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, characterization and in vitro, in
vivo and in silico antimicrobial and
antiinflammatory activities of a new series of
sulphonamide and carbamate derivatives of
a nebivolol intermediate†

K. Uma priya,‡a Ch. Venkataramaiah, ‡*bc N. Y. Sreedhara and C. Naga Raju*a

A series of new sulphonamide and carbamate derivatives of Nebivolol drug intermediate (5) were designed

and synthesized by reacting various biopotent sulphonylchlorides and chloroformates. The synthesized

compounds are structurally characterized by spectral (IR, 1H & 13C NMR and mass) and screened for their

in vitro antimicrobial activity against four bacterial and three fungal strains, in vitro and in vivo

antiinflammatory activity against LPS-induced inflammation in RAW 264.7, in vitro COX-1 and COX-2

inhibition potentiality, antagonistic profiles of carrageenan induced paw edema and cotton pellet

induced granuloma in rat. Further, the compounds were screened for their antimicrobial and

antiinflammatory activity against DNA gyrase A, COX-1 and COX-2 by using molecular docking

approach. The bioactivity and toxicity risks were analysed through Molecular Operating Environment.

The results revealed that the compounds 8b, 8c, 8d, 8e, 8f, 8g and 9a exhibited the most promising

antimicrobial activity against all the bacterial and fungal strains tested when compared with the standard

drugs streptomycin and fluconazole. In view of in antiinflammatory activity, the compounds, 8b, 8c, 8d,

8e, 8f, 8g and 9a have shown potent antiinflammatory activity by inhibiting the LPS-induced

inflammation in RAW 264.7 cell line, concentration dependent inhibition of COX-1 and COX-2, dose

response dependent antagonism of carrageenan induced paw edema and granuloma tissue in rat.

Molecular docking, ADMET and QSAR studies predicted that the recorded in silico profiles are in strong

correlation with in vitro and in vivo antimicrobial and antiinflammatory results. In addition, the elevated

toxicology risks of the title compounds are identified with in the potential limits of drug candidates.

Hence, it is suggested that the synthesized derivatives will stand as the promising antimicrobial and anti-

inflammatory drug candidates in future.
1. Introduction

Fast and effective relief of pain and inammation in human
beings is a major challenge for medical researchers. Non-
steroidal antiinammatory drugs (NSAIDs) are important
therapeutic agents for the alleviation of pain and inamma-
tion associated with a number of pathological conditions.1 A
major mechanism of action of NSAIDs is lowering prosta-
glandin (PG) production through the inhibition of
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cyclooxygenase (COX); a key enzyme in PGs biosynthesis that
catalyzes the conversion of arachidonic acid into PGs and
thromboxanes.2 It was discovered that COX exists in two iso-
forms COX-1 and COX-2 which are regulated differently. COX-1
is a constitutive isoform; responsible for the production of
cytoprotective prostaglandins in the gastrointestinal tract (GI)
and proaggregatory thromboxane in blood platelets. However,
COX-2 is an inducible isoform which is induced in response to
the release of several proinammatory mediators.3–5 Most of
the classical NSAIDs such as aspirin act as nonselective
inhibitors of COX, inhibiting both the COX-1 and COX-2. The
chronic use of NSAIDs to treat pain and inammation is oen
accompanied by side effects such as gastric ulceration,
bleeding and renal impairment. It is believed that the COX-2
selective inhibitors will greatly reduce these side effects.6–8

Thus, the development of COX-2 selective inhibitors has led
attention to improve the therapeutic potency and to reduce the
RSC Adv., 2021, 11, 3897–3916 | 3897
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classical side effects associated with the use of conventional
NSAIDs.

Nebivolol is a highly cardioselective 3rd generation long
acting-1 blocker which is usually prescribed once a day as
monotherapy or in combination with other antihypertensive
drugs. It is only beta-blocker that has vasodilating properties
and is safely prescribed in diabetics patients too as it does not
have any adverse effect on insulin sensitivity and serum lipid
prole. It also does not cause sexual dysfunction like other
beta-blockers even though it improves sexual dysfunction in
diabetic patients. It also inhibits platelets aggregation,
improves endothelial and le ventricular systolic dysfunction,
and improves arterial stiffness, coronary and peripheral blood
ow in patients of angina, myocardial infarction, chronic
heart failure, and various arrhythmias.9,10 Apart from their
benecial effects on blood pressure, nebivolol has a very
strong antiinammatory and antioxidant potential. Nebivolol
reduces the level of various oxidative and inammatory
markers like oxidized LDL, 8-isoprostanes, CRP, interleukin 6
(IL-6), adiponectin, leptin, intercellular adhesions molecule
(ICAM-1), vascular cell adhesions molecule (VCAM-1), and
tumor necrosis factor-a in various clinical studies.11,12 Some
of the important beta blockers such as Acebutolol (Sectral) (1),
Bisoprolol (Zebetal) (2), Cromakalim (3), Visnadine (4),
Nebivolol (Bystolic) (5) are shown in Fig. 1. In addition,
numerous sulphonamide derivatives found to retain various
types of pharmacological activities such as antibacterial,13

antitumor,14 antihypersensitive,15 anti-inammatory,16 anti-
protozoal,17 antimitotic,18 hypoglycemic,19 carbonic anhy-
drase enzyme inhibitors,20 etc. besides, organic carbamates
are also valuable synthetic intermediates which are widely
used for a number of applications, including drug synthesis.
They constitute a versatile class of compounds used as
insecticides,21 fungicides, antibacterial,22 acaricides,23

molluscicides,24 sprout inhibitors or herbicides.25 Among the
highly marketed COX-2 inhibitors, celecoxib is the one which
is treated as a safe anti-inammatory and analgesic agent. It is
considered as a typical model of the diaryl heterocyclic
template that is known to selectively inhibit the COX-2
Fig. 1 A few of the selective b1-blockers.
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enzyme. On the other hand, the compounds with the back-
bone of nebivolol have been reported to possess various bio-
logical activities, including anti-inammatory, antimicrobial,
antifungal, antioxidant, and anticancer activities.26,27 The
combination of both the active scaffolds, nebivolol and
analogues of nebivolol, may provide synergistic effect to
improve the antiinammatory activity. These predictions
encouraged us to synthesize hybrid compounds containing
nebivolol scaffold. Hence, we have designed the synthesis of
a series of nebivolol derivatives, synthesized, and studied the
antimicrobial, antiinammatory activity proles using in
vitro, in vivo and in silico approaches.

2. Materials and methods
2.1. Chemistry

All the chemicals were purchased from Sigma-Aldrich and the
solvents from Merck. Thin layer chromatography was per-
formed on Merck 60F254 plates. Infrared spectra were recorded
on Bruker ALPHA Interferometer. Melting points of the
compounds were determined on Guna digital melting point
apparatus using open capillary tubes and are uncorrected. NMR
spectra were recorded on a Bruker instrument operating at 400
MHz for 1H and 100 MHz for 13C in DMSO-d6, TMS was used as
an internal standard. Chemical shi (d) and coupling constant
(J) were expressed in ppm and hertz respectively. LC mass
spectra were recorded on Agilent LCMS-model 2010A Shimadzu
instrument in positive mode. HRMS spectra were recorded on
Agilent HRMS instrument in positive mode.

2.1.1. General procedure for the synthesis of sulphona-
mide and carbamate derivatives of Nebivolol (8a–g & 9a–d).
Nebivolol intermediate (5) (211 mg, 0.001 mol) was dissolved in
dry THF (10 mL) and cooled to 10 �C. Triethylamine (0.0012
mol) in 5 mL of THF was added. 4-Fluorobenzenesulfonyl
chloride (6a) (302 mg, 0.001 mol) in 10 mL of THF was added
and then the reaction mixture was stirred at 40 �C for 4 h.
Reaction progress was monitored by TLC using n-hexane : ethyl
acetate (2 : 1). Aer completion of the reaction, it was ltered to
remove Et3N$HCl and the ltrate was concentrated in a rota-
evaporator. The crude product was partitioned between ethyl
acetate and water. The organic layer was dried over anhydrous
sodium sulfate, ltered and concentrated. The crude product
thus obtained was puried by column chromatography using n-
hexane : ethyl acetate (4 : 1). Same procedure was adopted for
the synthesis of the remaining compounds (8b–g & 9a–d).

N-((R)-2-((S)-6-Fluorochroman-2-yl)-2-hydroxyethyl)-4-
uorobenzenesulfonamide (8a). White solid; yield: 85%; mp 167–
170 �C; IR (vmax/cm

�1): 3503(OH), 3318(N–H), 3072(Ar–C–H),
1396, 1158(S]O), 1221, 976 cm�1; 1H-NMR (400 MHz, DMSO-
d6), d, ppm (J, Hz): 8.24 (1H, s, N–H),7.15–7.25 (4H, m, Ar–H),
6.71–6.86 (2H, m, Ar–H), 6.63–6.34 (1H, t, J ¼ 5.0 Hz), 5.33
(1H, s, OH), 3.77–3.84 (2H, m, –CH), 3.09–3.11 (2H, m, –CH2),
2.73–2.78 (2H, m, –CH2), 2.09–2.18 (2H, m, –CH2);

13C NMR (100
MHz, DMSO-d6) d, ppm (J, Hz): 167.4, 154.6, 151.0, 141.3, 130.6,
125.7, 119.8, 115.9, 115.2, 113.1, 77.6, 71.5, 46.4, 23.8, 22.2.; LC-
MS (m/z): 370 [M + H]+ .; anal. calcd for C17H17F2NO4S: C 55.28,
H 4.64, N 3.76; found: C 54.62, H 4.25, N 3.29.
© 2021 The Author(s). Published by the Royal Society of Chemistry
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4-Bromo-N-((R)-2-((S)-6-uorochroman-2-yl)-2-hydroxyethyl)
benzenesulfonamide (8b). White solid; yield: 79%; mp 195–
198 �C; IR (vmax/cm

�1): 3583(OH), 3388, 3203(N–H), 2930(Ar–C–
H), 1393, 1143(S]O), 1213, 964(S–N str) cm�1; H1-NMR (400
MHz, DMSO-d6), d, ppm (J, Hz): 8.23 (1H, s, N–H),7.87–7.72 (4H,
m, Ar–H), 6.89–6.83 (2H, m, Ar–H), 6.69–6.34 (1H, t, J ¼ 5.0 Hz),
5.19 (1H, s, OH), 3.89–3.83(1H, d, J ¼ 2.9 Hz), 3.83–3.79 (1H, m,
–CH), 3.69–3.53 (2H, m, –CH2), 2.77–2.71 (2H, m, –CH2), 2.10–
2.18 (1H, m, –CH2), 1.74–1.69 (1H, m, –CH2);

13C NMR (100
MHz, DMSO-d6) d, ppm (J, Hz): 155.0, 149.8, 141.6, 131.5, 128–5,
126.3, 119.8, 115.1, 113.3, 78.0, 70.8, 41.9, 23.8, 22.4.

