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Abstract

The existent investigation deals with synthesis, characterization, computational analysis, and biological activities of some
hydroxytriazene derivatives containing sulphonamide moiety. The compounds were screened for antidiabetic, antioxidant,
and anti-inflammatory activities. The antidiabetic activity was assessed using a-glucosidase and @-amylase inhibition assays
with ICs,, values ranging from 32.0 to 759.13 pg/mL and 157.77 to 340.47 pg/mL while standard drug acarbose showed
ICs, values 12.21 and 69.74 pg/mL, respectively. The antioxidant activity was evaluated using DPPH and ABTS radical
scavenging assays with ICy, value ranging from 54.01 to 912.66 pg/mL and 33.22 to 128.11 pg/mL, and standard drug
ascorbic acid showed ICs,, values 29.12 pg/mL and 69.13 pg/mL, respectively. Anti-inflammatory activity was investigated
using the carrageenan-induced paw edema method, where percentage inhibition was up to 93.0 and 98.57 for 2 h and 4 h,
respectively, and all the compounds were found to exhibit excellent anti-inflammatory activity. Moreover, prediction of
activity spectra for substance and molecular docking were also performed. The PASS prediction hypothesized the potential
of the compounds for anti-inflammatory activity, and docking results suggested the best binding pose for compounds 1b and
2b with the least energy value from which compounds can be considered as potent COX-2 inhibitors. Furthermore, possible
interactions between hydroxytriazene analogues and the targets of antioxidant NADPH oxidase and antidiabetic human
maltase-glucoamylase enzyme have been identified. The HOMO and LUMO analysis revealed charge transfer within the
compounds. These findings suggested that the synthesized compounds can be potential agents for the treatment of diabetes
and inflammation.
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Introduction

Diabetes mellitus (DM) is a chronic metabolic disease
associated with a state of high plasma glucose levels
known as hyperglycemia [1, 2]. DM is usually a chronic
condition with multi-systemic complications. With the
passage of time, alterations in protein and lipid metab-
olism often lead to the development of macrovascular
(atherosclerotic-related vascular disease, coronary heart
disease, cerebrovascular disease, and peripheral vascular
disease) and microvascular (neuropathy, nephropathy, and
retinopathy) complications [3]. DM can be classified into
Type-1 (insulin-dependent Diabetes Mellitus) and Type-2
DM (insulin-independent Diabetes Mellitus). Type-1 DM
includes about 5-10% of the diabetic population and is
associated with complete insulin deficiency, primarily due
to autoimmune destruction of pancreatic f-cells. Type-2
DM is characterized by dysfunction of f-cells, insulin
resistance, and increased production of hepatic glucose.
DM can be managed by inhibiting carbohydrate-hydro-
lyzing enzymes such as a-glucosidase and a-amylase. The
method works by delaying the absorption of glucose and
is becoming a promising and effective approach to control
type-2 DM [4, 5].

As far the molecular mechanism behind DM is con-
cerned, oxidative stress has been correlated with the dis-
ease pathogenesis. Indeed, a critical balance is needed
between oxidants and antioxidants to maintain the struc-
tural integrity and to perform the normal function of cells
and tissues. Antioxidants are known to prevent oxidative
damage by scavenging free radicals in the biological sys-
tem [6]. However, oxidative stress emerges when there
is an imbalance between excessive production of reactive
oxygen/ nitrogen species (ROS/RNS) like superoxide (O,),
hydroxyl (HO), peroxyl (ROO), alkoxyl (RO), and nitric
oxide (NO) radicals and the cell’s capacity to counteract
them through antioxidant defence. Although these reactive
species and redox reactions play an important role to ful-
fil the essential physiological functions at the basal level
[7], the imbalance may damage cellular molecules such
as nucleic acids, proteins, and lipids. Oxidative stress has
been linked with many chronic and inflammatory health
problems such as neurological toxicities, cardiovascular,
sexual dysfunction, cancer, aging [8, 9]. Since the antioxi-
dant activity of a compound is its capacity to react with
free radicals and delays the oxidation process through free
radical scavenging action, synthesis and design of com-
pounds with potent antioxidant activity are a welcome
asset.

Another aspect that has been associated with DM is
inflammation. Inflammation is a multifactorial protective
attempt of the immune system in response to the damaged

@ Springer

cells or tissues caused by stimuli such as pathogens, inju-
ries, or any toxic substance [10]. Inflammation involves
an influx of the innate immune system, the secretion of
pro-inflammatory cytokines, and tissue destruction [11].
There are four major signs of inflammation including pain,
heat, swelling, and redness, which eventually lead to the
loss of tissue’s function. These macroscopic characteristics
show increased permeability of the vascular endothelium
allowing secretion of serum ingredients and extravasations
in immune cells. Consequently, an inflammatory response
is terminated and the damaged cells or tissues are repaired
[12-14]. Non-steroidal anti-inflammatory drugs (NSAIDs)
are one of the groups of compounds that are the most
widely used drugs in the treatment of various inflamma-
tory diseases and arthritic pain around the world [15-17].

Sulphonamide derivatives containing —SO,NH, moiety
have been abundantly employed as clinically and medici-
nally important molecules. Sulphonamide antibiotics contain
an aromatic amine group which is considered as a trigger for
drug reaction due to the formation of reactive hydroxylamine
intermediates [18]. Numerous pharmacological activities
such as antimicrobial, anti-HIV, anti-cancer, high ceiling
diuretic, anti-thyroid, antitumor, analgesic, aldose reduc-
tase, and anti-inflammatory activities of these compounds
have been reported [19-27]. Moreover, sulpha drugs are also
known for their insulin-releasing antidiabetic property and
are known insulin receptor tyrosine kinase activators, DPP-
4, and a-glucosidase enzyme inhibitors [28—30]. Remark-
ably, these studies have suggested that sulphonamide-con-
taining compounds may act as potential molecules for the
management of diabetes.

Hydroxytriazenes (—-N(OH)-N=N-) are bi-dentate
chelating agents, which have been extensively studied by
our group as analytical reagents [31, 32] and have been con-
sidered biologically important molecules possessing insec-
ticidal [33], antimicrobial [34, 35], antidyslipidemic [36],
anti-inflammatory properties [35, 37, 38]. In the last few
years, we explored the synthesis and antidiabetic, antioxi-
dant, and anti-inflammatory activity of sulpha drug-based
hydroxytriazenes including sulphathiazole, sulphisoxazole,
sulphamethoxazole, sulphanilamide sulphadiazine, sulp-
hapyridine, and sulphamethazine drugs [39-41]. In these
studies, all the compounds presented moderate activity.
However, it seemed relevant to us, to further explore the
antidiabetic, antioxidant, and anti-inflammatory potential of
sulpha drug-based hydroxytriazines. Therefore, in continu-
ation with our research interest, we hypothesized to explore
sulphonamide drug-based hydroxytriaznes as new potential
bioactive compounds. Herein, we prepared a new series of
sulphanilamide- and sulphacetamide-based hydroxytriazenes
and screened them for antidiabetic, antioxidant, and anti-
inflammatory activities. Additionally, PASS (prediction of
activity spectra for substance) prediction, density functional
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theory (DFT) and molecular docking studies were also per-
formed to explore the structure—activity relationship.

