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ABSTRACT
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Objective(s): Alpha-amylase and alpha-glucosidase enzyme inhibition is an effective and rational
approach for controlling postprandial hyperglycemia in type II diabetes mellitus (DM). Several
inhibitors of this therapeutic class are in clinical use but are facing challenges of safety, efficacy, and
potency. Keeping in view the importance of these therapeutic inhibitors, in this study we are reporting
10 new oxadiazole analogs 5 (a-g) & 4a (a-c) as antidiabetic agents.
Materials and Methods: The newly synthesized derivatives 5 (a-g) & 4a (a-c) were characterized using
different spectroscopic techniques including FTIR,1HNMR, 13CNMR, and elemental analysis data. All
compounds were screened for their in vitro α-amylase and α-glucosidase enzyme inhibitory potential,
while two selected compounds (5a and 5g) were screened for cytotoxicity using MTT assay.
Results: Two analogues 5a and 4a (a) exhibited strong inhibitory potential against α-glucosidase
enzyme, i.e., IC50 value=12.27±0.41 µg/ml and 15.45±0.20 µg/ml, respectively in comparison with
standard drug miglitol (IC50 value=11.47±0.02 µg/ml) whereas, one compound 5g demonstrated
outstanding inhibitory potential (IC50 value=13.09±0.06 µg/ml) against α-amylase enzyme in
comparison with standard drug acarbose (IC50 value=12.20±0.78 µg/ml). The molecular interactions
of these active compounds in the enzymes’ active sites were evaluated following molecular docking
studies.
Conclusion: Our results suggested that these new oxadiazole derivatives (5a, 5g & 4a (a)) may act
as promising drug candidates for the development of new alpha-amylase and alpha-glucosidase
inhibitors. Therefore, we further recommend in vitro and in vivo pharmacological evaluations and
safety assessments.
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Introduction

Diabetes mellitus (DM) is a metabolic disorder
of multiple etiologies characterized by chronic
hyperglycemia and abnormalities in carbohydrate, fat,
and protein metabolism which result from irregularities
in insulin secretion, insulin action, or both. The longterm effects of DM include retinopathy, neuropathy,
amputation, and Charcot joints. Diabetic patients are also
at higher risk of developing peripheral, cardiovascular,
and cerebrovascular diseases (1). Polyuria, polydipsia,
weight loss, polyphagia, impairment of growth, and
susceptibility to certain infections may also accompany
chronic hyperglycemia (2). Broadly, DM has been
classified into two categories, type I: insulin-dependent
diabetes mellitus (IDDM), the cause is an absolute
deficiency of insulin secretion, and type II: non-insulindependent diabetes mellitus (NIDDM), the cause is
a combination of resistance to insulin action and an
insufficient compensatory insulin secretory response
(3, 4). Type-II DM typically leads to metabolic syndrome,
which also includes abdominal obesity, hypertension,
hyperlipidemia, and increased coagulability (5). DM
is a critical and expanding global health burden and
estimates of prevalence are significant for relevant

allocation of resources and monitoring of trends.
Radical changes in work patterns, lack of physical
activity, improved transportation, use of junk foods
and prominent modifications in lifestyle over the past
few decades have increased the incidence of diabetes
worldwide. According to a report by WHO, the reported
diabetic patients in the developing world were 84 million
in 1995 and it will increase up to 228 million by 2025
(6). As DM is a long-term disease and requires long-term
management, it needs time to explore new, effective,
and safer agents (7). Some of the known management
strategies include the use of sulfonylureas, biguanides,
and thiazolidinediones (8, 9). Another effective
approach to decrease postprandial hyperglycemia is
to provide reduced meal-derived glucose absorption
by inhibition of carbohydrate hydrolyzing enzymes,
such as α-glucosidase and α-amylase, in the digestive
organs (10-13). In the first step, the pancreatic amylase
enzymes catalyze the digestion of starch into smaller
oligosaccharides while in the next step; it is further
processed into smaller absorbable glucose units with the
action of α-glucosidases. This metabolic cycle ultimately
increases the postprandial hyperglycemia, while its
supervision may provide a therapeutic opportunity in
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controlling DM (14). DM can be successfully cured by
α-glucosidase inhibitors, which have the ability to delay
and reduce postprandial blood glucose levels (15-16).
α-Glucosidase is involved in carbohydrate metabolism
and has an important function in diabetes, cancer, and
viral infections. α-Glucosidase has various biological
activities and is considered an attractive drug target.
At present, a number of α-glucosidase inhibitors have
been discovered and studied. Voglibose, acarbose, and
miglitol are the clinically used anti-diabetic agents which
inhibit α-glucosidase competitively in the brush border
of the small intestine and therefore delay the hydrolysis
of carbohydrates, reducing postprandial hyperglycemia.
However, continuous administration of these drugs may
cause several side effects such as abdominal pain and
diarrhea (17). Therefore, developing new α-glucosidase
inhibitors lacking these problems is necessary.
Oxadiazole is a five-membered heterocycle compound
containing two carbon, two nitrogen, and one oxygen
atom in the ring (18). Depending upon the position of
the nitrogen atom, the oxadiazole ring may yield four
different isomers (19). Among all these four isomeric
forms,1,3,4-oxadiazole is widely investigated because
of its significant interacting potential with various
binding sites in the biological systems (20). Due to such
versatility, medicinal chemists extensively used this
pharmacophore in the design and synthesis of various
therapeutic ligands. 1,3,4-oxadiazole derivatives have
been reported to possess various pharmacological
activities such as muscle relaxants, antimitotic,
anticancer, antidiabetic, antimicrobial, antihypertensive,
anticonvulsant, and anti-inflammatory agents. Similarly,
1,3,4-oxadiazoles analogues represent a unique
metabolic profile and hydrogen bonding ability, which
further signifies its medicinal importance (21-25). Some
of the commercially available clinical drugs containing
1,3,4-oxadiazole nucleus are mentioned in Figure 1.
The sulfur atom-containing compounds and respective
derivatives have been implicated as important structural
motifs in medicinal chemistry due to their biologically
active nature (26, 27). Moreover, the versatile nature
of Sulphur containing compounds has enabled it to
become a part of many natural and synthetic drugs (28).
Based upon this detailed insight, we synthesized 10

Figure 1. Commercially available drugs with the 1,3,4-oxadiazole
nucleus
Iran J Basic Med Sci, Vol. 24, No. 12, Dec 2021

Bukhari et al.

new 2-thione-1,3,4-oxadiazole derivatives as potential
anti-diabetic agents. The newly synthesized compounds
were screened for in vitro alpha-amylase and in vitro
alpha-glucosidase inhibitory potential. Further, these
compounds were screened for their binding potentials
in the respective protein (alpha-amylase and alphaglucosidase) pockets through molecular docking. Our
results suggested that these compounds may provide
a rational approach for the development of new and
potent inhibitors of these diabetogenic enzymes.