N-((R)-2-((S)-6-Fluorochroman-2-yl)-2-hydroxyethyl)thiophene-2-
sulfonamide (8c). White solid; yield: 80%; mp 132–135 �C; IR
(KBr) (vmax/cm

�1) 3574, 3412, 3205, 2945, 1336, 1163, 1236, 987;
H1-NMR (400 MHz, DMSO-d6), d, ppm (J, Hz): 8.44 (1H, s, N–
H),7.59–7.43 (1H, d, J ¼ 5.9 Hz, Ar–H),7.35–7.12 (2H, m, Ar–H),
6.94–6.89 (2H, m, Ar–H), 6.53–6.34 (1H, t, J ¼ 4.9 Hz), 5.30
(1H, s, OH), 3.78–3.74 (1H, m, –CH), 3.34–3.58 (1H, m,–CH),
3.34–3.12 (2H, m, –CH2), 2.73–2.68 (2H, m, –CH2), 1.96–1.78
(2H, m, –CH2);

13C NMR (100 MHz, DMSO-d6) d, ppm (J, Hz):
155.4, 150.5, 127.7, 125.9, 125.6, 124.6, 119.8, 115.4, 113.0, 82.5,
71.5, 41.0, 23.5, 22.7.

4-Chloro-N-((R)-2-((S)-6-Fluorochroman-2-yl)-2-hydroxyethyl)-3-
nitrobenzenesulfonamide (8d). White solid; yield: 76%; mp 126–
129 �C; IR (KBr) (vmax/cm

�1): 3523, 3454, 3298,3198, 1539, 1331,
1147, 1228, 983. H1-NMR (400 MHz, DMSO-d6), d, ppm (J, Hz):
8.46 (1H, s, N–H),8.08–8.06 (2H, d, J ¼ 6.5 Hz, Ar–H), 7.97–7.99
(1H, t, J¼ 6.7 Hz, Ar–H), 6.90–6.84 (2H, m, Ar–H), 6.68–6.64 (1H,
m, Ar–H), 5.25 (1H, s, OH), 3.78–3.74 (1H, t, J ¼ 2.8 Hz, –CH),
3.39 (1H, s, –CH), 3.10–2.94 (2H, m, –CH2), 2.70–2.50 (2H, m,
–CH2), 2.03–1.67 (1H, m, –CH2);

13C NMR (100 MHz, DMSO-d6)
d, ppm (J, Hz): 155.3, 147.3, 138.0, 134.2, 131.7, 129.8, 125.8,
124.8, 111.8, 110.3, 81.5, 72.9, 41.9, 25.9, 21.9. LC-MS (m/z): 431
[M + H]+ .; anal. calcd for C17H16FN2O6S: C 47.39, H 3.74, N 6.50;
found: C 46.82, H 3.23, N 6.22.

N-((R)-2-((S)-6-Fluorochroman-2-yl)-2-hydroxyethyl)-3-
(triuoromethyl)benzenesulfonamide (8e). White solid; yield:
79%; mp 155–158 �C; IR (KBr) (vmax/cm

�1): 3533, 3267, 3065,
1321, 1121, 987; H1-NMR (400 MHz, DMSO-d6) d, ppm (J, Hz):
8.10 (1H, s, N–H),7.96(1H, s, Ar–H), 7.75–7.64 (3H, m, Ar–H),
6.94–6.86 (2H, m, Ar–H), 6.72–6.69 (1H, t, J ¼ 5.0 Hz), 5.36
(1H, s, OH), 3.91 (1H, brs), 3.83–3.71 (1H, m, –CH), 3.41–3.29
(2H, m, –CH2), 2.78–2.69 (2H, m, –CH2), 2.09–2.18 (1H, m,
–CH2),;

13C NMR (100 MHz, DMSO-d6) d, ppm (J, Hz):154.7,
149.5, 141.2, 130.3, 129.6, 129.2, 128.1, 125.9, 123.8, 122.2,
119.9, 115.4, 113.5, 77.9, 69.9,44.8, 23.8, 22.8.

N-((R)-2-((S)-6-Fluorochroman-2-yl)-2-hydroxyethyl)-2,4-
diuorobenzenesulfonamide (8f). White solid; yield: 81%; mp
135–138 �C; IR (KBr) (vmax/cm

�1): 3537, 3249, 3106, 1324, 1144,
1210, 969; H1-NMR (400 MHz, DMSO-d6) d, ppm (J, Hz): 8.58
(1H, s, N–H), 7.94–7.85 (1H, m, Ar–H) 7.74–7.29 (1H, m, Ar–H),
6.85–6.98 (1H, m, Ar–H), 6.79–6.65 (3H, m, Ar–H), 5.26 (1H, s,
OH), 3.87–3.84 (1H, m, –CH), 3.57–3.53 (1H, m, –CH), 3.12–3.02
(2H, m, –CH2), 2.81–2.69 (2H, m, –CH2), 2.14–1.91 (1H, m,
–CH2),;

13C NMR (100 MHz, DMSO-d6) d, ppm (J, Hz): 157.3,
© 2021 The Author(s). Published by the Royal Society of Chemistry
154.8, 152.6, 150.5, 129.1, 124–9, 121.2, 118.4, 115.4, 113.5,
110.9, 103.3, 76.9, 70.1, 41.1, 23.8, 22.5.

N-((R)-2-((S)-6-Fluorochroman-2-yl)2-hydoxyethyl)-2-
nitrobenzenesulfonamide (8g). White solid; yield: 80%; mp 134–
137 �C; IR (KBr) (vmax/cm

�1): 3543, 3294, 3160, 1506, 1347, 1154,
1238, 984; H1-NMR (400 MHz, DMSO-d6) d, ppm (J, Hz): 8.56
(1H, s, N–H),7.85–7.34 (4H, m, Ar–H), 6.89–6.75 (2H, m, Ar–H),
6.72–6.69 (1H, m, Ar–H), 5.38 (1H, s, OH), 3.86–3.77(1H, t, J ¼
2.9 Hz, –CH), 3.76–3.62 (1H, m, –CH), 3.42–3.39 (2H, m, –CH2),
2.84–2.76 (2H, brs, –CH2), 2.10–1.77 (2H, m, –CH2),;

13C NMR
(100 MHz, DMSO-d6) d, ppm (J, Hz): 156.4, 150.97, 148.6, 136.4,
132.5, 130.0, 126.7, 123.8, 121.2, 119.4, 115.3, 112.6, 77.0, 70.8,
42.1, 23.2, 21.9.

Methyl ((R)-2-((S)-6-uorochroman-2-yl)-2-hydroxyethyl)
carbamate (9a). White solid; yield:79%; mp 132–135 �C; IR
(KBr) (vmax/cm

�1): 3524,3246, 3148, 1717, 1232, 1080; H1-NMR
(400 MHz, DMSO-d6) d, ppm (J, Hz): 8.61 (1H, s, N–H),7.08–
7.05 (1H, m, Ar–H), 6.92–6.85 (1H, m, Ar–H), 6.74–6.71 (1H, m,
Ar–H), 5.16 (1H, s, OH), 4.01–3.81 (1H, m, –CH), 3.79–3.61 (1H,
m, –CH), 3.59–3.32 (3H, m, –CH3), 3.05–3.00 (2H, m, –CH),
2.76–2.51 (2H, m, –CH2), 2.18–2.07 (1H, m, –CH2), 1.73–1.66
(1H, m, –CH2);

13C NMR (100 MHz, DMSO-d6) d, ppm (J, Hz):
156.8, 154.8, 149.3, 123.8, 117.4, 114.9, 113.8, 77.3, 69.9, 46.8,
24.0, 21.5; LCMS calculated for C13H16FNO4: 269.11; foundm/z
270 [M + H]+.

2,2,2-Trichloroethyl ((R)-2-((S)-6-uorochroman-2-yl)-2-
hydroxyethyl)carbamate (9b). White solid; yield: 82%; mp 167–
170 �C; IR (KBr) (vmax/cm

�1): 3592, 3364, 3284, 2947, 1678, 1284,
1216; H1-NMR (400 MHz, DMSO-d6) d, ppm (J, Hz): 8.38 (1H, s,
N–H), 6.93–6.71 (3H, m, Ar–H), 5.14 (1H, s, OH), 4.85(2H, s,–
CH2), 4.09 (1H, brs, –CH), 3.83–3.81 (1H, m, –CH), 3.00–3.07
(2H, m, –CH2), 2.74–2.50 (2H, m, –CH2), 1.76–1.71 (2H, m,
–CH2);

13C NMR (100 MHz, DMSO-d6) d, ppm (J, Hz): 154.6,
152.4, 149.9, 123.7, 117.4, 114.3, 110.5, 82.6, 78.6, 73.6, 69.0,
41.9, 23.5, 21.7.