Results and discussion
Chemistry

Hydroxytriazenes incorporated with sulpha drugs, namely
sulphanilamide (1a—1d) and sulphacetamide (2a-2d), were
synthesized using the reported method [37]. The synthetic
pathway for hydroxytriazene derivatives is described in
scheme 1. The general method involves reduction of nitro
compounds using Zn dust in a neutral medium to obtain
the corresponding hydroxylamines (Step I, Scheme 1) and

Step |
NH,CI (1equiv) H
Zn dust (4.0 g)
e C4HsOH/H,0 (30 mL.1:1 R "OH
20 mmol 2T1s 20 (30 mL,1:1)
55-60 °C (A)
Step Il
HN O NaNO, (1equiv) HN__O
& O\ Con HCI/H,O (7 mL, 1:1) » o,,S
0-5°C 2: :Z
NH. ® O
13 mmol 2 N=NCI
(B)
Step Il
CH,COONa HO, I
(A) + (B) Y N=N=N S—NH
P S R4 o

0-5°C

Ry= 1a = CgHz-4-F Ry= 2a = CgHg-4-F

1b = CHs-4-CH,-COOH
1c = CgHy-3-COOH
1d = CgHg-3-COCH,

2b = C¢Hg-4-CH,-COOH
2¢ = CgH5-3-COOH
2d = CgHg-3-COCH3

Scheme 1 Synthesis of hydroxytriazenes

diazotization of sulpha drugs (sulphanilamide and sulphacet-
amide) at 0-5 °C (Step II, Scheme 1). Further, the final
product was obtained by the coupling reaction between the
hydroxylamine and diazonium salt at 0—5 °C at a pH range of
5.5-6.5. The resultant compounds were recrystallized many
times using methanol/ ethanol solvent and were character-
ized by spectral techniques such as FT-IR, 'H NMR, '*C
NMR, and EI MS (SI). All the compounds yielded satisfac-
tory data for the confirmation of the proposed structures.
The formation of hydroxytriazenes was confirmed by the
presence of signals around 3400 cm™' and 1500 cm™! in
IR spectra for -N-OH and -N=N- groups, respectively.
Moreover, appearance of a singlet peak for N-OH proton
in 'H NMR spectra that appear around 12 ppm confirmed
the structures.

Biology
Antidiabetic activity

In this study, all the synthesized hydroxytriazenes were
examined for antidiabetic activity using two assays,
namely a-glucosidase and a-amylase inhibition assay.
The obtained results are presented in terms of ICsyvalues
as illustrated in Table 1 and SI. The results were com-
pared with the standard drug acarbose having ICs, values
12.21 pg/mL (y=0.226x+47.24, R*=0.939) and 69.74 pg/
mL (y=0.435x+19.66, R>*=0.995) for a-glucosidase and
a-amylase inhibition assays, respectively. The resultant ICy
value of test compounds varies from 32.0 to 594.28 pg/
mL and 157.77 to 340.47 pg/mL for a-glucosidase and
a-amylase inhibition assays, respectively. The compound
2d (32.0 pg/mL) presented an excellent a-glucosidase inhi-
bition activity, which is comparable to the standard drug.
The compounds Ic (226.80 pg/mL) and 2c (185.77 pg/

Table 1 Result of a-glucosidase and a-amylase inhibition assays, DPPH and ABTS assays, and anti-inflammatory activities of hydroxytriazenes

Compound Inhibition of Inhibition of a-glucosidase a-amylase inhibi- DPPH assay (ICs,, pg/mL) ABTS assay (ICs,, pg/mL)
paw edema  paw edema  inhibition (ICs,, pg/ tion (ICs,, pg/mL)
after2h (%) after4h (%) mL)

la 79.5 93.14 594.28 340.47 56.00 48.75

1b 93.0 97.14 448.46 211.60 196.87 40.58

lc 79.75 93.42 226.80 232.08 76.14 124.07

1d 90.0 94.28 759.13 157.77 285.85 33.22

2a 57.5 88.57 577.02 166.50 912.66 64.64

2b 79.25 94.0 418.00 220.95 54.01 50.94

2c 76.75 98.57 185.77 338.18 75.56 128.11

2d 71.5 80.0 32.00 270.40 84.42 64.71

Standard 57.50 94.28 12.21 (acarbose) 69.74 (acarbose)  29.12 (ascorbic acid) 69.13 (ascorbic acid)
(diclofenac  (diclofenac
sodium) sodium)
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mL) showed moderate activity, whereas the compounds la
(594.28 pg/mL), 1b (448.46 pg/mL), 1d (759.13 pg/mL),
2a (577.02 pg/mL), and 2b (418 pg/mL) were found to be
less active against the a-glucosidase enzyme. In a-amylase
inhibition activity, the compounds 1d (157.77 pg/mL), 1b
(211.60 pg/mL), 1c (232.08 pg/mL), 2a (166.50 pg/mL), 2b
(220.95 pg/mL), and 2d (270.40 pg/mL) showed moderate
activity, whereas the compounds 1a (340.47 pg/mL) and 2¢
(338.18 pg/mL) were found to be least active. It can be con-
cluded that the synthesized compounds inhibit a-glucosidase
enzyme better than the @-amylase enzyme.

SAR studies: In both the series, only one compound 2d
possesses excellent a-glucosidase inhibition activity with
an ICs value of 32.0 pg/mL. It is noteworthy that the pres-
ence of electron-donating group at the end of the compound
enhances a-glucosidase inhibition activity. On the contrary,
the presence of strong electron-withdrawing substituent such
as -F made the molecules less active (1a; IC5,=594.28 &
2a; IC5y=577.02 pg/mL). Thus, the presence of electron-
donating group can significantly improve the a-glucosidase
and a-amylase inhibitory activity. The results reveal that
both series showed moderate @-amylase inhibitory activity.

Carbohydrate metabolism provides a constant supply of
energy to living cells and organisms. Sugar-hydrolyzing
enzymes such as a-glucosidase and a-amylase are responsi-
ble for breaking dietary carbohydrates into absorbable mol-
ecules and play an important role in postprandial hypergly-
cemia [42]. In this regard, one of the therapeutic approaches
to treat diabetes is the control of postprandial hyperglycemia
by hindering the absorption of glucose through inhibition of
a-glucosidase and a-amylase enzymes. The a-glucosidase
and a-amylase inhibitors act by delaying the breakdown of
carbohydrates in the digestive tract, thereby decreasing the
postprandial blood glucose level.

Antioxidant activity

The antioxidant activity of hydroxytriazenes has been
investigated using DPPH (2,2-diphenyl-1-picrylhydrazyl)
and ABTS [2,2'-azino-bis(3-ethylbenzothiazoline-6-sul-
phonic acid)] scavenging assays, and the obtained results
are expressed as ICs, values in Table 1 and SI. The results
were compared with the standard drug ascorbic acid which
has an ICs, value of 29.12 pg/mL (y=0.1371 X+46.017,
R?>=0.9609) and 69.13 pg/mL (y=0.599X + 8.589,
R*=0.991) for DPPH and ABTS assay, respectively.
The 1Cs, values of hydroxytriazenes vary from 54.01 to
912.66 pg/mL for the DPPH assay. The DPPH scavenging
activity of five hydroxytriazenes, viz. 1la (56.0 pg/mL), 1c
(76.14 pg/mL), 2b (54.01 pg/mL), 2¢ (75.56 pg/mL), and 2d
(84.42 png/mL), displayed good results, while the compounds
1b (196.87 pg/mL) and 1d (285.85 pg/mL) showed moder-
ate activity and the compound 2a (912.66 pg/mL) showed
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poor activity. In ABTS scavenging activity, the ICs, val-
ues vary from 33.22 to 128.11 pg/mL. The compounds 1a
(48.75 pg/mL), 1b (40.58 pg/mL), 1d (33.22 pg/mL), 2a
(64.64 pg/mL), 2b (50.94 pg/mL), and 2d (64.71 pg/mL)
showed excellent ABTS radical scavenging activity while
the compounds 1c (124.07 pg/mL) and 2¢ (128.11 pg/mL)
exhibited moderate activity. The obtained results revealed
that the synthesized compounds showed excellent ABTS
radical scavenging activity as compared to the DPPH radi-
cal scavenging activity. These results are also consistent with
our earlier reports [40, 41].

