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Abstract

The link connecting oxidative stress and diabetes is
unambiguous. From this perspective, this work was
conducted to utilize sulfamethoxazole (SMZ) as a precursor
to synthesize eight-based derivatives abbreviated as SMZ 1-
8. Structural identification, carried out using the traditional
spectroscopies, namely FTIR, 'H NMR, and *C NMR, was
ascertained the chemical frameworks of the synthesized
derivatives. The antioxidant and hypoglycemic impacts
of these derivatives were investigated to evaluate their
potential as antidiabetic candidates. The antioxidant impact
was assessed by following the capacity of the synthesized
SMZ derivatives to track down DPPH- and hydroxyl-reactive
species and subscribe an electron in a redox reaction. The
hypoglycemic impact was evaluated in vitro versus yeast a-
glucosidase and porcine a-amylase. The findings indicated
that substituting the phenolic azo group for the primary
amine moiety of SMZ caused a significant increase in the
antioxidant and hypoglycemic effects. Also, the synthesized
SMZ derivatives showed a similar style in their inhibitory
efficacy throughout the employed assays. Additionally,
SMZ-2 and SMZ-6 exhibited delightful antioxidant and
hypoglycemic impacts that are exceedingly related to the
applied standards. The authors stated that the synthesized
SMZ derivatives, notably SMZ-2 and SMZ-6, were intriguing
candidates for diabetes management and control due to
their potent antioxidant and hypoglycemic activities.
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Resumen

El vinculo que conecta el estrés oxidativo y la diabetes es
inequivoco. Desde esta perspectiva, este trabajo se llevo
a cabo para utilizar sulfametoxazol (SMZ) como precursor
para sintetizar derivados basados en ocho abreviados como
SMZ 1-8. La identificacion estructural, realizada utilizando
las espectroscopias tradicionales, a saber, FTIR, 1H NMR
y 13C NMR, permitié determinar las estructuras quimicas
de los derivados sintetizados. Se investigaron los impactos
antioxidantes e hipoglucemiantes de estos derivados para
evaluar su potencial como candidatos antidiabéticos. El
impacto antioxidante se evalud siguiendo la capacidad de
los derivados de SMZ sintetizados para rastrear especies
reactivas de DPPH e hidroxilo y suscribir un electrén en una
reaccion redox. El impacto hipoglucemiante se evalud in
vitro frente a a-glucosidasa de levadura y a-amilasa porcina.
Los hallazgos indicaron que la sustitucion del grupo amino
primario de SMZ por el grupo azo fendlico provoco un aumento
significativo en los efectos antioxidantes e hipoglucemiantes.
Ademas, los derivados de SMZ sintetizados mostraron
un estilo similar en su eficacia inhibidora a lo largo de los
ensayos empleados. Ademas, SMZ-2 y SMZ-6 exhibieron
efectos antioxidantes e hipoglucemiantes deliciosos que
estan muy relacionados con los estandares aplicados. Los
autores afirmaron que los derivados de SMZ sintetizados, en
particular SMZ-2 y SMZ-6, eran candidatos intrigantes para
el manejo y control de la diabetes debido a sus potentes
actividades antioxidantes e hipoglucemiantes.
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Introduction

Oxidative stress is an unavoidable side effect of living in a
high-oxygen environment. As a result of aerobic metabolism
and exposure to a variety of natural and synthetic toxins,
oxygen radicals and other activated oxygen species are
produced, which can damage proteins, nucleic acids, and cell
membranes’. Furthermore, there is emerging evidence that
the cumulative damage produced by reactive oxygen species
contributes to the development of a wide range of disorders?.

Antioxidants, which are chemicals that prevent biomolecules,
such as nucleic acids, carbohydrates, and proteins, from
oxidizing in the presence of low concentrations of free
radicals and serve to protect people from free radical
damage, have been a major study area in recent years 2.
Synthetic antioxidants are generally phenolic substances
that bind to free radicals and inhibit their block-chain
reactions. Compared with natural antioxidants, synthetic
ones are simple to use, dependable, affordable, long-lasting,
and portable. Furthermore, even at modest dosages, they
are extremely active*.

While most diabetes treatments are aimed at managing
hyperglycemia, decreasing oxidative stress has been
identified as an effective method of handling diabetes and its
consequences®. The efficiency of this method is supported
by increased oxidative damage to biomolecules, decreased
antioxidative defense mechanisms in diabetic patients, as
well as the potential of several antioxidants employed as
adjuvants in the treatment of Type 2 diabetes®. Besides,
there is a mass of evidence indicating that oxidative stress
is, at least partially responsible for the pathogenesis of Type
2 diabetes’. However, it is uncertain whether oxidative stress
is the main cause, a co-occurring event, or a byproduct of
diabetes development?.

Azo compounds are an important group of chemical
molecules with several uses®. The relevance of in vitro and in
silico biological research on these compounds is expanding
by the day, making a substantial contribution to science'®".
The functional group (-N=N-) is formed by uniting two
symmetrical and/or asymmetrical chemical entities using a
- straightforward diazotization and coupling method?2.

B Sulfonamide-based compound, of the chemical formula
SO,NH,, was the first medicine to be extensively utilized on
a large scale as a disease prevention and chemotherapeutic
agent’®. There are two sorts of sulfa-pharmaceuticals,
antibiotics and non-antibiotic sulfa drugs. During the
clinical examination of sulfonamides, several non-antibiotic
sulfonamides were found to be useful for managing a range
of illnesses involving diabetes'. Sulfamethoxazole has been
connected to oral hypoglycemic sulfonylurea, a scaffold
that stimulates insulin release. Also, sulfamethoxazole
and its derivatives may be a promising lead compound
for developing new anti-diabetic medicines’. As a result,
scientists are increasingly focused on the creation of new
sulfamethoxazole- and sulfonamide-based derivatives with
antioxidant and hypoglycemic characteristics for medical
and pharmaceutical applications’®.

