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Abstract
It is well established that cyclooxygenase-2 (COX-2) and 5-lipoxygenase (5-LOX) play a vital role in the initiation and
progression of inflammatory reactions. Hence, thiazole and thiazolidene-based pharmacophore molecules were synthesized
to obtain dual COX-2 and 5-LOX inhibitory activity. The synthesis of target compounds has been achieved by a novel green
strategy. In vitro COX-1, COX-2, and 5-LOX evaluation of these molecules have shown the potential for an improved anti-
inflammatory profile. Most promising compound among the series (2-(diphenylamino)-4-(4-nitrophenyl)thiazol-5-yl)
(naphthalen-1-yl)methanone 7h (IC50= 0.07 ± 0.02 μM) showed equivalent COX-2 inhibitory potency as that of positive
control etoricoxib (IC50= 0.07 ± 0.01 μM) and an enhanced selectivity index of 115.14. Compound 7h exhibited 5-LOX
IC50 of 0.29 ± 0.09 μM and reference drug zileuton showed IC50 of 0.15 ± 0.05 μM. In vivo studies of 7h including
carrageenan-induced paw edema assay (63% inhibition of paw edema), antiulcer studies, biochemical assays, qRT-PCR
analysis, and anticancer studies indicated that the present study has identified a good lead compound for the development of
a potential anti-inflammatory drug having improved gastric safety profile.
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Introduction

The significance of chronic inflammation in the pathophy-
siology of cancer, rheumatoid arthritis, cardiovascular, and
neurological disorders is of serious therapeutic concern
[1, 2]. Tumor microenvironments enclose a variety of
inflammatory mediators, such as growth factors, chemo-
kines, and cytokines that trigger extravasations of tumor
cells [3]. Biologically, the protective response of the body
to extrinsic and intrinsic stimuli is associated with altera-
tions in arachidonic acid (AA) metabolism leading to
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inflammation. Cyclooxygenases (COX) and lipoxygenases
(LOX) are two important enzymes involved in the AA
cascade. COX include two isoenzymes, COX-1/COX-2,
which produce prostaglandins (PGs), prostacyclin (PGI2),
and thromboxanes from AA. Among the COXs, COX-1 is
intrinsic and responsible for homeostatic function whereas
COX-2 is an inducible enzyme and is over expressed in

inflammation and tissue damage. Evidence showed that
leukotriene metabolites produced by LOX especially 5-
LOX are associated with cardiovascular diseases and cancer
[4, 5]. The significance of dual inhibition of COX-2 and 5-
LOX is further underscored as they have been reported to be
upregulated in various tumor types, including colon cancer,
prostate cancer, breast cancer, and pancreatic cancer [6, 7].

Fig. 1 Bioactive molecules with
thiazole ring

Fig. 2 General structures of the novel molecules 7a–r including previously reported 5-LOX inhibitors, 1, 2, 3, and dual COX-2/5-LOX inhibitor,
4, considered as the starting scaffolds for the design of new molecules.
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Epidemiologic investigations recommended that COX-2
inhibitors radically reduced the risk of these dreadful dis-
eases [8]. Hence, multi-targeted ligands that inhibit both
COX-2 and 5-LOX enzymes hold great promise in opti-
mizing anti-inflammatory activity with minimal side effects
[9]. Thus we have found the rationale for the extension of
our research on COX-2/5-LOX inhibitors to cancer
cell lines.

Thiazoles are important constituents of many naturally
occurring biomolecules such as thiamine and synthetic
drugs with a variety of therapeutic properties for instance
analgesic, antipyretic, anti-inflammatory, anticancer, and
antiviral activities [10–12]. Antiretroviral agent ritonavir

[13], antimicrobial agent sulfathiazole [14], antifungal agent
abafungin [15], anti-inflammatory drug meloxicam [16],
antiparkinson’s drug pramipexole [17], and antineoplastic
drug tiazofurin [18] and bleomycin [19] are few examples
of clinically used thiazole-based drugs (Fig. 1). Interest-
ingly, thiazol-4(5H)-one derivative darbufelone and 1,3-
thiazolidine-2,4-dione derivative CI-987 are reported to
possess dual COX/LOX inhibition [20]. Woods et al.
reported the synthesis of thiazole analogues of indometha-
cin having selectivity toward COX-2, IC50 ~ 0.3 nM [21].
Thiazolo-celecoxib analogues have been reported for COX-
1/COX-2/15-LOX activity with IC50 ~ 6.0, 2.0, and 5.0 µM,
respectively [22]. Purine-pyrazole hybrids containing

Scheme 1 Synthesis of 4-
substituted-N-(amino-1-
carbonothioyl)-1-naphthamide
(5a–c) derivatives

Table 1 Reaction
optimizationa,b

Entry Catalyst (equiv) Solvent Temp (°C) Time (h) Yield (%)b

1 – Neat RT 24 11

2 – Neat 100 24 20

3 TBAF(0.1) Neat RT 12 56

4 TBAF(0.1) Neat 60 5 75

5 TBAF(0.1) Neat 80 1.5 94

6 TBAF(0.1) Neat 100 1.5 86

7 TBAF(0.05) Neat 80 1.5 62

8 TBAF(0.2) Neat 80 1.5 94

9 TBAF(0.4) Neat 80 1.5 94

10 NaF Neat 80 1.5 46

11 KF Neat 80 1.5 42

12 CsF Neat 80 1.5 37

13 TBAB Neat 80 1.5 69

14 TBAHSO4 Neat 80 1.5 55

15 CTAB Neat 80 1.5 57

16 TBAF(0.1) Water 80 1.5 87

17 TBAF(0.1) Ethanol 80 1.5 82

18 TBAF(0.1) Acetonitrile 80 1.5 76

19 TBAF(0.1) DMF 80 1.5 0

aReagents and conditions: 1a (1.0 mmol), 2a (1.0 mmol), under solvent-free condition
bIsolated yields
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thiazoles, thiazolidinones, and rhodanines, were reported to
have 15-LOX IC50= 1.76–6.12 μM and potential anticancer
and antioxidant activity [23].

Our group had reported 2-amino-4-aryl thiazoles [24], 1,
2-amino-4-aryl thiazole-5-phenylmethanones [25], 2, and
N-(5-(3-substituted acryloyl)-4-methylthiazol-2-yl) benza-
mides [26], 3 as potent inhibitors of 5-LOX (Fig. 2).
Recently, we have developed a new series of 2-
carbonylthiophene substituted at the 5th position of thia-
zoles, 4 and thiazolidenes as potent dual inhibitors of COX-
2/5-LOX with enhanced gastrointestinal tolerance and
excellent in vivo anti-inflammatory activity [27] (Fig. 2).
Encouraged by these results, it is envisaged that substitution
of a bulky 1-naphthoyl moiety at 5th position of thiazoles
would produce lead molecules with superior COX-2 inhi-
bition and improved anti-inflammatory activities. We
hereby report green synthesis of some (2-(alkyl/aromatic
amino)-4-(4-substituted phenyl)thiazol-5-yl)(naphthalen-1-
yl)methanone and N-(4-(4-substituted phenyl)-3-phe-
nylthiazol-2(3H)-ylidene)-1-naphthamide and their in vitro
evaluation for COX-1/COX-2 and 5-LOX inhibitory activ-
ity. Compounds with promising dual inhibitory activity
were investigated for in vitro PGE2 and LTB4 inhibition.
Besides, we conducted in vivo anti-inflammatory, antiulcer,
qRT-PCR, and molecular docking studies on the most
active compound. In the current study, the most active
compound was also investigated for the anticancer activity
on various cell lines.

Results and discussion

Chemistry

Since thiazoles are associated with various biological
activities and inspired by our earlier studies [25], here, we

intended to design and synthesis 2-amino-4-arylthiazol-5-
ylnaphthalen-1-yl methanone derivatives. Naphthoyl moi-
ety was introduced to the C5 of thiazole ring, as the inclu-
sion of a large aromatic ring would increase the bulkiness of
the moiety, and henceforth it can fit well selectively within
the large Val523 side pocket of the COX-2 active site. The
key intermediate 5a–c was synthesized with minor mod-
ification as per the earlier report [25]. Briefly, 1-naphthoyl
thioureas (5a–c) in the first step were synthesized by
treating 1-naphthoyl chloride with potassium thiocyanate in
a toluene-water system in the presence of tetra-
butylammonium fluoride (TBAF), followed by the reaction
with substituted amines (Scheme 1). Initially, we optimized
the reaction conditions for thiazole synthesis using the
substrates, N-(diphenylcarbamothioyl)-1-naphthamide and
2-bromo-1-phenylethan-1-one to study the catalytic effi-
ciency of TBAF. The results are shown in Table 1. Because
of the low thermal stability of TBAF, reactions involving
these were carried out below 100 °C [28]. Under SFC and in
the absence of catalyst at RT, the reaction of N′-naph-
thoylthiourea with phenacyl bromide was negligible. Even
after 24 h, the yield obtained was 11% (Table 1 entry 1).
Then the temperature was raised to 100 °C, but there was no
significant improvement in the reaction, 20% yield (Table 1
entry 2). However, after mixing of N′-naphthoylthiourea
with phenacyl bromide in the presence of 0.1 equiv of
TBAF at RT, thiazole was indeed formed in 1.5 h, 56%
yield (Table 1 entry 3). Then, reaction at different tem-
peratures such as 60, 80, and 100 °C was examined and the
yield of product was gratifyingly increased to 75%, 94%,
and 82%, respectively (Table 1 entries 4–6). These results
emphasized the role of TBAF as a catalyst for cycloaddi-
tion. Further, we studied the effect of other fluoride catalysts
such as NaF, KF, and CsF, which exhibited less catalytic
activity compared to TBAF (Table 1 entries 10–12).
Meanwhile, the study of other phase transfer catalysts like