DPPH and ABTS methods have been used owing to their
simple, rapid, and highly reproducible nature to investigate
antioxidant activity of compounds. Both radical scavenging
methods are based on the reduction of DPPH and ABTS
radicals in the presence of antioxidants (X—H). Antioxidants
can donate hydrogen radicals and form stable DPPH-H and
ABTS-H diamagnetic molecular compounds. This study
suggests that the synthesized hydroxytriazenes were able to
reduce the DPPH and ABTS radicals and acted as radical
scavengers. The degree of decolourization (Fig. 1) of the
sample solution shows the radical scavenging capacity of
the antioxidants in terms of H-donating ability. The intensity
of change in colour for DPPH (Purple to yellow) and ABTS
(Blue to colourless) assays could be measured spectrophoto-
metrically at 517 nm and 734 nm, respectively.

SAR studies: In this study, it has been reported that most
of the compounds exhibited excellent ICs,values in the range
of 33.22 to 84.42 pg/mL. In DPPH and ABTS scavenging
activity, compounds 1b (40.58 pg/mL; ABTS assay), 2b
(54.01 pg/mL; DPPH assay & 50.94 pg/mL; ABTS assay),
1d (33.22 pg/mL; ABTS assay), 2d (84.42 pg/mL; DPPH
assay & 64.71 pg/mL; ABTS assay) were found more potent
due to the presence of electron-donating group at one of the
ends of the phenyl ring attached with the hydroxytriazene
moiety. Another reason for the potency could be lesser steric
hindrance. In general, an electron-donating group signifi-
cantly enhances the antioxidant activity of the compound by
decreasing the dissociation energy of -OH group. In DPPH
radical scavenging activity, the compounds 1a (56.0 pg/mL)
and lc (76.14 pg/mL) exhibited excellent activity, while
the compounds 2a (912.66 pg/mL) and 1d (285.85 pg/mL)
were found poorly active due to electron-withdrawing nature
of the attached substituents. In ABTS radical scavenging

DPPH + X-H —— DPPH-H + X
(Purple)

ABTS  + X-H ——3 ABTS-H + X
(Blue) (Colourless)

Fig. 1 Decolourization of DPPH and ABTS radicals
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Fig. 2 Inhibition of inflamma-
tion by hydroxytriazenes
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activity, the compounds 1a (48.75 pg/mL) and 2a (64.64 pg/
mL) were found to possess good activity while the com-
pounds lc (124.07 pg/mL) and 2¢ (128.11 pg/mL) were
found to be moderately active.

Anti-inflammatory activity

Theoretical prediction for probable biological activity spec-
tra has been done using PASS online web tool. The results of
PASS (SI) revealed that all the synthesized hydroxytriazene
derivatives could be good anti-inflammatory agents. Further,
the theoretical prediction of anti-inflammatory activity has
been validated experimentally using carrageenan-induced
hind paw edema method. The results of anti-inflammatory
activity have been reported as percentage inhibition of paw
edema after 2 and 4 h of treatment as depicted in Table 1,
Fig. 2, and SI. All the synthesized hydroxytriazenes showed
excellent anti-inflammatory activity with 57.5-93.0% inhi-
bition after 2 h of treatment and 80.0-98.57% inhibition
after 4 h of treatment, which was better than the standard
drug diclofenac (57.5% at 2 h and 94.28% at 4 h). The com-
pounds 1b (2h=93%; 4 h=97.14%) and 2b (2 h=79.25%;
4 h=94%) displayed highest percentage inhibition after 2
and 4 h which may be due to the presence of -CH,COOH
group at the phenyl ring. Sulphanilamide drug-based com-
pounds la (2 h=79.5%; 4 h=93.14%), 1c 2 h=79.75%;
41h=93.42%), 1d (2 h=90%; 4 h=94.28%), and sulphaceta-
mide drug-based compounds 2a (2 h=57.5%; 4 h=88.57%),
2¢ 2h=76.75%; 4 h=98.57%), 2d 2 h=77.5%; 4 h=80%)
were showing better activities as compared to the standard
diclofenac drug. Comparing the results of anti-inflam-
matory activity for both series, it became evident that

m2 Hrs m4 Hrs

.14
93 7 93.42 94.28 94 98.57

Sample

the sulphanilamide containing hydroxytriazenes (la—1d)
exhibited better results than sulphacetamide containing
hydroxytriazenes. However, it is worth mentioning that
both series showed excellent activities as compared to the
standard drugs. The obtained results proved that the associa-
tion of sulphonamide moiety with hydroxytriazene moiety
enhanced the anti-inflammatory activity and the results are
in good agreement with theoretical predictions.

A few studies have been reported by our group exploring
medicinal applications of sulpha drug-based hydroxytria-
zenes [39—41]. In 2020, Sharma et al. reported antidiabetic,
antioxidant, and anti-inflammatory activity of hydroxy-
triazenes based on sulphanilamide, sulphadiazine, sulp-
hapyridine, and sulphamethazine. They reported inhibition
effect as ICs, values ranging from 148 to 401 pg/mL for
a-glucosidase and 66 to 260 pg/mL for a-amylase enzyme.
Besides, the authors obtained ICs, values for antioxidant
activity ranging from 265.75 to 774 pg/mL and 24.18 to
488.25 pg/mL for DPPH and ABTS assays, respectively.
In addition, the anti-inflammatory effect was achieved with
97.14% inhibition in paw edema, after 4 h of treatment [40].
In the same year, Dayma et al., studied the antidiabetic activ-
ity using a-glucosidase and a-amylase inhibition activities
of sulphathiazole-, sulphisoxazole-, and sulphamethoxazole-
based hydroxytriazenes and obtained ICs, values ranging
from 160 to 341 pg/mL and 122 to 326 pg/mL, respectively
[41]. Antioxidant activity by DPPH (367 to 858 pg/mL)
and ABTS (48-401 pg/mL) radical scavenging assays was
also studied. Moreover, the anti-inflammatory potential was
evident from 89% inhibition of carrageenan-induced paw
edema after 4 h of treatment with the synthesized com-
pounds. Compared with the results presented by Sharma
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et al. and Dayma et al., the present study reports better
results in a-glucosidase and a-amylase inhibition with ICs
values ranging from 32 to 759 pg/mL and 157 to 340 pg/mL,
respectively. The compound 2d showed the best antidiabetic
activity with a-glucosidase method among the synthesized
as well as previously reported compounds. Among anti-
oxidant activities, present compounds have displayed good
results with the lowest ICy, values 54.01 and 33.22 pg/mL
for DPPH and ABTS assays, respectively. Additionally, our
compounds showed excellent reduction in edema by 98.57%
after 4 h of treatment in the carrageenan-induced paw edema
method. Thus, the present series of compounds have better
results in comparison with our earlier reports.

Correlation of antidiabetic, antioxidant,
and anti-inflammatory activities

Many studies have evidenced that oxidative stress plays an
important role in the pathogenesis of type 2 DM [43, 44].
The overproduction of free radicals/ROS may diminish the
antioxidative defense system of the tissue. Oxidative stress
in the diabetic patients might cause redox imbalance, auto-
oxidation of glucose, decreased concentration of antioxi-
dants, and metabolic abnormalities. This can lead to increase
in lipid peroxidation, cellular and enzyme damage resulting
in either enhanced insulin resistance or impaired secretion of
insulin [45]. The antioxidant therapy may inhibit the forma-
tion of reactive oxygen species (ROS), thereby providing a
therapeutic strategy to defend the f-cells against oxidative
stress to prevent related diabetic vascular complications [46].

