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ABSTRACT

Aim/Background: There is an increasing prevalence of diabetes mellitus throughout the
world, and new compounds are necessary to combat this. While the current available
antidiabetic therapies are long-term complicated and side effects-prone, this has led to
a demand for more affordable, more effective methods of tackling diabetes. Research is
focused on finding alternative medicinal remedies with significant antidiabetic efficacy
as well as low adverse effects. This study synthesized, characterized, and evaluated
anti-diabetic properties of synthetic sulphonamide hybrid of 1,3,4-oxadiazole derivatives.
Materials and Methods: An in vivo antihyperglycemic evaluation of the sulphonamide
hybrid of 1,3,4-oxadiazole derivatives was conducted using wistar rat models of type Il
diabetes derived from a two-step synthesis. Our study examined the effects of synthesized
compounds on a model induced by a high-fat diet combined with streptozotocin and
nicotinamide injection. For assessment of diabetic effects, Vildagliptin (10 mg/kg/day)
was used as the standard drug. On day 14%", 1,3,4-oxadiazole derivatives (50 mg/kg/day)
significantly lowered the blood sugar of hyperglycemic rats. Results: Due HFD STZ with
Nicotinamide blood glucose level of wistar rat was increased (295 + 8.2). After 14* day
administration of derivatives random blood glucose level under controlled. A-lll
(220+ 7.5 B) and A-IV (222 + 3.62 B) were lowered random blood glucose levels on
wistar rat. As compared to diabetes control (295 + 8.5), derivatives of 1,3,4-oxadiazole
are considered promising lead compounds. Compounds A-lll and A-IV were found to be
the most effective in lowering blood glucose, indicating the potential of these compounds
as antidiabetic agents. Conclusion: Hybrids developed in this study provide new classes
of anti-diabetic agents, and further optimization can be performed using this information.

Key words: In vivo study, 1,3,4-Oxadiazole, Sulfonamide derivative, anti-diabetic agents.

INTRODUCTION

Hyperglycemia caused by defects in insulin
secretion, insulin action, or both, is recog-
nized as a diabetic condition.! A diabetic
condition (DM) is a chronic disease charac-
terized by hyperglycemia and is categorized
into types 1 and 2 which may differ from
each other in pathogenesis.? A diabetic
condition is defined as high blood sugar
levels (above 130 mg/dl) that cause long-
term damage, dysfunction, and even failure
to various body systems including the eyes,
kidneys, nerves, heart, and vessels that carry

blood.?

Several compounds containing heterocyclic
rings are important components of antidia-
betic pharmaceutical products. Nitrogen,
sulfur, and oxygen containing heterocyclic
compounds have attracted the attention of
medicines chemical due to their wide range
of biological applications. Among the hetero-
cyclic family, 1,3,4-oxadiazole derivatives
have shown many promising applications
in pharmaceuticals.*® Blood glucose stimu-
lates the release of insulin from beta cells.?
In addition to insulin deficiency and
insulin resistance, there is also a genetic
defect in the cells of the £ axis of the
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to diabetes. This dis-
order is also a result of obesity, aging, and lack

pancreas that contributes

Sulfonamide and oxadiazole are two
potential anti-diabetic drug candidates. A potential

of exercise.

antidiabetic drug candidate contains the sulfonamide
group and the oxadiazole ring. A sulfonamide group
capable of electron-withdrawal is found within the
ligand, while oxadiazole rings are the pharmacophores
with antidiabetic activity.