Our goalis to develop novel azo-sulfamethoxazole derivatives
and evaluate their antioxidant characteristics by assessing
their capacity to trap DPPH- and hydroxyl-free radicals
while also contributing an electron in an oxidation-reduction
process. In addition, the hypoglycemic effect against yeast-
glucosidase and porcine-amylase was assessed in vitro.

Experimental
General aspects

The reagents, chemicals, and solvents needed to perform the
synthesis of SMZ derivatives and evaluate their antioxidant
and hypoglycemic properties were bought from a variety of
worldwide sources, including Chem-Lab, Scharlau, Labcorp,
Sigma-Aldrich,and Haihang. Onthe basis of the open-capillary
approach, the melting points (mp) of the manufactured
SMZ derivatives were reported using the electrically heated
IA9300 electronic melting point device. The approach named
“Thin-layer chromatography” (TLC) was used to follow the
implementation of the synthetic reactions and to show the
purity of the generated SMZ derivatives. In this approach, the
mobile and stationary portions were Millipore SigmaTM TLC-
Silica (F-254) Gel 60 and CH,Cl:MeOH (5:1) combination,
correspondingly. Standard spectrophotometers namely the
Bruker Avance-3 HD (300 MHz for proton and 75 MHz for
carbon) using deuterated DMSO as a solvent, Bruker FTIR-
a-ATR, and Bio-Cary 300 UV-Vis were used to determine
the 'TH-NMR, *C-NMR, IR, and A__ ranges of the generated
SMZ derivatives.

Synthesis of the target derivatives SMZ 1-8

In a beaker, 1.265 g of SMZ (5 mmol) was dissolved in a
combination of equal volume (10 ml) of conc. HCI and H,O.
The obtained solution was chilled by dipping in a crushed ice
bath, and the reaction temperature was maintained under 5°C
across the reaction. The chilled aqueous solution of natrium
nitrit (5 ml, 8.28 %) was poured into a dropping funnel and
dropped into the agitated acidic solution of SMZ in an ice
bath. The reaction temperature was maintained below 10°C
by introducing several grams of cracked ice as required'.

The resultant solution was agitated for 5 min in an ice bath
after the last addition. A combination consisting of a drop
of this solution and 4 drops of H,O was applied on a Ki-
starch paper. If no immediately blue color was generated at
the application site, 1 ml of natrium nitrit aqueous solution
(8.28%) was added, and the solution was examined after 5
min. More addition and monitoring were carried out till an
instantaneous blue coloration was attained to afford the
diazonium salt solution of SMZ'8.

In a beaker submerged in an ice bath, the phenol-based
compound (5 mmol) was treated with 10 ml of 10% aqueous
NaOH to obtain the phenolic solution. This solution was
agitated and the reaction temperature was maintained below



5°C with the help of the direct addition of broken ice. The
chilled diazonium salt solution was poured inside a dropping
funnel with several grams of broken ice and dropped to the
agitated phenolic solution in an ice bath. The colored solid
particles were segregated, filtered, washed with cold H,O
several times, and purified by re-crystallizing from EtOH'.

(E)-4-(N-(5-methylisoxazol-3-yl)-(4-Hydroxyphenyl)
diazenyl)-benzenesulfonamide (SMZ-1): mp= 180-182°C;
A, (EtOH)=436 nm; %yield=52; R=0.52; FTIR (v, stretching,
cm™): 3361 (N-H, sulfonamide), 3210 (O-H, phenolic), 3046
(C-H, alkene), 2894 (C-H, alkane), 1656 (C=C, isoxazole),
1622 (C=N, isoxazole), 1558 (C=C, aromatic), and 1428
(N=N, azo); '"H-NMR: 6= 9.02 (2H, d, H-9 and H-9’, J=6 Hz),
8.24 (2H, d, H-8 and H-8’, J=6 Hz), 7.97 (2H, d, H-13 and
H-17,J=6 Hz), 7.18 (2H, d, H-14 and H-16, J=6 Hz), 6.11 (1H,
s, H-4), 5.26 (1H, s, OH-15), 4.12 (1H, s, H-6), and 2.42 (3H,
s, H-5°) ppm; *C-NMR: &= 170.3 (C, C-5), 161.8 (C, C-15),
154.9 (C, C-10), 151.2 (C, C-3), 146.6 (C, C-12), 143.1 (C,
C-7), 129.4 (CH, C-8 and C-8’), 126.7 (CH, C-13 and C-17),
124.9 (CH, C-9 and C-9’), 119.4 (CH, C-14 and C-16), 98.0
(CH, C-4), and 14.6 (CH,, C-5’) ppm.

