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Abstract—As considering importance of S-substituted
1H-tetrazole derivatives which is class of nitrogen rich
heterocyclic compounds for their biological and
pharmaceutical applications. In the present study we
focused to investigate the in silico biological activities of
selected 5-substituted 1H-tetrazole derivatives obtained
using hydrothermally synthesized Cu- doped indium
Oxide as an efficient heterogeneous catalyst. The catalyst
was synthesized using hydrothermal method and
characterized using various tools and found excellent
morphology with orthorhombic having particle size
16.31 nm (matches with JCPDS card No. - 73-1592),
while the BET analysis proves the surface area 183720
cm? ¢!, The main objective of this work is to evaluate the
interaction of synthesized derivatives with selected
biological targets and to predict their pharmacological
activities through computational approach. Molecular
docking studies were performed by the use of CB Dock-
2 to find the binding affinity and interaction of ligand
with targeted proteins of antioxidant enzyme, anti-
inflammatory enzyme, and anti-cancer protein. In
addition to this prediction of activity spectra for
substances (PASS) was studied to find possible biological
activities and toxicity of synthesized derivatives which is
based on their structural features. The combined
molecular docking and PASS analysis supports their
candidacy for further in vitro and in vivo biological
evaluation, Prediction of Toxicity, LDso calculation
which highlighting the significance of Cu-doped indium
oxide-assisted synthesis in developing biologically
relevant heterocyclic compounds.
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L INTRODUCTION

Tetrazoles constitute an important class of nitrogen-
rich heterocyclic compounds that have attracted
considerable attention in organic synthesis, medicinal
chemistry, and materials science. Structurally,
tetrazoles are five-membered rings containing four
nitrogen atoms and one carbon atom, which impart
unique electronic characteristics, high thermal
stability, and strong hydrogen-bonding ability. Among
the wvarious tetrazole isomers, 1H-tetrazoles,
particularly  S-substituted 1H-tetrazoles, are of
significant interest due to their wide range of
biological activities and their role as bio isosteres of
carboxylic acids. Replacement of carboxylic acid
functionalities with tetrazole moieties often leads to
enhanced metabolic stability, improved lipophilicity,
and stronger receptor binding affinity, making them
valuable scaffolds in drug design and development
(1,21 5-Substituted 1H-tetrazoles are well known for
their diverse pharmacological properties, including
antimicrobial, antifungal, anti-inflammatory, antiviral,
antitubercular, and anticancer activities. Several
clinically important drugs, such as angiotensin II
receptor blockers (e.g., losartan), incorporate tetrazole
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rings as key structural motifs. The biological relevance
of tetrazoles is largely attributed to their ability to
participate in multiple non-covalent interactions,
including hydrogen bonding, n—m stacking, and
electrostatic interactions with biological
macromolecules 4. Consequently, the development
of efficient synthetic strategies and systematic
biological evaluation of novel tetrazole derivatives
continues to be an active area of research.
Conventionally, 5-substituted 1H-tetrazoles are
synthesized via [3+2] cycloaddition reactions between
nitriles and azide sources under acidic or metal-
catalyzed conditions. Although effective, many of
these traditional methods suffer from drawbacks such
as harsh reaction conditions, long reaction times, use
of toxic solvents, and difficulties in catalyst recovery.
In response to growing environmental and
sustainability concerns, recent research has focused on
the development of green, -cost-effective, and
recyclable catalytic systems that align with the
principles of green chemistry [5-7),