Isobutyl ((R)-2-((S)-6-uorochroman-2-yl)-2-hydroxyethyl)
carbamate (9c). White solid; yield: 78%; mp 126–129 �C; IR
(KBr) (vmax/cm

�1): 3531, 3335, 3277, 3029, 2929, 1694, 1296,
1226; H1-NMR (400 MHz, DMSO-d6) d, ppm (J, Hz): 8.58 (1H, s,
N–H), 6.76–6.68 (3H, m, Ar–H), 5.19 (1H, s, OH), 4.34–4.26 (1H,
t, J ¼ 3.1 Hz, –CH), 3.85–3.83 (2H, m, –CH2), 3.76–3.35 (2H, m,
–CH), 3.24–3.05 (2H, m, –CH2), 2.77–2.75 (2H, m, –CH2), 1.84–
1.76 (2H, m, –CH2), 0.91(6H, s, –CH3);

13C NMR (100 MHz,
DMSO-d6) d, ppm (J, Hz): 157.9, 155.7, 150.3, 123.4, 117.5, 117.4,
115.6, 113.9, 76.6, 73.3, 71.6, 43.7, 28.0, 24.5, 22.9, 19.1.; LC-MS
(m/z): 312 [M + H]+; anal. calcd for C16H22FNO4: C 61.72, H
7.12, N 4.50; found: C 61.20, H 6.62, N 4.05.

Ethyl((R)-2-((S)-6-uorochroman-2-yl)-2-hydroxyethyl)
carbamate (9d). White solid; yield: 74%; mp 132–135 �C; IR
(KBr) (vmax/cm

�1): 3624, 3294, 3142, 2914, 1678, 1296, 1234;
H1-NMR (400 MHz, DMSO-d6) d, ppm (J, Hz): 8.53 (1H, s, N–H),
6.92–6.85 (2H, m, Ar–H), 6.74–6.71 (1H, d, J ¼ 5.0 Hz, Ar–H),
5.14 (1H, s, OH), 4.29–4.17(1H, t, J ¼ 3.2 Hz, –CH), 4.08–3.98
(2H, m, –CH2), 3.79–3.62 (1H, m, –CH), 3.29–3.23 (2H, m,
–CH2), 2.98–2.74 (2H, m, –CH2), 1.73–1.70 (2H, m, –CH2), 1.23–
1.18 (3H, m, –CH3);

13C NMR (100 MHz, DMSO-d6) d, ppm (J,
Hz): 156.7, 153.9, 149.9, 124.4, 118.5, 114.7, 111.4, 78.6, 73.3,
RSC Adv., 2021, 11, 3897–3916 | 3899
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59.9, 42.2, 23.86, 22.1, 11.9.; LCMS calculated for C14H18FNO4:
283.12; found m/z 284 [M + H]+.

2.2. Anti-microbial activity

Disk diffusion method was used for evaluation of antibacterial
activity.28 The cultures were grown in nutrient agar media and
subcultured for log phasic cultures in a liquid nutrient broth
medium for MIC studies and further subcultured onto the
media in Petri plates for the experimental purposes. The broth
cultures were diluted with sterilized saline to bring the nal
size of inoculum approximately to 105–106 CFU mL�1. The
compounds were diluted in acetone, DMSO and diethyl ether
for biological assays. Among the three solvents, diethyl ether is
preferred over the other two solvents due to its non-turbidity
and high dissolving capacity. The bacterial cultures were
placed on the media and incubated at 37 �C for 24 h to 48 h
which is a suitable period for their rapid growth along with the
diluted compounds introduced through disks dipped and
placed over the nutrient media is effective for the determina-
tion of antibacterial efficacy of the compounds at a constant
time interval. For disk diffusion method, the diluted test
compounds were introduced onto the disk, and once the disk
was found completely saturated, it was immediately trans-
ferred onto the surface of the medium with bacterial inocu-
lums spread by spread plate method evenly. The Petri dishes
were incubated at 37 �C for 24 h with title compounds, and
MIC was determined by maintaining at different concentra-
tions of the compounds against microbial cultures. The MIC of
the synthesized compounds against three pathogenic fungi,
Aspergillus niger, Aspergillus avus and Rhizopus arrhizus was
determined using the poison plate technique.29 Test
compounds were dissolved in DMSO (10 mL) before mixing
with potato dextrose agar medium (PDA, 90 mL). The 12 wells
of each row were lled with 0.5 mL sterilized potato dextrose
agar medium. Sequentially, wells 2–11 received an additional
0.5 mL of a mixture of culture medium, and compounds were
serially diluted to create a concentration sequence from 5 to 50
mg mL�1. Well 1 served as growth control and well 12 as
antibiotic control. The deep wells were incubated for 24 h at
37 �C. The resulting turbidity was observed, and aer 24 h MIC
was determined to be where growth was no longer visible by
assessment of turbidity by optical density readings at 600 nm
with a Beckman DU-70 UV-Vis spectrophotometer. The results
were compared with the activity of the standard antibiotics,
Streptomycin and Fluconazole.

2.3. In vitro anti-inammatory activity

2.3.1. Maintenance of cell lines and toxicity studies. RAW
264.7 murine macrophage cell lines were procured from NCCS
Pune, India. RAW macrophages were plated into T75 asks and
cultured in Dulbecco's Modied Eagle Medium (DMEM) with
high glucose, stable glutamine and sodium pyruvate, supple-
mented with 10% fetal bovine serum heat inactivated (65 �C for
20 min) and 1% penicillin–streptomycin antibiotics (100 IU/mL
penicillin and 100 mg mL�1 streptomycin) at 37 �C in 5% CO2

atmosphere. The toxicity study was conducted in accordance with
3900 | RSC Adv., 2021, 11, 3897–3916
OECD guidelines (Testing of Chemical Number 423). Healthy
RAW 264.7 murine macrophage cell lines were used in this
investigation. Cell lines were treated with different concentra-
tions (i.e., 200 mM and 400 mM) of title compounds and observed
for 48 h from the time of administration. The median non-toxic
concentration (MNTC) and cytotoxic concentration (CC50) were
determined. The minimum concentration of the test compounds
which has not shown any toxic effect on healthy RAW 264.7 cell
lines were selected for further anti-inammatory analysis.

2.3.2. 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay. Cell viability was measured based on the
formation of purple formazan, which is metabolised from col-
ourless MTT (Sigma-Aldrich) by mitochondrial dehydrogenases,
enzymes that are only active in live cells. RAW 264.7 cells (5 �
105 cells per mL) were seeded in a 96-well plate. The cells were
pre-treated with various concentrations (100 mM and 200 mM) of
synthesized compounds for 1 h and then stimulated by 100 mM
LPS for 24 h. Following the incubation with title compounds
and LPS, the cultured media was replaced with fresh media and
the cells were incubated with 0.5 mgmL�1 MTT solution for 3 h.
The supernatant was then discarded and the formazan blue,
which was formed in the cells, was dissolved in dimethyl sulf-
oxide (Sigma-Aldrich). The optical density was measured at
540 nm with an ELISA plate reader. Percentage of inammation
was calculated by subtracting the percentage of cell viability
over control cells.30

2.3.3. Determination of nitrite production. Nitrite accu-
mulation (NO2) in cell culture media was determined by the
Pekarova method.31 Briey, 1 � 106 cells were seeded in a T-75
ask, allowed to adhere overnight, and then treated as previ-
ously mentioned in MTT assay. At the end of the different
incubations in the CO2 incubator at 37 �C with 5% CO2, the
different cell supernatants were collected, the samples (1 mL)
were mixed with an equal volume of Griess reagent (1 mL of
1 : 1 0.1% naphthyl-ethylenediamine and 1% sulfanilamide in
5% phosphoric acid) in a tube, and incubated in the dark for
10 min at room temperature. Then the absorbance of the
reaction mixture was measured at 540 nm on a microplate
reader (Thermo Scientic Multiskan EX). The NO2 concentra-
tion was determined using a sodium nitrite (NaNO2) standard
curve (working range: 0.1–6.25 mM). Each treatment was
carried out in triplicates and the nal results were expressed as
mmol NO2-/mg protein.
2.4. COX inhibition assay

The assay was performed by using colorimetric COX (ovine)
inhibitor Screening assay kit (Catalogue No. 760111, Cayman
Chemicals Co., Ann Arbor, MI).32 Briey, the reaction mixture
contains, 150 mL of assay buffer, 10 mL of heme, 10 mL of
enzyme (either COX-1 or COX-2), and 50mL of sample (0.1 mM).
The assay utilizes the peroxidase component of the COX cata-
lytic domain. The peroxidase activity can be assayed calori-
metrically by monitoring the appearance of oxidized N,N,N,N-
tetramethyl-p-phenylenediamine (TMPD) at 590 nm. Celecoxib
(0.1 mM) was used as a standard drug. The percent COX inhi-
bition was calculated using following equation.
© 2021 The Author(s). Published by the Royal Society of Chemistry
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COX inhibition activity (%) ¼ 1 � T/C � 100

where T is the absorbance of the inhibitor well at 590 nm, C is
the absorbance of the 100% initial activity without inhibitor
well at 590 nm.
Fig. 2 Three dimensional structures of target proteins and reference
compounds.
2.5. In vivo anti-inammatory activity

2.5.1. Maintenance of animals. Animals were assigned into
several groups randomly and each group consists of six
animals. The animals were kept in appropriate cages at
temperature controlled (25 � 2 �C) rooms, under a 12 h light
and dark cycle and they were fed standard rodent pellet. All the
animals were acclimatized for a week before the experiment.
Experimental protocols were reviewed and approved by the
Institutional Animal Ethics Committee (No.10/(i)/a/CPCSEA/
IAEC//SVU/Zool/WR/dt.08.07.2012.) and conform to the Indian
National Science Academy Guidelines for the use and care of
experimental animals in research. The animal house registra-
tion number with Government of India is 45/c/06/CPCSEA.