(E)-4-(N-(5-methylisoxazol-3yl)-(2,4-Dihydroxyphenyl)
diazenyl)-benzenesulfonamide (SMZ-2): mp= 202-204°C;
A . (EtOH)= 487 nm; %yield= 86; R=0.38; FTIR (v, stretching,
cm): 3360 (N-H, sulfonamide), 3213 (O-H, phenolic), 3042 (C-
H, alkene), 2890 (C-H, alkane), 1655 (C=C, isoxazole), 1623
(C=N, isoxazole), 1556 (C=C, aromatic), and 1425 (N=N, azo);
"H-NMR: 6= 9.01 (2H, d, H-9 and H-9’, J=6 Hz), 8.25 (2H, d,
H-8 and H-8’, J=6 Hz), 7.80 (1H, d, H-17, J=6 Hz), 6.86 (1H, s,
H-14), 6.74 (1H, d, H-16, J=6 Hz), 6.12 (1H, s, H-4), 5.26 (1H,
s, OH-15),5.12 (1H, s, OH-13), 4.13 (1H, s, H-6), and 2.42 (3H,
s, H-5’) ppm; *C-NMR: 6= 170.3 (C, C-5), 163.2 (C, C-15),
155.9 (C, C-13),154.6 (C, C-10), 151.2 (C, C-3), 143.2 (C, C-7),
129.4 (CH, C-8 and C-8’), 128.1 (C, C-17), 124.9 (CH, C-9 and
C-9’), 119.0 (C, C-12), 112.0 (CH, C-16), 107.1 (CH, C-14),
98.0 (CH, C-4), and 14.8 (CH,, C-5’) ppm.

(E)-4-(N-(5-methylisoxazol-3-yl)-(4-Hydroxy-2-
methoxyphenyl)diazenyl)-benzenesulfonamide (SMZ-3):
mp=190-192°C; A __ (EtOH)= 480 nm; %yield= 82; R= 0.56;
FTIR (v, stretching, cm™): 3356 (N-H, sulfonamide), 3210 (O-
H, phenolic), 3040 (C-H, alkene), 2915, 2890 (C-H, alkane),
1658 (C=C, isoxazole), 1621 (C=N, isoxazole), 1555 (C=C,
aromatic), 1426 (N=N, azo), and 1216, 1057 (C-O-C, aryl-
alkyl ether); '"H-NMR: 6= 9.03 (2H, d, H-9 and H-9’, J=6 Hz),
8.26 (2H, d, H-8 and H-8’, J=6 Hz), 7.86 (1H, d, H-17, J=6
Hz), 6.90 (1H, s, H-14), 6.73 (1H, d, H-16, J=6 Hz), 6.12 (1H,
s, H-4), 5.25 (1H, s, OH-15), 4.14 (1H, s, H-6), 3.94 (3H, s,
OCH,-13), and 2.44 (3H, s, H-5") ppm; *C-NMR: 6= 170.4 (C,
C-5), 162.8 (C, C-15), 156.9 (C, C-13), 154.5 (C, C-10), 151.1
(C, C-38), 143.3 (C, C-7), 129.2 (CH, C-8 and C-8’), 127.7 (C,
C-17), 124.6 (CH, C-9 and C-9’), 111.7 (CH, C-16), 117.4 (C,
C-12), 105.5 (CH, C-14), 98.2 (CH, C-4), 56.6 (CH,, OCH,-
13), and 14.5 (CH,, C-5’) ppm.

(E)-4-(N-(5-methylisoxazol-3-yl)-(4-Hydroxy-2-
methylphenyl)diazenyl)-benzenesulfonamide  (SMZ-4):
mp=209-211°C; A __ (EtOH)= 425 nm; %yield= 76; R= 0.53;
FTIR (v, stretching, cm™): 3353 (N-H, sulfonamide), 3212
(O-H, phenolic), 3036 (C-H, alkene), 2895 (C-H, alkane),
1657 (C=C, isoxazole), 1622 (C=N, isoxazole), 1558 (C=C,
aromatic), and 1427 (N=N, azo); 'H-NMR: 6= 9.02 (2H, d,
H-9 and H-9°, J=6 Hz), 8.28 (2H, d, H-8 and H-8’, J=6 Hz),
7.85 (1H, d, H-17, J=6 Hz), 7.33 (1H, s, H-14), 6.98 (1H, d,
H-16, J=6 Hz), 6.14 (1H, s, H-4), 5.26 (1H, s, OH-15), 4.13
(1H, s, H-6), 2.73 (3H, s, CH,-13), and 2.44 (3H, s, H-5’) ppm;
BC-NMR: 6=170.2 (C, C-5), 160.2 (C, C-15), 154.6 (C, C-10),
151.4 (C, C-3), 1459 (C, C-12), 143.3 (C, C-7), 141.8 (C,
C-13), 129.2 (CH, C-8 and C-8’), 124.6 (CH, C-9 and C-9’),
120.3 (CH, C-16), 119.4 (C, C-17), 118.2 (CH, C-14), 98.2
(CH, C-4), 20.1 (CH,, CH_-13), and 14.6 (CH,, C-5’) ppm.

(E)-4-(N-(5-methylisoxazol-3-yl)-(2-Fluoro-4-
hydroxyphenyl)diazenyl)-benzenesulfonamide (SMZ-5):
mp=220-222°C; A (EtOH)= 466 nm; %yield= 42; R= 0.40;
FTIR (v, stretching, cm™): 3357 (N-H, sulfonamide), 3211
(O-H, phenolic), 3046 (C-H, alkene), 2884 (C-H, alkane),
1655 (C=C, isoxazole), 1621 (C=N, isoxazole), 1557 (C=C,
aromatic), 1426 (N=N, azo), and 1092 (C-F); 'H-NMR: 6=9.04
(2H, d, H-9 and H-9’, J=6 Hz), 8.30 (2H, d, H-8 and H-8’, J=6
Hz), 7.95 (1H, d, H-17, J=6 Hz), 7.46 (1H, s, H-14), 6.94 (1H,
d, H-16, J=6 Hz), 6.16 (1H, s, H-4), 5.29 (1H, s, OH-15), 4.13
(1H, s, H-6), and 2.45 (3H, s, H-5°) ppm; *C-NMR: 6= 170.0
(C, C-5), 163.4 (C, C-15), 158.3 (C, C-13), 154.7 (C, C-10),
151.5 (C, C-3), 143.5 (C, C-7), 134.4 (C, C-12), 129.1 (CH,
C-8 and C-8’), 128.3 (C, C-17), 124.8 (CH, C-9 and C-9’),
115.1 (CH, C-16), 107.5 (CH, C-14), 98.2 (CH, C-4), and 14.6
(CH,, C-5’) ppm.