In this context, nanostructured metal oxide catalysts
have emerged as promising alternatives due to their
high surface-to-volume ratio, electronic properties,
and enhanced catalytic efficiency. Among them,
indium oxide (In20s) has gained attention as a versatile
semiconductor material with applications in catalysis,
gas sensing, and optoelectronics. Doping indium oxide
with transition metals such as copper can significantly
modify its structural, electronic, and surface
properties, leading to improved catalytic activity and
selectivity . Cu-doped indium oxide nanoparticles
offer synergistic effects arising from the Lewis acidity
of In20s and the redox behavior of Cu*"/Cu* species,
making them effective heterogeneous catalysts for
multicomponent organic transformations. Recent
studies have demonstrated the successful application
of Cu-doped indium oxide as a recyclable nano-
catalyst for the one-pot synthesis of 5-substituted 1H-
tetrazole derivatives under mild reaction conditions.
The catalytic system enables high product yields, short
reaction times, and minimal by-product formation,
while allowing easy separation and reuse of the
catalyst. Such  methodologies represent an
environmentally benign and economically viable
approach to heterocyclic synthesis %', Beyond
synthesis, the evaluation of biological potential is a
crucial step in identifying promising lead compounds.
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However, experimental biological screening is often
time-consuming, costly, and resource-intensive. To
overcome these limitations, in silico techniques have
become indispensable tools in modern drug discovery.
Computational approaches such as molecular docking,
PASS, and activity spectrum analysis allow rapid
assessment of molecular interactions and biological
relevance prior to experimental validation ['3],

II. EXPERIMENTAL

2.1. Synthesis of Cu-doped indium oxide and One Pot
synthesis of 5-substituted 1H-tetrazole derivatives
High purity and with excellence morphological
characteristics Cu-doped indium oxide was
synthesized using hydrothermal method and were
investigated by various analytical techniques to
confirm the composition, particle size, surface area
and surface morphology. The detailed procedure
involving material, methods, catalytic synthesis of
tetrazole derivatives and characterization is discussed
in our article previously published article ["! “Synthesis
of 5-substituted 1H-tetrazoles using Cu-doped indium
oxide- molecular docking, ADME/pharmacokinetics,
biological study © July 2025| IJIRT | Volume 12 Issue
2 | ISSN: 2349-6002”.

2.2. Molecular docking

Molecular Docking is a widely used computational
method that predicts the binding orientation and
affinity of small molecules within the active site of a
target protein. Docking studies provide insights into
ligand—protein  interactions, including hydrogen
bonding, hydrophobic contacts, and electrostatic
interactions, which are critical for understanding
structure—activity relationships. In the case of tetrazole
derivatives, docking studies have been effectively
employed to explore their binding potential against
enzymes and receptors involved in microbial
infections, inflammation, and oxidative stress
pathways [14-16],

2.3. PASS Analysis

Complementing molecular docking, PASS (Prediction
of Activity Spectra for Substances) analysis is a
powerful cheminformatics tool that predicts the
probable biological activities of a compound based on
its chemical structure. PASS estimates the probability
of activity (Pa) and inactivity (Pi) across a wide range
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of pharmacological effects using structure—activity
relationship models derived from large datasets of
known bioactive molecules. This approach enables
early identification of potential biological profiles and
helps prioritize compounds for further experimental
testing [17:18],

2.4. Toxicity Prediction and LDso calculation of 1-H
Tetrazole Derivatives

The acute oral toxicity of the synthesized tetrazole
derivatives was predicted using the ProTox-II web
server. The chemical structures were drawn and
converted into SMILES format before being submitted
to the online prediction platform. The server estimated
the LDso (mg kg') values, toxicity class, average
structural similarity, and prediction accuracy based on
machine learning algorithms and validated
toxicological datasets. The predicted toxicity profiles
were subsequently analyzed to assess the preliminary
safety and drug-likeness of the synthesized
compounds prior to experimental biological
evaluation.

III. RESULTS AND DISCUSSION

3.1. Hydrothermal synthesis Cu-doped indium oxide
and One Pot synthesis of 5-substituted 1H-tetrazole
derivatives

The Cu-doped indium oxide was synthesized using
hydrothermal method and was catalyzed by FTIR,
UV-visible spectroscopy, XRD, SEM-EDS and BET-
surface area; while synthesized 5-substituted 1H-
tetrazole were synthesized by one pot method using
aryl aldehyde (1 mmol), sodium azide (1 mmol),
hydroxylamine hydrochloride (1 mmol) and
characterized by FTIR, 'H-NMR, '3C-NMR and
HRMS. Detail discussion is available in our
previously published article ! “Synthesis of 5-
substituted 1H-tetrazoles using Cu-doped indium
oxide- molecular docking, ADME/pharmacokinetics,
biological study © July 2025| IJIRT | Volume 12 Issue
2 | ISSN: 2349-6002”.