Oxidative stress is also closely associated with inflamma-
tion. Both oxidative stress and inflammation may cause cell
injury and damage to cellular structure and functions [47].
The cellular vascular endothelium is sensitive to injury and
hence is the site of inflammation. These cells release ROS,
other oxidant radicals, and metabolites that cause damage
to tissue and endothelial cell lining, eventually leading to
endothelial dysfunction [48, 49]. Hyperglycemia-promoted
oxidative stress directs the overproduction of pro-inflamma-
tory proteins with cytokines and chemokines which leads
to inflammation [50]. At the site of inflammation, accretion
of ROS occurs because leucocytes and mast cells accumu-
late at the site which leads to a ‘respiratory burst’ due to an
increased uptake of oxygen. This inflammatory environment
can destroy healthy neighbouring epithelial and stromal
cells. In general, long-term inflammation can cause the risk
of pathologies such as cancer, atherosclerosis, and neurode-
generative diseases [51].

Prediction of biological activity spectra by PAAS

Computer-aided drug design (CADD) is an effective tool for
the development of new lead generation. PASS web tool can
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be used to predict biological activity spectra of any chemi-
cal substance [52, 53]. This tool predicts over 6,400 kinds
of biological activities including pharmacological effects,
toxic effects, interaction with metabolic enzymes and trans-
porters, mechanisms of action, influence on gene expression
etc. PASS provides the basis for the selection of the most
prospective leads based on the structure—activity relation-
ships in a heterogeneous training set. PASS predicts activity
with a mean accuracy of prediction of about 95%, based
on the structural formula. Thus, the predicted activity spec-
trum may be defined as the “intrinsic” property depending
on its physicochemical characteristics and structure. PASS
uses MOL / SDF files as input and output are obtained as
a list of biological activity names with Pa (the probabil-
ity of compound being active) and Pi (the probability of
compound being inactive) for the compound. The value of
Pa and Pi varies from O to 1. If a compound has Pa> Pi, it
would be considered as an active compound. If a compound
has Pa> 0.7, there is a greater probability of activity in the
experiment or clinical trial, and in many cases, the chemical
compound may be a close analogue of a known pharmaceu-
tical ingredient. If a compound has Pi value 0.5 <Pa<0.7,
there is a lesser probability of activity in the experiment or
clinical trial and reveals that the chemical compound is not
too similar with any known pharmaceutical ingredient. If a
compound has Pa <0.5, the chance of finding activity in the
experiment or clinical trial is very less; however, if such a
compound shows any activity, the chemical compound might
be a new chemical entity. In the present investigation, theo-
retical predictions for all the synthesized compounds have
been projected. All compounds showed a good probability
for NADPH peroxidase inhibitor, anti-inflammatory activ-
ity, and cyclooxygenase-2 inhibitor (SI). The obtained Pa
values were found to be 0.789-0.274 for NADPH peroxi-
dase inhibitor, 0.432-0.268 for anti-inflammatory activity,
and 0.555-0.282 for cyclooxygenase-2 inhibition property.
Based on the results, anti-inflammatory and antioxidant
activities were validated experimentally.

Anti-inflammatory molecular docking studies

A molecular docking study was attempted to understand
the nature of the interaction between the most active syn-
thesized hydroxytriazenes and the COX-2 active site. The
docking simulation was subjected to highly active 1b and
2b compounds. The analysis was performed on the X-ray
crystal structure of the COX-2 complex with celecoxib
PDB Id: 3LN1 active site obtained from the protein data
bank using MOE 2015.1001 modelling software [54, 55].
Before predicting the binding pose for ligands, the docking
method was validated for the replica of X-ray conforma-
tion of celecoxib at the active site of the COX-2 enzyme.
For this purpose, the GBVI/WSA dG (Generalized-Born
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Volume Integral/Weighted Surface Area) scoring function
was used to find out the binding energy values of the good
poses [56]. The molecular modelling showed the reproduc-
ing experimental binding mode of the reference inhibitor
celecoxib, with a binding energy of —9.74 kcal/mol with a
root mean square deviation of 0.42 A (Fig. 3). The orienta-
tion and predicted binding mode of compounds 1b and 2b
showed similar binding modes to the celecoxib conforma-
tion with a binding affinity of —7.26 and — 8.38 kcal/mol,
respectively. The obtained results of binding scores showed
that the binding energy of the test compounds has lesser
affinity for the COX-2 active site as compared to the binding
score of the standard drug celecoxib. The binding mode of
the compound 1b showed that the phenyl bearing sulphona-
mide group results in an arene—cation interaction with the
phenyl moiety of Phe506 and a large number of hydrophobic
residues such as Tyr371, Trp373, Phe367, Val335, Leu338,
11e503, Ala513, and Leu370 form extensive hydrophobic
interactions with the phenyl ring of the 4-sulphamoylphe-
nyl moiety. The interactions of the 4-sulphamoyl oxygen
atoms create an electrostatic interaction with the Serl156
residue. The positively charged Argl106 residue exhibits an
ionic interaction with the nitrogen and oxygen atoms of the
hydroxytriaz-2-enyl fragment. The benzylic portion of the
phenylacetic acid moiety interacts with Tyr341, Leu338,
Phe504, Val509, and I1e503 through van der Waals and
non-polar forces. The carboxylate polar functional group in
the phenylacetic acid moiety forms polar contacts with the
His75, GIn178 and Ser339 residues. The predicted bind-
ing energy of the compound 2b is higher than that of 1b
owing to the formation of four strong H-bonding interactions
between the N-acetylsulphamoyl and the backbone amide

e503
A Trp373

Q@*“}L A
8

/\\AspSOI

Tyr371
500
& rg499
334
367
JHis75 Ser516
513 o
79 R4 )31335
rgl
%N/\ uS17

eu34s
)la.llOZ

Fig.3 Binding interactions of the compounds 1b (yellow colour) and
2b (pink colour) superimposed with celecoxib drug (red colour) at the
active site of the COX-2 enzyme

of the Phe504, Leu338, and Arg449 residues. Also, Thr79
and His75 residues form polar contacts with the N-acetyl-
sulphamoyl fragment of the compound 2b. The lipophilic
phenyl ring is attached between the N-acetylsulphamoyl
and hydroxytriaz-2-enyl fragments, which make hydropho-
bic contacts with the Phe504, Val509, Tyr341, and Leu338
residues. The negatively charged fragment has a positive
interaction with the Ser339, Ser516, and Argl06 residues.
The phenylacetic acid fragment extensively forms hydro-
phobic interactions, and it is located in the hydrophobic tun-
nel which is formed by Phe367, Tyr371, Leu370, Tyr334,
Trp373, Val334, Met508, and Leu338 as shown in Fig. 3.
The two major dissimilar interactions such as H-bonding
and lipophilic interactions between protein and ligands at
the active site of the COX-2 enzyme will establish the anti-
inflammatory potency of this chemical class of compounds.
The other moderate and lower active compounds docking
results are shown in SI.