 

Scheme 2 Synthesis of 2-
(substituted)-4-(4-substituted
phenyl)thiazol-5-yl)
(naphthalene-1-yl)methanone
(7a–l) and N-(3-phenyl-4-(4-
(substituted)phenyl)thiazol-2
(3H)-ylidene)-1-naphthamide
(7m–r) derivatives
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TBAB, TBAHSO4, and CTAB demonstrated that TBAF
was the most useful catalyst amid them (Table 1 entries
13–15). 0.1 equiv of TBAF is optimal for the reaction as a
further increase in catalyst concentration could not improve
the yield (Table 1 entries 7–11). Both temperature and time
of reaction were significant as the higher (100 °C) or lower
(60 °C) temperature and reduction in reaction time reduced
the yield. The effect of different solvents such as water,
ethanol, acetonitrile, and dimethylformamide on yield was
studied. The reaction in water and ethanol afforded com-
parably good yields of thiazole although it was less than
SFC (Table 1 entries 16–19). By carrying out these
experiments we established the best possible reaction pro-
cedure: adding 0.1 equiv of TBAF to equal moles of

N′-natphthoyl thiourea and phenacyl bromide under SFC
and then carrying out the reaction at 80 °C for 1.5 h
(Scheme 2).

In general, the electron-withdrawing substituents on p-
position of phenacyl bromides afforded fast reaction rate
and good yields. In this reaction the thiazole ring was
formed by a rearrangement, as usual, we expected C-5
phenyl methanone substitution. To our surprise, we got
naphthalenyl methanone substitution instead. The ORTEP
figure of 7h, (CCDC no. 1922521) is shown in Fig. 3. The
formation of thiazole from thiourea and α-halo ketone was
rationalized mechanistically. Initially, the reaction was
catalyzed by fluoride ion of TBAF, which activates the
sulfur atom of thiourea and makes a stronger attack on the

Fig. 3 Crystal structure of
compound 7h-ORTEP diagram,
CCDC no. 1922521

Scheme 3 Proposed mechanism for the synthesis of compound 7a–l
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active methylene group of phenacyl bromide. Then the N-C
(4) bond fission supervenes and an open-chain intermediate
was formed. Both the carbonyl groups are now susceptible
to subsequent ring closure. Slow dehydration of the inter-
mediate occurs through in situ activation of the PhCO group
by nBu4N

+ where more electrophilic carbonyl group pre-
dominates and 5-naphthalenyl methanone thiazole was
formed in good yields (Scheme 3) [28–30]. Interestingly,
this approach could provide a new way for the introduction
of different C-5 substituents on the thiazole ring from aryl
or heteroaryl acid chlorides [27]. On the other hand, thia-
zolidene derivatives were formed by another mechanism as
shown in Scheme 4. Naphthoylthiourea 5c was activated in
the presence of TBAF. The lone pair of electrons from
amide nitrogen is transferred to the neighboring carbon
following nucleophilic alkylation of thiourea with α-bro-
moketones to form an intermediate, which could be cyclized
to the desired compound after dehydration and proton
transfer [27].

Biological activity

COX-1/2 inhibitory activity

All the compounds (5a–c and 7a–r) were subjected to COX-2
inhibition studies and IC50 is shown in Table 2 with etoricoxib
as a reference drug. During the COX reaction, SnCl2 reduces
COX-derived PGH2 to PGF2α and was measured directly. The
activity was determined by measuring the quantity of PG
generated at various concentrations of test compounds by the
enzyme. The activity was measured by calculating the selec-
tivity index that was found out by the ratio of COX-1 IC50 to
COX-2 IC50, shown in Table 3. Further, compounds (7d, 7h,
7n, 7p, 7r) were chosen for COX-1 IC50 determination by
their considerable COX-2 and 5-LOX percentage inhibition.
Among morpholine-substituted derivatives, compound 7d

with p-CF3 phenyl showed superior activity. When a diphe-
nylamino group was incorporated with p-NO2 phenyl ring to
thiazole core, COX-2 selectivity was enhanced to IC50=
0.07 ± 0.02 μM, compound 7h, while COX-1 IC50 was 8.06 ±
0.11 μM. The most potent compound 7h has a selectivity
index of 115.14, which was superior to that of the selective
COX-2 inhibitor, etoricoxib, 91.28. Besides, compound 7n
showed better selectivity to COX-2 than COX-1 with a
selectivity index of 90.0. The exceptional selectivity of com-
pounds 7h and 7n to COX-2 over COX-1 could be due to its
naphthoyl group that provided bulkiness to the compound
structure as COX-2 has a comparatively larger active site.
Although the substitutions are being different, the p-phenyl
substitution and tertiary amino group on the central thiazole
core plays a key part in anti-inflammatory activity. In general,
significant COX-2 inhibition was shown by compounds with
an electron-withdrawing group (NO2, CF3) at p-position of the
phenyl ring. Similarly, there was significant COX-2 inhibition
associated with compounds substituted with p-CH3 phenyl
ring (7f, 7l, 7r). Generally, naphthoyl substitution at C5 of
thiazole ring improved COX-2 inhibition in comparison to
previously reported thiophene derivatives [27].

5-LOX inhibitory activity

The detection and measurement of hydroperoxides gener-
ated in the lipoxygenation reaction using purified 5-LOX
enzyme are the basis of 5-LOX inhibitory assay. All the
synthesized compounds were evaluated for soybean 5-LOX
inhibitory activity and IC50 was determined. The results
represented in Table 2 showed that compounds 7q and 7r
with IC50= 0.15 ± 0.04 μM and 0.16 ± 0.01 μM, respec-
tively have similar 5-LOX inhibition to that of standard
zileuton (IC50= 0.15 ± 0.05 μM). By analyzing 5-LOX
activity and chemical structure of the compounds, it was
observed that generally, the electron-withdrawing substitu-
tion at p-phenyl group may increase the 5-LOX inhibitory
activity compared to the electron-donating groups. Besides,
thiazoline derivatives (7m–r) have shown more affinity
toward 5-LOX inhibition than thiazoles.

PGE2 and LTB4 screening assay on LPS-induced RAW 264.7
cell lines

By lipopolysaccharide treatment (LPS) on RAW 264.7 cells,
the concentration of PGE2 and LTB4 was markedly upre-
gulated. PGE2 and LTB4 accumulation was increased to
1.28 and 0.92 ng/ml, respectively, following to LPS
induction. All the compounds tested exhibited potential
concentration-depended inhibition of PGE2 and LTB4,
results depicted in Table 4. Most potent compound 7h
inhibited synthesis of PGE2 at IC50= 0.41 ± 0.06 μM and
LTB4 at IC50= 0.25 ± 0.03. While, etoricoxib and zileuton

Scheme 4 Proposed mechanism for the synthesis of compound 7m–r
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Table 2 The IC50 values of
in vitro COX-2 and 5-LOX
assay of compounds 5a–c, 7a–r,
and reference drugsa

Sl no Compound R3 IC50 ± SD (μM)

COX-2 5-LOX

1 5a – 0.937 ± 0.005 11.34 ± 2.36

2 5b (Wu et al. [50]) – 5.08 ± 0.01 9.044 ± 0.42

3 5c (Bai et al. [51]; Dzurilla et al. [52]; Hemdan et al. [53]) – 10.61 ± 0.57 9.86 ± 0.69

4 7a H 8.56 ± 0.19 7.77 ± 0.68

5 7b NO2 8.26 ± 1.66 4.66 ± 0.75

6 7c F 8.12 ± 0.52 5.61 ± 0.05

7 7d CF3 0.28 ± 0.04 0.44 ± 0.73

8 7e CN 8.54 ± 1.63 10.94 ± 0.37

9 7f CH3 0.90 ± 0.064 14.28 ± 0.48

10 7g H 6.04 ± 0.06 4.74 ± 0.95

11 7h NO2 0.07 ± 0.02 0.29 ± 0.09

12 7i F 0.931 ± 0.07 14.72 ± 1.0

13 7j CF3 0.99 ± 0.11 4.74 ± 0.88

14 7k CN 7.04 ± 0.37 4.97 ± 0.23

15 7l CH3 0.77 ± 0.03 9.03 ± 0.66

16 7m H 0.71 ± 0.05 5.10 ± 0.76

17 7n NO2 0.08 ± 0.01 0.36 ± 0.05

18 7o F 7.87 ± 0.14 0.26 ± 0.05

19 7p CF3 0.71 ± 0.05 0.54 ± 0.02

20 7q CN 10.27 ± 0.33 0.15 ± 0.04

21 7r CH3 0.69 ± 0.46 0.16 ± 0.01

22 Etoricoxib – 0.07 ± 0.01 –

23 Zileuton – – 0.15 ± 0.05

aIC50 is the concentration of compound needed to produce 50% inhibition

Table 3 IC50 values and selectivity index (SI) of selected compounds
against COX-1 and COX-2