3.2. Molecular Docking

Molecular docking is done with different antioxidant
enzymes and different microbes with synthesized
Schiff bases. Many software’s can be used for the
docking purpose like Auto Dock Vina, CB Dock 2 etc.
Here we used commonly available platform such as
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CB-Dock 2 to estimate the binding affinity of ligand
with the antioxidant enzyme (PDB ID: 1DGF), anti-
inflammatory enzyme (Cyclooxygenase (COX-2)
with PDB ID: 6COX), and anti-cancer protein
(Epidermal Growth Factor Receptor with PDB ID:
IMI7) wused for molecular docking study.
Visualization of protein —ligand interaction was
carried out using Chimera software. Molecular
docking analysis helps to understand the target binding
sites for docking. The software predicts the
intermolecular Vander Waals interaction between the
proteins and ligand. Following Table No. 1 represent
different modes and affinity in kcal/mol for
compounds I and II. As shown in Table 1; while
docking cavities are shown in Fig. 1 and rainbow
spectrum is shown in Fig. 2.

Table No. 1: Interaction of Ligand 4A-4B with
selected proteins.

Sr No
Protein
Ligand
Hydrophilic
Interactions
Hydrophobic
Contacts
No. of H-Bond

Arg
203(A),
Gly 204
(A), Thr
Antioxidant 150

Enzyme A ) (A), Ser 589
(PDB ID: 201 A0

1DGF) A),
Leu 199

(A),
Asn 149

(A).
Thr 150

(A,
Phe 446

(A),
Leu 199
Antioxidant (A),

Enzyme Asn 149
(PDB ID: B - (A), i‘? 3

1DGF) Arg 203
(A), Ser

201

(A),
Gly 204

(A).
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Gly 526
(A), Ser
530
Anti (A), Val
inflammatory 349 1
Enzyme 4A - (A;,zglal 2.86
(PDB ID: A) A°
6CO%) Leu 352
(A),
Phe 518
(A).
Ser 530
(A),
Phe 518
Anti- (A), Val |
. 523
inflammatory (A), Ser 3.26
Enzyme 4B - 3’5 3 A°
(PDB ID: A) 2.98
X ’ A
6COX) Leu 352
(A), Val
349
(A).
Leu 834
(A),
Anti-cancer Phe 832
Protein (A), Ala )
Epidermal 835 301
Growth (A), Val | =
4A - A
Factor 741
3.31
Receptor (A), A
(PDB ID: Glu 738
1MI7) A),
Asp 737
(A).
Leu 834
(A),
Anti-cancer Phe 832
Protein (A), Ala
Epidermal 835 |
Growth 4B i (A), Val )87
Factor 741 A0
Receptor (A),
(PDB ID: Glu 738
IMI7) (A),
Asp 737
(A).

Docking Cavities
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Fig. 1. Docking Cavities of 1a) Ligand 4A with 1DGF, 1b)

Ligand 4B with 1DGF Antioxidant Enzyme, 1¢) Ligand 4A

with 6COX, 1d) Ligand 4B with 6COX Anti-inflammatory

enzyme, le) Ligand 4A with 1M17, and 1f) Ligand 4B with
1M17 Anti-cancer protein.

Rainbow Spectrum

Fig. 2. Rainbow spectrum of 2a) Ligand 4A with
1DGF, 2b) Ligand 4B with 1DGF Antioxidant
Enzyme, 2¢) Ligand 4A with 6COX, 2d) Ligand 4B
with 6COX Anti-inflammatory enzyme, 2e) Ligand
4A with 1M17, and 2f) Ligand 4B with 1M17 Anti-
cancer protein.