WHO reports that diabetes complications account for
2.2 million deaths and diabetes itself is responsible for
1.5 million deaths.®” In low-income, as well as middle-
income countries, there are a greater number of deaths.
The result of uncontrolled diabetes is hyperglycemia,
which causes glycosylation of blood proteins, which
results in comorbidities such as neuropathy, retinopathy,
cardiomyopathy, and heart attack. Diabetes is treated
with several drugs, among which sulfonylureas are the
most common due to their economical and safe nature.
The drugs stimulate calcium accumulation and insulin
secretion, stopping the potassium transfer protein from
performing its function. Novel heterocyclic sulphon-
amide-oxadiazole hybrid compounds are being tested
against diabetes, to develop safer, more potent and
relatively low-cost hyperglycemic agents. Tolbutamide
has been commercialized since 1950 when it was intro-
duced in the marketplace and is especially useful for
patients with T2D with existing P cells that are not yet
releasing insulin. Sulfonylureas have been used for at
least twenty years, beginning with Tolbutamide intro-
duced as chlorpropamide, glycopyramide, tolazamide,
acetohexamide, and glibenclamide for the treatment of
T2D.%0
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This study reports the synthesis of various sulfonamide
hybrids and their in vivo studies as anti-diabetic agents
using Wistar rats. As a standard drug, Vildagliptin was
used as well as carboxymethyl cellulose (CMC) to
control diabetes. Blood glucose levels were reduced by
some compounds.

MATERIALS AND METHODS

All the reagents and chemicals employed were of
analytical grade and were not purified further. The
chemicals were purchased from Merck Life Science
and Research Lab Fine Chem Industry. Characterization
of intermediates and final compounds was carried out
utilizing several physicochemical and spectral techniques.
Melting points of the compounds were determined on
open capillaries on Labronics LT-115 digital. FT-IR
spectra were captured by using a Bruker FT-IR.14 The
NMR spectra of the synthesized compounds were
recorded on CDCI3 (unless specified) with TMS as
an internal reference (chemical deviation in d, ppm)
using the 100183-SND 400 MHz instruments and the
100186-SND 400 MHz instruments.15 IR spectra were
obtained from the Bruker spectrometer. Elemental
analysis of the compounds was carried out by SAIF IIT
BOMBAY. The physicochemical, analytical and spec-
tral characterization data for the final compounds (A-I
- A-VI) were provided in Table 1 and Table: 2 respec-
tively.

Experimental Chemistry

Title compounds A-l - A-VI have been synthesized
in accordance with Scheme 1. Substituted benzalde-
hyde (0.5 mmol) in 1 ml methanol was mixed with
semicarbazid hydrochloride (0.5 mmol) and sodium
acetate(0.5 mmol) in water 10 min at RT. Under reduced
pressure, the insolvent evaporated after stirring for 10 min.
The resulting residue was redissolved in 1,4-dioxane
(5ml) followed by the addition of potassium carbonate
(1.5mmol)and iodine (0.6mmol) add sequentially stirred
for 1-4.5 hr at 80°C. Reaction was monitored by TLC
with solvent acetone and benzene (9:1). Led to the
formation of the next in-between compound 5-Substituted
2-amino-1,3,4-oxadiazole.!

H,N—NH

O=; NH,
A NH, I, -Air \( 7/
R H 4 O/
: : : Gnndlng RT
substituted aldehyde Semicarbazide

5-substituted 1,3,4 oxadiazole -2 “amine

Reaction of compound 5-Substituted 2-amino-1,3,4-
oxadiazole (2 mmol) with 2-cyanopyrrolidine-1-sulfo-
nyl chloride (1 mmol) in the presence of ethanol (2 ml)
were continuously stirring at room temperature resulted

Indian Journal of Pharmaceutical Education and Research | Vol 55 | Issue 4 | Oct-Dec, 2021



Salve and Jadhav.: In vivo Studies of Sulfonamide Hybrids as a Antidiabetic Agent

Table 1: Physico-chemical characterization data for final compounds A-l to A-VI.

Sr.no Compound code R Molecular Formula Molecular Weight M. P. (°C) % Yield
1 A-l 4-Cl Phenyl C,,H,,CIN.O,S 353.784 262-264 75
2 A-ll 3-Cl Phenyl C,,H,,CIN.O.S 353.784 252-254 72
& A-lll 3-NO2 Phenyl C,,;H,N.,O.S 364.337 252-255 76
4 A-IV 2-Cl Phenyl C,,;H,,CIN.O,S 353.784 212-215 71
5 A-V 4-NH(CH3) Phenyl C,;H,N.O,S 362.407 248-250 70
6 A-VI 4-NH(CH3) Phenyl C,;H,N,O.S 364.337 252-255 69

Table 2: Spectral characterization data of the final compounds A-l to A-VI.