Compound IC50 ± SD (μM) Selectivity index

COX-1 COX-2 (SI)

7d 6.92 ± 0.18 0.28 ± 0.04 24.71

7h 8.06 ± 0.11 0.07 ± 0.02 115.14

7n 7.20 ± 0.34 0.08 ± 0.01 90.0

7p 6.89 ± 0.26 0.71 ± 0.05 9.70

7r 6.87 ± 0.43 0.69 ± 0.46 9.95

Etoricoxib 6.39 ± 0.83 0.07 ± 0.01 91.28

SI: IC50 (COX-1)/IC50 (COX-2)

Table 4 PGE2 and LTB4 screening assay on LPS-induced RAW
264.7 cells

Compound IC50 ± SD (μM)

PGE2 LTB4

7d 0.49 ± 0.18 0.45 ± 0.09

7h 0.41 ± 0.06 0.25 ± 0.03

7n 0.61 ± 0.05 0.69 ± 0.13

7p 0.63 ± 0.09 0.53 ± 0.04

7r 0.68 ± 0.15 0.67 ± 0.03

Etoricoxib 0.46 ± 0.02 –

Zileuton – 0.45 ± 0.10
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exhibited PGE2 inhibition and LTB4 inhibition at
IC50= 0.46 ± 0.02 μM and IC50= 0.45 ± 0.10 μM, respec-
tively. This experiment suggested that these thiazole deri-
vatives have excellent inhibitory potency toward PGE2 and
LTB4.

In vitro COX-2/5-LOX and PGE2/LTB4 inhibition stu-
dies of the synthesized compounds showed a promising
anti-inflammatory potential for compound 7h. Therefore
compound 7h was selected for more studies.

In vivo studies

The in vitro COX-1/2 and 5-LOX studies as well as PGE2

and LTB4 inhibitory studies on RAW 264.7 macrophage
cells forecasted promising anti-inflammatory potential for
compound 7h. Hence the compound 7h was chosen for
further in vivo studies.

Acute toxicity studies

As per OECD guidelines, in vivo acute toxicity studies on
male Wistar rats were carried out to study the toxic effect of
compound 7h. Compound 7h was orally administered to
animals at 50, 500, and 2000-mg/kg doses. For the first 4 h,
the animals were carefully monitored continuously for any
signs of toxicity and then for the first 24 h at regular
intervals. Subsequently, animals were observed once a day
for 14 days. After 14 days, the animals were sacrificed and
histological studies of liver, kidney, intestine, and stomach,
showed no major structural difference compared to the
control (Fig. 4).

In vivo anti-inflammatory activity

The anti-inflammatory effect of compound 7h was eval-
uated by Carrageenan-induced rat-paw edema method.
Male Wistar rats were divided into different groups of five
each. Group 1 consist of animals treated with vehicle,
served as the control, and group II was administered with
reference drug indomethacin (10 mg/kg). Group III and IV,
were treated with test compound 7h at 10, and 20 mg/kg,
respectively, orally. 1% w/v carrageenan was administered
by intraplantar injection 1 h after the treatment with the test
compound or standard. The result was represented as per-
centage inhibition by measuring paw thickness at periods 1,
2, 4, and 6 h. Results of carrageenan-induced rat-paw edema
were displayed in Fig. 5. The compound 7h showed a 53%
reduction in edema at 10-mg/kg dose (w.r.t control), which
further improved significantly to 63% on raising the con-
centration to 20 mg/kg. Interestingly the effect of 7h was
comparable to that of standard drug, indomethacin (53% at
10 mg/kg dose).

In vivo ulcerogenic activity

The use of NSAIDs for the treatment of inflammation was
limited because of gastrointestinal side effects. Hence,
compound 7h with promising in vivo anti-inflammatory
profile was further studied for its ulcerogenic activity. Sub-
sequently, an oral dosage of 7h (10 and 50mg/kg) showed a
normal gastrointestinal mucosal stomach architecture on
gross observation. Whereas, administration of indomethacin
at 10-mg/kg dose developed mucosal aberration and
ulceration in rat stomach mucosa showing its severe
ulcerative susceptibility. Besides, histopathological exam-
ination using hematoxylin and eosin stain revealed normal
histology for rat stomach treated with 7h while indometha-
cin treatment produced severe mucosal sloughing, lympho-
cytic, and granulation tissue infiltrate indicating potential
ulceration affinity. Antiulcer studies ensured gastric safety
along with the anti-inflammatory activity. See Fig. 6.

PGE2 and LTB4 screening assay in rat-paw tissues

In addition to inhibiting rat-paw swelling, a range of bio-
chemical assays confirmed the anti-inflammatory efficiency of
compound 7h. The hind-paw edema induced by carrageenan
was associated with a noticeable rise in PGE2 and LTB4 con-
centrations. The PGE2 level in the control group hind paws
demonstrated a tenfold increase after carrageenan injection over
0–6 h. Similarly, during the same time interval, LTB4 con-
centration was showed a sixfold increase. The concentration of
both PGE2 and LTB4 was significantly reduced by pretreatment
with compound 7h. Compound 7h exhibited a concentration-
dependent decrease in PGE2 and LTB4 formation. Compound
7h at 10mg/kg inhibited the production of PGE2 (786.29 ±
8.55 pg/mL) and LTB4 (360.42 ± 7.7 pg/mL) more effectively
than indomethacin 10mg/kg (PGE2: 902.7 ± 11.03 pg/mL and
LTB4: 374.14 ± 8.98 pg/mL) over the same period. The results
are shown in Fig. 7.

qRT-PCR studies

The qRT-PCR analysis was conducted on rat-paw tissue
obtained after the anti-inflammatory studies to investigate
the gene-level mechanism of inflammation inhibition by
compound 7h. Gene expression for COX-1/COX-2 and 5-
LOX was upregulated at 28.50-, 21.27-, and 38.23-fold,
respectively, than the housekeeping gene GAPDH, with
carrageenan administration (Fig. 8). Gene expression in the
presence of compound 7h has significantly inhibited the
upregulation of all the enzymes of interest. Besides, com-
pared to indomethacin, compound 7h considerably reduced
the expression of each studied enzyme, particularly against
COX-2. Results of qRT-PCR analysis could be well
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correlated with anti-inflammatory activity and gastric pro-
tective action.

Anticancer study

In vitro cytotoxicity of compound 7h was studied on L929
(Fibroblast) cells followed by in vitro anticancer activity on
three cell lines (A549: human lung cancer, MCF-7: human

breast adenocarcinoma, DLD1: human colorectal adeno-
carcinoma) by the MTT assay. As shown in Fig. 9, target
compound 7h showed less anticancer activity against all the
three cancer cell lines (IC50, A549: 24.29 ± 1.45 μg/mL,
DLD1: 19.27 ± 1.16 μg/mL, MCF-7: 20.28 ± 3.04 μg/mL)
compared to doxorubicin (IC50, A549: 14.59 ± 1.64 μg/mL,
DLD1: 10.97 ± 1.14 μg/mL, MCF-7: 9.14 ± 1.45 μg/mL).
Whereas compound 7h displayed better safety profile

Fig. 4 a, d, g, j Histology of
kidney, liver, intestine, and
stomach, of control (400×). b, e,
h, k Histology of kidney, liver,
intestine, and stomach after
treatment with compound 7h
500 mg/kg. c, f, i, l Histology of
kidney, liver, intestine, and
stomach after treatment with
compound 7h administered at
2000-mg kg−1 dose (400×)
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toward L929 cells, normal cell line (IC50= 110.24 ±
3.53 μg/mL) than doxorubicin (IC50= 95.09 ± 2.33 μg/mL).

Antioxidant activity

Reactive oxygen species (ROS) for instance superoxide
radical, hydroxyl radical, and hydrogen peroxide are gen-
erated constantly in our body. The ROS can easily damage
biomolecules including lipids, proteins, and DNA. Studies
have suggested a close association between anti-
inflammatory activity and radical scavenging. Compounds
that inhibit the production of ROS have demonstrated a
promising role in the management of inflammation and
cancer [31]. Hence, we performed various antioxidant
screening at 20 µM for all the synthesized compounds. The
results of the antioxidant study were displayed in Fig. 10.

DPPH free radical scavenging assay

Anti-inflammatory agents, particularly 5-LOX inhibitors are
found to be excellent radical scavengers. Therefore, the free
radical scavenging activity of all the compounds synthe-
sized was determined by the DPPH assay. The results dis-
played that all the compounds have less antioxidant activity
showing ~58% activity compared to the positive control,
ascorbic acid (97.31 ± 0.08 %). Indomethacin and etor-
icoxib exhibited DPPH scavenging activity of 55.49 ±
0.93% and 57.19 ± 0.27%, respectively. Best COX-2/5-
LOX inhibitor 7h showed 57.19 ± 0.27% inhibition. There
was not much difference in the antioxidant activities

irrespective of various substitutions and we couldn’t
establish a correlation between anti-inflammatory potency
and antioxidant activity.