Antidiabetic molecular docking studies

Maltase glucoamylase (MGAM) is one of the molecular
targets of the diabetic disorder. This enzyme is responsible
for the hydrolysis of polysaccharides into glucose, thereby
lowering postprandial hyperglycemia (high blood glucose
level after meals) and promoting glycaemic control in dia-
betic patients. Using MOE software, compounds 1a—2d were
docked onto the crystal structure of the N-terminal catalytic
domain of human intestinal maltase-glucoamylase (PDB
Id: 3L4W). Compound 2d was the most active glucosidase
inhibitor, with an ICs;, of 32.00 g/mL and a better dock score
(— 6.23 kcal/mol) than the other hydroxytriazene-based ana-
logues (compound 1a-2c). In the compound 2d, the acetyl-
phenyl moiety formed a strong Pi-Pi hydrophobic interaction
with the Phe450 and Trp406 residues. The phenylsulphony-
lacetamide is surrounded by polar interaction residues such
as Asp203, Asp504, Asp366, Asp443, Asp327, and Arg526.
The Asp443 residue and the NH-sulphonyl group form a
hydrogen bonding interaction among the polar residues. The
methyl fragment in the phenylsulphonylacetamide moiety is
exposed towards the residues of Phe575, Ile364, and 11e328
and forms hydrophobic interactions (Fig. 4). Moreover, the
docking results of the other compounds (hydroxytriazene
analogues) with the N-terminal MGAM are presented in SI.

Antioxidant molecular docking studies

According to the DPPH and ABTS assays, compound 2b
was selected for docking analysis onto the NADPH oxidase
(PDB Id: 2CDU) due to its better DPPH and ABTS scav-
enging activities when compared with the standard ascor-
bic acid. The docking models predicted a binding affinity
of —7.96 kcal/mol, indicating that it has a higher binding
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Fig.4 Close-up view of the compound-2d at the active site of N-ter-
minal domain of human maltase-glucoamylase enzyme

affinity. Compound 2b forms two hydrogen bonding interac-
tions with the enzyme active site residues Thr9 and Asp282
by means of polar functional groups present in the hydrox-
ytriaz-2-enyl and phenylacetic acid moieties, respectively.
Several polar residues, including Ser41, Cys133, Glul63,
Lys134, Glu32, Gly281, Thr113, His10, Gly7, Gly114,
Thr112, and Cys8, contribute to polar interactions with

Fig.5 Close-up view of the
compound-2b at the active site
of NADPH oxidase enzyme

@ Springer

compound 2b, whereas other nearby residues, including
Ile44, 11e160, Ala300, Ala303, Leu299, and Pro298, form
hydrophobic interactions with the phenyl rings of compound
2b (Fig. 5). The docking outcomes for the other synthesized
compounds are provided in SI.

Density functional theory (DFT) calculations

We report the HOMO and LUMO energy values for the
compounds 1b and 2b at —0.325 and —0.030 eV, respec-
tively, using the DFT calculation by the PM3 method. Thus,
we effectively produced a molecular system having a small
HOMO-LUMO energy gap of 0.295 eV for both com-
pounds. The obtained results revealed that both compounds
1b and 2b have slightly higher electron-accepting capa-
bility than the electron-donating capability. These results
reveal energetically favourable interactions between the
inflammatory target protein and the designed compounds.
As shown in Fig. 6, deep red-coloured surfaces indicate an
electron-rich spot around the molecule, whereas the deep
blue-coloured surfaces indicate an electron-deficient spot
around the molecule. The most electron-rich and deficient
sites are distributed equally on the phenyltriaz-2-enyl scaf-
fold while plotting the surfaces of HOMO and LUMO on
the optimized structure of the compound 1b. In compound
2b, the surfaces of the HOMO plot are very similar to that
of compound 1b, whereas the LUMO plot surfaces extend
towards the phenyl ring which is attached to the acetic acid
functional group. These DFT studies revealed that the key
features of anti-inflammatory activities for compounds 1b
and 2b are based upon the occurrence of the common phe-
nyltriaz-2-enyl skeleton.
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Fig.6 HOMO and LUMO electron density distribution maps of com-
pounds 1b and 2b

Thus, theoretical predictions by PASS revealed a good prob-
ability for the compounds to have NADPH peroxidase inhi-
bition potential, cyclooxygenase-2 inhibition potential, and
anti-inflammatory activity. Similarly, a higher COX-2 inhibi-
tory property was also predicted by molecular docking for
compounds 1b (—7.26 kcal/mol) and 2b (- 8.38 kcal/mol),
which showed the best binding affinity score. The DFT cal-
culation indicated a small HOMO and LUMO energy gap,
i.e., 0.295 eV for compounds 1b and 2b, which revealed
higher electron-accepting capability of both compounds.
These energetically favourable interactions ensure feasi-
bility of a chemical reaction with the inflammatory target
protein. In the results of theoretical PASS predictions and
docking studies, anti-inflammatory activities are not only
in close agreement with each other, but also revealed excel-
lent anti-inflammatory properties of the sulphonamide-based
hydroxytriazenes.

Conclusions

In conclusion, we have investigated a new series of sulpha
drug-based hydroxytriazenes for their antidiabetic, antioxi-
dant, and anti-inflammatory activity. All the compounds dis-
played moderate to good a-glucosidase inhibition, DPPH,
and ABTS radical scavenging activities. Moreover, all the
compounds exhibited good to excellent inhibition of inflam-
mation after 2 and 4 h, and interestingly, the findings are
comparable with the results of the standard drug diclofenac.
The PASS predictions, DFT and docking studies were also
done to develop structure—activity relationships. Docking
results showed a good binding pose of the tested compounds

towards the COX-2 active site. Furthermore, significant
interactions between hydroxytriazene analogues and antioxi-
dant human maltase-glucoamylase and antidiabetic NADPH
oxidase enzyme targets have been revealed. The active
chemicals could be employed as essential components for
more effective antioxidative and antidiabetic therapy. Thus,
herein, we report sulpha drug-based hydroxytriazenes and
their pharmacological properties guided by computer-aided
drug designing and its experimental validation.

Experimental

General procedure for the synthesis
of hydroxytriazenes

We adopted a general method involving three steps, for the
synthesis of hydroxytriazenes. Step-I includes reduction of
nitro compounds to the respective hydroxylamine. In a 100-
mL beaker, 20 mmol of aryl nitro compound was taken and
was dissolved in 30 mL of a water—ethanol mixture (1:1).
A saturated solution of 1.06 gm (1 equiv) of ammonium
chloride was added followed by the addition of 4.0 g of
zinc dust in small lots with continuous stirring, maintaining
temperature at 50-60 °C. After the addition of zinc dust,
the mixture was stirred for another 20 min to complete the
reaction and was then filtered. The obtained filtrate was
used for the coupling reaction. In step-1I, sulphanilamide
and sulphacetamide were diazotized to form diazonium
salts. For this, 13 mmol of the sulpha drug was dissolved
in 7 mL of HCI-H,O mixture (1:1) and the temperature was
maintained at 0 °C £ 5 °C in an ice bath. A saturated chilled
solution of sodium nitrite (0.89 g) was added drop by drop
with uninterrupted stirring. After completion of the reac-
tion, the obtained diazonium salt was directly used for cou-
pling with hydroxylamine. Step-III involves the coupling
of the diazonium salt with the hydroxylamines as obtained
in step-1I and step-I, respectively. The diazonium salt was
added to hydroxylamine with the temperature maintained at
0 °C=+5 °C and pH maintained between 5.5 and 6.5 using
sodium acetate. The final crude product was recrystallized
with the appropriate solvent.
(E)-4-(3-(4-fluorophenyl)-3-hydroxytriaz-1-en-1-yl)
benzenesulphonamide (1a): The title compound was syn-
thesized according to general method using p—fluoroni-
trobenzene (2.82 gm, 20 mmol) and sulphanilamide (1.72
gm, 13 mmol) drug yielding a pure product as brown shining
powder (Yield 3.70 g, 91.81%), m.p. 172 °C; FT-IR (KBr,
em™): Vg iy (3350 em™), Vg (3256 cm™!, 3204 cm™!),
Vien (1409 em™), Vo (1235 em™), Vig_o (1159 cm™); 'H
NMR (400 MHz, DMSO-d,) ppm: & 7.27(s, 2H, H,; -NH,),
7.39-7.43 (m, 2H, H_,; Ar-H), 7.62-7.64 (m, 2H, Hy ¢;
Ar-H), 7.79-7.81 (m, 2H, H; ; Ar-H), 8.15-8.19 (m, 2H,

