrobial agents, which poses a serious threat to health.
Improving existing and creating new effective synthetic
drugs against microbes and fungi is one of the priorities of the
modern pharmaceutical industry. For this purpose, derivatives
of 1,2,4-triazoles are actively studied [16,17].

Scientists have obtained a series of new “1,2,4-triazole-nor-
floxacin” hybrids (Fig. 4). The resulting compounds showed
higher antibacterial activity compared to norfloxacin against
both Gram-positive and Gram-negative bacteria [18]. It was
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Fig. 4. New “1,2,4-triazole-norfloxacin” hybrids.
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Fig. 5. 1-((4-Ethyl-5-(((3-(pyridin-4-yl)-1H-1,2,4-triazol-5-yl)thio)methyl)-4 H-1,2,4-triazol-3-yl)thio)propan-2-one.
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Fig. 6. 1-(4-Methoxyphenyl)-2-((4-ethyl-5-(((3-(pyridin-4-yl)-1H-1,2,4-triazol-5-yl)thio)methyl)-4 H-1,2,4-triazol-3-yl)thio)ethanone.

found that hemolysis is not observed at a concentration of
64 micrograms/ml, which indicates good biocompatibility of
the molecules. According to the results of molecular dock-
ing, the lowest binding energy varies from 9.4 kcal/mol to
9.7 kcal/mol.

Scientists of Zaporizhzhia State Medical and Pharmaceu-
tical University [19] obtained and investigated several new
S-substituted 1,2,4-triazole-3-thiols from 2-aryl-2-oxoethane-
1-yl substitute. Further research focused on their antibacterial
and antifungal activity. Strains of Staphylococcus aureus
ATCC 25923, Escherichia coli ATCC 25922, Pseudomonas
aeruginosa ATCC 27853, and Candida albicans ATCC 885-
653 were used as test cultures. Activity was evaluated by
the method of double serial dilutions in a liquid nutrient
medium, which was optimal for the growth of the studied
cultures, at a concentration of 106 cells/ml. The minimum
inhibitory concentration was determined by the absence of
visible growth in vitro at the lowest concentration of the test
sample. The highest activity was demonstrated by compounds
1-((4-ethyl-5-(((3-(pyridin-4-yl)-1H-1,2,4-triazol-5-yl)
thio)methyl)-4H-1,2,4-triazol-3-yl)thio)propan-2-one and

1-(4-methoxyphenyl)-2-((4-ethyl-5-(((3-(pyridine-4-yl)-1 H-
1,2 ,4-triazole-5-yl)thio)methyl)-4H-1,2,4-triazole-3-yl)thio)
ethanone (Fig. 5, 6). The results show that these substances
are promising for further research.

The search for new synthetic compounds with anticon-
vulsant activity remains an important direction in modern
pharmaceutical science. Among the reasons for this are the
high level of resistance to traditional anticonvulsants, signi-
ficant side effects of existing drugs, and the need for therapies
that could be more effective in treating various forms of
epilepsy [20,21]. Research of new molecules can not only
expand the arsenal of therapeutics, but also understand the
mechanisms of convulsive seizures, which can contribute to
the creation of targeted and personalized treatment strategies.

A team of Indian scientists [22] obtained new derivatives
of 4-amino-4H-1,2,4-triazole using various arylaldehydes
and ketones (Fig. 7). The resulting compounds were tested
for anticonvulsant activity and their neurotoxicity in vivo.
Two compounds from a number of those obtained showed
better results compared to the control agent phenytoin. The
direct structure-action relationship was studied, in one case
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Fig. 7. Derivatives of 4-amino-4H-1,2,4-triazole.
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Fig. 8. 5-Aryl-4-(chloroacetylamino)-3-mercapto-1,2,4-triazole.

due to the existing electron — acceptor group of halogens,
in the second — heterocyclic aromatic indole. Thus, it was
found that the nature of functional groups is crucial for an-
ticonvulsant activity.