Materials and Methods

Materials
All used chemicals and solvents used were procured
from Sigma-Aldrich (Germany), Merck (Germany), and
Alfa Aesar (USA). Characterization of all synthesized
compounds was performed using different spectroscopic
techniques, FTIR (alpha Bruker, eco ATR),1HNMR, and
13
CNMR spectra (Bruker AM-300-Spectrophotometer,
tetramethylsilane (TMS) was used as internal standard).
Deuterated solvents (Chloroform and DMSO) were
used for recording the spectra while chemical shifts
were presented as delta values with respect to TMS.
Melting points were recorded using the digital Gallen
kemp melting point apparatus. The synthesized final
compounds were recrystallized using a suitable solvent.
The progress of reactions was monitored using thinlayer chromatography (TLC). Solvent system (methanol:
chloroform 1:9) and silica gel-60 HF254 plates were
used. Phosphate buffer, starch, and di-nitro salicylic
acid, Na2CO3, bovine serum albumin, p-nitrophenyl
α-d-glucopyranoside, and α-glucosidase were used for
anti-diabetic assays. 3-(4,5-dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide, Dulbecco’s modified
eagle’s medium (DMEM), fetal bovine serum, penicillin,
and streptomycin were used for MTT assay.
Synthesis
General procedure for synthesis of 2-thion-1, 3, 4-oxadizole
derivatives 5(a-g) and 4a(a-c)
For preparation of 2-thione-1,3,4-oxadiazole
derivatives 5(a-g) and 4a (a-c), two different schemes
(I & II) were utilized. 5(a-g) derivatives were prepared
following a four-step process (scheme I) whereas
4a(a-c) were synthesized following a three-step process
(scheme II). In the first step of scheme I, substituted
acids 1(a-g) were converted into their respective esters
2(a-g) using ethanol and acidic catalyst. Esters were
converted into hydrazides 3(a-g), which were further
used to synthesize 1,3,4-oxadiazole 4(a-g). In the final
step, 2-thione-1,3,4-oxadiazole derivatives 5(a-g) were
produced. In scheme II, pyridine rings containing
substituted acids 1a(a-c) were utilized to prepare
hydrazides 2a(a-c). In the second step, 1,3,4-oxadiazole
3a(a-c) were subsequently prepared following its
reaction with 2-bromo ethanol to yield final products
4a(a-c).
General procedure for synthesis of esters 2(a-g)
For synthesis of esters 2(a-g), the already reported
method was used with little modifications (29).
Substituted acids 1(a-g) (0.032 mol) were refluxed
in absolute ethanol (20 ml). To this mixture, 1 ml of
1633
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preparation of the 1,3,4-oxadiazole nucleus with little
modifications (31). Already prepared hydrazides 3(a-g)
and 2a(a-c) (0.0139, mol) were dissolved in the absolute
ethanol (30 ml). To this solution, carbon disulfide (1.066
ml) was added, following the addition of potassium
hydroxide (0.0139 mol dissolved in water 20 ml). This
mixture was shaken vigorously and refluxed till complete
evaporation of hydrogen disulfide. The reaction progress
was monitored through TLC (ethyl acetate: petroleum
ether 1:9). After completion of the reaction, the solution
was concentrated to a small volume and the residue was
dissolved in water. The solution was acidified (pH 2-3,
dilute HCl) till the solid precipitates appeared, filtered,
and recrystallized using suitable solvent (aq. ethanol).

Scheme I. Synthesis of 2-substituted phenyl -1, 3, 4-oxadiazole-2thion derivatives

concentrated sulphuric acid was added and the reaction
continued until the completion. The reaction progress
was monitored through TLC. After completion of the
reaction, the solution was cooled, poured into ice water,
and extracted with ethyl acetate. The organic layer was
washed with water and 10% NaHCO3 solution, dried
over anhydrous sodium sulfate, and evaporated to
dryness to afford final esters.
General procedure for preparation of hydrazides 3(a-g)
and 2a(a-c)
Respective esters 2(a-g) and substituted acids 1a(a-c)
were dissolved in absolute methanol (50 ml) and added
with hydrazine monohydrate (15 ml). The mixture was
magnetically stirred and heated under reflux for 10-12
hr. The progress of the reaction was monitored through
TLC (silica; chloroform: methanol 6:1). The excess
ethanol and hydrazine were evaporated under reduced
pressure that yielded corresponding hydrazides (30).
General
procedure
for
preparation
of
1,3,4-oxadiazoles4(a-g) and 3a(a-c)
A previously reported method was used for

Scheme II. Synthesis of 5-pyridyl-1, 3, 4-oxadiazole-2-thion derivative
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Procedure
for
synthesis
of
2-thion
1,
3,
4-oxadizolederivatives 5(a-g) and 4a(a-c)
For preparation of final products 5(a-g) and 4a(a-c),
a reaction mixture was prepared using equimolar
ratios of respective oxadiazoles (0.0056, mol), 2-bromo
ethanol(0.398 ml) and potassium carbonate (0.0056,
mol) were dissolved in ethanol (10 ml) and water (10
ml). The reaction mixture was magnetically stirred at
room temperature till the solid precipitates appeared.
The completion of the reaction was assessed through
TLC (chloroform: methanol 9:1). After completion of the
reaction, the compound was air-dried and recrystallized
using a suitable solvent (absolute ethanol).
Spectral analysis of 5(a-g) and 4a(a-c)
2-{5-[(2-hydroxyethyl) sulfanyl]-1, 3, 4-oxadiazol-2-yl}
phenol (5a)
Orange solid; Yield 80 %; m.p. 165–170 °C; Rf value=
0.64 (methanol :chloroform 1:9); FTIR (cm-1); 1629
(C=C), 1636 (C=N), 1127 (C-O), 3241 (O-H); 1HNMR (δ
ppm, DMSO): 3.38(t, 2H, -CH2), 3.54(t, 2H, -CH2), 7.497.91 (m, 4H, J=8.1Hz, Aryl H).13C-NMR (DMSO-d6, δ
ppm); (31.1, 1C), (60.8, 1C), (112.6, 1C), (117.3, 1C),
(119.9, 1C), (127.3, 1C), (131.9, 1C), (158.1, 1C), (164.6,
1C), (165.3, 1C).Elemental analysis for C10H10O3N2S:
C, 49.91%; H, 4.24%; O, 20.15%; N, 11.78%. Found: C,
49.89%; H, 4.29%; O, 20.09%; N, 11.79%.