i,m>
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H;;; Ar-H), 12.28 (s, 1H, H,; -OH); °C NMR (100 MHz,
DMSO-dg) ppm: 6 114.61 (2C; C~C,), 116.24 (2C; C,—Cy),
6122.34 (2C; C-C,), 127.23 (2C; C;-C)), 137.48 (1C;
Cy), 139.36 (1C; C)), 143.14 (1C; C,), 161.40 (1C; Cp);
ESI-HRMS (m/z) calcd. for C|,H;,;FN,0O5S, 310.38; found
309.30.
(E)-2-(4-(1-hydroxy-3-(4-sulphamoylphenyl)triaz-2-
en-1-yl)phenyl)acetic acid (1b): The title compound was
synthesized according to general method using p—nitro-
phenyl acetic acid (3.62 gm, 20 mmol) and sulphanilamide
(1.72 gm, 13 mmol) drug yielding a pure product as light
cream yellow crystals (Yield 3.96 g, 87. 03%), m.p.148 °C;
FT-IR (KBr, cm™): V(5 ; (3340 cm™), Viy iy (3245 cm™,
3187 cm™), Viy_y (1408 cm™), Vi (1233 em™), Vig_
(1157 cm™); 'H NMR (400 MHz, DMSO—d,) ppm: 8 3.71(s,
2H, H; -CH,), 7.26 (s, 2H, H,; -NH,), 7.46-7.48 (m, 2H,
H, s Ar-H), 7.62-7.65 (m, 2H, H_,; Ar-H), 7.79-7.82
(m, 2H, H;,; Ar-H), 88.05-8.07 (m, 2H, H;,; Ar-H),
12.26 (s,1H, H,; ~OH), 12.51 (s, 1H, H,; -OH); °C NMR
(100 MHz, DMSO-dg) ppm: 8 40.07 (1C; C,), 114.57 (2C;
C,—Cp, 119.78 (2C; C—C,), 127.26 (1C; Cy), 130.27 (2C;
Ci—Cp, 137.38 (2C; C.-C,), 137.40 (1C; Cy), 141.61 (1C;
Cy. 143.23 (1C; C), 172.25 (1C; C,); ESI-HRMS (m/z)
calcd. for C,,H,,N,0O5S, 350.34; found 351.04.
(E)-3-(1-hydroxy-3-(4-sulphamoylphenyl)triaz-2-en-
1-yDbenzoic acid (1c¢): The title compound was synthe-
sized according to general method using m—nitrobenzoic
acid (3.34 gm, 20 mmol) and sulphanilamide (1.72 gm,
13 mmol) drug yielding a pure product as yellow pow-
der (Yield 3.69 g, 84.43%), m.p. 168 °C; FT-IR (KBr,
em™): Vg (3366 cm™), Vi (3208 cm™!, 3094 cm™!),
Vien (1418 em™), Ve (1232 cm™), Vig_o (1152 cm™);
'H NMR (400 MHz, DMSO-dy) ppm: & 7.27 (s, 2H, H,;
—-NH,), 7.63-7.66 (m, 2H, H; ,; Ar-H), 7.69-7.73 (m, 1H,

H,; Ar-H), 7.80-7.83 (m, ZH, H; ;; Ar-H), 8.09-8.11 (m,
1H, Hy; Ar-H), 8.37-8.40 (m, 1H, H 4 Ar-H), 8.56 (m,
IH, H ; Ar-H), 12.40 (s,1H, H,; —~OH), 13.27 (s, 1H, H,;
—OH); '*C NMR (100 MHz, DMSO-d,) ppm: & 114.76
(1C; Cy), 120.33 (1C; Cp), 123.95 (2C; C—C,), 127.30
(1C; Cy), 129.78 (1C; C), 130.66 (2C; C;-C)), 132.03 (1C;
Cy), 137.69 (1C; Cp), 143.01 (1C; C)), 166.24 (1C; C);
ESI-HRMS (m/z) calcd. for C3H;,N,O5S, 336.32; found
337.32.
(E)-4-(3-(3-acetylphenyl)-3-hydroxytriaz-1-en-1-yl)
benzenesulphonamide (1d): The title compound was syn-
thesized according to general method using m—nitroaceto-
phenone (3.30 gm, 20 mmol) and sulphanilamide (1.72 gm,
13 mmol) drug yielding a pure product as yellow shining
crystals (Yield 3.91 g, 89.88%), m.p. 155 °C; FT-IR (KBr,
em™h): Vg iy (3370 em™), Vg (3266 cm™!, 3208 cm™),
Vien (1419 em™), Ve (1257 ecm™), Vig_o (1155 em™);
'H NMR (400 MHz, DMSO-d;) ppm: d 2.67 (s, 3H, Hp;
—CH,), 7.28 (s, 2H, H,; -NH,), 7.64-7.67 (m, 2H, H
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Ar-H), 7.70-7.74 (m, 1H, H,; Ar-H), 7.81-7.83 (m, 2H,
H;; Ar-H), 8.11-8.13 (m, 1H, Hy; Ar-H), 8.36-8.38 (m,
1H, Hy; Ar—H), 8.51 (m, 1H, H; Ar-H), 12.39 (s,1H, Hg;
—OH); 1*C NMR (100 MHz, DMSO-d,) ppm: & 26.89 (1C;
Cp), 114.78 (1C; Cp), 118.87 (1C; Cp), 124.12 (2C; C—C,,),
127.27 (1C; Cy), 129.84 (1C; C-C)), 137.68 (1C; C)),
137.70 (1C; Cy), 143.01 (1C; C)), 143.14 (1C; C), 196.99
(1C; C,); ESI-HRMS (m/z) calcd. for C,,H,,N,0,S, 334.35;
found 335.35.
(E)-N-((4-(3-(4-fluorophenyl)-3-hydroxytriaz-1-en-
1-yl)phenyl)sulphonyl)acetamide (2a): The title com-
pound was synthesized according to general method using
p—fluoronitrobenzene (2.82 gm, 20 mmol) and sulphaceta-
mide (2.78 gm, 13 mmol) drug yielding a pure product as
brown shining powder (Yield 3.67 g, 80.13%), m.p.149 °C;
FT-IR (KBr, cm™1): Vi 4; (3438 cm™), Vi y; (3216 cm™),
Vo (1711 em™), Viy o (1341 cm™),Vy_y (1449 cm™),
Ve (1225 cm™), Vg_ (1154 cm™); 'H NMR (400 MHz,
DMSO-dy) ppm: 8 1.92 (s, 3H, H,, -CH;), 7.38-7.43 (m,
2H, H_; Ar-H), 7.64-7.67 (m, 2H, H, ;; Ar-H), 7.86-7.88
(m, 2H, H; ,,; Ar-H), 8.14-8.18 (m, 2H, H; ; Ar-H), 11.99
(s,1H, Hg; —OH), 12.37 (s, 1H, H,; -NH-); °C NMR
(100 MHz, DMSO-dg) ppm: 6 114.58 (2C; C—-C,), 116.25
(2C; C,-Cy), 122.35 (2C; CG-C,), 129.39 (2C; C-C)),
131.94 (1C; Cy), 139.36 (1C; C,), 144.67 (1C; C,), 161.50
(1C; Cy), 168.65 (1C; C,); ESI-HRMS (m/z) calcd. for
C,4H,;3;FN,0,S, 352.3; found 353.34.
(E)-2-(4-(3-(4-(N-acetylsulphamoyl)phenyl)-1-hydrox-
ytriaz-2-en-1-yl)phenyl)acetic acid (2b): The title com-
pound was synthesized according to general method using
p-nitrophenylacetic acid (3.62 gm, 20 mmol) and sulphacet-
amide (2.78 gm, 13 mmol) drug yielding a pure product as
yellow shining crystals (Yield 4.53 g, 88.82%), m.p.158 °C;
FT-IR (KBr, cm™): Vg 4; (3431 ecm™), Vig y; (3129 cm™),
Voo (1712 em™), Vig o (1596 ecm™),Viy_y (1456 cm™),
Ve (1223 em™), Vig_g (1158 cm™); 'H NMR (400 MHz,
DMSO-d;) ppm: & 1.92 (s, 3H, Hp; —CH3), 3.71(s, 2H, Hq;
—-CH,), 7.46-7.49 (m, 2H, Hy, ;; Ar-H), 7.64-7.67 (m, 2H,
H. .; Ar-H), 7.85-7.88 (m, 2H, H; ; Ar-H), 8.04-8.07
(m, 2H, Hj, s Ar-H), 12.03 (s, 1H, Hg; -OH), 12.36 (s, 1H,
Hn; -NH-).!*C NMR (100 MHz, DMSO-d,) ppm: & 23.17
(1C; Cp), 40.06 (1C; Cy), 114.53 (2C; Ci—=Cy), 119.87 (2C;
C—C,), 137.60 (1C; C)), 141.62 (1C; C,), 144.75 (1C; C)),
168.65 (1C; C,), 172.21 (1C; C,); ESI-HRMS (m/z) calcd.
for C;¢H4N,O¢S, 392.38; found 393.38.
(E)-3-(3-(4-(N-acetylsulphamoyl)phenyl)-1-hydroxy-
triaz-2-en-1-yl)benzoic acid (2c): The title compound was
synthesized according to general method using m—nitroben-
zoic acid (3.34 gm, 20 mmol) and sulphacetamide (2.78 gm,
13 mmol) drug yielding a pure product as yellow powder
(Yield 4.02 g, 81.70%), m.p. 160 °C; FT-IR (KBr, cm™'):
Vo i (3465 cm™), Viy_y; (3153 cm™), Vio_g (1708 cm™),
Vo (1332 cm™),Viy_y (1448 cm™), Vo (1222 cm™),
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Vs_o (1149 cm™); 'H NMR (400 MHz, DMSO-d,) ppm:
8 1.92 (s, 3H, H,; -CHj,), 7.66-7.68 (m, 2H, H; ,; Ar-H),