The molecular docking of synthesized tetrazole
derivatives with selected targeted proteins show
highest docking score -7.7 Kcal/mol. The antioxidant
enzyme (1DGF), the ligand 4B shows docking score -
7.7 Kcal/mol, while 4B shows docking score -7.3
Kcal/mol with anti-inflammatory enzyme (6COX),
and 4A and 4B ligand show equal affinity with
anticancer protein (1M17) with docking score -6.3

Kcal/mol.

3.3. PASS

The PASS analysis for 5-substituted 1H-tetrazoles
often indicates a spectrum of pharmacological
properties, including: Antihypertensive activity,
antimicrobial  effects,  Anti-inflammatory  and
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Analgesic properties, Anticancer/Antitumor potential, 18 | 0,67 | 0,00 Cvtoprotectant
Antidiabetic effects, other activities. 6 | 8 yioP
The theoretical prediction for biological activities is 19 0.69 | 0.03 Nicotinic
done using PASS software and the results are ’9 ’5 alpha6beta3betadalpha5
interpreted in following Table No. 2. receptor antagonist
20 | 0,72 | 0,06 L
Table No. 2: PASS analysis. 5 5 Phobic disorders treatment
Sr. | Pa Pi Activity 21 | 0,68 | 0,03 | Glutamyl endopeptidase 11
7 0 inhibitor
0 22 0.70 | 0.05 Testosterone 17beta-
4A) 5-phenyl-1H-tetrazole ’2 ’4 dehydrogenase (NADP+)
1 | 096 | 0,00 Angiotensin AT1 receptor inhibitor
7 1 antagonist 23 | 0,65 | 0,01 Aminobutyraldehyde
2 | 0,96 | 0,00 . . . 7 0 dehydrogenase inhibitor
Angiotensin antagonist —
4 1 24 | 0,68 | 0,04 | Glycosylphosphatidylinosito
3 0,96 | 0,00 Angiotensin II receptor 5 0 1 phospholipase D inhibitor
3 1 antagonist
2 25 | 0651 0.01 Gastrin inhibitor
4 | 095 | 0,00 . . . 3 0
Membrane integrity agonist -
0 4 26 | 0,66 | 0,03 Taurine dehydrogenase
51091 | 0,00 5 Hydroxytryptamine 9 9 inhibitor
9 2 release inhibitor 27 | 0,63 | 0,00 .
Growth hormone agonist
6 | 0,84 | 0,00 . . o 3 3
Pterin deaminase inhibitor
8 3 28 | 0,65 | 0,02 . o
Glucose oxidase inhibitor
7 | 0,83 | 0,00 . . 7 9
Antihypertensive
4 4 29 0.63 | 0.01 Gamma-
8 | 0,83 | 0,00 . . o ’ ’ guanidinobutyraldehyde
Histamine release inhibitor 6 2 o
1 3 dehydrogenase inhibitor
9 | 0,81 | 0,00 . . , , S
Antianorexic 3071 0.65 10,03 Omptin inhibitor
6 3 3 1
10 | 0,76 | 0,00 Chloride channel blocker 31 | 0,63 | 0,01 Cor'tlcostermd' 31c1'etcha1n-
8 2 4 3 isomerase inhibitor
11| 0,76 | 0,00 Mediator release inhibitor 321 0,63 | 0,01 Nucleo&d.e ox%daée.(H202—
4 3 6 6 forming) inhibitor
12 Aspulvinone 33 | 0,64 | 0,03 Dehydro-L-gulonate
0,78 | 0,03 . o
9 . dimethylallyltransferase 7 0 decarboxylase inhibitor
inhibitor 34 | 0,64 | 0,02 | Phthalate 4,5-dioxygenase
13 | 0,75 | 0,00 | G-protein-coupled receptor 3 6 inhibitor
1 1 120 agonist 35| 0,64 | 0,02 | Acute neurologic disorders
14 | 0,75 | 0,01 Complement factor D 4 7 treatment
9 1 inhibitor 36 | 0,63 | 0,02 Limulus clotting factor B
15 072 | 001 5-0-(4-coumaroyl)-D- 5 2 inhibitor
’2 ’9 quinate 3'-monooxygenase 37 | 0,66 | 0,05 Acrocylindropepsin
inhibitor 6 4 inhibitor
16 | 0,70 | 0,00 GABA aminotransferase 38 | 0,66 | 0,05 b i1 inhibi
3 4 inhibitor p 4 Saccharopepsin inhibitor
17 | 0,68 | 0,00 o
) 5 CYP2CS8 inhibitor 39 0’666 O,i)S Chymosin inhibitor
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15 0’566 0’30 CYP2CS8 inhibitor