4-{5-[(2-hydroxyethyl) sulfanyl]-1, 3, 4-oxadiazol-2-yl}
phenol (5b)
Orange solid; Yield 70 %; m.p. 195 °C; Rf value=0.64
(methanol : chloroform 1:9); FTIR (cm-1); 1604(C=C),
1636 (C=N), 1180 (C-O), 3345 (O-H); 1HNMR (δ ppm,
DMSO): 3.36(t, 2H, -CH2), 3.56(t, 2H, -CH2), 7.36(d, 2H,
J= 8.1Hz, Aryl H), 7.79(d, 2H, J= 8.2Hz, Aryl H). 13C-NMR
(DMSO-d6, δ ppm); (30.9, 1C), (61.4, 1C), (115.0, 2C),
(122.8, 1C), (128.9, 2C), (157.8, 1C), (164.1, 1C), (165.5,
1C). Elemental analysis for C10H10O3N2S: C, 50.01%; H,
4.24%; O, 20.15%; N, 11.78%. Found: C, 50.11%; H,
4.27%; O, 20.17%; N, 11.80%.
2-{[5-(2-chlorophenyl)-1, 3, 4-oxadiazol-2-yl] sulfanyl}
ethan-1-ol (5c)
Orange solid; Yield 75 %; m.p. 165 °C; Rf value=0.63
(methanol:chloroform 1:9); FTIR (cm-1); 1650 (C=C),
1625 (C=N), 1150 (C-O), 3301 (O-H); 1HNMR (δ ppm,
DMSO): 3.38(t, 2H, -CH2), 3.55(t, 2H, -CH2), 7.26-7.99(m,
4H, J=7.9Hz, Aryl H).13C-NMR (DMSO-d6, δ ppm); (31.4,
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1C), (60.6, 1C), (126.4, 1C), (128.0, 1C), (130.4, 1C),
(130.8, 1C), (131.1, 1C), (133.2, 1C), (164.9, 1C), (166.1,
1C). Elemental analysis for C10H9N2O2ClS: C, 47.14%;
H, 3.63%; O, 12.47%; N, 10.89%. Found: C, 47.09%; H,
3.67%; O, 12.41%; N, 10.80%.
2-{[5-(3-bromophenyl)-1, 3, 4-oxadiazol-2-yl] sulfanyl}
ethan-1-ol (5d)
Orange solid; Yield 60 %; m.p. 186–190 °C; Rf
value=0.62 (methanol : chloroform 1:9); FTIR (cm1
); 1592 (C=C), 1629 (C=N), 1123 (C-O), 3255 (O-H);
1
HNMR (δ ppm, DMSO): 3.37(t, 2H, -CH2), 3.54(t, 2H,
-CH2), 7.23-7.75 (m, 4H, J=7.9Hz, Aryl H).13C-NMR
(DMSO-d6, δ ppm); (31.1, 1C), (60.8, 1C), (118.2, 1C),
(125.5, 1C), (127.1, 1C), (129.9, 1C), (130.7, 1C), (133.0,
1C), (163.8, 1C), (165.1, 1C). Elemental analysis for
C10H9O2N2BrS: C, 40.01%; H, 3.10%;O, 9.91%; N, 9.41%.
Found: C, 40.03%; H, 3.07%; O, 9.95%; N, 9.35%.

2-{[5-(3-iodophenyl)-1, 3, 4-oxadiazol-2-yl] sulfanyl}
ethan-1-ol (5e)
Orange solid; Yield 70 %; m.p. 170 °C; Rf value=0.62
(methanol : chloroform 1:9); FTIR (cm-1); 1599 (C=C),
1634 (C=N), 1131 (C-O), 3240 (O-H); 1HNMR (δ ppm,
DMSO): 3.34(t, 2H, -CH2), 3.43(t, 2H, -CH2), 7.15-7.67
(m, 4H, J=7.8Hz, Aryl H). 13C-NMR (DMSO-d6, δ ppm);
(32.1, 1C), (62.2, 1C), (91.6, 1C), (125.3, 1C), (127.1, 1C),
(128.5, 1C), (137.9, 1C), (138.5, 1C), (163.8, 1C), (164.8,
1C). Elemental analysis for C10H9IN2O2S: C, 34.50%; H,
2.70%; N, 8.05%; O, 9.19%. Found: C, 34.53%; H, 2.63%;
N, 8.02%; O, 9.17%.

5-{5-[(2-hydroxyethyl) sulfanyl]-1, 3, 4-oxadiazol-2-yl}
benzene-1,2,3-triol (5f)
Orange solid; Yield 72 %; m.p. 265–270 °C; Rf
value=0.63 (methanol : chloroform 1:9); FTIR (cm-1);
1650 (C=C), 1622 (C=N), 1041 (C-O), 3375 (O-H);1HNMR
(δ ppm, DMSO): 3.46(t, 2H, -CH2), 3.56(t, 2H, -CH2), 7.52
(d, 2H, J=2.6Hz, Aryl H).13C-NMR (DMSO-d6, δ ppm);
(31.1, 1C), (60.7, 1C), (111.1, 2C), (125.7, 1C), (137.6,
1C), (146.9, 2C), (164.5, 1C), (165.1, 1C). Elemental
value for C10H10N2O5S: C, 44.44%; H, 3.73%; N, 10.37%;
O, 29.60%. Found: C, 44.40%; H, 3.77%; N, 10.39%; O,
29.64%.
2-[(5-phenyl-1, 3, 4-oxadiazol-2-yl) sulfanyl] ethan-1-ol
(5g)
Orange solid; Yield 80 %; m.p. 207–210 °C; Rf
value=0.63 (methanol : chloroform 1:9); FTIR (cm-1);
1635 (C=C), 1633 (C=N), 1140 (C-O), 3257 (O-H); 1HNMR
(δ ppm, CHCl3): 3.42(t, 2H, -CH2), 3.26(t, 2H, -CH2), 7.477.96 (m, 5H, J= 8.1Hz, Aryl H).13C-NMR (DMSO-d6, δ
ppm); (31.3, 1C), (62.0, 1C), (122.9, 1C), (127.0, 2C),
(129.0, 3C), (164.6, 1C), (165.3, 1C). Elemental analysis
for C10H10O2N2S: C, 53.90%; H, 4.61%; O, 14.40%; N,
12.59%. Found: C, 53.97%; H, 4.57%; O, 14.43%; N,
12.63%.

2-{[5-(pyridin-2-yl)-1, 3, 4-oxadiazol-2-yl] sulfanyl}
ethan-1-ol 4a(a)
Orange solid; Yield 35 %; m.p. 145 °C; Rf value=0.63
(methanol:chloroform 1:9); FTIR (cm-1); 1598 (C=C),
1631 (C=N), 1049 (C-O), 3360 (O-H); 1HNMR (δ ppm,
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DMSO): 3.38(t, 2H, -CH2), 3.53(t, 2H, -CH2), 7.61-7.93
(m, 4H, J=8.1Hz, Aryl H).13C-NMR (DMSO-d6, δ ppm);
(30.9, 1C), (60.8, 1C), (123.4, 1C), (124.1, 1C), (136.8,
1C), (145.7, 1C), (149.7, 1C), (164.3, 1C), (165.5, 1C).
Elemental analysis for C9H9N3O2S: C, 48.42%; H, 4.06%;
N, 18.82%; O, 14.33%. Found: C, 48.46%; H, 4.08%; N,
18.80%; O, 14.31%.