Code IR (KBr, cm-) "H NMR 3C NMR Mass Elemental analysis
(CDCI,, & in ppm) (CDCl,, & in ppm) (mle)+ Calculated | Calculated
[M+H] Observed | Observed
A-l 3300(N-H stretch), 10.5(s,1H), 7.2(d,2H), 169.3,166.7, 148.7, | 354.04 | C(44.13%), | C(44.10%),
3000(=C-H stretch), 7.53(d,2H), 3.8(s,1H), 145-130, 78, 56-45, H(3.42%), | H (3.40%),
2200 (-C=N str.), 1600((C- 1.2-2.4(m,6H) 30-20 N(19.8%) | N (19.4%)
H bend.), 1450(CH2 bend.),
1400(S=0 asym sulfonamide)
1200(S=0 sym sulfonamide)
,600(C-Cl)
A-ll 3300(N-H stretch), 10.5(s,1H), 8.15(s,1H), 169.3,164.5, 354.04 | C(44.13%), C
3050(=C-H stretch), 8.10(d,1H), 134.8-125.6, 116.2, H(3.42%), | (44.10%),
2200(—C=N str.), 7.6(m,2H),3.8(s,1H), 56-45.6, N(19.8%) | H (3.40%),
1600((C-H bend.), 1560 1.64-2.8(m,6H) 29.3-20.9 N (19.2%)
(S=0 asym sulfonamide),
1455(S=0 asym sulfonamide),
780(C-Cl),
A-lll 3490(N-H str.), 10.58(s,1H) 8.6(d,2H), 169.3, 164.5, 365.05 | C(42.86%), C
3000(=C-H) stretch, 7.8(d,2H), 3.8(s,1H), 148.4, 133.6-122.8, H(3.32%), | (42.82%),
2240(-C=N str.), 1.64-2.8(m,6H) 116.2, 55-45.6, N(23.07%) | H (3.30%),
1600 (C-H bend.), 29.3-20.9 N (23.02%)
1500 N-O stretching
(asymmetrical) ,
1460(CH2 bend.), 1400
(S=0 asym sulfonamide)
1200 (N-O stretching
(symmetrical),
1150(S=0 sym sulfonamide)
A-IV 3350(N-H stretch), 510.58(s,1H), 7.61(d,1H), 169.3,164.5, 354.04 | C(44.13%), C
3000(=C-H stretch), 7.71(d,1H), 7.38(t,2H), 132.2-125, 116.2, H(3.42%), | (44.10%),
2240(-C=N str.), 3.8(s,1H), 1.64-2.8(m,6H) 55-45, 29.3-20.9 N(19.8%) | H (3.40%),
1600(C-H bend.), N (19.2%)
1450(CH, bend.)
1400(S=0 asym sulfonamide),
1200(S=0 sym sulfonamide),
800(C-Cl)
A-V 3400(N-H str.), 3000 510.6(s,1H), 7.50(d,2H), 169.3, 166.5, 363.12 | C(49.71%), C
(C-H str. aromatic), 6.87(d,1H), 3.80(s,1H), 143.66, H(5.01%), | (49.65%),
2900-3000 3.2(m,6H), 1.4-2.4(m,6H); 123.52- 135.85, N(23.19%) | H (4.98%),
(C—H stretch methyl group), 60.0- 50, N (23.10%)
2250(-C=N str.), 1650(C-H bend.), 18.7-14.16
1600(S=0 str sulfonyl group),
1450(CH2 bend.)
A-VI 3490( N-H stretch), 10.5(s,1H), 8.3(d,2H), 166.5,169.3, 45.6, | 365.05 | C(42.86%), C
3100(=C-H stretch), 8.8(d,2H), 3.83(s,1H), 1.2- | 55, 147.9, 132.2, H(3.32%), | (42.82%),
2240(-C=N str.), 2.8(m,6H), 128.8, 130.9, N(23.07%) | H (3.32%),
1600(C-H bend.), 1500 128.8, 130.9, 116.2, N (23.02%)
(N-O stretching (asymmetrical), 29.3, 20.9
1460(CH, bend.), 1200
(N-O stretching (symmetrical),
1150(S=0 sym sulfonamide)
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in the formation of the 2-cyano-N-(5-substituted
-oxadiazol-3-yl)pyrrolidine-1-sulfonamide (A-I - A-VI)."