H2O2 radical scavenging assay

H2O2 is a type of ROS that is cytotoxic and genotoxic that is
involved in various inflammatory conditions and disease
pathogenesis. H2O2 radical scavenging activity was studied
for all the compounds. The highest H2O2 inhibition was
shown by compound 5b (43.86 ± 0.59%), followed by 7h,
which showed 41.78 ± 0.55% scavenging activity. Refer-
ence drugs etoricoxib, indomethacin, and ascorbic acid had
shown 9.24%, 49.45%, and 21.86% of H2O2 scavenging
activity, respectively.

Iron-chelating assay

Chronic inflammatory processes trigger significant changes
in iron metabolism and there are reports that iron in
inflammatory synovial fluid is capable of producing
hydroxyl radical. Accordingly, synovial iron leads to the
progression of rheumatoid disease. Among all the com-
pounds tested, 5c, 7o, 7g, and ascorbic acid showed
superior activity with ~31% of iron-chelating. Compound 7
h and other reference drugs such as etoricoxib and indo-
methacin exhibited poor iron-chelating activity (~7%).

Nitric oxide (NO) radical scavenging assay

NO is harmful to various biomolecules, and elevated levels
result in direct tissue toxicity and contribute to various
inflammatory conditions and carcinomas. In this assay,
many synthesized molecules were capable of scavenging
NO significantly with ~65% inhibition. Compound 7n
recorded the maximum scavenging with 73.71 ± 1.45% and
7h exhibited 62.66 ± 0.51% NO scavenging. Whereas
reference drugs such as etoricoxib and indomethacin had
poor NO scavenging activity.

Molecular docking study

In a docking study, the most active dual COX-2/5-LOX
inhibitor 7h was docked using AutoDockTools-1.5.6 into
COX-2 and 5-LOX proteins. The 3D crystal structures of
both COX-2 (pdb ID: 5IKT) and 5-LOX (pdb ID: 3O8Y)
were obtained from the RCSB protein data bank. As
depicted in Fig. 11, a hydrogen bond was formed between
HIS356 and oxygen of nitro group (distance 2.11 Å). The
sulfur atom of the thiazole ring was also found to establish
hydrogen bonding interaction with GLN192. Apart from
hydrogen bonds compound, 7h formed pi–lone pair inter-
action and van der Waals interaction with PRO514 and

Fig. 5 Effect of compound 7h on percentage inhibition of rat-paw
edema at different time intervals. All values are presented as the
mean ± SEM (n= 5). Statistical significance has been calculated using
one-way ANOVA. *p < 0.05 vs. control group
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Fig. 6 A Stomach histology of
control rats, normal gastric
mucosa (100×), B typical
stomach architecture shows
gastric pits (arrow) (200×), C
typical adjoining gastric mucosa,
(400×). 2. Stomach histology of
treated rats, 7h, 50 mg/kg (D)
shows typical gastric mucosa
(100×), E normal stomach
architecture shows gastric pits
(arrow) (200×), F showing
typical gastric mucosa, no
evidence of gastric ulceration,
(400×). 3. Stomach histology of
rats on indomethacin dosing,
10 mg/kg (G) Gastric mucosa
showing ulceration (a), surface
mucosal sloughing (b), presence
of chronic inflammatory
infiltrate (c) (arrows), (100×),
H infiltrate of mucosal
lymphocytes indicating the
development of chronic gastritis,
(arrows) (400×), I inflammatory
granulation tissue with
ulceration, (400×)

Fig. 7 PGE2 and LTB4 levels after treatment with 7h in paw tissues at
6 h following carrageenan injection. Graph A; PGE2 concentration
following to 7h and indomethacin pretreatment and Graph B; LTB4

concentration following to 7h and indomethacin pretreatment. The
Control group was only received saline and the carrageenan group was

not given pretreatment. The values were shown as mean ± SEM
(n= 4). ###p < 0.001 carrageenan group in comparison to control
group. *p < 0.05, **p < 0.01, and ***p < 0.001 treated group in com-
parison with carrageenan alone group
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SER581, respectively. At COX-2 active site, the compound
7h demonstrated the best binding conformation with the
binding energy of −8.87 Kcal/mol. The diphenyl group of
7h was surrounded by GLN354, TYR355, GLN350,
HIS351, and SER581. Docking simulations of compound
7h at 5-LOX active site afforded the binding energy of
−6.68 Kcal/mol, which was better than reference drug
zileuton (−6.43 Kcal/mol). Oxygen atoms of the carbonyl
group and the nitro group established hydrogen bonds with
TRP147 and ARG 411, respectively. Naphthoyl group was
found to have van der Waals interaction, pi–anion, and
pi–alkyl interaction with the active site. The binding inter-
action of 7h at active sites of COX-2 and 5-LOX is shown
in Fig. 11.

Materials and methods

Chemistry

All the reagents and solvents were obtained from com-
mercial vendors and used without further purification.
Reaction progress was monitored by thin-layer chroma-
tography on pre-coated silica gel 60 F254 plates (Merck)
and chromatogram visualization using the iodine cham-
ber and UV light. Melting points were determined on the
Guna Melting point apparatus and were uncorrected.
FTIR spectra were obtained using ATR-FTIR Jasco-
4100. 1H and 13C NMR spectra were recorded on Bruker
advance DMX 400-MHz NMR spectrometer at 400 and
100 MHz, respectively, using DMSOd6 and CdCl3 as
solvents with internal reference tetramethylsilane. In
NMR spectra, chemical shifts (δ) are given in ppm, and
coupling constants (J) are expressed in hertz (Hz). High-
resolution mass spectra were obtained with JOEL HR
mass spectrometer. The purity of final products was
analyzed by UPLC-PDA equipped with a pump qua-
ternary solvent manager autosampler-sample manager
FTN, and PDA-E-LAMBDA detector. The analytical
column used was Acquity UPLC BEH C 18 (150 ×
2.1 mm i.d., 130 Å, 1.7 µm) at 37 °C. All the compounds
showed purity >95%. The elemental analysis was per-
formed on Perkin Elmer 2400 CHNS analyzer and values
within ±0.4% of the calculated values.

General procedure for compounds 5a–c

To a mixture of an aqueous solution of potassium thio-
cyanate (1.6 mmol) and TBAF, naphthoyl-1-chloride in 10-
mL toluene was added slowly, stirred for 1 h at RT, and
then the organic layer was separated. Aromatic or

Fig. 8 Gene expression studies
on COX-1, COX-2, and 5-LOX
enzymes induced by
carrageenan after 7h treatment,
internal control, GAPDH.
Relative gene expression of
COX-1, COX-2, and 5-LOX
was calculated regarding control
samples treated with saline alone
indicated by *p < 0.05.
Triplicate experiments were
performed and values were
expressed as the mean ± SEM
(graph is generated using CFX
Maestro software, Bio-
Rad, USA)

Fig. 9 Effect of compound 7h on the percentage of cell viability on the
MTT assay. All the results are expressed as mean ± SD
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alkylamines (1.5 mmol) were added to the aromatic layer
and continued the stirring for 30–60 min or until the reac-
tion completion (monitored by TLC). The separated solid
was filtered and recrystallized from ethanol/ethyl acetate.

N-(morpholine-4-carbonothioyl)-1-naphthamide (5a)

Off-white solid, 88%, mp 154-156 °C. IR (KBr, cm−1) 3334
(NH), 1649 (C=O). 1H NMR (400MHz, DMSOd6) δ: 3.75

Fig. 10 Antioxidant activity of compounds 5a–c and 7a–r on DPPH scavenging, H2O2 scavenging, iron-chelating activity, and NO scavenging

Fig. 11 Molecular docking
study of compound 7h at COX-2
(pdb ID 5IKT) and 5-LOX (pdb
ID 3O8Y) active sites, A 3-D
docking conformation of
compound 7h at the active site
of COX-2, B 2-D illustration at
active site of COX-2, C 3-D
docking conformation of
compound 7h at the active site
of 5-LOX, D 2-D illustration at
the active site of 5-LOX. H-
bonds are represented by dashed
green lines. Colors depicted are
Ligand: purple, oxygen: red,
nitrogen: blue, sulfur: yellow.
Images are created using
Discovery Studio Visualizer
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(s, 6H, morpholine-H), 4.19 (s, 2H, morpholine-H),
7.56–7.64 (m, 3H, Ar-H), 7.79 (d, J= 6.8 Hz, 1H, Ar-H),
8.01 (d, J= 7.2 Hz 1H, Ar-H), 8.09 (d, J= 8.0 Hz 1H, Ar-
H), 8.24 (d, J= 8.0 Hz 1H, Ar-H), 11.10 (s, 1H, NH). 13C
NMR (100MHz, DMSOd6) δ: 50.8, 51.6, 66.2, 125.3,
125.4, 126.9, 127.3, 127.7, 128.9, 130.2, 131.6, 132.4,
133.6, 166.2, 179.8. ESI-MS m/z for C16H16N2O2S [M+H]
calcd 301.0932, found 301. Elemental analysis (%) calcd
for C16H16N2O2S C, 63.98; H, 5.37; N, 9.33; S, 10.67;
found: C 63.94, H 5.37, N 9.21, S 10.39.