2-{[5-(pyridin-3-yl)-1, 3, 4-oxadiazol-2-yl] sulfanyl}
ethan-1-ol 4a(b)
Orange solid; Yield 80 %; m.p. 185 °C; Rf value=0.63
(methanol:chloroform 1:9); FTIR (cm-1); 1590 (C=C),
1630 (C=N), 1060 (C-O), 3380 (O-H); 1HNMR (δ ppm,
DMSO): 3.36(t, 2H, -CH2), 3.56(t, 2H, -CH2), 7.42-8.01
(m, 4H, J= 8.2Hz, Aryl H). 13C-NMR (DMSO-d6, δ ppm);
(31.1, 1C), (61.8, 1C), (123.6, 1C), (123.9, 1C), (134.5,
1C), (148.5, 1C), (149.6, 1C), (163.3, 1C), (165.6, 1C).
Elemental analysis for C9H9N3O2S: C, 48.42%; H, 4.06%;
N, 19.02%; O, 14.33%. Found: C, 48.46%; H, 4.07%; N,
19.10%; O, 14.31%.
2-{[5-(pyridin-4-yl)-1,3,4-oxadiazol-2-yl] sulfanyl} ethan1-ol 4a(c)
Orange solid; Yield 60 %; m.p. 180 °C; Rf value=0.62
(methanol:chloroform 1:9); FTIR (cm-1); 1635 (C=C),
1627 (C=N), 1185 (C-O), 3241 (O-H); 1HNMR (δ ppm,
DMSO):3.35(t, 2H, -CH2), 3.80(t, 2H, -CH2), 7.79(d, 2H,
J= 5.1Hz, Aryl H), 8.27(d, 2H, J= 6.5Hz, Aryl H).13CNMR (DMSO-d6, δ ppm); (31.1, 1C), (60.8, 1C), (119.6,
2C), (125.6, 1C), (150.6, 2C), (164.6, 1C), (165.3, 1C).
Elemental analysis for C9H9N3O2S: C, 48.42%; H, 4.06%;
N, 19.03%; O, 14.33%. Found: C, 48.46%; H, 4.08%; N,
19.06%; O, 14.34%.
Antidiabetic activity
In vitro alpha-amylase inhibitory activity
The α-amylase inhibitory activity of the newly
synthesized compounds 5(a-g) and 4a(a-c) was
determined according to a previously described method
(32, 33). 500 μl of test compounds (1–100 μg/ml) were
incubated with 500 μl of porcine pancreatic amylase
(0.5 mg/ml in 100 mM phosphate buffer, pH 6.8) for
15 min at 25 °C. To this reaction mixture, 1% starch
solution was added (500 μl in 0.2 mM phosphate buffer,
pH 6.8) and incubated for an additional 10 min. 1 ml of
DNS (di-nitro-salicylic-acid) color reagent was added to
arrest the reaction. The reaction mixture was boiled for
10 min and then brought to ambient temperature. The
absorbance of the resulting mixture was measured at
540 nm and the inhibitory activity was calculated using
the following formula. Acarbose was used as a standard
drug.
% Inhibition =(Astandard -Asample)/Astandard×100.

The IC50 was calculated using non-linear regression
plot of % inhibition versus concentrations with the help
of GraphPad Prism, version 6.0.

In vitro alpha-glucosidase inhibitory activity
The α-glucosidase inhibitory activity was determined
according to a previously reported method with slight
modifications(19). The α-glucosidase solution was
1635
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prepared by dissolving 1 mg in 100 mL phosphate buffer
(pH 6.8) comprising 200 mg bovine serum albumin. A
500 μl solution was prepared by adding 10 μl of test
compounds (1-100 μg/ml) and 490 μl of phosphate
buffer (pH 6.9). 250 μl of 5mM p-nitrophenyl α-dglucopyranoside (p-NPG) were added to this reaction
mixture and incubated for 10 min at 37 °C. Furthermore,
250 μl of α-glucosidase (0.15 units/ml) were added to
it and incubation continued for another 10 min at 37
°
C. Finally, 2000 μl of Na2CO3(200mM) were added to
conclude this inhibition. The α-glucosidase inhibitory
activity was calculated as a measure of p-nitrophenol
released from p-NPG. The absorbance was measured
at 400 nm, using miglitol as a standard drug. The
percentage inhibition was calculated using the following
formula;
% Inhibition = (Astandard- Asample) / Astandard × 100.

MTT assay for cytotoxicity analysis
Cytotoxic activity of compounds was evaluated in 96well flat-bottomed microplates by using the standard
MTT (3-[4, 5-dimethylthiazole-2-yl]-2, 5-diphenyltetrazolium bromide) colorimetric assay (34). For this
purpose, 3T3 (mouse fibroblast, ATCC # CRL-1658,
Lot # 59049195) cells were cultured in Dulbecco’s
Modified Eagle Medium, supplemented with 5% fetal
bovine serum (FBS), 100 IU/ml penicillin, and 100
µg/ml streptomycin in 75 cm2 flasks, and kept in a
5% CO2 incubator at 37 oC. Exponentially growing
cells were harvested, counted with a hemocytometer,
and diluted with a particular medium. Cell culture
with concentration of 5x104 cells/ml was prepared
and introduced (100 µl/well) into 96-well plates.
After overnight incubation, the medium was removed
and 200 µl of fresh medium was added with various
oxadiazole concentrations (30 µM, 15 µM, 7.5 µM, 3.75
µM, and 1.875 µM). After 48 hr, 200 µl MTT (0.5 mg/ml)
was added to each well and incubated further for 4 hr.
Subsequently, 100 µl of DMSO was added to each well.
The extent of MTT reduction to formazan within cells
was calculated by measuring the absorbance at 540 nm,
using a microplate reader (Spectra Max Plus, Molecular
Devices, CA, USA). The cytotoxicity was recorded as
concentration causing 50% growth inhibition (IC50) for
3T3 cells. The percent inhibition was calculated by using
the following formula;
% Inhibition=100-((mean of O.D of test compoundmean of O.D of negative control)/ (mean of O.D of
positive control - mean of O.D of negative control)
*100).

The results (% inhibition) were processed by using
SoftMax Pro software (Molecular Device, USA).