N

y
Cl 7
o:é:o THF K,CO,,Kl,reflux for 2 hr o
0 AN

R NH, + N
W N
NH

5-substituted 1,3,4
N7 o
\ :<
N
R

2-cyano-N-(5-Subsituted
-1,3,4-oxadiazol-2-yl)pyrroli
dine-1-sulfonamide

4-Cl Phenyl, 3-Cl Phenyl, 3-NO, Phenyl, 2-Cl Phenyl,
4-NH(CH,) Phenyl, 4-NO, Phenyl.

-2 amine 2-cyanop: idine-1-sulfonyl chloride

Pharmacological Evaluation

All experimental treatments were carried out in compliant
with CPCSEA guidelines and licensed by IAEC’s foun-
dation (MCP/IAEP/010/2020).

Animals

Animal model 72 female Wistar rats age 8 weeks
(80-120 gm ) were used in the antidiabetic Study. After
1 week of acclimatization, composition and preparation
of the high-fat diet (HFD). After 8 weeks of HFD, rats
were fasted overnight and animals became diabetic by
a single intraperitoneal injection of STZ (35 mg/kg
body weight) and nicotinamide (120 mg/kg). As STZ is
capable of producing fatal hypoglycemia as a result of
massive 1nsulin release, the rats were treated with a 5%
glucose solution for 24 hrs.

For evaluation of anti-diabetic activity

The diabetic animals were divided into nine groups of
eight animals each. All the synthesized compounds were
administered orally (prepared in 1% Sodium CMC).
The random blood glucose levels were measured at the
dose 1%, 7, 14", and 28 days intervals after treatment
of synthesized compound using the blood glucose test
strips and the glucometer on blood samples collected

via by a tail prick (Table 3). Vildagliptin have same
biotargets as well as structural similarity of synthesized
compounds so it used as standard drug.

RESULTS AND DISCUSSION

We have reported eco-friendly iodine-mediated oxidative
intermolecular C—O/C—N bond formation reaction for
the preparation of 1,3,4-oxadiazoles. Substituted Benz
aldehydes were converted into substituted 2-amino-
1,3,4-oxadiazole to good yield. Aromatic aldehydes were
used to synthesized 1,3,4-oxadiazole target compounds.
The structure of 5-(3-chlorophenyl)-1,3,4-oxadiazol-
2-amine was confirmed CHN study, IR, '"H NMR. The
peak at 3400-3300 and 3330-3250 cm™ in IR spectrum
indicate the presence of primary amine that confirm
the formation of 5-(3-chlorophenyl)-1,3,4-oxadiazol-
2-amine. The peak at 1760-1640 cm™ in the IR spectrum
indicates the CHO group of benzaldehyde was disap-
peared. '"H NMR spectrum wherein a peek at & 7.65
for the NH, proton of the primary amine appeared
and was in a single peak at & 9.89 for the -CHO
proton was disappeared. [M+H]" Peak at 196.02
of 5-(3-chlorophenyl)-1,3,4-oxadiazol-2-amine was con-
firmed from its ESI-MS spectrum.

In the second step absence of any catalyst, the reaction
was conducted in ethanol. Primary aromatic amines react
with electron-withdrawing group sulphonyl chloride in
presence of ethanol to get the product sulphonamide.
Final compound was confirmed by characterization by
CHN study, IR, '"H NMR (Table 2). The peak at 3500-
3350 cm-1 in the IR spectrum indicates the presence
of secondary amine N-H stretching. '"H NMR spectrum
wherein a singlet peak at 810.5 for secondary amine
appeared and 'H NMR spectrum wherein a peek at &
7.65 for the NH, proton of the primary amine was
disappeared. The peak at 1200-1000 cm™ and 1420-1300

Table 3: Effect of tested compounds (50 mg/kg/day) relative to Vildagliptin (10 mg/kg/day) on random blood

glucose level in serum of rats.