(E)-4-(N-(5-methylisoxazol-3-yl)-(2-Chloro-4-
hydroxyphenyl)diazenyl)-benzenesulfonamide (SMZ-6):
mp= 196-198°C; A__ (EtOH)= 441 nm; %yield= 47; R= 0.42;
FTIR (v, stretching, cm™): 3354 (N-H, sulfonamide), 3216
(O-H, phenolic), 3046 (C-H, alkene), 2886 (C-H, alkane),
1654 (C=C, isoxazole), 1623 (C=N, isoxazole), 1553 (C=C,
aromatic), 1427 (N=N, azo), and 984 (C-Cl); '"H-NMR: 6= 9.05
(2H, d, H-9 and H-9’, J=6 Hz), 8.28 (2H, d, H-8 and H-8’, J=6
Hz), 7.91 (1H, d, H-17, J=6 Hz), 7.51 (1H, s, H-14), 7.05 (1H,
d, H-16, J=6 Hz), 6.15 (1H, s, H-4), 5.29 (1H, s, OH-15), 4.13
(1H, s, H-6), and 2.44 (3H, s, H-5’) ppm; *C-NMR: 6= 170.2
(C, C-5), 159.7 (C, C-15), 154.6 (C, C-10), 151.4 (C, C-3),
147.8 (C, C-12), 143.5 (C, C-7), 132.2 (C, C-13), 129.1 (CH,
C-8 and C-8’), 128.1 (C, C-17), 124.7 (CH, C-9 and C-9’),
120.2 (CH, C-14),117.6 (CH, C-16), 98.3 (CH, C-4), and 14.6
(CH,, C-5’) ppm.

(E)-4-(N-(5-methylisoxazol-3-yl)-(2-Bromo-4-
hydroxyphenyl)diazenyl)-benzenesulfonamide (SM2Z-7):
mp= 187-189°C; A__ (EtOH)= 429 nm; %yield= 48; R= 0.44;

max




FTIR (v, stretching, cm™): 3353 (N-H, sulfonamide), 3210
(O-H, phenolic), 3043 (C-H, alkene), 2885 (C-H, alkane),
1655 (C=C, isoxazole), 1622 (C=N, isoxazole), 1556 (C=C,
aromatic), 1426 (N=N, azo), and 901 (C-Br); '"H-NMR: 6=9.04
(2H, d, H-9 and H-9’, J=6 Hz), 8.27 (2H, d, H-8 and H-8’, J=6
Hz), 7.86 (1H, d, H-17, J=6 Hz), 7.56 (1H, s, H-14), 7.11 (1H,
d, H-16, J=6 Hz), 6.16 (1H, s, H-4), 5.31 (1H, s, OH-15), 4.13
(1H, s, H-6), and 2.44 (3H, s, H-5’) ppm; *C-NMR: 6= 170.3
(C, C-5), 159.6 (C, C-15), 154.5 (C, C-10), 151.5 (C, C-3),
150.7 (C, C-12), 143.5 (C, C-7), 129.1 (CH, C-8 and C-8’),
128.9 (C, C-17), 124.6 (CH, C-9 and C-9’), 122.7 (CH, C-14),
118.5 (CH, C-16), 115.3 (C, C-13), 98.3 (CH, C-4), and 14.5
(CH,, C-5’) ppm.

(E)-4-(N-(5-methylisoxazol-3-yl)-(2-lodo-4-
hydroxyphenyl)diazenyl)-benzenesulfonamide (SMZ-8):
mp=177-179°C; A __ (EtOH)= 428 nm; %yield= 49; R= 0.45;
FTIR (v, stretching, cm™): 3355 (N-H, sulfonamide), 3212
(O-H, phenolic), 3044 (C-H, alkene), 2883 (C-H, alkane),
1654 (C=C, isoxazole), 1625 (C=N, isoxazole), 1559 (C=C,
aromatic), 1428 (N=N, azo), and 826 (C-I); 'H-NMR: 6= 9.04
(2H, d, H-9 and H-9’, J=6 Hz), 8.27 (2H, d, H-8 and H-8’,
J=6 Hz), 7.77 (1H, s, H-14), 7.68 (1H, d, H-17, J=6 Hz), 7.16
(1H, d, H-16, J=6 Hz), 6.15 (1H, s, H-4), 5.30 (1H, s, OH-15),
412 (1H, s, H-6), and 2.45 (3H, s, H-5’) ppm; *C-NMR: 6=
170.4 (C, C-5), 163.4 (C, C-15), 156.3 (C, C-12), 154.5 (C,
C-10), 151.5 (C, C-3), 143.6 (C, C-7), 129.2 (CH, C-8 and
C-8’), 128.3 (C, C-17), 125.9 (CH, C-14), 124.7 (CH, C-9 and
C-9’), 118.7 (CH, C-16), 98.4 (CH, C-4), 87.3 (C, C-13), and
14.5 (CH,, C-5’) ppm.