Molecular docking
Docking analysis was performed against alphaamylase enzyme (PDB code 3DHP) and alphaglucosidase enzyme (PDB code 3WY1) to compare the
relative affinity of the selected ligands (5a, 4a(a), and
5g) in the protein pockets. The protein structure was
downloaded from RCSB Protein Data Bank Site(35-37).
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3-D optimization of the ligand structures was done and
saved in mol format. ArgusLab was used to convert
ligands from mol format to pdb format (38). For Grid
parameters, Auto Dock tools were used to provide the
search space coordinates to Auto Dock Vina for docking
of ligand molecules to α-amylase and α-glucosidase
protein structures (39). The grid parametric values
for α-amylase were adjusted to x=11, y=39, and z=17
with spacing of 1.0 Å and for α-glucosidase amylase
they were adjusted to x=-11, y=-18, and z=0 with
spacing of 1.0 Å. Binding energies (Kcal/mol) and best
binding conformations were obtained as an output.
Discovery Studio was used to visualize the binding
conformations with the lowest energy coefficients. The
amino acids involved in the ligand-protein interactions
were analyzed using the spatial (3D) and linear (2D)
interaction maps.

Results

Chemistry
Ten new 1,3,4-oxadiazole derivatives were
synthesized in our lab following the schemes (I&II).
In scheme I, a four-step process was utilized to yield
2-thione-1,3,4-oxadiazoles while in scheme II, a threestep process was followed to synthesize final products.
The purity of synthesized compounds was confirmed
with the help of thin-layer chromatography (TLC). The
detailed structure elucidation of the final compounds
5(a-g) and 4a(a-c) was performed using FTIR,1HNMR,
13
CNMR, and elemental analysis.
In vitro Alpha-amylase inhibitory activity
The newly synthesized compounds 5(a-g) & 4a(a-c)
were screened following alpha-amylase inhibitory assay
and IC50 value (µg/ml±SEM) was calculated (Table 1).
The alpha-amylase inhibitors were found to prevent or
slow down the absorption of dietary starch by hindering
the hydrolysis of 1,4 glycosidic linkages of starch and
other oligosaccharides into disaccharides which are
further converted to glucose (40). The obtained results
showed diversity depending upon the functional groups
attached. Compound 5g (aryl derivative) exhibited
strong inhibitory activity with 92.16 % inhibition and

Table 1. Alpha-amylase inhibition activity of 2-thione-1,3,4oxadiazole derivatives
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IC50 value of 13.09±0.06 µg/ml. Similarly, the IC50 values
of other compounds 5(a-f), 4a(a-c) were calculated
ranging from 90.02±0.08 µg/ml to 394.34±0.63 µg/ml.
Whereas, the standard drug acarbose showed 92.47
percent of inhibition with an IC50 value of 12.20±0.78 µg/
ml. The results demonstrated that the hydroxyl group in
compounds 5a and 5b showed moderate IC50 results, i.e.,
60.02±0.08 µg/ml and 64.8±1.07 µg/ml, respectively.
Similarly, 5c, 5d, and 5e also inhibited the α-amylase
enzyme but to a lesser extent,
maybe due to mild

electron-donating effects of attached electronegative
elements (41). The compound 5g showed significant

α-amylase inhibitory potential,
almost similar to the
positive control (acarbose). 



In vitro alpha-glucosidase inhibitory
activity

All synthesized compounds
5(a-g)
and
4a(a-c) were

evaluated for potential alpha-glucosidase
inhibitory

activity. The percent inhibitions
 and their corresponding
IC50 values were mentioned in Table 2. The hydroxylated
compound (5a) exhibited strong inhibitory activity
(98.14%) having an IC50 value
of 12.27±0.41 µg/ml in


comparison with other compounds
of the same series 5
 similar to that of standard
(a-g). These results were quite

positive control miglitol (98.9%,
IC50 value=11.47±0.02

µg/ml).


Similarly, the other compounds
of this series

containing electronegative moieties
(5b, 5c, 5d) also

demonstrated good inhibitory
potential but less than

their hydroxyl moiety-containing
counterpart as


consistent with the previous studies
(19). The induction

of the pyridine ring showed different
activities subjected

to the position of ring nitrogen.
Pyridine-2′
-yl derivative,

as in compound 4a (a-c) showed potent inhibitory

effects (97.20 %, IC50 value=15.45±0.20).
This activity

was decreased to many folds,
when it was replaced

with pyridine-4′ -yl, as in compound 4a (c) (16.3 %, IC50
value=299.11±0.31). Pyridine-3′ -yl derivative 4a (c)
was found to be unsuitable to interact with the enzyme
as it showed no activity at all. These results were similar
to the previous reports (42).

In vitro cytotoxicity assay

Cytotoxic activity of compounds was evaluated in 96Iran J Basic Med Sci, Vol. 24, No. 12, Dec 2021
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Table 2. Alpha-glucosidase inhibition activity of 2-thione-1,3,4oxadiazole derivatives
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Figure 2. In vitro cytotoxicity analysis of compounds 5a and 5g at
varying concentrations (concentration vs % growth inhibition)

well flat-bottomed microplates by using the standard
MTT colorimetric assay. The results of the cytotoxicity
assay of compounds 5a and 5b have been presented
as percent inhibition in Figure 2. It can be observed
that the cytotoxic effect was there but not significant
enough. Compound 5a showed 26.2 % inhibition while
test compound 5g showed 19.6 % inhibition at 30 µM
concentration. The cytotoxic effect of selected oxadiazole
derivative 5a was slightly more than the other derivative
5g in the same concentration ranges (Figure 2).

Molecular docking
The binding energy values between ligand and target
proteins after docking have been mentioned in Table
3. While the distances of protein-ligand interactions
are mentioned in Table 4. The results revealed that all
ligands (5a, 5g, and 4a (a)) were well accommodated
in the protein pockets of alpha-amylase and alphaglucosidase.
The molecular docking analysis of standard drug
acarbose with the protein pocket of alpha-amylase is
demonstrated in Figure 3 (a-b). The stable conformation
of acarbose and α-amylase complex demonstrated
the lowest binding energy of _8.1 kcal/mol. Acarbose
was stabilized in the protein pocket of alpha-amylase
involving many conventional hydrogen bonding and
van der Waals forces. Four different hydrogen bonds
were observed between hydroxyl functional groups of
acarbose and amino acids ARG:195, ASP:300, HIS A:305,
and SER A:163, respectively. The cyclohexene ring was
stabilized using van der Waals forces by amino acid
ASP A:197. Some of the amino acids were observed as
involved in stabilizing the alkyl groups of the standard
drug by generating pi-alkyl bonding.
The protein-ligand complex of 5g with α-amylase is