Another team of Indian scientists, Rupshee Jain et al. [23],
used organic synthesis methods to obtain several derivatives
of 5-aryl-4-(chloracetylamino)-3-mercapto-1,2,4-triazole
(Fig. 8). For detailed study and analysis, the researchers used
methods for predicting pharmacologic activity, the in silico
molecular docking method, and experimental in vivo mod-
els: maximum electric shock-induced seizures (MES) and
pentylenetetrazole-induced seizures (scPTZ). Phenytoin and
carbamazepine were used as standard drugs to assess the
anticonvulsant activity of synthesized compounds. Molecular
docking was performed to evaluate binding affinities to the
GABA receptor and qualitatively substantiate their anticon-
vulsant activity. Molecular dynamics modeling revealed
the structural stability of the GABAA ligand complex in
a dissolved medium. Among the synthesized compounds,
thiazole and 1,2,4-triazole derivatives showed high results.
These compounds may even be considered potential thera-
peutic candidates in preclinical and clinical trials as effective
antiepileptic drugs.

Inflammation is an important process that significantly af-
fects the development of many diseases, in particular autoim-
mune disorders, cardiovascular diseases and cancer. Studying
the mechanisms of inflammation helps to create effective
treatment strategies that aim to reduce the inflammatory

N——N—/—=C Cl
H

O’ HN NH * HN

response [24,25]. Most nonsteroidal anti-inflammatory drugs
affect the synthesis of inflammatory mediators, in particular
arachidonic acid metabolites, by inhibiting cyclooxygenase
activity. However, there is another pathway — lipoxygenase,
which involves the sequential interaction of different subtypes
of lipoxygenases. As a result, various subtypes of leukotrienes
and lipoxins are formed from arachidonate.

Shahid W. et al. actively studied the inhibitory activity of
newly synthesized S-alkyl/aralkyl derivatives of 2-(4-cthyl/
phenyl-5-(1-phenylcarbamoylpiperidine)-4H-1,2,4-triazole-
3-yl-thio)esther against lipoxygenase (Fig. 9) [26]. In the
course of the work, a number of methods were applied, in
particular in vitro, in silico, MTT analysis and flow cytometry,
which gave interesting results. For some compounds, strong
inhibitory properties were found against the human enzymes
15-sLOX and 5-LOX human (5-hLOX), and they also showed
maximum cell viability of lymphocytes and effects on cells in
the late apoptosis stage. Based on the obtained data, work was
continued on the search for an active anti-inflammatory agent.

Neelakanth M. Jeedi et al. [27] conducted a few interesting
studies on the analgesic and anti-inflammatory activity of
newly synthesized 1,2,4-triazole derivatives (Fig. 10). The
anti-inflammatory properties were tested with carrageenan
and formalin-induced rat paw edema, and the twists caused
by acetic acid were also investigated. Peripheral and central
analgesic effects were evaluated using the hot plate method.
Diclofenac and pentazocine were used as comparison tools.
The compound (5-(4-nitrophenyl)-1-phenyl-1H-1,2,4-tri-
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Fig. 11. Compounds (S)-1-(4-amino-5-mercapto-4H-1,2,4-triazol-3-yl)ethanol and (S)-1-(6-phenyl-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazine-3-yl)ethanol.

azole-3-(2H)-one demonstrated strong analgesic and anti-in-
flammatory activity in nociceptive and inflammatory models.
This effect is due to a decrease in the sensitivity of nociceptors
and blocking potential-dependent ion channels. It was noted
that the studied compound significantly reduces the level of
inflammatory biomarkers and reduces the formation of edema
caused by formalin, by inhibiting the level of neuropeptides,
histamine and proteinoids.