Assessment of the antioxidant activity

The amplitudes of the generated SMZ derivatives to liquidate
the free radicals of DPPH (1,1-diphenyl-2-picryl-hydrazyl)
and hydroxyl moieties, and donate an electron in redox
reaction were monitored utilizing L-ascorbic acid (Vit. C) as
a standard. From a parent mixture (2 mg/ml), solutions of the
following ten concentrations were prepared using DMSO as
a thinner: 1000, 750, 500, 250, 125, 100, 50, 25, 12.5, and
6.25 pg/ml. For each tested entity including SMZ, standard,
and generated SMZ derivatives, the liquidating percentage
(L%) values of the applied concentrations were quantified
based on the following mathematical equation:

The signifiersAbs . andAbs . referred to the observed
absorptions at a defined colored wavelength of the control
and tested sample, respectively 2°.

The measure named liquidating activity was symbolized
as LC,, and represented the concentration of the chemical
entity at which half of the free radicals was neutralized or half
of the oxidized iron particles was reduced. This measure was
specified by plotting the linkage among L% values and their
corresponding logarithmic concentrations through a non-
linear regression 2'.

DPPH-free radical liquidating assay

The examined solution (1.5 ml) was combined at a specific
concentration with ethanolic DPPH solution (0.5 ml, 0.1
mM). To shield it from daylight, the combined solution was
layered by aluminum platelet, and the covered system was
held at 25°C for half an hour. The capacity of the examined
solution to obliterate the DPPH violet color was assessed
colorimetrically at 517 nm. The control solution was
composed of 0.5 ml ethanolic DPPH solution plus 1.5 ml of
the diluting solvent?2,

Hydroxyl-free radical liquidating assay

The examined solution (1.5 ml) at a defined concentration
was combined with 2.4 ml of the buffer named potassium
phosphate (0.2M, pH 7.8). To this combination, 60 pl of
0.001 M ferric chloride, 90 pl of 0.001 M pyridino[3,2-h]
quinoline, and 150 pl of 0.17 M hydrogen dioxide were
added successively. The resulted mixture was maintained at
25°C for 5 min and examined colorimetrically at 560 nm. The
control solution was composed of all the above-mentioned
components, but the examined solution was replaced with
the diluting solvent?3,

Total reducing capacity

The examined solution (1 ml) at a defined concentration
was combined with 2 ml of the buffer named potassium
phosphate (0.2M, pH 6.6) and 2 ml aqueous potassium
ferricyanide solution (1%). The combination was kept for
20 min in a thermo-digital water bath monitored at 50°C.
Afterthought, the progress of the interaction was arrested
by adding 2 ml aqueous trichloroacetic acid solution (10%).
The resultant mixture was centrifuged at 2000 rpm for 10
min. To a combination of 2 ml H,0 and 0.4 ml aqueous ferric
chloride solution (0.01%), a 2 ml supernatant was added.
The resulted combination was kept at 25°C for 10 min and
assessed colorimetrically at 700 nm. The control solution was
prepared as the tested mixture but the examined solution
was replaced with the diluting solvent?*.

Assessment of the hypoglycemic activity

This effect was assessed in vitro by examining the inhibitory
impact of the generated SMZ derivatives versus two enzyme
phenotypes known to be involved in controlling the blood
glucose level, namely yeast a-glucosidase and porcine
a-amylase. The measure used to specify this effect termed
IC,,, which is defined as the concentration of the generated
SMZ derivative required to inhibit the enzyme activity by 50%
under test conditions. Before initiating these two assays,
various concentrations were prepared from a parent solution
(2 mg/ml). The prepared concentrations including 1000, 500,
250, 125, 100, 50, 25, 12.5, and 6.25 ug/ml were prepared by
using DMSO as a thinner®.



Yeast a-glucosidase inhibiting assay

An equal volume (20 pl) of specific concentration of the
examined solution and phosphate buffer solution containing
a-glucosidase enzyme (0.1 unit/ml) were mixed. The substrate
compound named 4-nitrophenyl-a-D-glucopyranoside was
dissolved in a phosphate buffer solution (pH 6.8) achieving
a final concentration of 375 pM. Subsequently, 40 pl of
the substrate solution was added and incubated with the
prepared test solution-enzyme mixture at 37°C for half an
hour. The progress of the interaction was arrested by adding
phosphate buffer solution containing Na,CO, (80 pl, 0.2 M)
to the tested mixture. The capacity of the SMZ derivative to
inhibit the enzyme activity was detected colorimetrically at
405 nm, and the percentage of this inhibition was calculated
by applying the incoming formula:

a — Glucosidase inhibitory % = AbSconnol — ADSsample + AbSconto1 X 100

Acarbose was employed as a standard, while the control
solution was prepared as the tested mixture but the examined
solution was replaced with DMSO 26,

Porcine a-amylase inhibiting assay

An equal volume (20 pl) of specific concentration of the
examined solution and phosphate buffer solution containing
a-amylase enzyme (2 unit/ml) were mixed. The substrate
compound named starch was dissolved in a phosphate
buffer solution (pH 6.8) achieving a final volume of 2 ml with
a concentration of 0.5 mM. Subsequently, the tested mixture
was incubated at 25°C for 10 min. The progress of the
interaction was arrested by adding 2 ml of finishing reagent,

which was a 0.4 M aqueous NaOH solution containing
3,5-dinitrosalicylic acid (1%) and anhydrous sodium
potassium tartrate (12%). The resultant mixture was heated
in a boiling water bath for 15 min, diluted with H,O achieving
the final volume of 10 ml, and cooled to 25°C using an
aqueous ice bath. The capacity of the examined solution to
inhibit the enzyme activity was measured colorimetrically at
540 nm, and the percentage of this inhibition was calculated
by applying the incoming formula:

o — Amylase inhibitory % = AbS ool — AbSaample = AbSconiral X 100
Acarbose was employed as a standard, while the control

solution was prepared as the tested mixture but the examined
solution was replaced with DMSO?".