Table 3. Binding energy values of ligands with respective proteins
after docking
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Table 4. Interacting distances between proteins and ligands
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Figure 3. (a-b) Docked poses of positive control (standard drug) acarbose in the protein pocket of α-amylase; PDB id: 3dhp; a) 2D interactions of
acarbose with surrounding amino acids of alpha-amylase; b) 3D interactive acarbose with amino acids of protein alpha-amylase

shown in Figure 4 (a-b). The nitrogen of the oxadiazole
ring showed conventional hydrogen bonding with HIS
A:305. While the hydroxyl group attached to 5g further
stabilized the protein-ligand complex by establishing
strong hydrogen bonding with HIS A:299, ARG A:195,
and ASP A:197. The aromatic rings of the ligand were
stabilized by hydrophobic contact through Pi-Pi
stacking with amino acid TRP A:59. The alkyl groups
also developed van der Waals interactions with amino
acid ASP A:300. The lowest binding energy of ligandprotein complex was _6.6 kcal/mo. The docking analysis
of the standard drug (miglitol) with alpha-glucosidase

protein is presented in Figure 5 (a-b). In this ligandprotein complex, the amino acid residue ARG A:456
established conventional hydrogen bonding with the
hydroxyl group of miglitol. While the other two strong
hydrogen bondings were observed between hydroxyl
group & ASN A:4 and –OH group & ARG A:457 to stabilize
this complex. The lowest binding energy of this ligandprotein complex was _8.8 kcal/mol.
The protein-ligand complex of α-glucosidase and 5a
is shown in Figure 6 (a-b). The phenyl ring in ligand
5a was stabilized by π-sigma hydrophobic contact
with amino acid residues LEU A:467 and ILE A:313.
4

5
Figure 4. (a-b) Docked poses of 5g in the protein pocket of α-amylase; PDB id: 3dhp; a) 2D interactions of ligand (5 g) with surrounding
amino
acids of alpha-amylase; b) 3D interactive ligand (5 g) with amino acids of protein alpha-amylase
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Figure 5. (a-b) Docked poses of positive control (standard drug) miglitol in the protein pocket of α-glucosidase; PDB id:3wy1; a) 2D interactions of
miglitol with surrounding amino acids of alpha-glucosidase; b) 3D interactive miglitol with amino acids of protein alpha-glucosidase

The ligand 5a was further stabilized by conventional
hydrogen bonding between amino acid residue ALA
A:320 and a hydroxyl group. Another hydrogen bond
was established between the phenolic –OH and ARG
A:362. The oxadiazole ring was stabilized in the complex
through hydrophobic π-cation interactions. Whereas,
the nitrogen of oxadiazole established a strong hydrogen
bonding with amino acid residue GLN A:317. The lowest
binding energy of this ligand-protein complex was _9.7
kcal/mol. The strong interaction of this compound
with the residues and potent activity may be due to the

7

Figure 7. (a-b) Docked poses of ligand 4a (a) in the protein pocket
of α-glucosidase; PDB id:3wy1; a) 2D interactions of ligand 4a(a)
with surrounding amino acids of alpha-glucosidase; b) 3D interactive
ligand 4a (a) with amino acids of protein alpha-glucosidase

Figure 6. (a-b) Docked poses of ligand 5a in the protein pocket of
α-glucosidase; PDB id:3wy1; a) 2D interactions of ligand (5a) with
surrounding amino acids of alpha-glucosidase; b) 3D interactive
ligand (5a) with amino acids of protein alpha-glucosidase
Iran J Basic Med Sci, Vol. 24, No. 12, Dec 2021
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presence of the number and position of –OH groups
(45). The docking analysis of compound 4a (a) and
protein alpha-glucosidase is displayed in Figure 7 (a-b).
The nitrogen atom of the oxadiazole ring established
conventional hydrogen bonding with amino acid residue
GLN A:317 to stabilize it. The phenyl ring of ligand 4a
(a) showed hydrophobic interactions with amino acids
LEU A:467 and ILE A:313. Whereas, the strong hydrogen
bonding between the hydroxyl group and amino acid
residue ALA A:320 further stabilized this ligand in the
protein pocket of alpha-glucosidase. The lowest binding
energy of this protein-ligand complex was _6.5 kcal/mol.
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Discussion

DM is a chronic disorder known for its associated
complications that usually lead to cardiovascular and
cerebrovascular disorders. Management of DM therefore
demands intensive investigation. Scientists have
investigated oxadiazoles and their derivatives for anticancer, anti-microbial, anti-diabetic, anti-hypertensive,
and anticonvulsant activity. Oxadiazole derivatives have
been found to possess good hydrogen-bonding ability
and unique metabolic activity. In the present work,
10 new 2-thione-1,3,4-oxadiazole analogues 5(a-e) &
4a(a-c) were synthesized and investigated for potential
anti-diabetic activities. All synthesized compounds
were obtained as solids in good yields which were
further re-crystallized using suitable solvents. The
melting points of final products varied ranging from
145 °C to 270 °C. Some of the prominent functionalities
were noticed in FTIR spectra of 5(a-g) and 4a (a-c). The
stretching frequency for C=C (aromatic) was found in
the range of 1590–1650 cm-1, C=N peak at 1622-1636
cm-1, C-O peak at 1041- 1185 cm-1, and OH stretch was
witnessed at 3221-3380 cm1. Similarly, in 1H-NMR, a
triplet of methylene protons, attached to the sulfur atom
of the oxadiazole ring, appeared at 3.34-3.56 ppm in all
the newly synthesized compounds. Another triplet of
methylene proton attached to the OH group resonated
slightly downfield in the range 3.2–3.8ppm. While the
protons in the aromatic region appeared at the 7.158.01 ppm range with doublet and triplet signals. The
hydroxyl proton was noticed in the range 4.0–7.0ppm.
In a similar fashion, in 13CNMR, the methylene carbons
appearing at 31.1 ppm and 60.8ppm confirmed the final
formation of 2-thione-1,3,4-oxadiazole derivatives.
It has been previously reported in the literature that
α-amylase inhibition is one of the effective methods to
control diabetes (43). The α-amylase inhibitors delay
the glucose absorption rate and regulate the serum
blood glucose levels in hyperglycemic patients (29).
One of the important attributes, designated with the
attachment of oxadiazole moiety, is the improvement of
the pharmacokinetic profile of the drug (44). Our results
demonstrated that the hydroxyl group in compounds 5a
and 5b showed moderate IC50 results, i.e., 60.02±0.08
µg/ml and 64.8±1.07 µg/ml, respectively. Similarly, 5c,
5d, and 5e also inhibited the α-amylase enzyme but to
a lesser extent, maybe due to mild electron-donating
effects of attached electronegative elements (41). The
compound 5g showed significant α-amylase inhibitory
potential (i.e., 92.16 % inhibition, IC50 value=13.09±0.06
µg/ml), almost similar to the positive control (acarbose).
In this context, our synthesized compounds especially
5g may act as potential candidates for glycemic control
in diabetic patients.
Similarly, inhibition of α-glucosidase enzyme is
an effective strategy for controlling postprandial
hyperglycemia in diabetic patients (45). The activity
of α-glucosidase inhibitors is dependent upon their
effective binding to the carbohydrate-binding region of
α-glucosidase enzymes. Whereas, the down-regulation
of these enzymes slows down the digestion of
carbohydrates, which subsequently quashes the rise of
blood glucose levels (46). The hydroxylated compound
(5a) exhibited strong inhibitory activity (98.14%)
1640
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having an IC50 value of 12.27±0.41 µg/ml in comparison
with other compounds of the same series 5(a-g). These
results were quite similar to those of standard positive
control miglitol (98.9%, IC50 value=11.47±0.02µg/
ml). The in vitro cytotoxicity of compounds 5a and
5b was investigated at varying concentrations using
an MTT assay. In the cell group where the maximum
concentration of test compounds (30 µM) was used, the
percent inhibition was found to be a mere 26.2% and
19.6% for 5a and 5g, respectively. On the other hand, in
cell groups where the lowest concentration of oxadiazole
analogs (1.875 µM) was employed, the cytotoxic effect
was almost negligible (percent inhibition was 3% for 5a
whereas for 5g it was about 1.5%.). From the MTT results,
we can conclude that our newly synthesized 2-thione1,3,4-oxadiazole analogs (5a & 5g) showed negligible
cytotoxic effects against 3T3 (mouse fibroblast) cells.
Depending upon the strong inhibitory potential
of 5g against α-amylase and of 5a & 4a(a) against
α-glucosidase enzymes, the molecular docking studies
were performed to further evaluate the molecular
binding patterns of these ligands with the active sites
of proteins (α-amylase & α-glucosidase). Molecular
docking studies demonstrated that all ligands were
found to be accommodated in the protein pockets
of alpha-amylase and alpha-glucosidase. All docked
ligands 5g, 5a, and 4a(a) showed a good binding affinity
with the selected protein pockets, which correlate with
the biological activities.