N-(diphenylcarbamothioyl)-1-naphthamide (5b)

Yellow solid, 90%, mp 144-146 °C. IR (KBr, cm−1) 3147
(NH), 1695(C=O). 1H NMR (400MHz, CDCl3) δ:
7.27–7.29 (m, 2H, Ar-H), 7.37–7.42 (m, 9H, Ar-H), 7.47-
7.50 (m, 3H, Ar-H), 7.81 (d, J= 9.28 Hz, 1H, Ar-H), 7.91
(t, J= 7.96 Hz, 2H, Ar-H), 8.60 (s, 1H, NH). 13C NMR
(100MHz, CDCl3) δ: 124.4, 125.1, 125.9, 126.8, 127.0,
127.6, 127.6, 128.3, 129.3, 130.1, 131.5, 132.3, 133.7,
145.9, 163.4, 182.3. ESI-MS m/z for C24H18N2OS [M+H]
calcd 383.1140, found 383. Elemental analysis (%) calcd
for C24H18N2OS C, 75.37; H, 4.74; N, 7.32; S, 8.38 found:
C 75.38, H 4.72, N 7.29, S 8.32.

N-(phenylcarbamothioyl)-1-naphthamide (5c)

White solid, 90%, mp 184-186 °C. IR (KBr, cm−1) 3159
(NH), 1660 (C=O). 1H NMR (400MHz, CDCl3) δ: 7.29 (t,
J= 7.36 Hz, 1H, Ar-H), 7.43 (t, J= 7.8 8 Hz, 2H, Ar-H),
7.51 (t, J= 7.68 Hz, 1H, Ar-H), 7.58 (t, J= 7.08 Hz, 1H,
Ar-H), 7.64 (t, J= 8.08 Hz, 1H, Ar-H), 7.76 (d, J=
7.96 Hz, 2H, Ar-H), 7.81 (d, J= 7.08 Hz, 1H, Ar-H), 7.92
(d, J= 8.04 Hz, 1H), 8.04 (d, J= 8.24 Hz, 1H, Ar-H), 8.38
(d, J= 8.44 Hz, 1H, Ar-H), 9.12 (s, 1H, NH), 12.60 (s, 1H,
NH). 13C NMR (100MHz, CDCl3) δ: 124.2, 124.6, 124.6,
126.4, 127.0, 127.1, 128.3, 128.8, 129.0, 129.9, 130.7,
133.2, 133.8, 137.6, 169.2, 178.4. ESI-MS m/z for
C18H14N2OS [M+H] calcd 307.0827, found 307. Ele-
mental analysis (%) calcd for C18H14N2OS, C, 70.56; H,
4.61; N, 9.14; S, 10.46 found: C 7.50, H 4.60, N 8.97,
S 10.39.

General procedure for the preparation of compound
7a–r

compounds were prepared as illustrated in Scheme 2. 0.1-
mol equivalents of TBAF.3H2O was added to a mixture of
1.0 mmol of N-naphthoylthiourea (5a–c) and 1.0 mmol of
phenacyl bromide (6a–f) in an RB flask charged with a
magnetic stirring bar. The resulted reaction mixture was
stirred at 80 °C in an oil bath for 1.5 h until the reaction
completion and concentrated under reduced pressure.

Desired compounds are afforded by the purification of the
residue by column chromatography (hexane/ethyl acetate
10:1 to 20:1).

(2-Morpholino-4-phenylthiazol-5-yl)(naphthalen-1-yl)
methanone (7a)

Yellow solid, 94%, mp 150–152 °C. IR (KBr, cm−1) 1728
(C=O). 1H NMR (400MHz, CDCl3) δ: 3.66 (t, J=
4.56 Hz, 4H, morpholine-H), 3.83 (t, J= 5.08 Hz, 4H,
morpholine-H), 6.75 (t, J= 7.68 Hz, 2H, Ar-H), 6.92 (t, J
= 7.4 Hz, 1H, Ar-H), 7.01–7.07 (m, 3H, Ar-H), 7.27
(d, J= 7.0 Hz, 1H, Ar-H), 7.42–7.51 (m, 2H, Ar-H), 7.61
(d, J= 8.2 Hz, 1H, Ar-H), 7.70 (d, J= 8.0 Hz, 1H, Ar-H),
8.13 (d, J= 8.28 Hz, 1H, Ar-H). 13C NMR (100MHz,
CDCl3) δ: 48.1, 66.1, 124.0, 125.2, 125.4, 126.0, 127.0,
127.2, 128.1, 128.4, 130.5, 130.7, 133.3, 134.6, 136.5,
160.8, 172.3, 189.3. HRMS (ESI-MS) m/z for C24H20N2O2S
[M+H] calcd 401.1245, found 401.1242. Elemental ana-
lysis (%) calcd for C24H20N2O2S C, 71.98; H, 5.03; N, 6.99;
S, 8.01; found: C 71.64, H 5.13, N 6.71, S 7.77.

(2-Morpholino-4-(4-nitrophenyl)thiazol-5-yl)(naphthalen-1-
yl)methanone (7b)

Fluorescent-yellow solid, 89%, mp 158–160 °C. IR (KBr,
cm−1) 1610 (C=O). 1H NMR (400MHz, CDCl3) δ: 3.68 (t,
J= 4.6 Hz, 4H, morpholine-H), 3.86 (t, J= 5.08 Hz, 4H,
morpholine-H), 7.12 (t, J= 7.52 Hz, 1H, Ar-H), 7.20
(d, J= 8.68 Hz, 2H, Ar-H), 7.36 (d, J= 6.8 Hz, 1H, Ar-H),
7.46–7.53 (m, 2H, Ar-H), 7.61 (d, J= 8.68 Hz, 2H, Ar-H),
7.68–7.74 (m, 2H, Ar-H), 8.05 (d, J= 8.08 Hz, 1H, Ar-H).
13C NMR (100MHz, CDCl3) δ: 48.1, 66.0, 122.0, 124.2,
124.9, 126.4, 126.6, 127.2, 127.3, 128.3, 129.7, 130.5,
131.0, 133.2, 136.5, 140.8, 147.1, 157.6, 172.4, 188.5.
HRMS (ESI-MS) m/z for C24H19N3O4S [M+H] calcd
446.1096, found 446.1089. Elemental analysis (%) calcd for
C24H19N3O4S C, 64.71; H, 4.30; N, 9.43; S, 7.20; found: C
64.40, H 4.07, N 9.21, S 7.07.

(4-(4-Fluorophenyl)-2-morpholinothiazol-5-yl)(naphthalen-
1-yl)methanone (7c)

Yellow solid, 72%, mp 118–120 °C. IR (KBr, cm−1) 1734
(C=O). 1H NMR (400MHz, CDCl3) δ: 3.65 (t, J= 4.6 Hz,
4H, morpholine-H), 3.82 (t, J= 5.12 Hz, 4H, morpholine-
H), 6.95 (d, J= 8.12 Hz, 2H, Ar-H), 7.06–7.11 (m, 3H, Ar-
H), 7.29 (d, J= 8.0 Hz, 1H, Ar-H), 7.41–7.48 (m, 2H, Ar-
H), 7.62 (d, J= 8.2 Hz, 1H, Ar-H), 7.68 (d, J= 7.36, 1H,
Ar-H), 7.99 (d, J= 7.76 Hz, 1H, Ar-H). 13C NMR
(100MHz, CDCl3) δ: 48.1, 66.0, 123.7, 124.2, 124.9,
126.2, 126.2, 127.0, 127.1, 128.3, 129.0, 130.5, 130.8,
133.2, 136.5, 137.9, 159.0, 172.5, 188.9. HRMS (ESI-MS)
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m/z for C24H19FN2O2S [M+H] calcd 419.1151, found
419.1148. Elemental analysis (%) calcd for C24H19FN2O2S
C, 68.88; H, 4.58; N, 6.69; S, 7.66; found: C 68.69, H 4.21,
N 6.26, S 7.49.

(2-Morpholino-4-(4-(trifluoromethyl)phenyl)thiazol-5-yl)
(naphthalen-1-yl)methanone (7d)

Yellow solid, 89%, mp 170–172 °C. IR (KBr, cm−1) 1701
(C=O). 1H NMR (400MHz, CDCl3) δ: 3.66 (t, J=
4.52 Hz, 4H, morpholine-H), 3.84 (t, J= 5.04 Hz, 4H,
morpholine-H), 6.95 (d, J= 8.16 Hz, 2H, Ar-H), 7.06 (t, J
= 8.28 Hz, 3H, Ar-H), 7.29 (d, J= 6.96 Hz, 1H, Ar-H),
7.41–7.48 (m, J= 7.0 Hz, 2H, Ar-H), 7.62 (d, J= 8.2 Hz,
1H, Ar-H), 7.68 (d, J= 8.68 Hz, 1H, Ar-H), 7.99 (d, J=
8.12 Hz, 1H, Ar-H). 13C NMR (100MHz, CDCl3) δ: 48.1,
66.0, 123.7, 124.1, 124.9, 126.2, 126.2, 127.0, 127.1,
128.3, 129.0, 130.5, 130.8, 133.2, 136.5, 137.9, 159.0,
172.5, 189.9. HRMS (ESI-MS) m/z for C25H19F3N2O2S [M
+H] calcd 469.1119, found 469.1115. Elemental analysis
(%) calcd for C25H19F3N2O2S C, 64.09; H, 4.09; N, 5.98; S,
6.84; found: C 63.99, H 4.01, N 5.75, S 6.72.