Results and Discussion

Chemical synthesis

In a synthesis of SMZ derivatives, natrium nitrit was used to
transform SMZ to its corresponding diazonium salt. The latter
was then coupled with various phenolic-based compounds
to afford the target SMZ derivatives #2°. One of the most
observable characteristics in the synthesis was the significant
variation in the %yield. The order of decreasing regarding
this percentage was SMZ-2, -3, -4, -1, -8, -7, -6, and -5. The
authors attributed this feature to the nucleophilicity of the
phenolic aromatic ring that decreases in the same direction
30-33 Scheme 1 illustrates the schematic preparative steps
utilized in the synthesis of the target SMZ derivatives.

Scheme 1. Schematic representation for synthesizing SMZ derivatives.

H,N

4-amino-N-(5-methylisoxazol-3-yl)benzenesulf onamide
sSMz

G
13
14
15
HO N

Phenolic derivative

H Coupling reaction

SMz-1: G=H, sMz-2: G=0H, smz-3:G=0CH,» smz-4:G=CH,

smMz-5:G=F, smz-6:G=Cl,

Smz-7: G =B,

SmMz-8:G=1
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Assessment of the antioxidant activity

Antioxidant research has gotten a lot of attention in the medical
current history because of its possible involvement in the
prevention and control of numerous diseases that influence
human health 343%. Since the link connecting oxidative
stress and diabetes is undeniable, the development of new
synthetic antioxidants has attracted the medical community’s
interest®-38,

The antioxidant potential of the target SMZ derivatives was
determined by observing their ability to capture DPPH and
hydroxyl reactive species and contribute an electron in the
electron transfer oxidation-reduction process.

The results, presented in Table 1 and illustrated graphically
in Figure 1, showed four noticeable aspects. The first is that
SMZ had low antioxidant activity under the circumstances of
the tests employed. Second, replacing the primary aromatic
amine of SMZ with the phenolic azo moiety resulted in a
considerable elevation in the SM2Z’s antioxidant activity®.
Third, the synthesized SMZ derivatives followed a similar
pattern in their ability to quench the utilized reactive species
and donate an electron in the applied redox reaction. This
pattern is SMZ-2, SMZ-6, SMZ-3, SMZ-4, SMZ-1, SMZ-8,
SMZ-7, and SMZ-5. From this order, the authors concluded
that the electron releasing/withdrawing property of the group
ortho to the aromatic azo moiety has a significant influence on
the antioxidant activity of the synthesized SMZ derivatives.
Accordingly, except for SMZ-6, the presence of the electron-
donating group in that position has a positive impact, while
the electron-withdrawing group plays a negative role*. Also,
the antioxidant ac xcvbnminol-related ring in the
chemical backbone of this compz=,mnbvc zxcvb cv mnbvc
zxcound. The relation between this structural feature and
the antioxidant activity has been also documented in many
isolated natural products®'.

Table 1. The findings of three independent experiments used

to investigate the antioxidant capacity of the SMZ and its
synthesized derivatives.

Figure 1. Diagrammatic representation of the findings acquired

from testing the antioxidant activity of the SMZ and its
synthesized derivatives.

Assessment of the hypoglycemic activity

Diabetes mellitus (DM) is one of the most riskiest-,
exhausted-, chronic-diseases that is developing worldwide
with a substantial rise in obesity, unhealthy lifestyle, and
aging*. One approach for dealing with this metabolic disorder
is through interfering with its pathogenesis involving the
aberrant releasing of reactive harmful molecules*. Based on
this approach and after assessing their antioxidant activity,
the hypoglycemic impact of the synthesized SMZ derivatives
was explored. This impact was detected by monitoring
the strength of these derivatives to suppress two enzymes
involved in the regulation of blood glucose, namely porcine
a-amylase and yeast a-glucosidase.

The findings, which are provided in Table 2 and visually shown
in Figure 2, revealed four remarkable points. First, considering
the conditions of the conducted experiments and comparing
with standard, SMZ exhibited a weak hypoglycemic impact,
but its synthetic derivatives had a moderate-to-good activity.
Second, substituting the phenolic azo moiety for the primary
aromatic amine of SMZ caused a powerful improvement in its
hypoglycemic efficacy. Third, the order, which is closely related
to that reported for the antioxidant activity, of hypoglycemic
effect concerning the synthesized SMZ derivatives followed