Group st 7t 14t 21st 28t

normal control 98+3.0 95142 98 £1.5 105 £7.2 102 £3.2

Diabetic control 295 + 8.2 289+7.5 295+8.5 275+6.2 280+ 4.6
standard 280 + 6.5# 230+ 8.2 # 215+7.2B 205+4.1B 198 +3.4 B
Compound A-| 296+3.92# 246+4.82 # 232+6.95 B 227+4.64 B 223+3.72B

Compound A-Il 31524.27# 263+7.10 248+2.62 241+4.20 235+2.91
Compound A-llI 285 + 3.5# 233+ 6.3 # 220+7.5B 215+8.1B 209+3.7B
Compound A-IV 289+2.36# 237+3.1 # 222+3.62 B 216+2.20 B 212+5.67 B
Compound A-V 315+4.33# 263+2.1 # 258+4.65 B 250+5.02 B 243+3.44 B
Compound A-VI 312+2.14# 262+3.29 # 252+3.94 B 242+4.64 B 235+2.77 B
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Figure 1: Effect of test compound (50mg/kg) and Vildagliptin
(10mg/kg) on random blood glucose level in STZ-Nicotinamide
induced diabetes rats.

cm’ in the IR spectrum indicates the presence of the
sulphonyl group. The peak at ~2250 cm™ in the IR spec-
trum indicates the presence of the nitrile group. From
this characterization, A-II was confirmed. [M+H]" peak
at 354.04 of A-Il was confirmed from its ESI-MS
spectrum. The properties of the synthesized 1,3,4-oxadi-
azoles sulfonamides hybrids are summarized in Table 1.
Anti-hyperglycemic activity of all the synthesized
compounds (A-I to AVI) was carried out in HFD STZ-
Nicotinamide induced diabetic rats using Vildagliptin
as a standard drug (Table 3). Sulfonamides hybrid
compounds were evaluated with random blood glucose
levels. At the dose of 50mg/kg/day, the synthesized
compounds showed excellent reductions in glucose
levelsin rats after 14" days (Figure 1). Sulfonamide hybrid
compounds (A-I -A-VI ) are more effective at reducing
hyperglycemia in rats at 50 (mg/kg/day) than a control
rat administered only CMC.

CONCLUSION

Synthesized sulfonamides hybrids were characterized
by FT-IR, 1H-NMR, C13 NMR spectroscopy and CHN
analysis and evaluated for zz vivo antidiabetic activity.
In this study, 1,3,4-oxadiazoles sulfonamides hybrids
were discovered to be promising leads molecules for
constructing future compounds that have anti-diabetic
properties. It is expected that these molecules can be used
as antidiabetic drugs after their molecular investigation.
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High-fat diet; STZ: Streptozotocin; FTI-IR: Fourier-
transform infrared spectroscopy; TMS: Tetramethyl-
silane; "HNMR: Proton nuclear magnetic resonance;
BC NMR: Carbon-13 nuclear magnetic resonance;
MHz: Megahertzz, CDCIL,: Deuterochloroform;
MS: Mass spectroscopy; CMC: Carboxymethylcellu-
lose; Rf: Retention factor.
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SUMMARY

It is estimated that approximately 463 million adults
(20-79 years) have diabetes; by 2045, this number will
reach 700 million. The amount of issues was pro-
portional to the number of coexisting medication.
Hypoglycemia, gastrointestinal problems and weight
gain were the most common adverse events. In this
research, sulfonamides are prepared as a reaction
of sulfonyl chlorides with a 5-substituted 1,3,4-oxa-
diazole in ethanol as a solvent. The final synthesized
compounds were evaluated for their hypoglycemic
effects. Few compounds showed good antidiabetic
activity compared to the standard drug Vildagliptin.
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