4-(5-(1-Naphthoyl)-2-morpholinothiazol-4-yl)benzonitrile
(7e)

Pale-yellow solid, 87%, mp 202–204 °C. IR (KBr, cm–1)
2223 (CN), 1697 (C=O). 1H NMR (400MHz, CDCl3) δ:
3.65 (t, J= 4.6 Hz, 4H, morpholine-H), 3.83 (t, J=
5.08 Hz, 4H, morpholine-H), 7.04 (d, J= 8.28 Hz, 2H, Ar-
H), 7.10–7.16 (m, 3H, Ar-H), 7.32 (d, J= 6.88 Hz, 1H, Ar-
H), 7.46–7.52 (m, 2H, Ar-H), 7.71 (d, J= 8.2 Hz, 1H, Ar-
H), 7.76 (d, J= 7.04 Hz, 1H, Ar-H), 8.04 (d, J= 7.56 Hz,
1H, Ar-H). 13C NMR (100MHz, CDCl3) δ: 48.2, 66.1,
113.4, 118.1, 124.5, 125.3, 125.7, 126.1, 126.8, 127.8,
128.2, 128.8, 129.6, 130.4, 131.8, 132.3, 133.2, 142.0,
159.9, 172.8, 187.2. HRMS (ESI-MS) m/z for C25H19N3O2S
[M+H] calcd 426.1198, found 426.1196. Elemental ana-
lysis (%) calcd for C25H19N3O2S C, 70.57; H, 4.50; N, 9.88;
S, 7.53; found: C 70.24, H 4.38, N 9.64, S 7.37.

(2-Morpholino-4-(4-methylphenyl)thiazol-5-yl)(naphthalen-
1-yl)methanone (7f)

Pale-yellow solid, 77%, mp 138–140 °C. IR (KBr, cm−1)
1608 (C=O). 1H NMR (400MHz, CDCl3) δ: 2.09 (s, 3H,
CH3), 3.65 (t, J= 4.52 Hz, 4H, morpholine-H), 3.83 (t, J=
4.64 Hz, 4H, morpholine-H), 6.55 (d, J= 7.64 Hz, 2H, Ar-
H), 6.97 (d, J= 7.72 Hz, 2H, Ar-H), 7.04 (t, J= 7.64 Hz,
1H, Ar-H), 7.29 (d, J= 6.92 Hz, 1H, Ar-H), 7.42–7.50 (m,
2H, Ar-H), 7.64 (d, J= 8.08 Hz, 1H, Ar-H), 7.71 (d, J=
7.52 Hz, 1H, Ar-H), 8.12 (d, J= 8.0 Hz, 1H, Ar-H). 13C
NMR (100MHz, DMSOd6) δ: 21.1, 48.1, 66.1, 124.1,

124.9, 125.3, 126.0, 126.9, 127.1, 127.7, 128.0, 128.9,
130.2, 130.7, 131.7, 133.4, 136.8, 138.4, 160.9, 172.2,
189.2. HRMS (ESI-MS) m/z for C25H22N2O2S [M+H]
calcd 415.1402, found 415.1400. Elemental analysis (%)
calcd for C25H22N2O2S C, 72.44; H, 5.35; N, 6.76; S, 7.73;
found: C 72.07, H 5.16, N 6.53, S 7.56.

(2-(Diphenylamino)-4-phenylthiazol-5-yl)(naphthalen-1-yl)
methanone (7g)

Pale-yellow solid, 78%, mp 150–152 °C. IR (KBr, cm−1)
1602 (C=O). 1H NMR (400MHz, CDCl3) δ: 6.75 (t, J=
7.6 Hz, 2H, Ar-H), 6.92 (t, J= 7.36 Hz, 1H, Ar-H), 7.03 (t,
J= 7.48 Hz, 1H, Ar-H), 7.12 (d, J= 7.2, 2H, Ar-H),
7.30–7.37 (m, 3H, Ar-H), 7.43 (t, J= 8.08, 5H, Ar-H),
7.50–7.56 (m, 5H, Ar-H), 7.65 (d, J= 8.16 Hz, 1H, Ar-H),
7.74 (d, J= 8.16 Hz, 1H, Ar-H), 8.22 (d, J= 8.4 Hz, 1H,
Ar-H). 13C NMR (100MHz, CDCl3) δ: 124.0, 125.2,
126.1, 126.3, 127.0, 127.1, 127.2, 127.6, 128.2, 128.4,
129.2, 129.8, 130.8, 130.9, 133.4, 134.6, 136.3, 144.1,
159.8, 171.3, 189.7. HRMS (ESI-MS) m/z for C32H22N2OS
[M+H] calcd 483.1453, found 483.1449. Elemental ana-
lysis (%) calcd for C32H22N2OS C, 79.64; H, 4.60; N, 5.80;
S, 6.64; found: C 79. 35, H 4.18, N 5.53, S 6.51.

(2-(Diphenylamino)-4-(4-nitrophenyl)thiazol-5-yl)
(naphthalen-1-yl)methanone (7h)

Flourescent yellow solid, 89%, mp 230–232 °C. IR (KBr,
cm−1) 1715 (C=O). 1H NMR (400MHz, CDCl3) δ: 7.10 (t,
J= 7.8 Hz, 1H, Ar-H), 7.26 (d, J= 6.72 Hz, 2H, Ar-H),
7.32 (t, J= 7.08 Hz, 2H, Ar-H), 7.40 (d, J= 7.04, 1H, Ar-
H), 7.44–7.54 (m, 10H, Ar-H), 7.61 (d, J= 8.76, 2H,
Ar-H), 7.69 (d, J= 8.24, 1H, Ar-H), 7.73 (d, J= 7.72, 1H,
Ar-H), 8.11 (d, J= 8.32 Hz, 1H, Ar-H). 13C NMR
(100MHz, CDCl3) δ: 122.0, 124.1, 124.8, 126.2, 126.5,
127.4, 127.5, 127.6, 128.1, 128.3, 129.9, 129.9, 130.5,
131.3, 133.3, 136.2, 140.7, 143.8, 147.1, 156.6, 171.6,
188.9. HRMS (ESI-MS) m/z for C32H21N3O3S [M+H]
calcd 528.1304, found 528.1301. Elemental analysis (%)
calcd for C32H21N3O3S C, 72.85; H, 4.01; N, 7.96; S, 6.08;
found: C 72. 66, H 3. 83, N 7.68, S 5.79.

(2-(Diphenylamino)-4-(4-fluorophenyl)thiazol-5-yl)
(naphthalen-1-yl)methanone (7i)

Yellow solid, 72%, mp 162–164 °C. IR (KBr, cm−1), 1732
(C=O). 1H NMR (400MHz, CDCl3) δ: 6.44 (t, J=
8.68 Hz, 2H, Ar-H), 7.09 (t, J= 7.56 Hz, 3H, Ar-H),
7.30–7.38 (m, 3H, Ar-H), 7.43–7.53 (m, 10H, Ar-H), 7.71
(d, J= 8.2, 1H, Ar-H), 7.76 (d, J= 7.8, 1H, Ar-H), 8.16 (d,
J= 8.28 Hz, 1H, Ar-H). 13C NMR (100MHz, CDCl3) δ:
113.9, 114.1, 124.1, 125.1, 126.2, 126.3, 126.8, 127.1,
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127.2, 127.5, 128.3, 129.8, 130.6, 130.7, 130.9, 131.0,
131.1, 133.4, 136.3, 144.0, 158.6, 161.3, 163.8, 171.3,
189.4, 171.3, 189.4. HRMS (ESI-MS) m/z for
C32H21FN2OS [M+H] calcd 501.1359, found 501.1354.
Elemental analysis (%) calcd for C32H21FN2OS C 76.78; H,
4.23; N, 5.60; S, 6.40; found: C 76. 61, H 3. 94, N 5.36,
S 6.07.