LC_+SD a comparable modality in their capacity for inhibiting the two
44 i q H
Symbol DPPH-radical Hydroxyl-radical | Total reducing test enzymes*. Four, of the syntheS|zeq SMZ derlva.tlve.s,
liquidating effect liquidating effect effect the SMZ-2 has the greatest hypoglycemic impact, which is
Vit. 48.59 + 0.89 50.35 = 0.82 4819004 | roughly comparable to that of the standard.
SMzZ 612.46 + 0.81 620.38 + 0.88 597.92 + 1.04
= = & Table 2. The results of three different runs utilized to study the
SMZ-1 361.70 + 0.82 387.61+0.93 369.14 +1.02 hypoglycemic activity of SMZ and its synthetic derivatives.
SMZ-2 112.58 + 0.94 118.92 + 0.91 109.55 + 1.07 IC. +SD
SMZ-3 187,12 + 0.96 192.73 + 0.89 190.37 + 0.86 Symbol |a-Glucosidase inhibiting effect| a-Amylase inhibiting effect
SMz-4 197.91 + 0.79 201.04 + 0.91 194.83 + 0.94 Acarbose 284.16 + 0.93 265.34 + 0.90
SMZ 675.21 + 1.04 669.04 + 0.96
SMZ-5 389.18 + 0.85 396.03 + 0.84 386.25 + 1.02
= = * SMz-1 380.34 = 1.01 372.27 £ 1.05
SMZ-7 373.17 £ 1.05 388.68 + 0.98 380.56 + 0.89 SMz-3 356.38 + 0.99 354.19 + 1.03
SMz-8 366.59 + 0.81 380.34+0.98 | 376.12 + 0.90 SM2Z-4 365.79 + 0.98 360.93 + 0.89
SMZ-5 422.62 + 0.97 419.49 + 0.90
LC,, was quantified in ug/ml, and each run was accomplished in three separate SMZ-6 342.68 + 1.05 335.16 + 1.01
trials (n=3). SMzZ-7 402.70 + 1.03 401.11 + 0.98
SMZ-8 407.54 + 1.04 405.08 + 0.91

IC,, was quantified in pg/ml, and each trials was accomplished in three separate
trials (n=3).



Figure 2. Diagrammatic representation of the outcomes obtained

from assessing the hypoglycemic activity of the SMZ and its
synthesized derivatives.

Conclusion

The use of SMZ as a starting material to produce eight-based
derivatives was successful in this study. The observations
indicated that the synthesized SMZ derivatives, particularly

SMZ-2 and SMZ-6, had substantial

antioxidant and

hypoglycemic characteristics when matched to SMZ and
standards, suggesting them potential candidates for treating
diabetes. These derivatives also offered a new functional
scaffold that could be used to create new bioactive medicines
to address this metabolic ailment.

References

1

Radi R. Oxygen radicals, nitric oxide, and peroxynitrite: Redox
pathways in molecular medicine. Proc Natl Acad Sci U S A
2018;115:5839-5848.

Chelombitko MA. Role of Reactive Oxygen Species in Inflammation:
A Minireview. Moscow Univ Biol Sci Bull 2018;73:199-202.

Gulcin i. Antioxidants and antioxidant methods: an updated
overview. , 2020 doi:10.1007/s00204-020-02689-3.

Nejadmansouri M, Majdinasab M, Nunes GS, et al. An overview
of optical and electrochemical sensors and biosensors for analysis
of antioxidants in food during the last 5 years. , 2021 doi:10.3390/
s21041176.

Dayma V, Chopra J, Sharma P, et al. Synthesis, antidiabetic,
antioxidant and  anti-inflammatory  activities of  novel
hydroxytriazenes based on sulpha drugs. Heliyon 2020;6:€04787.

Song F, Jia W, Yao Y, et al. Oxidative stress, antioxidant status
and DNA damage in patients with impaired glucose regulation and
newly diagnosed type 2 diabetes. Clin Sci 2007;112:599-606.

Oluwafemi Omoniyi Oguntibeju. Type 2 diabetes mellitus, oxidative
stress and inflammation: examining the links. Int J Physiol
Pathophysiol Pharmacol 2019;11:45-63.

Jezek P, Jablrek M, Plecita-Hlavata L. Contribution of Oxidative
Stress and Impaired Biogenesis of Pancreatic B-Cells to Type 2
Diabetes. Antioxidants Redox Signal 2019;31:722-751.

Aljamali NM. Review in Azo Compounds and its Biological Activity.

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

Biochem Anal Biochem 2015;04:1-4.

Benkhaya S, M’rabet S, El Harfi A. Classifications, properties,
recent synthesis and applications of azo dyes. Heliyon 2020;6.
doi:10.1016/j.heliyon.2020.e03271.

Mustafaa YF, Khalii R, Mohammed T. Effects of structural
manipulation on the bioactivity of some coumarin-based products.
Arch razi 2021;76:1297-1305.

Patil CJ, Nehete CA. The azo derivatives of salicylic acid. Int J
Pharm Sci Rev Res 2015;33:248-256.

Kotaczek A, Fusiarz |, Lawecka J, et al. Biological activity and
synthesis of sulfonamide derivatives: A brief review. Chemik
2014;68:620-628.

Strom BL, Schinnar R, Apter AJ, et al. Absence of Cross-Reactivity
between Sulfonamide Antibiotics and Sulfonamide Nonantibiotics.
N Engl J Med 2003;349:1628-1635.

Maity S, Mukherjee K, Banerjee A, et al. Inhibition of Porcine
Pancreatic Amylase Activity by Sulfamethoxazole: Structural and
Functional Aspect. Protein J 2016;35:237-246.

Ji'Y, Chen X, Chen H, et al. Designing of acyl sulphonamide based
quinoxalinones as multifunctional aldose reductase inhibitors.
Bioorganic Med Chem 2019;27:1658-1669.

Mustafa YF, Mohammed NA. A promising oral 5-fluorouracil
prodrug for lung tumor: Synthesis, characterization and releas.
Biochem Cell Arch 2021;21:1991-1999.

Mustafa YF, Khalil RR, Mohammed ET. Synthesis and antitumor
potential of new 7-halocoumarin-4-acetic acid derivatives. Egypt J
Chem 2021;64:3711-3716.

Mustafa YF, Mohammed ET, Khalil RR. Synthesis, characterization,
and anticoagulant activity of new functionalized biscoumarins.
Egypt J Chem 2021;64:4461-4468.