2.5.2. Carrageenan induced hind paw edema assay. Rats
were divided into various groups (n1/46) and allowed for free
access to water ad libitum. Different groups of rats adminis-
tered with celecoxib (100 mg kg�1, b.w.) and various test
compounds (100 mg kg�1, v) orally. One group of rats served as
a control and administered with saline (1% (w/v); 10 mL kg�1,
b.w., p.o.). One hour aer the drug administration, to all rats,
hind paw edema was induced by the method of Winter et al.33

by injecting 0.1 mL of 1% (w/v) solution of carrageenan
subcutaneously into the sub planter region of hind paw. The
hind paw edema volume was measured by volume displace-
ment method using plethysmometer by immersing the paw till
the level lateral malleolus at various time intervals (1, 3 and 6
h) aer carrageenan injection.

2.5.3. Cotton pellets induced granuloma assay. Two steril-
ized cotton pellets (10 mg) were implanted on ventral regions of
rats, procedure described by winter and porter34 and divided
into various four groups (six rats/group). Different groups of rats
administered with celecoxib (100 mg kg�1), and test
compounds (100 mg kg�1) orally for the duration of 8 d. Control
group received saline (1% (w/v); 10 mL kg�1, b.w., p.o.). On the
day 9, rats were sacriced with excess ether anesthesia. The
cotton pellets were removed and freed from extraneous tissue
and used for granular tissue formation by recording wet
(immediately) and dry weight of pellets. The granular tissue
formation was studied by drying cotton pellets at 55 �C for 6 h or
till the weight of pellets remains constant. The dry weight was
calculated aer deducting cotton pellet weight and taken as
a granular tissue formation.
2.6. Molecular docking studies

The three-dimensional structure of DNA gyrase A (3LPX), COX-
1 (3KK6), COX-2 (PDB: 3LN1), and the reference drugs, such as
streptomycin, noroxacin and celecoxib were downloaded
from the RCSB protein Data Bank and Pub Chem Data bank.35

The atomic coordinates of the protein was estranged and
geometry optimization was done using Argus Lab 4.0.1. The
© 2021 The Author(s). Published by the Royal Society of Chemistry
chemical structures of compounds were prepared using
ChemDraw Ultra and converted all the ligands into Pdbqt le
format and atomic coordinates were generated using Pyrx
2010.12. The active sites are the coordinates of the ligand in
the original target protein grids, and these active binding sites
of target protein were analysed using the Drug Discovery
Studio version 3.0 and 3D Ligand Site virtual tools.36 The
structures of target protein and reference compound were
shown in Fig. 2. Molecular docking studies were carried
against DNA gyrase A, COX-1 and COX-2 protein with
compounds 8a–g and 9a–d and the reference drugs using the
docking module implemented in Pyrx 2010.12. Initially the
protein structures were protonated with the addition of polar
hydrogens, followed by energy minimization with the
MMFF94x force eld, in order to get the stable conformer of
the proteins. Flexible docking was employed, the inhibitor
binding site residues were soened and highlighted through
the “Site Finder” module implemented in the Pymol so-
ware.37 The grid dimensions were predicted as X: 28.27, Y:
27.13, Z: 28.51 for DNA gyrase A, COX-1 and COX-2 respec-
tively. The docking was carried out with the default parameters
i.e., placement: triangle matcher, recording 1: London dG,
renement: force eld, and a maximum of 10 conformations
of each compound were allowed to be saved in a separate
database le in a.mdb format. Aer the docking process, the
binding energy and binding affinity of the protein-ligand
complexes were calculated using Pymol viewer tool.38
2.7. Bioactivity and toxicity risk studies

The bioactivity & toxicity risks like GPCR (G protein-coupled
receptor) ligand property, ICM (ion channel modulator), KI
(kinase inhibitor) and NRL (nuclear receptor ligand) interactions,
PI (protease inhibitor) and EI (enzyme inhibitor) inhibitions, drug-
likeness and drug scores of title compounds were determined
using Molecular Operating Environment (MOE) soware.39
2.8. ADMET properties

ADMET properties of title compounds have envisioned on pre
ADMET online server,40 which helped to realize their potentiali-
ties with regard to in vivo BBB (blood brain barrier) penetration,
RSC Adv., 2021, 11, 3897–3916 | 3901
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in vitro PPB (plasma protein binding), in vitro Caco-2 cell
permeability, %HIA (human intestinal absorption) and in vitro
MDCK (Maden Darby Canine Kidney) cell permeability proper-
ties. In continuation, the toxicity properties viz., mutagenic,
tumarogenic, irritant and reproductive effects also helped to
ensure the drug-likeness. The BBB is fullled with intensely
bound endothelial cells which restrict the ability of a compound
that is to be carried into the bloodstream by passing through the
administered route. The study of BBB penetration rate (BBB ¼
[Brain]/[Blood]) assists us to examine the capability of
a compound to percolate through blood–brain barrier, which is
a vital in ascribing central nervous system (CNS) activity to the
archives of pharmaceutical properties of a compound. The
compounds which are capable to pass through the BBB are
designated as CNS active (BBB penetration rate > 0.40) and which
are inept are called CNS-inactive (BBB penetration rate < 0.40)
compounds. On the other hand Caco-2 (human colon adeno-
carcinoma based cells) cells inter relates with intestinal epithe-
lium system in multiple drug transport pathways like
transcellular, paracellular and active efflux transports. The
compounds conquering in vitro Caco-2 cell permeability value <4
are poor permeable, compounds in midst of 4–70 are moderately
permeable and compounds with value >70 are extremely
permeable and are easily transported to cellular biochemical
processes. Besides, the degree of PPB impacts the level of
distribution of unbound compound in body tissues and the
amount of unbound compound which is distributed over the
cellular sites of action, will furthermetabolizes and excreted from
the system. The percentage of PPB (in vitro) categorizes the
compounds as strongly bound if % PPB > 90% and as weakly
bound if % PPB <90% and this degree of PPB of a compound
determines its action as well as efficiency. Furthermore the
MDCK cell system is identied as a useful tool to screen out the
Scheme 1 Synthetic route for the synthesis of sulphonamide and carba

3902 | RSC Adv., 2021, 11, 3897–3916
rapid permeability of a compound and to decide its potentiality
as its cellular life span is smaller than the life span of Caco-2 cells
and therefore the correlation will be so high. Mainly, in vitro
MDCK permeability value <25 designates the compounds as poor
permeable, value in between the range of 25–500 designates the
compounds are reasonably permeable and value >500 designates
the compounds are greatly permeable. Similarly the % HIA is
considered as the percentage of a compound that is getting orally
administered in to the hepatic portal vein. Mostly, it is expressed
as comprehensive bioavailability and absorption which are
measured from the ratio of aggregate excretion in bile, urine and
feces. The % HIA in the range of 0–20 designates poor absor-
bance, 20–70 designates moderate absorbance and 70–100
designates good absorbance of a compound. In toxicology
perception, it is signicant to concern about the toxicology
aspects of a compound as in to exclude the toxicity risks in its
design. The negative toxicology result sustain the molecules
under study as safer drugs as they are prone to mutagenicity,
carcinogenicity and human ether-a-go-go related gene (HERG)
channel inhibition on its administration in vivo.
2.9. QSAR studies

The QSAR descriptors of synthesized compounds have been
evaluated from Molinspiration online server41 specically,
Molinspiration engine v2018.10 is used for property exploration
and Molinspiration engine v2018.03 is used for bioactivity score
exploration. Similarly, drug properties were predicted from
OSIRIS online property explorer42 and the consolidated
descriptors were given under the heads of Lipinski & Veber
Parameters respectively. These predictions are very much
helpful in interpreting the physico–chemical interactions of
title compounds with their targets and ultimately assisted in
mate derivatives of Nebivolol intermediate (8a–g & 9a–d).

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Table 1 Physical data of the title compounds

Comp. Structure Time (h) Yield (%)
Melting point
(�C) Purity prole

8a 3.5 82 167–170 96%

8b 2.5 84 195–198 90%

8c 4 82 132–135 91%

8d 3.5 84 126–129 89%

8e 4 79 155–158 89%

8f 3 81 135–138 93%

8g 3.5 80 134–137 94%

9a 4 79 132–135 89%

9b 3.5 82 167–170 92%

9c 3 78 126–129 94%

© 2021 The Author(s). Published by the Royal Society of Chemistry RSC Adv., 2021, 11, 3897–3916 | 3903
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Table 1 (Contd. )

Comp. Structure Time (h) Yield (%)
Melting point
(�C) Purity prole

9d 4 74 132–135 86%
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ascertaining their drug properties by correlating with the
bioactivity & toxicity risks studies.

2.10. Statistical analysis

All experiments were repeated at least three times. Results are
expressed as the means � standard deviation (SD) of three
experiments. Statistical calculations were performed using
prism Graph Pad 6.0.

3. Results and discussion
3.1. Chemistry

Nebivolol intermediate (5) was treated with various biopotent
sulphonyl chlorides and chloroformates 6 (a-g & 7a-d) to obtain
corresponding title compounds (8a–g, 9a–d) in high yields, with
simple workup procedure. The synthetic route for the target
compounds is depicted in Scheme 1. Product yields, melting
points, reaction times and structures of the title compounds are
given in Table 1.