Pakistani scientists T. Azim et al. [22] approached the
study of anti-inflammatory activity in their synthesized
derivatives of 1,2 4-triazole with a fragment of 1,3,4-thiadi-
azine (Fig. 11) by determining anti-inflammatory, analgesic
and antipyretic activity. Swiss albino mice and Wistar rats
of both sexes were used for this purpose. Anti-inflammatory
studies were evaluated on an animal model of acute inflam-

matory pain using the carrageenan paw edema model and
the egg albumin-induced paw edema method. These models
initiate two-phase release of inflammatory mediators. The
antinociceptive activity of the synthesized compounds was
also studied in several models: under the action of acetic
acid (snag reflex), a model of heat-induced nociception, and
formalin. The antipyretic activity of the compounds was
evaluated by modeling hyperpyrexia in animals using yeast.
The comparison drug in all cases was ibuprofen. According
to the results, it was found that the studied compounds ex-
hibit significant anti-inflammatory, analgesic and antipyretic
activity. It was found that the maximum edema inhibition
for the compound (S)-1-(4-amino-5-mercapto-4H-1,2,4-
triazole-3-yl)ethanol is 91 %, compared with the reference
drug ibuprofen 82 %, while (S)-1-(6-phenyl-7H-[1,2,4]
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Fig. 12. Derivatives of [1,2,4]triazolo[1,5-a]pyridine: 7-bromol[1,2,4]triazolo[1,5-a]pyridine-2-amine and 5-bromo[1,2,4]triazolo[1,5-a]pyridine-2-amine.

13 o

N_
H

N—N

iy

z—2=

Fig. 13. 6-(((4-Amino-5-mercapto-4H-1,2,4-triazole-3-yl)methyl)amino)-1,3-dimethylpyrimidine-2,4(1H,3H)-dione.

triazolo[3,4-b][ 1,3,4]thiadiazine-3-yl)ethanol showed equi-
potential results than ibuprofen 81 %.

A considerable amount of literature data indicates signifi-
cant antioxidant activity of 1,2,4-triazole derivatives [28,29].

For example, a group of domestic researchers studied
the antioxidant activity of a series of [1,2,4]triazolo[1,5-a]
pyridine derivatives. Which were obtained through the
cyclization of intermediate products from the interaction of
2-aminopyridines and ethyl isothiocyanate carbonate [30].
The antioxidant activity of the substances was determined
by inhibiting epinephrine oxidation under artificial oxidative
stress in vitro. The intensity of free radical lipid oxidation
was estimated spectrophotometrically by the formation of
TBC-active products. Among the studied objects, the highest
activity was found for 7-bromo[1,2,4]triazolo[1,5-a]pyri-
dine-2-amine and 5-bromol[1,2,4]triazolo[1,5-a]pyridine-2-
amine (Fig. 12). Based on the research results, interesting
structure-action dependencies have been established.

AL-Tamimi M. B. et al. synthesized heterocyclic deriva-
tives containing fragments of 6-amino-1,3-methyluracilum
and 1,2,4-triazole [31]. The antioxidant activity of the
stable free radical DPPH was also studied for the obtained
compounds. The synthesized compounds were determined
at three different concentrations of 50, 100, and 150 micro-
grams/ml. The total antioxidant capacity was evaluated
using the phosphomolybdenum method. This method is
based on the reduction of colorless Mo (V1) to blue Mo (V)

and the subsequent formation of green molybdenum phos-
phate (V). In both cases, ascorbic acid was used as a control.
Quite positive results were obtained for all the synthesized
compounds. But the highest activity was observed for
6-(((4-amino-5-mercapto-4H-1,2,4-triazole-3-yl)methyl)
amino)-1,3-dimethylpyrimidine-2,4(1 H,3H)-dione (Fig. 13).
It has also been proven that the effectiveness decreases with
a decrease in concentration, so the best result was observed
at a concentration of 150 mcg/ml.

Discussion

The obtained results indicate a significant influence of the
chemical structure of 1,2,4-triazole derivatives on their
biological activity, particularly their antitumor, anticon-
vulsant, antioxidant, antibacterial, and antifungal effects.
Analysis revealed that the presence of electron-donating or
electron-withdrawing substituents in the aromatic core sig-
nificantly enhances the antitumor activity of the compounds.