Conclusion

In this study, 10 new 1,3,4-oxadiazole derivatives
were synthesized and evaluated for their alpha-amylase
and alpha-glucosidase inhibitory potential. These
compounds are novel to the best of our knowledge
and we are reporting them for the first time. Two
analogues 5a and 4a(a) exhibited strong inhibitory
potential against the α-glucosidase enzyme, i.e., IC50
value=12.27±0.41 µg/ml and 15.45±0.20 µg/ml,
respectively in comparison with standard drug miglitol
(IC50 value=11.47±0.02 µg/ml) whereas, one compound
5g demonstrated outstanding inhibitory potential
(IC50 value=13.09±0.06 µg/ml) against the α-amylase
enzyme in comparison with standard drug acarbose
(IC50 value=12.20±0.78 µg/ml). Therefore, we suggest
that 2-thione-1,3,4-oxadiazoles (5a, 5g, and 4a (a)) may
act as potential lead molecules for the development of
new alpha-amylase and alpha-glucosidase inhibitors.

Acknowledgment

This study was completed without any financial
support.

Authors’ Contributions

HN and MI designed the study. AB and AM conducted
the experiments. AB and MI wrote the manuscript. HN
and MI reviewed and edited the paper. All authors have
read and approved the final version of the manuscript.

Conflicts of Interest

The authors declare no conflicts of interest in this
study.
Iran J Basic Med Sci, Vol. 24, No. 12, Dec 2021

1,3,4-oxadiazoles as potential antidiabetic agents

References

1. Alberti KGMM, Zimmet PZ. Definition, diagnosis and
classification of diabetes mellitus and its complications. Part
1: Diagnosis and classification of diabetes mellitus. Provisional
report of a WHO consultation. Diabetic Med 1998; 15:539-553.
2. Kumar PR, Bhansali A, Ravikiran M, Bhansali S, Dutta P,
Thakur J, et al. Utility of glycated hemoglobin in diagnosing
type 2 diabetes mellitus: A community-based study. J Clin
Endocr Metab 2010; 95:2832-2835.
3. Zakir M, Sultan K, Munir Y, Ahmad S, Amin S, Khan MA, et al.
Biofunctional beverage: Antihyperglycemic effect of green tea
in alloxan induced diabetic rabbits. Curr Bioact Compd 2019;
15:120-124.
4. Fowler MJ. Microvascular and macrovascular complications
of diabetes. Clin Diabetes 2008; 26:77-82.
5. Guariguata L, Whiting DR, Hambleton I, Beagley J,
Linnenkamp U, Shaw JE. Global estimates of diabetes
prevalence for 2013 and projections for 2035. Diabetes Res
Clin Pract 2014; 103:137-149.
6. Organization WH. Life course perspectives on coronary
heart disease, stroke and diabetes: key issues and implications
for policy and research: Summary report of a meeting of
experts, 2-4 May 2001. World Health Organization, 2001.
7. Kato A, Hayashi E, Miyauchi S, Adachi I, Imahori T, Natori
Y, et al. α-1-C-Butyl-1, 4-dideoxy-1, 4-imino-l-arabinitol as
a second-generation iminosugar-based oral α-glucosidase
inhibitor for improving postprandial hyperglycemia. J Med
Chem 2012; 55:10347-10362.
8. Prabhakar P, Kumar A, Doble M. Combination therapy:
A new strategy to manage diabetes and its complications.
Phytomedicine 2014; 21:123-130.
9. Scheen AJ. Current management strategies for coexisting
diabetes mellitus and obesity. Drugs 2003; 63:1165-1184.
10. Kim S-D. α-Glucosidase inhibitor isolated from coffee. J
Microbiol Biotechnol 2015; 25:174-177.
11. Zafar M, Khan H, Rauf A, Khan A, Lodhi MA. In silico study
of alkaloids as α-glucosidase inhibitors: Hope for the discovery
of effective lead compounds. Front endocrinol 2016; 7:153.
12. Liu M, Zhang W, Wei J, Lin X. Synthesis and α-glucosidase
inhibitory
mechanisms
of
bis
(2,
3-dibromo-4,
5-dihydroxybenzyl) ether, a potential marine bromophenol
α-glucosidase inhibitor. Mar Drugs 2011; 9:1554-1565.
13. Subramanian R, Asmawi MZ, Sadikun A. In vitro alphaglucosidase and alpha-amylase enzyme inhibitory effects of
Andrographis paniculata extract and andrographolide. Acta
Biochim Pol 2008; 55:391-398.
14. Ross SA, Gulve EA, Wang M. Chemistry and biochemistry of
type 2 diabetes. Chem Rev 2004; 104:1255-1282.
15. Kim Y-M, Jeong Y-K, Wang M-H, Lee W-Y, Rhee H-I.
Inhibitory effect of pine extract on α-glucosidase activity and
postprandial hyperglycemia. Nutrition 2005; 21:756-761.
16. Matsui T, Yoshimoto C, Osajima K, Oki T, Osajima Y. In vitro
survey of α-glucosidase inhibitory food components. Biosci
Biotechnol Biochem 1996; 60:2019-2022.
17. Singh P, Jangra PK. Oxadiazoles: a novel class of anticonvulsant agents. Der Chemica Sinica 2010; 1:118-123.
18. Glomb T, Szymankiewicz K, Świątek P. Anti-cancer activity
of derivatives of 1, 3, 4-oxadiazole. Molecules 2018; 23:3361.
19. Taha M, Ismail NH, Imran S, Rokei MQB, Saad SM, Khan
KM. Synthesis of new oxadiazole derivatives as α-glucosidase
inhibitors. Bioorg Med Chem 2015; 23:4155-4162.
20. De Oliveira CS, Lira BF, Barbosa-Filho JM, Lorenzo JGF,
Athayde-Filho D, Filgueiras P. Synthetic approaches and
pharmacological activity of 1, 3, 4-oxadiazoles: a review of the
literature from 2000–2012. Molecules 2012; 17:10192-10231.
21. Yu W, Huang G, Zhang Y, Liu H, Dong L, Yu X, et al. I2mediated oxidative C–O bond formation for the synthesis of
1, 3, 4-oxadiazoles from aldehydes and hydrazides. J Org Chem
2013; 78:10337-10343.
22. Fang T, Tan Q, Ding Z, Liu B, Xu B. Pd-catalyzed oxidative
Iran J Basic Med Sci, Vol. 24, No. 12, Dec 2021