The structures of the newly synthesized compounds were
characterized by IR, 1H and 13C-NMR and LCMS. IR spectra of the
title compounds displayed strong absorption bands at 1717–
1678 cm�1 (C]O sym str) and 1232–1216 cm�1 (C–O str) indi-
cating the formation of carbamates. The absorption bands at
1396–1324 cm�1 and 1163–1121 cm�1, correspond to S]O
Table 2 In vitro antimicrobial activity of the sulphonamide and carbama

Compound

MIC in mg mL�1

Bacillus subtillis Staphylococcus a

Streptomycin 25.40 � 0.48 18.64 � 1.07
8a 31.60 � 1.03 21.88 � 0.33
8b 15.08 � 0.08 17.88 � 0.61
8c 21.60 � 0.44 19.66 � 0.62
8d 18.30 � 0.21 17.44 � 0.40
8e 19.66 � 0.36 20.42 � 0.62
8f 16.22 � 0.94 19.88 � 0.66
8g 14.32 � 0.27 10.22 � 0.52
9a 20.49 � 0.76 16.56 � 0.35
9b 25.98 � 0.42 20.32 � 0.06
9c 26.08 � 0.30 19.04 � 1.08
9d 27.66 � 0.44 18.08 � 0.80

3904 | RSC Adv., 2021, 11, 3897–3916
asymmetric stretch, S]O symmetric stretching respectively. In
1H NMR, a singlet peak at d 8.61–8.10 ppm is assigned for NH
proton, a broadmultiplet peak was observed in the range of 8.08–
6.53 ppm, ascribed for aromatic protons, the hydroxyl proton
(OH) resonated as a broad singlet at d 5.38–5.14 ppm and
multiplet peaks in the range of 4.85–0.91 ppm correspond to
aliphatic protons. In 13C NMR spectra, a peak at d 157.8–
154.6 ppm corresponds to C]O of carbamates function.
Aromatic carbon signals appeared from d 113.1 to 138.4. Besides
NMR studies, mass spectra displayed the correct molecular ions
for which measured LCMS and the data are in good agreement
with calculated values of the newly synthesized compounds.

3.2. Anti-microbial activity

Antibacterial data revealed that the newly synthesized sulpho-
namide derivatives 8(a–g) showed better antibacterial activity
than that of the carbamate derivatives 9(a–d). Out of all the title
compounds, 8b, 8c, 8d, 8e, 8f, 8g and 9a have exhibited higher
activity against both the Gram positive and Gram negative
bacterial strains compared to the standard, streptomycin. In
sulphonamide derivatives, the compounds having withdrawing
groups on aromatic ring exhibited higher activity. For example
the compound 8d exhibited high activity, it might be due to the
presence of chlorine atom and nitro group, followed by the
compounds 8e and 8bwhichmay be due to the presence ofm-tri
te derivatives of Nebivolol intermediate (8a–g & 9a–d)

ureus Escherichia coli
Pseudomonas
aeruginosa

26.40 � 1.12 28.18 � 0.80
30.14 � 0.72 31.88 � 1.04
12.68 � 0.87 22.42 � 0.40
17.12 � 0.47 22.18 � 0.63
24.17 � 0.72 27.40 � 0.65
26.26 � 0.28 26.72 � 0.88
24.06 � 1.02 26.84 � 0.55
12.06 � 0.36 18.46 � 0.12
21.70 � 1.06 19.48 � 1.25
21.14 � 0.45 30.36 � 0.22
22.72 � 0.26 28.81 � 0.60
27.22 � 0.92 31.66 � 0.88

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Table 3 In vitro antifungal activity of the sulphonamide and carbamate
derivatives of Nebivolol intermediate (8a–g & 9a–d)

Compound

MIC in mg mL�1

Aspergillus niger Aspergillus avus Rhizopus arrhizus

Fluconazole 19.40 � 0.17 18.38 � 0.32 22.32 � 0.45
8a 22.32 � 0.27 23.06 � 0.25 22.80 � 0.54
8b 20.40 � 0.87 17.81 � 0.16 20.21 � 0.65
8c 18.10 � 0.46 16.72 � 0.70 22.22 � 0.83
8d 15.30 � 0.15 17.04 � 0.70 18.65 � 0.65
8e 11.71 � 0.35 14.08 � 0.55 16.64 � 0.52
8f 15.66 � 0.69 16.18 � 0.82 19.04 � 0.20
8g 14.06 � 0.72 15.18 � 0.80 14.36 � 0.66
9a 11.20 � 1.08 12.66 � 0.80 14.18 � 0.69
9b 24.72 � 0.70 23.81 � 0.67 19.24 � 0.48
9c 19.32 � 0.47 19.81 � 0.37 25.56 � 0.48
9d 28.46 � 0.14 25.20 � 0.66 31.28 � 0.45

Fig. 4 Anti-inflammatory effects of title compounds with different
concentrations during the pre-treatment in LPS-induced inflamma-
tion in RAW 264.7 macrophage cell lines.
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uoro methyl and p-bromo on the phenyl group. Whereas all
the title compounds (8a–g & 9a–d) showed good to moderate
activity against pathogenic fungi. The compounds which have
shown signicant activity against the bacterial strains were also
exhibited the same extent of activity against the fungal strains
also. Out of total, majority of the compounds displayed high
activity with lowest MICs against A. avus, A. avus and R.
arrhizus respectively when compared to the standard, ucona-
zole. These results suggest that small changes in the R group
induced signicant differences in antimicrobial activity. The
MICs of title compounds against bacterial and fungal strains
are shown in Tables 2 and 3.
3.3. In vitro cell line studies

Prior to the evaluation of anti-inammatory effect of title
compounds, cytotoxicity was determined using RAW 264.7 cell
lines. The cytotoxicity (cell death) was not observed for the test
compounds up to 400 mM. The minimum lowest concentrations
such as 100 mM and 200 mM were taken into consideration to
test the anti-inammatory effect against LPS-induced inam-
matory cell death in RAW 264.7 cell lines respectively. The
cytotoxicity of test compounds is shown in Fig. 3. In order to
Fig. 3 Cytotoxic effect of title compounds during the treatment with
different concentrations in RAW 264.7 macrophage cell lines.

© 2021 The Author(s). Published by the Royal Society of Chemistry
determine the anti-inammatory effect of synthesized
compounds, MTT assay was performed in RAW 264.7 cell lines.
Cells were treated with test compounds with different concen-
trations (100 mM and 200 mM) followed by LPS. As demonstrated
in Fig. 4, all the test compounds exhibited strong anti-
inammatory activity against LPS-stimulated inammation in
RAW 264.7 cell lines. Higher than 50% of inammation was
observed during the treatment with LPG at 100 mM. Whereas
signicant reduction in cell death was observed during the pre-
treatment with tested compounds. The percentage of inam-
mation was reduced on dose dependent manner during the
treatment with synthesized compounds. Among all the title
compounds, 8g, 8e, 8f, 9a, 8b, 8d and 8c have shown strong anti-
inammatory activity against LPS induced cell death in RAW
264.7 cell lines.
3.4. NO production

In order to provide strength to the synthesized compounds as to
be anti-inammatory agents the effect of synthesized
compounds on NO production stimulated by LPS was also
investigated using RAW 264.7 cell lines. The addition of LPS to
RAW 264.7 cells resulted in an increase in NO production levels
(Fig. 5). However, on pre-treatment with synthesized
Fig. 5 Inhibition of NO production by title compounds and celecoxib
with different concentrations in LPS-stimulated RAW 264.7
macrophages.
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Table 4 In vitro COX-1 and COX-2 enzyme inhibitory activities of title
compounds (8a–g & 9a–d)

Compound

% inhibition of COXa

COX-1 COX-2

100 mM 200 mM 100 mM 200 mM

8a 37.30 � 0.32 45.52 � 0.77 23.53 � 0.55 38.64 � 0.33
8b 46.10 � 0.22 68.78 � 0.43 34.43 � 0.66 60.04 � 0.24
8c 51.08 � 0.62 70.07 � 0.70 40.40 � 0.10 61.20 � 0.72
8d 53.88 � 0.30 69.64 � 0.18 39.32 � 0.77 63.88 � 0.46
8e 48.42 � 0.84 71.55 � 0.15 35.55 � 0.22 57.72 � 0.36
8f 33.87 � 1.06 73.85 � 0.54 28.70 � 0.07 52.08 � 0.78
8g 47.69 � 0.63 71.08 � 0.16 39.92 � 0.51 67.60 � 0.73
9a 50.66 � 0.33 75.33 � 0.14 18.06 � 0.88 52.42 � 0.21
9b 43.08 � 0.80 69.02 � 0.50 37.70 � 0.35 63.60 � 0.32
9c 39.60 � 0.08 51.64 � 0.32 24.30 � 0.20 41.66 � 0.23
9d 41.40 � 0.62 52.16 � 0.30 29.73 � 0.75 38.59 � 0.29
Celecoxib 46.52 � 0.40 68.07 � 0.50 31.60 � 0.44 51.32 � 0.17

a The determination was performed in triplicate for two independent
experiments.

Table 5 Anti-inflammatory activity of the title compounds against the
carrageenan-induced paw edema in rats with different time intervalsa

Compound
Dose (mg
kg�1 p.o.)

Paw volume (mL)

1 h 3 h 6 h

Control — 0.42 � 0.40 0.38 � 0.14 0.40 � 0.60
Carrageenan — 0.94 � 0.15## 1.17 � 0.22## 1.69 � 0.84#

8b 100 0.52 � 0.18* 0.80 � 0.38** 1.06 � 0.27*
8c 100 0.60 � 0.64** 0.88 � 0.31** 1.11 � 0.13**
8d 100 0.78 � 0.88* 1.08 � 0.40* 1.50 � 0.64*
8e 100 0.68 � 0.96* 0.74 � 0.29* 1.19 � 0.65*
8f 100 0.62 � 0.10** 0.86 � 0.32* 1.10 � 0.13*
8g 100 0.65 � 0.20* 0.77 � 0.28** 1.20 � 0.38**
9a 100 0.72 � 0.72* 1.06 � 0.52* 1.56 � 0.33*
9b 100 0.76 � 0.48* 0.88 � 0.16** 1.50 � 0.25*
Celecoxib 100 0.80 � 0.50** 0.98 � 0.92* 1.58 � 0.22**

a *Each value is the mean � SEM for six rats. #p < 0.05, ##p < 0.01 when
compared with normal control group. **p < 0.01, *p < 0.05 when
compared with carrageenan control group.