1, m?

7.69-7.73 (m, 1H, H,; Ar-H), 7.88-7.90 (m, 2H, H;;
Ar-H), 8.09-8.11 (m, 1H, Hy; Ar-H), 8.35-8.38 (m, 1H,
Hy; Ar-H), 8.55-8.56 (m, 1H, H,; Ar-H), 11.94 (s,1H,
H,; —~OH), 12.49 (s, 1H, H,; -NH-); °C NMR (100 MHz,
DMSO-dg) ppm: 823.16 (1C; C)), 114.73 (1C; Cy), 120.43
(1C; Cyp), 124.04 (2C; C-C,), 129.44 (1C; C,), 129.79 (1C;
Co), 130.82 (2C; C-C)), 132.03 (1C; Cy), 132.16 (1C; Cy),
143.01 (1C; C)), 144.53 (1C; C,), 166.20 (1C; C,), 168.67
(1C; Cy); ESI-HRMS (m/z)caled. for C,sH;,N,O4S, 378.35;
found 379.35.

(E)-N-((4-(3-(3-acetylphenyl)-3-hydroxytriaz-1-en-
1-yl)phenyl)sulphonyl)acetamide (2d): The title com-
pound was synthesized according to general method using
m—nitroacetophenone (3.30 gm, 20 mmol) and sulphaceta-
mide (2.78 gm, 13 mmol) drug yielding a pure product as
yellow shining crystals (Yield 4.12 g, 84.25%), m.p. 155 °C;
FT-IR (KBr, cm™"): Vi 5 (3461 cm™), Viy y; (3178 cm™),
Voo (1700 em™), Viy o (1342 cm™),Viy_y (1455 cm™),
Ve (1245 em™), Vig_g (1154 cm™); "H NMR (400 MHz,
DMSO-d) ppm: 8 1.93 (s, 3H, H; -CH;), 2.67 (s, 3H, H;
—-CH,), 7.67-7.69 (m, 2H, H; ,; Ar-H), 7.70-7.74 (m, 1H,
Hg; Ar-H), 7.88-7.90 (m, 2H, H; ;; Ar-H), 8.11-8.13 (m,
1H, Hy; Ar-H), 8.35-8.37 (m, 1H, Hy; Ar-H), 8.51 (s, 1H,
Hy; Ar-H), 11.99 (s,1H, Hg; —OH), 12.48 (s, 1H, H,; -NH-);
>C NMR (100 MHz, DMSO-dg) ppm: & 23.18 (1C; C)),
26.88 (1C; C)), 114.75 (1C; C,), 119.01 (1C; Cp), 124.20
(2C; C—C,), 129.41 (1C; Cy), 129.86 (1C; C,), 129.97
(1C; C-C)), 132.18 (1C; Cy), 137.69 (1C; C), 143.16 (1C;
Cp, 144.54 (1C; Cy), 168.66 (1C; C,), 196.92 (1C; Cy);
ESI-HRMS (m/z) calcd. for C;H;,N,O5S, 376.38; found
377.38.

Biological assays
a-Glucosidase inhibition assay

In this research, a-glucosidase inhibition activity was evalu-
ated by using the reported method [57]. In this assay, 1.0 mg
of rat-intestinal acetone powder was dissolved in 100 mL
of saline water and sonicated at 4 °C. After sonication, the
suspension was centrifuged (3000 rpm, 4 °C, 30 min), and
obtained supernatant was used for the assay. A reaction
mixture containing 50 pL of phosphate buffer (50 mM, pH
6.8), 50 pL of rat a-glucosidase, and 50 puL of samples of
varying concentrations (100-800 pg/mL) was pre-incubated
for 5 min at 37 °C, and then, 50 pL of p-nitrophenyl-a-D-
glucopyranoside, PNPG (3 mM), was added to the mixture
as a substrate. After incubation at 37 °C for 30 min, enzy-
matic activity was quantified by measuring the absorbance
at 405 nm on a multimode microplate reader (Synergy H4,

Bio-TEK, USA). Acarbose was used as positive control and
experiments were done in triplicates. The following equation
has been used for the calculation of percentage inhibition
(SD).

Absorb trol — Absorb 1
(Absorbance contro sorbance sample) % 100

Inhibiti =
nhibition (%) Absorbance control

ICs, values were calculated graphically using a linear
regression algorithm. The obtained results are expressed as
ICs, values and given in Table 1.

a-Amylase inhibition assay

The a-amylase inhibition activity was determined by the pre-
viously reported method [40, 58]. In this assay, 50 uL of var-
ious concentrations of test samples and 50 pL of a-amylase
solution (0.5 mg/ mL) containing 0.02 M sodium phosphate
buffer (pH 6.9) were incubated at 25 °C for 10 min. After
pre-incubation, 50 uL of 1% starch solution prepared in
0.02 M sodium phosphate buffer (pH 6.9) was added to each
tube, and the reaction mixture was again incubated at 25 °C
for 10 min. The reaction was stopped with the addition of
100 puL of DNS solution, and microplates were again incu-
bated for 10 min at 85-90 °C to develop colour and left to
cool at RT. Then, the reaction mixture was diluted with 100
pL of distilled water and enzymatic activity was quantified
by measuring the absorbance at 540 nm on a multimode
microplate reader (Synergy H4, Bio-TEK, USA). Acarbose
was used as positive control, and experiments were done
in triplicates. The following equation has been used for the
calculation of percentage inhibition (given in SI).