16 | 0,66 | 0,02 Complement factor D
5 4 inhibitor

17 | 0,69 | 0,06 | Gluconate 2-dehydrogenase
1 1 (acceptor) inhibitor

1

810631001 Gastrin inhibitor

9 3

19 | 0,67 | 0,04 Chlordecone reductase
0 6 inhibitor

20 | 0,60 | 0,00 . . .
7 2 Angiotensin antagonist

21 | 0,60 | 0,00 Angiotensin AT1 receptor
6 2 antagonist

22 | 0,60 | 0,00 Angiotensin II receptor
6 2 antagonist

23 | 0,61 | 0,01 .
’O ’5 Antiallergic

24 0’75 8 O’iB JAK2 expression inhibitor

25 | 0,61 | 0,06 o .
5 4 Fibrinolytic

26 | 0,60 | 0,05 Taurine dehydrogenase
4 5 inhibitor

27 | 0,56 | 0,03 Preneoplastic conditions
6 2 treatment

2 2

8 0’55 0’20 Growth hormone agonist

29 | 0,55 | 0,04 Calcium channel (voltage-
9 1 sensitive) activator

30 | 0,54 | 0,03
’4 ’ ) CYP2C9 substrate

31 | 0,60 | 0,10 Ubiquinol-cytochrome-c
4 6 reductase inhibitor

32 | 0,55 | 0,05 | Acute neurologic disorders
3 5 treatment

33 | 0,52 | 0,03 . .. .
’5 ,O Antipruritic, allergic

34 | 0,51 | 0,02 Plastoquinol-plastocyanin
3 2 reductase inhibitor

35 | 0,50 | 0,02
’5 ’4 Cardiovascular analeptic

36 0’39 0’21 UGT1A®6 substrate

37 | 0,48 | 0,00 Uric acid excretion
3 4 stimulant

38 | 0,50 | 0,02
’3 ’7 Antiasthmatic

40 0’36 3 0’22 Venombin AB inhibitor
41 | 0,64 | 0,04 e
’9 ’4 Sugar-phosphatase inhibitor
42 | 0,60 | 0,00 Taurine-2-oxoglutarate
9 5 transaminase inhibitor
43 | 0,61 | 0,01 S-alkylcysteine lyase
4 3 inhibitor
44 2 2
0’16 O’f Thioredoxin inhibitor
45 | 0,61 0,02 Chloride peroxidase
3 3 inhibitor
46 | 0,61 | 0,02 | Phospholipid-translocating
7 7 ATPase inhibitor
Sr. Pa Pi Activity
N
0
4B) 5-(4-methoxyphenyl)- 1 H-tetrazole
1 0,94 | 0,00 . . .
9 4 Membrane integrity agonist
2 | 091 | 0,00 5 Hydroxytryptamine
2 2 release inhibitor
3 0.86 | 0,01 . Aspulvinone
dimethylallyltransferase
1 7 o
inhibitor
4 0’88 0 0’3 0 Histamine release inhibitor
> O’g 8 0’3 0 Mediator release inhibitor
6 0,76 | 0,00 . .
Antianorexic
8 3
7 0,73 | 0,00
’0 ’5 Antihypertensive
8 0’170 0’3 0 Chloride channel blocker
9 | 0681000 Cytoprotectant
6 6 ytop
10 | 0,67 | 0,00 GABA aminotransferase
9 5 inhibitor
1 0’668 O’fl Pterin deaminase inhibitor
12 1 4
0’37 O’? Saccharopepsin inhibitor
13 | 0,71 | 0,04 Acrocylindropepsin
3 1 inhibitor
14 O’; ! O’?4 Chymosin inhibitor
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39 5-O-(4-coumaroyl)-D-
054 | 006 | O yh
quinate 3'-monooxygenase
1 7 o
inhibitor