Table 6 Effect of test compounds on cotton pellet induced granu-
loma in ratsa

Treatment and dose
(100 mg kg�1, p.o.)

Weight (mg) mean � SEM

Wet Dry

Control 250.30 � 1.48 123.30 � 1.48
8b 182.50 � 1.77*# 84.10 � 1.67*#

8c 148.62 � 1.85*## 91.30 � 1.72*#

8e 152.40 � 1.57*## 76.45 � 1.95*##

8f 139.82 � 2.42*## 70.66 � 2.33*##

8g 190.90 � 1.84*# 78.42 � 2.04*#

Celecoxib 150.14 � 3.46** 78.80 � 3.24**

a **p < 0.01, *p < 0.05 when compared with normal control group. ##p <
0.01, #p < 0.05 when compared with standard group.
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compounds signicantly suppress LPS induced NO production
in a concentration-dependent manner. Concomitant to the
previous report, out of all title compounds 8g, 8e, 8f, 9a, 8b, 8c
and 8d have shown strong inhibition against LPS-induced NO
production in RAW 264.7 cell lines. Signicantly reduced levels
of NO production were observed in all compounds during
pretreatment.

3.5. In vitro COX inhibition

All the synthesized compounds (8a–g and 9a–d) were screened
for their inhibitory potential against COX-1 and COX-2 enzymes
at 100 mM and 200 mM using colorimetric COX (ovine) inhibitor
screening assay kit. Celecoxib was used as a reference
compound. The results are given in Table 4. The results showed
that most of the synthesized compounds had an inhibitory
prole against both COX-1 and COX-2 enzymes, some were
found to be moderate inhibitors when compared to the refer-
ence compound, celecoxib (8a, 9c and 9d). Among all, 8d, 8c and
9a at a concentration of 100 mM; 8f, 8g and 9a at a concentration
of 200 mM against COX-1 and 8c, 8d and 8g at 100 mM; 8d, 8g
and 9a at 200 mM against COX-2 exhibited higher content of
inhibition akin to the rest of the compounds and the inhibition
was highly signicant when compared to the celecoxib respec-
tively (Table 4). The structure activity relationship (SAR) study
revealed that, compound by consisting with –F, –Cl –NO2, and
–OCH3 substituents in their structure represents their higher
inhibitory activity against COX-1 and COX-2 enzymes.

3.6. Carrageenan-induced rat paw edema bioassay

Compounds which have exhibited higher percentage of inhi-
bition of COX-2/1 were selected for further anti-inammatory
evaluation by using carrageenan-induced hind paw edema in
rats using celecoxib as a reference standard. The results of all
the tested compounds are shown in Table 5. The results
3906 | RSC Adv., 2021, 11, 3897–3916
revealed that among the all tested compounds, compounds 8b,
8c, 8e, 8f and 8g inhibited the edema formation signicantly at
3 h and 6 h than other compounds when compared to carra-
geenan control rats. Edema formation due to carrageenan is
a biphasic event. The rst phase begins immediately aer
injection and diminishes in 1 h and the second phase begins
aer 1 h. The initial phase of edema is attributed to the release
of histamine and serotonin and second phase is due to the
release of prostaglandins. All the tested compounds (8b, 8c, 8e,
8f and 8g) showed greater inhibition of paw edema formation at
6 h due to the inhibition of prostaglandins release, which are
known to be released at 4–6 h aer the carrageenan injection.
3.7. Cotton pellet-induced granuloma bioassay

Cotton pellet implantation is the most suitable method for
studying the efficacy of drugs against proliferative phase of
inammation. Compounds showing promising anti inam-
matory activity in the carrageenan-induced rat paw edema
bioassay were further evaluated for their in vivo cotton pellet-
© 2021 The Author(s). Published by the Royal Society of Chemistry

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d0ra08905b


Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

0 
Ja

nu
ar

y 
20

21
. D

ow
nl

oa
de

d 
on

 4
/2

2/
20

26
 1

0:
07

:0
3 

A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
induced granuloma bioassay in rats using celecoxib as a refer-
ence standard. In this assay, selected test compounds 8b, 8c, 8e,
8f, and 8g inhibited both the exudatory and granulatory phases
Table 7 Binding characteristics of synthesized compounds (8a–8g and

Com. BE Binding interaction

Streptomycin �6.9 Arg 139 CG/HN
Leu 135 CD/HN
His 132 CB/OH
Asp 53 CG/OC
Asp 53 OC/OC
Asp 58 OD/OH
Asp 58 OD/HN
His 132 ND/OC
His 132 ND/OC
His 132 OC/OH

Noroxacin –7.3. Leu 264 CA/OC
8a –6.0 Tyr 266 CZ/HN

Thr 171 CA/HO
Asn 169 OC/HN

8b �8.2 Ser 111 CA/ OC
Arg 91 CZ/ OS
Asn 169 OC/HN

8c �8.1 Arg 47 CZ/OS
Arg 47 NE/OC
Arg 47 NE/OC
Arg 47 CZ/OC
Tyr 77 CA/HO
Tyr 77 CA/HN

8d �8.0 Gln 94 CD/OH
Gln 94 CD/OC
Arg 91 CZ/OC

8e �8.5 Arg 91 CZ/ON
Gln 267 CA/ON
Gin 94 CD/OC
Asp115 CA/HO
Ser 111 CG/HO
Ser 111 OC/HN
Asg 269 HD/OS

8f �8.4 Arg 91 CZ/OC
Arg 91 CZ/OC
Asn 269 CG/OS

8g �8.8 Arg 91 CZ/OS
Arg 91 CZ/OS
Gln 94 CD/OC
Ser 111 HN/OC
Asp 115 CA/HO

9a �8.3 Gly 114 CA/OS
Ser 111 OC/HO
Ser 111 HN/OC
Gln 94 CD/OC

9b �6.5 Met 301 CA/OC
His 262 CA/HN
Leu 264 CA/OC
Thr 219 CA/HO

9c �6.5 Met 301 HN/OC
Leu 264 HN/OC

9d �6.6 Arg 91 CZ/OC
Arg 91 CZ/OC
Gln 94 NE/OC
Ser 111 CA/OC
Ser 111 CA/HO

© 2021 The Author(s). Published by the Royal Society of Chemistry
of inammation (Table 6). During the repair process of
inammation, there is a proliferation of macrophages, neutro-
phils, broblasts and multiplication of small blood vessels,
9a–9d) and references against DNA gyrase A protein

Bond length(�A)
Bond angle
(�) Bond type

2.2 124.4 H–don
2.7 125.7 H–don
2.5 125.0 H–acc
3.4 116.7 H–acc
2.9 118.9 H–acc
2.0 118.6 H–acc
2.5 116.4 H–don
2.8 126.2 H–acc
2.7 120.0 H–acc
2.5 119.8 H–acc
2.0 114.7 H–acc
2.2 119.9 H–don
2.2 114.6 H–don
2.5 120.7 H–don
2.3 122.5 H–acc
2.2 119.0 H–acc
2.2 118.4 H–acc
2.3 119.4 H–acc
2.2 116.2 H–acc
2.6 118.9 H–acc
2.3 120.4 H–acc
2.6 118.7 H–don
2.2 122.0 H–don
2.2 124.1 H–acc
2.0 118.4 H–acc
2.6 119.1 H–acc
2.3 121.8 H–acc
2.7 114.3 H–acc
2.2 118.4 H–acc
2.3 124.2 H–don
2.4 122.5 H–don
2.1 123.1 H–don
2.7 120.3 H–acc
2.9 120.8 H–acc
2.3 119.0 H–acc
2.4 122.3 H–acc
2.1 119.0 H–acc
2.8 121.8 H–acc
2.3 118.4 H–acc
2.2 116.0 H–acc
1.7 120.6 H–don
2.8 112.3 H–acc
2.3 120.4 H–don
2.4 122.5 H–acc
2.3 118.4 H–acc
2.1 115.2 H–acc
2.1 121.2 H–don
2.1 114.7 H–acc
2.0 119.9 H–don
2.3 115.2 H–acc
2.1 114.7 H–acc
2.5 119.0 H–acc
2.7 119.0 H–acc
2.1 118.4 H–acc
2.3 116.2 H–acc
2.2 120.4 H–don
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Table 8 Binding characteristics of synthesized compounds (8a–8g and 9a–9d) and references against COX-1 protein

Compound BE Bonding interaction Bond length(�A)
Bond angle
(�) Bond type

Celecoxib �7.4. Leu 324 CB/HN 2.5 91.3 H–don
Arg 37 CA/OS 2.4 103.1 H–acc

8a �6.3 Gly 536 CZ/HO 2.8 130.7 H–don
8b �8.5 Arg 376 CZ/OS 2.2 89.7 H–acc

Arg 376 CZ/OS 2.1 90.3 H–acc
Arg 374 CB/OS 2.4 93.8 H–acc
Arg 374 CB/OC 2.1 99.3 H–acc

8c �8.7 Arg 376 CZ/OS 2.2 110.3 H–acc
Arg 376 CB/OS 2.3 91.8 H–acc
Arg 374 CB/OS 2.1 107.0 H–acc
Arg 374 CB/OH 2.2 121.8 H–acc

8d �8.0 Arg 376 CA/OS 2.3 113.2 H–acc
Arg 376 CB/OS 2.2 100.7 H–acc
Arg 374 CB/OS 2.3 109.3 H–acc
Arg 374 CZ/OH 2.2 121.0 H–acc

8e �9.0 Arg 376 CZ/OS 2.7 88.7 H–acc
Arg 376 CB/OS 2.1 71.0 H–acc
Arg 374 CB /.OS 2.1 137.7 H–acc
Arg 374 CZ/ON 2.2 118.7 H–acc

8f �9.4 Arg 376 CZ/OS 2.3 120.3 H–acc
Arg 376 CB/OS 2.7 118.7 H–acc
Arg 374 CB/OS 2.14 127.0 H–acc

8g �8.7 Arg 376 CZ/OS 2.6 94.6 H–acc
Arg 376 CB/OS 2.4 80.7 H–acc
Arg 374 CB/OS 2.3 98.1 H–acc
Arg 374 CZ/OC 2.0 97.8 H–acc

9a �8.7 Arg 374 CB/OS 2.5 120.7 H–acc
Arg 374 CZ/OS 2.2 96.3 H–acc
Arg 374 CB/OS 2.1 81.8 H–acc
Arg 376 CZ/ON 2.6 120.1 H–acc
Arg 376 CB/ON 2.3 118.5 H–acc
Ser 143 CA/HO 2.1 91.1 H–don

9b �6.9 Arg 376 CB/OC 2.5 133.1 H–acc
9c �7.4 Arg 374 CB/OC 2.3 91.6 H–acc
9d �7.0 Arg 376 CZ/OC 2.6 93.5 H–acc
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which are the basic sources of forming a highly vascularized
radish mass called as granular tissue (granular tissue forma-
tion). Inhibition of this granular phase of inammation by 8b,
8c, 8e, 8f, and 8g suggested signicant antiinammatory
property was observed in the experimental animal models.