(2-(Diphenylamino)-4-(4-(trifluoromethyl)phenyl)thiazol-5-
yl)(naphthalen-1-yl)methanone (7j)

Yellow solid, 84%, mp 178–180 °C. IR (KBr, cm−1) 1697
(C=O). 1H NMR (400MHz, CDCl3) δ: 6.98 (d, J=
8.08 Hz, 2H, Ar-H), 7.08 (t, J= 7.4 Hz, 1H, Ar-H), 7.14 (d,
J= 8.04 Hz, 2H, Ar-H), 7.31–7.37 (m, 3H, Ar-H),
7.43–7.52 (m, 10H, Ar-H), 7.66 (d, J= 8.2 Hz, 1H, Ar-H),
7.71 (d, J= 8.04 Hz, 1H, Ar-H), 8.08 (d, J= 8.24 Hz, 1H,
Ar-H). 13C NMR (100MHz, CDCl3) δ: 123.7, 123.7,
124.1, 124.9, 126.2, 126.3, 127.2, 127.3, 127.4, 127.7,
128.3, 129.2, 129.9, 130.5, 131.1, 133.3, 136.2, 137.9,
143.9, 158.1, 171.6, 189.2. HRMS (ESI-MS) m/z for
C33H21F3N2OS [M+H] calcd 551.1327, found 551.1324.
Elemental analysis (%) calcd for C33H21F3N2OS C, 71.99;
H, 3.84; N, 5.09; S, 5.82; found: C 71.68, H 3.57, N 4.93,
S 5.72.

4-(5-(1-Naphthoyl)-2-(diphenylamino)thiazol-4-yl)
benzonitrile (7k)

Bright-yellow solid, 90%, mp 190–192 °C. IR (KBr, cm−1)
2227 (CN), 1602 (C=O). 1H NMR (400MHz, CDCl3) δ:
7.04 (d, J= 8.36 Hz, 2H, Ar-H), 7.10 (t, J= 7.92 Hz, 1H,
Ar-H), 7.18 (d, J= 8.32 Hz, 2H, Ar-H), 7.32–7.39 (m, 3H,
Ar-H), 7.44–7.54 (m, 10H, Ar-H), 7.73 (d, J= 8.24, 1H,
Ar-H), 7.77 (d, J= 7.48 Hz, 1H, Ar-H), 8.12 (d, J=
8.16 Hz, 1H, Ar-H). 13C NMR (100MHz, CDCl3) δ: 111.6,
118.5, 124.1, 124.9, 126.2, 126.4, 127.3, 127.5, 127.6,
127.9 128.4, 129.6, 129.9, 130.6, 131.3, 133.3, 136.1,
138.9, 143.9, 157.1, 171.6, 188.9. HRMS (ESI-MS) m/z for
C33H21N3OS [M+H] calcd 508.1405, found 508.1403.
Elemental analysis (%) calcd for C33H21N3OS C, 78.08; H,
4.17; N, 8.28; S, 6.32; found: C 77.75, H 4.06, N 8.01,
S 6.14.

(2-(Diphenylamino)-4-(4-methylphenyl)thiazol-5-yl)
(naphthalen-1-yl)methanone (7l)

Pale-yellow solid, 88%, mp 220–222 °C. IR (KBr, cm−1)
1697 (C=O). 1H NMR (400MHz, CDCl3) δ: 2.11 (s, 3H,
CH3) 6.58 (d, J= 7.88 Hz, 2H, Ar-H), 7.04 (d, J= 7.96 Hz,
2H, Ar-H), 7.08 (d, J= 8.12 Hz, 1H, Ar-H), 7.29 (t, J=
7.32 Hz, 2H, Ar-H), 7.37 (d, J= 6.12 Hz, 1H, Ar-H),
7.42–7.53 (m, 10H, Ar-H), 7.68 (d, J= 8.2 Hz, 1H, Ar-H),

7.75 (d, J= 7.6 Hz, 1H, Ar-H), 8.21 (d, J= 8.36 Hz, 1H,
Ar-H). 13C NMR (100MHz, CDCl3) δ: 21.1, 124.1, 125.3,
126.0, 126.3, 127.0, 127.1, 127.5, 127.7, 128.1, 129.2,
129.8, 130.6, 130.8, 131.7, 133.4, 136.5, 138.4, 160.0,
171.1, 189.6. HRMS (ESI-MS) m/z for C33H24N2OS [M+
H] calcd 497.1609, found 497.1601. Elemental analysis (%)
calcd for C33H24N2OS, C, 79.81; H, 4.87; N, 5.64; S, 6.46
found: C 79.65, H 4.61, N 5.47, S 6.28.

N-(3,4-diphenylthiazol-2(3H)-ylidene)-1-naphthamide (7m)

Pale-yellow solid, 82%, mp 198–200 °C. IR (KBr, cm−1)
3425 (NH), 1610 (C=O). 1H NMR (400MHz, CDCl3) δ:
6.74 (s, 1H, N-H), 7.14 (d, J= 6.72 Hz, 2H, Ar-H),
7.22–7.31 (m, 5H, Ar-H), 7.37–7.44 (m, 6H, Ar-H), 7.80 (t,
J= 5.16 Hz, 1H, Ar-H), 7.87 (d, J= 8.12 Hz, 1H, Ar-H),
8.28 (d, J= 7.28 Hz, 1H, Ar-H), 9.22 (t, J= 9.84 Hz, 1H,
Ar-H). 13C NMR (100MHz, CDCl3) δ: 107.4, 124.7,
125.5, 126.6, 127.2, 128.2, 128.4, 128.6, 128.8, 129.0,
130.4, 130.6, 131.9, 132.0, 133.5, 134.0, 137.9, 139.1,
169.6, 176.4. HRMS (ESI-MS) m/z for C26H18N2OS [M+
H] calcd 407.1140, found 407.1137. Elemental analysis (%)
calcd for C26H18N2OS, C, 76.82; H, 4.46; N, 6.89; S, 7.89
found: C 76. 42, H 3.89, N 6.26, S 7.69.

N-(4-(4-nitrophenyl)-3-phenylthiazol-2(3H)-ylidene)-1-
naphthamide (7n)

Bright-yellow solid, 86%, mp 212–214 °C. IR (KBr, cm−1)
3435 (NH), 3261(NH), 1773 (C=O). 1H NMR (400MHz,
CDCl3) δ: 6.72 (s, 1H, Thiazolidene-H), 6.91 (t, J=
8.68 Hz, 2H, Ar-H), 7.11–7.15 (m, 2H, Ar-H), 7.27–7.30
(m, 2H, Ar-H), 7.39–7.45 (m, 6H, Ar-H), 7.79 (t, J=
5.16 Hz, 1H, Ar-H), 7.88 (d, J= 8.12 Hz, 1H, Ar-H), 8.28
(d, J= 8.4 Hz, 1H, Ar-H), 9.22 (d, J= 9.88 Hz, 1H, Ar-H).
13C NMR (100MHz, CDCl3) δ: 110.3, 123.7, 124.7, 125.6,
126.9, 127.0, 128.3, 128.4, 129.1, 129.4, 129.5, 130.7,
132.5, 133.0, 134.0, 136.7, 136.8, 137.3, 176.6. HRMS
(ESI-MS) m/z for C26H17N3O3S [M+H] calcd 452.0991,
found 452.0989. Elemental analysis (%) calcd for
C26H17N3O3S, C, 69.17; H, 3.80; N, 9.31; S, 7.10 found: C
69.11, H 4.00, N 9.19, S 6.98.

N-(4-(4-fluorophenyl)-3-phenylthiazol-2(3H)-ylidene)-1-
naphthamide (7o)

Off-white solid, 82%, mp 202–204 °C. IR (KBr, cm−1)
3159 (NH), 1660 (C=O). 1H NMR (400MHz, CDCl3) δ:
6.74 (s, 1H, N-H), 6.94 (t, J= 8.68, 2H, Ar-H), 7.14–7.17
(m, 2H, Ar-H), 7.30 (m, 2H, Ar-H), 7.41–7.47 (m, 5H, Ar-
H), 7.82 (t, J= 5.16 Hz, 1H, Ar-H), 7.90 (d, J= 8.12 Hz,
1H, Ar-H), 8.30 (d, J= 6.16 Hz, 1H, Ar-H), 9.24 (d, J=
8.28, 1H, Ar-H), 13C NMR (100MHz, CDCl3) δ: 107.5,
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115.5, 115.7, 124.7, 125.5, 126.7, 127.1, 128.2, 128.6,
128.7, 129.1, 130.5, 130.8, 130.9, 131.7, 132.1, 133.4,
134.0, 137.7, 138.0, 161.6, 164.1, 169.5, 176.4. HRMS
(ESI-MS) m/z for C26H17FN2OS [M+H] calcd 425.1046,
found 425.1043. Elemental analysis (%) calcd for
C26H17FN2OS, C 73.57; H, 4.04; F, 4.48; N, 6.60; S, 7.55
found: C 73.19, H 4.02, N 6.64, S 7.55.

N-(3-phenyl-4-(4-(trifluoromethyl)phenyl)thiazol-2(3H)-
ylidene)-1-naphthamide (7p)

Pale-yellow solid, 79%, mp 142–144 °C. IR (KBr, cm−1)
3340 (NH), 1620 (C=O). 1H NMR (400MHz, CDCl3) δ:
6.82 (s, 1H, N-H), 7.26 (d, J= 8.4 Hz, 2H, Ar-H), 7.31 (d,
J= 7.92 Hz, 2H, Ar-H), 7.42–7.51 (m, 8H, Ar-H), 7.84 (t,
J= 6.0 Hz, 1H, Ar-H), 7.91 (d, J= 8.08 Hz, 1H, Ar-H),
8.32 (d, J= 7.24 Hz, 1H, Ar-H), 9.27 (t, J= 6.0 Hz, 1H,
Ar-H). 13C NMR (100MHz, CDCl3) δ: 109.1, 122.4,
124.7, 125.1, 125.4, 125.4, 125.4, 125.5, 125.6, 126.8,
127.0, 128.3, 128.5, 128.9, 129.1, 129.3, 130.6, 130.9,
131.9, 132.3, 133.2, 134.0, 134.0, 137.5, 137.5, 169.5,
176.4. HRMS (ESI-MS) m/z for C27H17F3N2OS [M+H]
calcd 475.1014, found 475.1011. Elemental analysis (%)
calcd for C27H17F3N2OS, C, 68.34; H, 3.61; F, 12.01; N,
5.90; S, 6.76 found: C 68.34, H 3.61, N 6.00, S 6.78.