Bukhari et al.

annulation of hydrazides with isocyanides: Synthesis of
2-amino-1, 3, 4-oxadiazoles. Org Lett 2014; 16:2342-2345.
23. Khalilullah H, J Ahsan M, Hedaitullah M, Khan S, Ahmed B.
1, 3, 4-oxadiazole: a biologically active scaffold. Mini Rev Med
Chem 2012; 12:789-801.
24. Khurana JM, Sahoo PK, Maikap GC. Sonochemical
esterification of carboxylic acids in presence of sulphuric acid.
Synth Commun 1990; 20:2267-2271.
25. Aboraia AS, Abdel-Rahman HM, Mahfouz NM, El-Gendy
MA. Novel 5-(2-hydroxyphenyl)-3-substituted-2, 3-dihydro-1,
3, 4-oxadiazole-2-thione derivatives: Promising anticancer
agents. Bioorg Med Chem 2006; 14:1236-1246.
26. Pejin B, Iodice C, Tommonaro G, De Rosa S. Synthesis and
biological activities of thio-avarol derivatives. J Nat Prod 2008;
71:1850-1853.
27. Patai S. Chemistry of cyanates and their thio derivatives: J.
Wiley; 1977.
28. Sidoryk K, Michalak O, Kubiszewski M, Leś A, Cybulski M,
Stolarczyk EU, et al. Synthesis of thiol derivatives of biological
active compounds for nanotechnology application. Molecules
2020; 25:3470.
29. Hamdani SS, Khan BA, Ahmed MN, Hameed S, Akhter K,
Ayub K, et al. Synthesis, crystal structures, computational
studies and α-amylase inhibition of three novel 1, 3,
4-oxadiazole derivatives. J Mol Struct 2020; 1200:127085.
30. Rauf A, Banday MR, Mattoo RH. Synthesis, characterization
and antimicrobial activity of long-chain hydrazones. Acta Chim
Slov 2008; 55.
31. Kaplancikli ZA. Synthesis of some oxadiazole derivatives as
new anticandidal agents. Molecules 2011; 16:7662-7671.
32. Shai L, Magano S, Lebelo S, Mogale A. Inhibitory effects of
five medicinal plants on rat alpha-glucosidase: Comparison
with their effects on yeast alpha-glucosidase. J Med Plant Res
2011; 5:2863-2867.
33. Kwon Y-I, Apostolidis E, Kim Y-C, Shetty K. Health benefits
of traditional corn, beans, and pumpkin: in vitro studies for
hyperglycemia and hypertension management. J Med Food
2007; 10:266-275.
34. Mosmann, Tim. Rapid colorimetric assay for cellular growth
and survival: application to proliferation and cytotoxicity
assays. J Immunol Methods 1983; 65: 55-63.
35. Ragunath C, Manuel SG, Venkataraman V, Sait HB,
Kasinathan C, Ramasubbu N. Probing the role of aromatic
residues at the secondary saccharide-binding sites of human
salivary α-amylase in substrate hydrolysis and bacterial
binding. J Mol Biol 2008; 384:1232-1248.
36. Bhatia A, Singh B, Arora R, Arora S. In vitro evaluation of
the α-glucosidase inhibitory potential of methanolic extracts
of traditionally used antidiabetic plants. BMC Complement
Altern Med 2019; 19:1-9.
37. Kannan S, Kolandaivel P. The inhibitory performance of
flavonoid cyanidin-3-sambubiocide against H274Y mutation
in H1N1 influenza virus. J Biomol Struct Dyn 2018; 36:42554269.
38. Forli S, Huey R, Pique ME, Sanner MF, Goodsell DS, Olson
AJ. Computational protein–ligand docking and virtual drug
screening with the AutoDock suite. Nat Protoc 2016; 11:905919.
39. Chipiti T, Ibrahim MA, Singh M, Islam MS. In vitro α-amylase
and α-glucosidase inhibitory and cytotoxic activities of
extracts from Cissus cornifolia planch parts. Pharmacogn Mag
2017; 13:S329.
40. Dineshkumar B, Mitra A, Manjunatha M. A comparative
study of alpha amylase inhibitory activities of common antidiabetic plants at Kharagpur 1 block. Int J Green Pharm 2010;
4.
41. Kotaiah Y, Harikrishna N, Nagaraju K, Rao CV. Synthesis and
antioxidant activity of 1, 3, 4-oxadiazole tagged thieno [2, 3-d]
pyrimidine derivatives. Eur J Med Chem 2012; 58:340-345.
42.Taha M, Imran S, Rahim F, Wadood A, Khan KM. Oxindole
1641

Bukhari et al.

based oxadiazole hybrid analogs: Novel α-glucosidase
inhibitors. Bioorg Chem 2018; 76:273-280.
43. Nair, Sindhu S., Vaibhavi Kavrekar, and Anshu Mishra.
In vitro studies on alpha amylase and alpha glucosidase
inhibitory activities of selected plant extracts. Eur J Exp Biol
2013; 3:128-132.
44. Saha R, Tanwar O, Marella A, Mumtaz Alam M, Akhter M.
Recent updates on biological activities of oxadiazoles. Mini

1642

1,3,4-oxadiazoles as potential antidiabetic agents

Rev Med Chem 2013; 13:1027-1046.
45. Zawawi NKNA, Taha M, Ahmat N, Ismail NH, Wadood
A, Rahim F. Synthesis, molecular docking studies of hybrid
benzimidazole as α-glucosidase inhibitor. Bioorg Chem 2017;
70:184-191.
46.Xiancui L, Rongli N, Xiao F, Lijun H, Lixin Z. Macroalage as a
source of alpha-glucosidase inhibitors. Chin J Oceanol Limnol
2005; 23:354-356.

Iran J Basic Med Sci, Vol. 24, No. 12, Dec 2021