The most promising among the studied compounds was
5-((4~(6-fluorobenzo[dJisoxazol-3-yl)piperidin-1-yl)methyl)-
4-(4-nitrophenyl)-4H-1,2 4-triazole-3-thiol, which showed
high activity against MCF-7 cells. DFT and molecular
docking methods established a low energy gap, indicating its
high reactivity. Studies of S- and S,N-bis-acylated nucleoside
derivatives demonstrated that certain compounds exhibit sig-
nificant cytotoxicity against Hep G2, MCF-7, and HCT116
liver cancer cells. Their mechanism of action is associated
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with EGFR inhibition and tubulin polymerization suppres-
sion. Among a series of 5-methyl-4-aryl-3-(4-arylpiperazin-1-
carbonyl)-4H-1,2 4-triazoles, the most potent antiproliferative
activity was demonstrated by (4-(3,5-dimethoxyphenyl)
piperazin-1-yl)(5-methyl-4-phenyl-4H-1,2,4-triazol-3-yl)
methanone, which effectively inhibited tubulin polymeriza-
tion and showed activity against SGC-7901, A549, and HeLa
cancer cell lines.

In studies on the anticonvulsant activity of 4-amino-4H-
1,2,4-triazole derivatives, it was found that the presence
of electron-withdrawing groups, such as halogens, and
heterocyclic aromatic fragments (e. g., indole) significantly
enhances their effectiveness. Two compounds from this se-
ries outperformed the standard drug phenytoin, emphasizing
the importance of structural features for pharmacological
properties.

Investigations of 5-aryl-4-(chloroacetylamino)-3-mer-
capto-1,2,4-triazole derivatives revealed their high anti-
convulsant activity, as confirmed by molecular docking
and molecular dynamics simulations. These compounds
effectively interacted with the GABA-A receptor, explaining
their mechanism of action. These findings suggest that these
compounds are promising candidates for further studies as
antiepileptic drugs.

The antioxidant activity of [1,2,4]triazolo[1,5-a]pyridine
derivatives and other heterocyclic compounds also depends
on their chemical structure. The highest activity was observed
in 7-bromo- and 5-bromo-[1,2,4]triazolo[1,5-a]pyridines,
highlighting the importance of specific substituents in en-
hancing the antioxidant effect. The optimal concentration for
achieving maximum activity was 150 pg/mL, indicating the
need for precise dosage selection.

In studies of the antibacterial activity of ““1,2,4-triazole-nor-
floxacin” hybrid compounds, it was found that they surpassed
norfloxacin in effectiveness against both Gram-positive and
Gram-negative bacteria. Molecular docking confirmed their
optimal interaction with biological targets, with binding ener-
gies ranging from 9.4 kcal/mol to 9.7 kcal/mol. Additionally,
the compounds did not induce hemolysis at a concentration
of 64 pg/mL, demonstrating their good biocompatibility.

The antifungal and antibacterial activity of S-substituted
1,2,4-triazole-3-thiols also depended on the structure of the
substituents. The most active compounds contained pyridine
fragments and triazole rings, confirming the importance of
these structural elements in enhancing biological activity.

Thus, the obtained results confirm that the chemical
structure of 1,2,4-triazole derivatives plays a crucial role in
determining their pharmacological properties. Optimization
of molecular structures enables achieving high efficacy in
combating various diseases, opening new prospects for the
development of effective drugs.

Conclusions

1. Several structure-activity relationships have been estab-
lished based on the analyzed literature sources.

2. It has been proven that 1,2,4-triazole derivatives exhibit
a broad spectrum of biological activity, including antifungal,

antimicrobial, anticancer, antibacterial, anticonvulsant, an-
ti-inflammatory, and antioxidant effects.

3. Their potential as universal agents for the treatment of
various diseases has been identified.

Prospects for further research. Due to their versatility, triazole
derivatives can become the basis for the development of new
drugs that can fight antibiotic resistance and infectious dis-
eases, as well as provide support in the treatment of cancer.
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