Jumintono J, Alkubaisy S, Yanez Silva D, et al. Effect of cystamine
on sperm and antioxidant parameters of ram semen stored at 4 °C
for 50 hours. Arch Razi Inst 2021;76:981-989.

Oglah MK, Kahtan Bashir M, Fakri Mustafa Y, et al. Synthesis and
biological activities of 3,5-disubstituted-4-hydroxycinnamic acids
linked to a functionalized coumarin. Syst Rev Pharm 2020;11:717-
725.

Mustafa YF, Mohammed ET, Khalil RR. Antioxidant and antitumor
activities of methanolic extracts obtained from Red Delicious and
Granny Smith apples’ seeds. Syst Rev Pharm 2020;11:570-576.

Bashir MK, Mustafa YF, Oglah MK. Synthesis and antitumor activity
of new multifunctional coumarins. Period Tche Quim 2020;17:871—
883.

Nejres AM, Ali HK, Behnam SP, et al. Potential effect of ammonium
chloride on the optical physical properties of polyvinyl alcohol. Syst
Rev Pharm 2020;11:726-732.

Mohammed ET, Mustafa YF. Coumarins from Red Delicious apple
seeds : Extraction, phytochemical analysis, and evaluation as
antimicrobial agents. Syst Rev Pharm 2020;11:64-70.

Tao Y, Zhang Y, Cheng Y, et al. Rapid screening and identification
of a-glucosidase inhibitors from mulberry leaves using enzyme-
immobilized magnetic beads coupled with HPLC/MS and NMR.
Biomed Chromatogr 2013;27:148-155.

Krishnasamy G, Muthusamy K. In vitro evaluation of antioxidant
and antidiabetic activities of Syzygium densiflorum fruits. Asian

L] | | www.revistaavit.com J

ISSN 2610-7988

Volumen 41, namero 2, 2022

©
9
=
5
L
o
©
o
'—
>
8
=)
)
3
©
S
=
(]
(N
(3]
°©
o
o
<
&
(]
N
(]
5]
>
[
o
2
=
3]
o
<
l—
=




28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

Pacific J Trop Dis 2015;5:912-917.

Mustafa YF, Bashir MK, Oglah MK. Original and innovative advances
in the synthetic schemes of coumarin-based derivatives: A review.
Syst Rev Pharm 2020;11:598-612.

Aldewachi H, Mustafa YF, Najm R, et al. Adulteration of Slimming
Products and its Detection Methods. Syst Rev Pharm 2020;11:289-
296.

Oglah MK, Mustafa YF. Synthesis, antioxidant, and preliminary
antitumor activities of new curcumin analogues. J Glob Pharma
Technol 2020;12:854-862.

Khalil RR, Mustafa YF. Phytochemical, antioxidant and antitumor
studies of coumarins extracted from Granny Smith apple seeds by
different methods. Syst Rev Pharm 2020;11:57-63.

Bashir MK, Mustafa YF, Oglah MK. Antitumor, antioxidant, and
antibacterial activities of glycosyl-conjugated compounds: A
review. Syst Rev Pharm 2020;11:175-187.

Mustafa YF, Oglah MK, Bashir MK. Conjugation of sinapic acid
analogues with 5- Fluorouracil: Synthesis, preliminary cytotoxicity,
and release study. Syst Rev Pharm 2020;11:482-489.

Mustafa YF, Abdulaziz NT. Biological potentials of hymecromone-
based derivatives: A systematic review. Syst Rev Pharm
2020;11:438-452.

Mustafa YF, Abdulaziza NT, Jasima MH. 4-Methylumbelliferone and
its derived compounds: A brief review of their cytotoxicity. Egypt J
Chem 2021;64:1807-1816.

Mustafa YF, Bashir MK, Oglah MK, et al. Bioactivity of some natural
and semisynthetic coumarin derived compounds. NeuroQuantology
2021;19:129-138.

Mustafa YF, Abdulaziz NT. Hymecromone and its products
as cytotoxic candidates for brain cancer: A brief review.
NeuroQuantology 2021;19:175-186.

Mustafa YF. Classical approaches and their creative advances
in the synthesis of coumarins: A brief review. J Med Chem Sci
2021;4:612-625.

Mahmood AAJ, Mustafa YF, Abdulstaar M. New coumarinic azo-
derivatives of metoclopramide and diphenhydramine: Synthesis
and in vitro testing for cholinesterase inhibitory effect and protection
ability against chlorpyrifos. Int Med J Malaysia 2014;13:3-12.

Mustafa YF, Khalil RR, Mohammed ET. Antimicrobial activity of
aqueous extracts acquired from the seeds of two apples’ cultivars.
Syst Rev Pharm 2020;11:382-387.

Mustafa YF, Kasim SM, Al-Dabbagh BM, et al. Synthesis,
characterization and biological evaluation of new azo-coumarinic
derivatives. Appl Nanosci 2021. doi:10.1007/s13204-021-01873-w.

Oueslati MH, Guetat A, Bouajila J, et al. Deverra tortuosa (Desf.) DC
from Saudi Arabia as a new source of marmin and furanocoumarins
derivatives with a-glucosidase, antibacterial and cytotoxic
activities. Heliyon 2021;7. doi:10.1016/j.heliyon.2021.e06656.

Poovitha S, Parani M. In vitro and in vivo a-amylase and
a-glucosidase inhibiting activities of the protein extracts from
two varieties of bitter gourd (Momordica charantia L. BMC
Complement Altern Med 2016;16:1-8.

Kim YM, Wang MH, Rhee HI. A novel a-glucosidase inhibitor from
pine bark. Carbohydr Res 2004;339:715-717.