(Absorbance control — Absorbance sample)
x 100

Inhibiti =
nhibition (%) Absorbance control

ICs, values were calculated graphically using a linear
regression algorithm. The obtained results are expressed as
ICs, values and illustrated in Table 1.

DPPH scavenging assay

DPPH radical scavenging activity was determined using
the reported method [58]. In this assay, antiradical activity
was screened by taking 125 uL of test samples of various
concentrations (10-100 pg/mL), 125 pLL of DPPH solution
(0.004% w/v in methanol), 50 uL of 0.1 M Tris—HCI buffer
(pH 7.4) in 96-well microplate. The reaction mixture was
incubated for half an hour at RT in dark, and then, absorb-
ance was recorded at 517 nm on BioTek Synergy H4 hybrid
multimode microplate reader. Radical quenching efficiency
of test samples was determined by comparison with 125 pLL
methanol, 50 pL of tris—HCI buffer, and 125 pL of DPPH
solution treated as control absorbance. In this assay, ascorbic
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acid was used as a positive control. The following equation
has been used for the calculation of percentage inhibition
(SI).

(Absorbance control — Absorbance sample) y

Inhibition (%) = 100

Absorbance control

ICs, values were calculated graphically using a linear
regression algorithm. The obtained results are expressed as
ICs, values and given in Table 1.

ABTS scavenging assay

The ABTS radical scavenging activity was estimated using
the reported method [59]. The working ABTS™ solution was
obtained by reacting 7 mM ABTS solution with 2.45 mM
potassium persulphate solution in an equal ratio, and the
mixture was left to stand in the dark at room temperature
for 18-24 h before use. The Sample solution of various con-
centrations (20-300 pg/mL) was added to ABTS™* solution.
The absorbance of sample solutions along with standard
drug was recorded at 734 nm on BioTek Synergy H4 hybrid
multimode microplate reader. In this assay, ascorbic acid
was used as a positive control. The following equation has
been used for the calculation of percentage inhibition (SI).

(Absorbance control — Absorbance sample) y

Inhibition (%) = 100

Absorbance control

ICs, values were calculated graphically using a linear
regression algorithm. The obtained results are expressed as
ICs, values and given in Table 1.

Anti-inflammatory activity

The anti-inflammatory activity of hydroxytriazenes was
evaluated by using the carrageenan-induced paw edema
method as described in the literature [60]. Wister albino rats
either male or female (150-200 g) were obtained from the
animal house, B.N. College of Pharmacy, Udaipur (Raj).
The experimental protocol was accepted and reviewed by
the Institutional Animal Ethics Committee (IAEC), Proto-
col No. is 52/ACR/BNCP-10/IAEC and Registration No.
18 870/ac/08/ CPCSEA. In this method, rats were divided
into eleven groups. Each group contains six rats. The rats
were starved overnight with free access of water. Group I
were given only water as control. Group II rats were given
carrageenan (0.1 mL of 1% mg/kg, bw, p.o.) while group
III rats were given carrageenan (0.1 mL of 1% mg/kg) and
diclofenac drug (12.5 mg/kg, bw, p.o.). In groups I'V-XI, rats
were given carrageenan (0.1 mL of 1% mg/kg, bw, p.o.) and
synthesized hydroxytriazenes (200 mg/kg, bw, p.o.) orally.
After injection into the plantar side of the right hind paw, the
paw volume was recorded plethysmographically at differ-
ent time intervals, i.e., 1 h, 2 h, 3 h and 4 h, and the percent
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inhibition of hydroxytriazenes on carrageenan-induced paw
edema in 2 h and 4 h shown in Fig. 2. The obtained results
were compared with control and % inhibition was calculated
by using the following formula.

[(v, — v,)carrageenan — (v, — v, ) treated| y

Inhibition (%) = 100

(vt -, ) carrageenan

V, and V, indicate the volume of hind paw edema of at 0,
2, and 4 h. The obtained results are given in Table 1.

The anti-inflammatory activity of NSAIDs is associated
with inhibition of the activity of cyclooxygenases (COXs)
enzymes, key enzymes in the biosynthesis of prostaglan-
dins (PGs), which causes inflammatory pain. COXs exist
as COX-1 and COX-2; both are regulated differently. Con-
stitutive COX-1 provides cytoprotection in the gastrointes-
tinal (GI) tract, whereas inducible COX-2 mediates pro-
inflammatory conditions [61, 62]. It is recognized that some
selective COX-2 inhibitors lead to adverse cardiovascular
side effects [63, 64]. Chronic NSAID reduces the symp-
toms of many arthritic pain and gastroduodenal damage but
also invites adverse GI complications [65, 66]. Therefore,
existing COX-2 are not able to eliminate NSAID-induced
complications, and their long-term use is associated with
cardiovascular diseases [67, 68] and the search for anti-
inflammatory drugs with promising results is still continu-
ing. The marketed selective COX-2 inhibitor (celecoxib)
having a suphonamide moiety shows high anti-inflammatory
activity with reduced GI toxicity.

Molecular docking protocol

In silico docking studies were performed on all of the com-
pounds to investigate the orientations and binding affinities
against the anti-inflammatory, antidiabetic, and antioxi-
dant targets of cyclooxygenase-2, maltase-glucoamylase,
and NADPH oxidase, respectively. The X-ray 3D crystal
structure enzymes were obtained from the protein data
bank website (PDB entry 3LN1, 3L4W & 2CDU; www.
rcsb.org). Using the MMFF94 force field Molecular Operat-
ing Environment software, the co-crystallized ligands were
flexibly re-docked to validate the docking protocol (MOE
2015.1001). Water molecules were removed from the pro-
teins, and structural issues with the proteins were resolved
by adding polar hydrogen and optimizing the hydrogen bond
network. The protein was fixed with the MMFF94x force-
field setup and partial charges. The ligands were prepared,
optimized, and docked. To search for and generate good fit
conformers in the active site of the enzymes, the triangle
matcher placement technique was used, followed by a rigid
receptor protocol. The docked poses were scored and res-
cored using the London dG and GBVI/WSA dG functions.
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The target molecules' and receptors' configurations were
evaluated and chosen based on their scores and root mean
square deviation values.

DFT protocol

The 3-D chemical structure of the most promising anti-
inflammatory compounds (1b and 2b) by using the "builder"
module available in the Molecular Operating Environment
(MOE 2015.1001) software. Further, geometry optimiza-
tions were accomplished with the Parameterized Method
3 (PM3) parameterization of the Modified Neglect of
Diatomic Overlap (MNDO) method. This is based on the
Neglect of Diatomic Differential Overlap (NDDO) approxi-
mate hamiltonian for the DFT calculations by using Argus
Lab Software (V: 4.0.1) [69, 70]. Quantum chemical proper-
ties of frontier molecular orbitals such as HOMO (Highest
Occupied Molecular Orbital) and LUMO (Lowest Unoccu-
pied Molecular Orbital) energy, and the energy level differ-
ence between HOMO and LUMO were calculated, and the
electron density cloud surface plotted around the molecules
using the Quickplot module in Argus lab software [71].

PASS predication protocol

PASS predication tool is an online freely accessible web
resource which can predict biological activity spectrum of
a compound. The biological activity spectrum of compound
involves various pharmacological activities, mechanisms
of action, toxicity. PASS predication has been made freely
accessible web tool by logging in to http://www.way2drug.
com/passonline.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11030-022-10420-w.
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