3.8. Acute toxicity study

There were no signicant behavioral changes observed with all
the employed doses of various test compounds. To all the
mice, neither toxic reaction nor mortality was observed.
Therefore, 2000 mg kg�1, body weight (b.w.), dose was
considered as maximum tolerated dose. Based on acute
toxicity study, we have selected 100 mg kg�1 for entire anti-
inammatory activity in vivo.

3.9. Molecular docking

With an aim to investigate binding interactions and under-
stand the potent activity of the active compounds, the
compounds were selected for docking study by using Auto
Dock 4.2 soware. All the title compounds were docked into
3908 | RSC Adv., 2021, 11, 3897–3916
the active site of the enzyme DNA gyrase A, COX-1, and COX-2
which are suitable targets for antibacterial and antiin-
ammatory activity in silico. With reference to antibacterial
activity, all the title compounds exhibited higher dock scores
than the reference compound, streptomycin and noroxacin
except 8a, 9b, 9c and 9d. Out of all, 8e, 8f, 8g and 9a have
formed the highest dock score akin to the rest of the title
compounds. Whereas with reference to the inammatory
targets, except 8a, 9b and 9d against COX-1 and 8a and 9c
against COX-2 have formed higher dock scores ranging from
�6.3 to �9.4 (COX-1) and �5.6 to �9.4 (COX-2) when
compared to the reference, celecoxib (�7.2 to �7.4) respec-
tively. The H-bonds, binding affinities and energy proles of
compounds 8a–8g and 9a–9d along with reference drugs,
towards the active site amino acids such as DNA gyrase A, COX-
1, COX-2 and 3D interactions of the best lead compounds are
summarized in Tables 7–9 and Fig. 6–8. In overall conclusion
drawn from the in silico studies stated that the compounds 8b,
8c, 8d, 8e, 8f, 8g and 9a and 9b in common have shown the
highest binding energies against all the selected target
© 2021 The Author(s). Published by the Royal Society of Chemistry
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Table 9 Binding characteristics of synthesized compounds (8a–8g and 9a–9d) and references against COX-2 protein

Compound BE Bonding interaction Bond length(�A)
Bond angle
(�) Bond type

Celecoxib �7.2. Lys 235 CZ/HN 2.4 118.3 H–don
8a �5.6 Arg 293 CB/OH 2.5 108.8 H–acc

Asn 556 CZ/HN 2.7 112.7 H–don
8b �8.7 Asn 268 CB/OS 2.6 100.3 H–acc
8c �9.4 Gly 310 CB/ON 2.6 119.3 H–acc

Gln 313 CB/OS 2.4 101.0 H–acc
8d �8.6 Asn 268 CB/OC 2.6 86.1 H–acc

Asn 268 CA/OS 2.2 106.3 H–acc
8e �9.0 Asn 268 CB/OS 2.1 91.1 H–acc

Asn 268 CA/OC 2.7 104.7 H–acc
Arg 414 CZ/ON 2.5 116.0 H–acc

8f �8.5 Asp 143 CA/OC 2.4 117.9 H–acc
Asp 143 CZ/OC 2.6 104.9 H–acc

8g �8.6 Asn 567 CA/OS 2.5 66.7 H–acc
Asn 567 CZ/OS 2.2 78.4 H–acc
Gln 336 CZ/OC 2.6 90.3 H–acc
Gln 336 CZ/HO 1.9 98.7 H–don

9a �8.0 Asp 143 CB/OH 2.3 89.9 H–acc
9b �8.7 Asn 556 CZ/HN 2.2 99.7 H–don
9c �7.1 Ser 457 CB/HN 2.6 120.0 H–don
9d �7.3 Asn 556 CZ/OC 2.2 117.3 H–acc

Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

0 
Ja

nu
ar

y 
20

21
. D

ow
nl

oa
de

d 
on

 4
/2

2/
20

26
 1

0:
07

:0
3 

A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
proteins and were actively tted in the active sites of the target
genes. Majority of the H-accepted type of bonds were formed
by the ligands than the H-donor type. This reveals the active
interaction of the compounds with the active site of target
protein. Among the title compounds, 9b and 9d with COX-1
protein and 9c with COX-2 protein have formed hydrophobic
interactions.

3.10. Bioactivity & toxicity risk studies

The bioactivity properties like G protein-coupled receptor
ligand (GPCRL) property, ion channel modulator (ICM) prop-
erty, kinase inhibitor (KI) property, protease inhibitor (PI)
property, nuclear receptor ligand (NRL) interaction property &
enzyme inhibitor (EI) property and toxicity risk properties like
drug-likeness and drug score were predicted for the title
compounds (Table 10). The GPCRL property is identied in the
limits of 0.64–0.18, ICM property is identied ranging from
�0.18 to 0.27, KI property is identied limiting from �0.13 to
0.23, NRL interaction property is enriched with values ranging
from �0.03 to 0.23, PI property is reputed in the range of 0.33–
0.04 and EI property is explored in the limits of 0.14–0.04. All
these properties are superior when compared standard, cele-
coxib. Similarly, it is found that all the compounds are in the
range of �9.3 to �5.8 of drug-likeness and is comparable with
celecoxib having�6.3 of drug-likeness. Likewise, the drug score
is identied in the range of 0.92 to 0.29, which are superior to
the celecoxib standard with 0.42 of drug score value. From the
bioactivity assessment, it is also renowned that all the synthe-
sized compounds are nonmutagenic, non-tumorigenic, non-
irritant and they doesn't adhere the negative impacts on
reproductive system and hence ascertained them as safer drugs
with extensive binding affinities to pair up potentially with
© 2021 The Author(s). Published by the Royal Society of Chemistry
reactive species in the domains of the specic targets consid-
ered and established a robust host–receptor relation of
compounds with the all the above ligands.

3.11. ADMET properties

This signicant study helps to distinguish the pharmacokinetic
properties of title compounds and to comprehend their drug-
like interactions with in the cell. The human intestinal
absorption discursively helps in carrying the active compounds
to target cell tissues via blood stream to interact mutually. In
oral administration, degree of absorption of a potential
compound depends on the properties of its inherent bioavail-
ability. Then the absorbed portion will itself be distributed into
muscles from there to other organs by circulation via extracel-
lular sites. As such the distribution of a compound lowers its
plasma concentration and metabolizes it and then distributes
its metabolites by enzymatic redox reactions. Some of the
distributed active metabolites work efficiently in pharmaco-
logically on cellular systems, on contrary the inactive metabo-
lites deactivate the administered compound and reduce its
effect in vivo and inert metabolites will be excreted from
kidneys. The scrutiny of predicted ADMET properties (Table 11)
of 8a–g and 9a–d revealed that the in vivo BBB penetration
efficiency identied in the range of 0.394438–0.974248 ascer-
tains their high signicance of CNS activity approved their
permeability to distribute themselves in vivo compared to cel-
ecoxib with 0.271436. It is reinforced on the grounds of their in
vitro Caco-2 cell permeability observed in the range of 14.64320–
82.36421 nm s�1, which are benign compared to celecoxib with
13.56965. This efficiency establishes their sustained perme-
ability to bind with the plasma proteins to enable the penetra-
tion of these compounds in to BBB system. The in vitro PPB
RSC Adv., 2021, 11, 3897–3916 | 3909
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Fig. 6 Bonding interactions of the lead compounds and standards
with DNA gyrase A.

RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

0 
Ja

nu
ar

y 
20

21
. D

ow
nl

oa
de

d 
on

 4
/2

2/
20

26
 1

0:
07

:0
3 

A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
affinity observed in the range of 68.361450–97.664402%
conrms their strong binding ability to the plasma proteins,
which are worthy, compared to celecoxib with 38.972004. The in
vitro MDCK cell permeability acknowledged in the range of
14.02520–66.45872 nm s�1 and hence discloses them as
moderately permeable to interact with the concerned active
species, compared to celecoxib with 22.82750. The %HIA
recognized is procient as they are in the range of 46.184572–
88.624180 which are comparatively better than celecoxib with
45.302456% and promises their interactions with the reactive
species in the expecting target of domains. The negative toxicity
results indicate that the title compounds are safer and non-toxic
drugs as omitted from the positive toxicity results. This study
concludes the good physico–chemical interactions of 8a–g & 9a–
d and their drug-likeness properties.
3910 | RSC Adv., 2021, 11, 3897–3916
3.12. QSAR studies

The study of biochemical interactions of compound under
analysis with it pharmacological target is a vital step in realizing
its drug-like properties. In such predicted QSAR properties of
compounds revealed their effective scorings of molecular
weights are in 283.1–431.0 range, which are less than 500 Da
and supports their safer drug activity (Table 12). The number of
hydrogen bond donating atoms or atom containing groups is 5,
which is less than or equal to 5. Similarly, they are deserved with
partition coefficient (log P) of 1.05–3.72, which is less than 5
and the molecular refractivity values in the range of 53.62–97.24
cm3 mol�1 are identied in the limits of potential drugs only.
These observed results conrm that compounds 8a–g & 9a–d are
with virtuous pharmaceutical parameters with zero Lipinski
property violations. On compatible with Lipinski parameters we
have predicted the total polar surface area (TPSA) values which
are less than 140, number of rotatable bonds in the range of 5–6
which are less than 10 empowers them as potential molecules
with zero Veber property violations to interact well with the
target cells. The consistent correlation of Lipinski and Veber
properties esteems title compounds as noble administrable
drugs to effectively bind with host to assure their pharmaco-
logical activity. On the other hand, the number of hydrophobic
atoms presents on the ligand molecules in the range of 16–19
assures their capacity to form complexes with target cell
receptors to institute their ligand-receptor binding relations.
The additional properties like van der Waals volume identied
in the range of 122.6–288.6, density in the range of 1.12–1.62 g
cm3 and solubility ranging from �1.02 to �4.66 supports the of
ligand interactions with molecules with the hosting receptors
and their procient affinity with target cells within binding
domain. This entire study of QSAR study provided an estab-
lished support the evaluated biological activities respectively.

Blood–Brain Barrier (BBB) penetration ¼ brain/blood; Caco-
2 cells are derived from human colon adenocarcinoma; possess
multiple drug transport pathways through intestinal epithe-
lium; PPB: % of drug binds to plasma protein; MDCK cell
system used as tool for rapid in vitro permeability screening;
human intestinal absorption is the sum of bioavailability and
absorption evaluated from ratio of excretion or cumulative
excretion in urine, bile and feces; In vitro Ames test by metabolic
and non-metabolic activated TA100 and TA1535 strains
collected from rat liver homogenate.
4. Conclusion

In conclusion, we successfully designed and synthesized
a series of novel sulphonamide and carbamate derivatives of
nebivolol intermediate in simple and convenient way. All the
title compounds were investigated for anti-microbial activity
and anti-inammatory activities by applying the suitable in
vitro, in vivo and in silico methods. Out of all the title
compounds, 8b, 8c, 8d, 8e, 8f, 8g and 9a exhibited signicant
and promising activity against all the strains of bacterial, fungal
and inhibited the percentage of inammation and NO
production against LPS-induced inammation in RAW 246.7
© 2021 The Author(s). Published by the Royal Society of Chemistry

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d0ra08905b


Fig. 7 Bonding interactions of the lead compounds and standard with COX-1.

© 2021 The Author(s). Published by the Royal Society of Chemistry RSC Adv., 2021, 11, 3897–3916 | 3911

Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

0 
Ja

nu
ar

y 
20

21
. D

ow
nl

oa
de

d 
on

 4
/2

2/
20

26
 1

0:
07

:0
3 

A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d0ra08905b


Fig. 8 Bonding interactions of the lead compounds and standard with COX-2.
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Table 10 Bioactivity & toxicity risk of the title compounds (8a–8g and 9a–9d)a

Structure

Bioactivity Toxicity risks

GPCRL ICM KI NRL PI EI MUT TUMO IRRI REP DL DS

8a 0.22 �0.18 �0.36 �0.03 0.28 0.04 � � � + �6.0 0.38

8b 0.18 0.10 �0.43 0.06 0.31 0.08 � � � � �9.4 0.56

8c 0.47 0.17 0.21 0.09 0.30 0.08 � � � � �8.9 0.62

8d 0.41 0.11 0.23 0.10 0.27 0.05 � � � � �9.2 0.70

8e 0.20 0.24 0.12 0.13 0.33 0.12 � � � � �9.3 0.82

8f 0.29 0.27 0.10 0.08 0.31 0.11 � � � � �9.2 0.84

8g 0.31 �0.20 �0.13 0.08 0.27 0.14 � � � � �9.0 0.92

9a 0.27 0.17 �0.08 0.21 0.23 0.06 � � � � �8.8 0.91

9b 0.38 0.19 �1.02 0.23 0.21 0.07 � � � + �8.8 0.88

9c 0.64 �0.21 �1.21 �0.03 0.15 0.07 � � � � �6.1 0.37

9d 0.26 �0.38 �1.30 �0.04 0.12 0.05 � � � � �5.8 0.29

© 2021 The Author(s). Published by the Royal Society of Chemistry RSC Adv., 2021, 11, 3897–3916 | 3913
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Table 10 (Contd. )

Structure

Bioactivity Toxicity risks

GPCRL ICM KI NRL PI EI MUT TUMO IRRI REP DL DS

Cel. �0.63 �0.49 �1.42 �1.48 �0.79 �0.09 � � � + �6.3 0.42

a GPCRL: G protein-coupled receptor ligand; ICM: ion channel modulator; KI: kinase inhibitor; NRL: nuclear receptor ligand; PI: protease inhibitor;
EI: enzyme inhibitor; MUT: mutagenic; TUMO: tumorigenic; IRRI: irritant; REP: reproductive effect [a dash (�) indicates no effect (+) indicates the
effect]; DL: drug likeness; DS: drug score.

Table 11 Predicted ADMET profiles of the title compounds (8a–g and 9a–d)

Com. BBB Caco2 PPB MDCK HIA% Toxicity

Rule >0.40 4–70 >90 25–500 20–100 Negative
8a 0.394438 15.49632 70.650233 25.10452 46.184572 Negative
8b 0.846620 60.36412 95.854201 31.65632 79.564202 Negative
8c 0.798246 71.55320 97.664402 38.48920 88.624180 Negative
8d 0.557214 65.43210 95.366320 43.56974 83.554630 Negative
8e 0.974248 80.42152 92.187240 51.69202 80.968742 Negative
8f 0.881146 82.36421 97.320045 60.45325 73.568940 Negative
8g 0.955226 78.99124 91.664025 66.45872 73.202145 Negative
9a 0.687236 69.10145 85.366240 59.88724 81.664524 Negative
9b 0.421078 14.64320 68.442052 14.65234 66.387552 Negative
9c 0.604482 22.74322 88.924210 55.46320 70.338564 Negative
9d 0.388460 15.32104 68.361450 14.02520 50.345892 Negative
Celecoxib 0.271436 13.56965 38.972004 22.82750 45.302456 Negative

Table 12 QSAR profiles of the title compounds (8a–g and 9a–d)a

Com.

Lipinski Assets Veber Assets Other Assets

MW HD HA log P MR L Vio. TPSA RB V Vio. HP VV D Solu.

Rule <500 <5 <10 <5 <100 <1 <140 <10 <1 5–20 100–300 1–2 �1 to �5
8a 370.0 4 6 2.80 53.62 0 130.44 5 0 16 140.6 1.62 �1.23
8b 326.4 5 6 2.10 94.10 0 120.36 5 0 19 288.6 1.44 �3.45
8c 388.1 5 6 1.89 97.24 0 115.42 5 0 19 246.6 1.30 �4.18
8d 431.0 5 6 1.62 91.32 0 110.08 6 0 17 244.8 1.28 �4.66
8e 296.4 5 6 1.05 90.72 0 108.46 6 0 19 238.4 1.26 �4.10
8f 338.3 5 6 1.44 93.14 0 101.88 6 0 18 224.5 1.36 �3.98
8g 401.1 5 6 2.04 93.58 0 100.05 6 0 18 278.9 1.40 �3.76
9a 269.1 5 6 1.30 92.77 0 103.84 5 0 18 268.1 1.14 �4.22
9b 363.0 4 6 3.02 63.78 0 132.56 6 0 13 122.6 1.50 �1.02
9c 312.0 5 6 1.88 95.62 0 120.64 6 0 17 280.4 1.12 �4.66
9d 283.1 5 6 3.72 60.14 0 138.60 5 0 11 128.0 1.58 �1.56
Celecoxib 381.3 4 5 2.89 46.23 0 128.42 5 0 9 132.7 1.66 0.18

a MW: molecular weight; HD: hydrogen bond donors; HA: hydrogen bond acceptors; log P: octanol to water partition coefficient; MR: molecular
refractivity (cm3 mol�1); L Vio: Lipinski violations; TPSA: total polar surface area; RB: number of rotatable bonds; V Vio: Veber violations; HP:
number of hydrophobic atoms; VV: van der Waals volume; D: density (g cm3); Solu.: solubility.

3914 | RSC Adv., 2021, 11, 3897–3916 © 2021 The Author(s). Published by the Royal Society of Chemistry
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cell lines during the treatment. Besides, 8b, 8c, 8d, 8e, 8f, 8g and
9a have signicantly attributed for their efficient COX-1 and
COX-2 inhibition in vitro and antagonistic activity against
carrageenan induced paw edema and granular tissue forma-
tion. Molecular docking studies also disclosed that the majority
of the synthesized compounds exhibited noteworthy binding
modes with high dock scores ranging from�8.8 to�6.0 against
DNA gyrase A, �9.3 to �6.3 against COX-1 and �9.4 to �5.6
against COX-2 protein when compared with the standard drugs.
In addition to the docking studies, ADMET, QSAR, Bioactivity
and Toxicity analysis of compounds are also provided an insight
regarding the therapeutic potentiality and conrmed the drug
likeness of the title compounds. Hence, the idea of synthesis of
sulphonamide and carbamate derivatives of nebivolol inter-
mediate has proved as a commending assignment in designing
these potential antiinammatory agents and proved nebivolol
group as a potential pharmacophore of the synthesized deriv-
atives. Therefore, the current study will open new vistas and the
lead compounds will stand as the drug candidates for the
discovery of new and highly potent pharmacologically active
antiinammatory agents which will have multiple applications
in the elds of medicinal and synthetic chemistry.
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