The exploration of biological activities through pass
analysis is shown in above Table No. 2. Compounds
are considered to be more potent if the compound
possess high Pa values (probability to be active) than
Pi (probability to be inactive). In our study, high drug
activity can be correlated with Pa >0.8, moderate
therapeutic potential for 0.5 > Pa < 0.8 while poor
pharmaceutical activity in Pa < 0.5. As per PASS
predictions the compound showed pharmaceutical
activity. Ligand 4A shows highest activity Pa=0.967
with Angiotensin AT1 receptor antagonist. While 4B
shows Pa=0.949 with Membrane integrity agonist.
3.4. Toxicity Prediction of 1-H Tetrazole derivatives
The in-silico toxicity assessment of the synthesised
tetrazole derivatives was carried out using the Pro
Tox-II platform, and the predicted acute oral toxicity
parameters are summarised in Table X. Both
compounds were classified under toxicity class 4,
indicating a comparatively low level of acute toxicity
and suggesting a favourable preliminary safety profile.
Among  the  evaluated
methoxyphenyl)-1H-tetrazole exhibited a higher
predicted LDso value of 1190 mg kg™! compared with
S-phenyl-1H-tetrazole (890 mg kg™). Since a higher
LDso value corresponds to lower acute toxicity, the
methoxy-substituted derivative is predicted to be less
toxic than the unsubstituted analogue. This
observation implies that the introduction of an

derivatives, 5-(4-

electron-donating methoxy group on the aromatic ring
may contribute to reducing the compound's acute toxic
potential while preserving the tetrazole framework
(Fig. 3 and 4).

Furthermore, both molecules achieved 100% average
structural similarity and 100% prediction accuracy,
indicating a high level of confidence in the
computational predictions generated by the ProTox-II
model. Although these results provide valuable
preliminary insight into the toxicological behaviour of
the synthesised compounds, experimental
toxicological investigations remain necessary for
definitive safety evaluation. Overall, the predicted
toxicity profile suggests that both tetrazole derivatives
possess acceptable safety characteristics, with 5-(4-
methoxyphenyl)-1H-tetrazole emerging as the more
promising candidate for subsequent biological and
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pharmacological investigations due to its lower
predicted acute toxicity (Table No. 3).

il ”[ [.l I

Fig. 3: Toxicity Study of 5-phenyl-1H-tetrazole a)
Oral Toxicity Prediction, b) Comparison of input
compound with dataset compounds, ¢) Radar Chart,
d) Network Chart, and e) Toxicity Model Report.

RS

Fig. 4: Toxicity Study of 5-(4-methoxyphenyl)-1H-
tetrazole a) Oral Toxicity Prediction, b) Comparison
of input compound with dataset compounds, c) Radar

Chart, d) Network Chart, and ¢) Toxicity Model
Report.

Table No. 3: Toxicity Prediction.
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1 5-phenyl-1H- 890 4 100 | 100
tetrazole

2 5-(4- 1190 4 100 | 100

methoxyphenyl)-

1H-tetrazole

Iv. CONCLUSION

The Cu-doped indium oxide was successfully implied
for the one pot synthesis of 5-substituted 1H-
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tetrazoles. The synthesized derivatives of tetrazole
show high docking score also PASS proves the
theoretical prediction of biological activities of
synthesized tetrazole derivatives. The toxicity
prediction shows that the 5-phenyl-1H-tetrazole has
LDso 890 mg/Kg, while 5-(4-methoxyphenyl)-1H-
tetrazole has 1190 mg/Kg. This all proves that
synthesized tetrazole
biological activities.

derivatives show active
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