N-(4-(4-cyanophenyl)-3-phenylthiazol-2(3H)-ylidene)-1-
naphthamide (7q)

Pale-yellow solid, 88%, mp 250–252 °C. IR (KBr, cm−1)
3264 (NH), 2227 (CN), 1597 (C=O). 1H NMR (400MHz,
CDCl3) δ: 6.85 (s, 1H, N-H), 7.24 (d, J= 5.68 Hz, 2H, Ar-
H), 7.28 (d, J= 7.92 Hz, 2H, Ar-H), 7.39–7.45 (m, 5H, Ar-
H), 7.51 (d, J= 8.32, 2H, Ar-H), 7.82 (t, J= 6.16 Hz, 1H,
Ar-H), 7.90 (d, J= 8.08 Hz, 1H, Ar-H), 8.28 (d, J=
7.28 Hz, 1H, Ar-H), 9.22 (t, J= 6.36 Hz, 1H, Ar-H). 13C
NMR (100MHz, CDCl3) δ: 110.7, 111.8, 118.7, 125.3,
126.2, 126.9, 127.2, 128.8, 129.1, 129.5, 129.6, 129.9,
130.3, 131.3, 132.3, 132.6, 133.9, 134.0, 135.3, 137.5,
137.8, 169.6, 175.5. HRMS (ESI-MS) m/z for C27H17N3OS
[M+H] calcd 432.1092 found 432.1088. Elemental ana-
lysis (%) calcd for C27H17N3OS, C, 75.15; H, 3.97; N, 9.74;
O, 3.71; S, 7.43 found: C 75.01, H 3.96, N 9.74, S 7.09.

N-(3-phenyl-4-(p-metylphenyl)thiazol-2(3H)-ylidene)-1-
naphthamide (7r)

Off-white solid, 77%, mp 186–188 °C. IR (KBr, cm–1) 3351
(NH), 1651 (C=O). 1H NMR (400MHz, CDCl3) δ: 2.30 (s,
3H, CH3): 6.70 (s, 1H, N-H), 7.03 (s, 3H, Ar-H), 7.29 (d, J
= 6.52 Hz, 2H, Ar-H), 7.39–7.43 (m, 6H, Ar-H), 7.80
(t, J= 6.8 Hz, 1H, Ar-H), 7.87 (d, J= 8.08 Hz, 1H, Ar-H),
8.28 (d, J= 6.28 Hz, 1H, Ar-H), 9.22 (d, J= 9.76 Hz, 1H,

Ar-H). 13C NMR (100MHz, CDCl3) δ: 21.3, 107.0, 124.7,
125.5, 126.6, 127.2, 127.7, 128.2, 128.5, 128.6, 128.8,
128.97, 129.1, 130.4, 131.9, 132.0, 133.6, 134.0, 137.9,
138.9, 139.2, 169.6, 176.3. HRMS (ESI-MS) m/z for
C27H20N2OS [M+H] calcd 421.1296, found 421.1292.
Elemental analysis (%) calcd for C27H20N2OS, C, 77.12; H,
4.79; N, 6.66; S, 7.62 found: C 77.02, H 4.90, N 6.63,
S 7.32.

Biological activity

In vitro COX-1 and COX-2 inhibitory assay

The COX-1 and COX-2 inhibitory activities of the syn-
thesized compounds were screened by human COX-1
(Catalog no. 701070) and human COX-2 recombinant
inhibitor screening assay (Catalog no. 701080) provided by
Cayman chemical, USA according to manufacturer’s
instructions. In this assay, SnCl2 reduces COX-derived
PGH2 to PGF2α and is measured directly. COX-1/COX-2
100% initial activity tubes contained 160 μL of reaction
buffer, 10-μl heme, and 10-μl COX-1/COX-2 enzymes in
respective tubes. Also, enzyme inhibitor tubes consisted of
10 μL of inhibitor (inhibitors were added at 0.01, 0.1, 1.0,
10, and 100 μM final concentration) in each tube in addition
to the above components. The background tubes correspond
to inactivated enzymes. After incubation of the tubes for
10 min at 37 °C, 10 μL of AA was added to each tube to
initiate the reactions and continued the incubation for
another 2 min. The enzyme catalysis was quenched with
30 μL of SnCl2 solution in HCl. The PGs generated in each
well was measured by specific PG antiserum. The PGs
produced in each well compete with added PG tracer for a
limited amount of PG antiserum and the amount of PG
tracer that binds to the PG antiserum will be inversely
proportional to the concentration of PG in the well. Then
Ellman’s reagent was added and the color developed was
measured spectrophotometrically at 410 nm. IC50 values
were determined from percentage inhibition versus con-
centration of inhibitor. In this study, all the synthesized
compounds were subjected to COX-2 screening and selec-
ted compounds with potential COX-2 inhibition were fur-
ther studied for COX-1 inhibitory activity [5].

In vitro 5-LOX inhibitory assay

For 5-LOX inhibitory assay, samples were screened at 0.01,
0.1, 1.0, 10, 100 μM using LOX inhibitor screening assay
kits (Catalog no. 760700, Catalog no.60401) provided by
Cayman chemical, USA as per manufacturer’s directions.
The inhibitor well consists of 10-μL inhibitor and 90-μL 5-
LOX enzyme and each concentration was checked in
duplicate. After incubation for 5 min at RT, 10-μL substrate
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(linoleic acid) was added to blank wells (100-μl assay
buffer), positive control wells (90 μl of 5-LOX enzyme and
10-μl assay buffer), 100% initial activity wells (90-μl 5-
LOX enzyme and 10-μl inhibitor vehicle), and inhibitor
wells. By the addition of chromogen (100 μl), enzyme cat-
alysis was stopped and the color was developed. The
absorbance was measured at 495-nm spectro-
photometrically [32].

PGE2 and LTB4 screening assay on LPS-induced RAW 264.7
cell lines

PGE2 and LTB4 production in LPS-induced RAW 264.7 cells
was investigated to determine the anti-inflammatory potency.
In short, Raw 264.7 cells were seeded on 96-well plates at a
density of 1 × 104 cells per well, incubated for 18 h. The cells
were subjected to aspirin pretreatment (500 μM) for 3 h to
inactivate COX-1 activity. The cells were then washed twice
with PBS (phosphate buffer solution). In the fresh DMEM
with or without LPS (1 μg/ml), cells were subsequently pre-
treated with different concentrations of test and reference
compounds (0.1, 1.0, 10.0 μM) for 2 h before further 16-h
incubation. After incubation, the supernatant was obtained by
centrifugation [33]. PGE2 and LTB4 produced were deter-
mined by the ELISA method using the PGE2 and leukotriene
B4 parameter kits according to the manufacturer’s instruction
(Catalog No. KGE004B & KGE006B, R&D Systems, Inc.
USA).

In vivo biological studies

All in vivo biological studies were carried out with male
Wistar rats housed at 23 ± 2 °C in 12-h light/12-h dark
cycles with food and water ad libitum in the animal house,
Vellore Institute of Technology, Vellore, Tamil Nadu. All
the experimental procedures have been duly approved by
CPSCEA.

Studies for checking toxicity

Male Wistar rats were used to study the acute toxicity of
compound 7h as per OECD guidelines. Briefly, the animals
were grouped into four of three animals each and subjected
to overnight fasting before dosing and 4 h after dosing.
Group I treated with vehicle and served as control. Group II,
III, and IV received a single dose of compound 7h at 50,
500, and 2000 mg/kg, respectively. Animals were mon-
itored constantly during the first 4 h and followed by
monitoring at regular intervals for 24 h. Afterward, mon-
itoring was continued once daily for 14 days. After 14 days,
animals were sacrificed and gross evaluation of kidney,
heart, liver, stomach, and intestine was done by histo-
pathological studies [5].

Anti-inflammatory studies

The in vivo anti-inflammatory potency of 7h and reference
drug indomethacin was determined using the carrageenan-
induced rat-paw edema model as per previous reports
[34, 35]. Male Wistar rats of weight 150–180 g were ran-
domly grouped into four, each comprising five animals.
Group I, negative control, received vehicle. Group II,
positive control, administered with indomethacin 10 mg/kg.
Group III and group IV received 7h at 10, and 20-mg/kg
doses respectively. Both test and reference compounds were
suspended normal saline with the aid of 0.1% w/v CMC-Na
and administered orally. Edema was induced 1 h after drug
administration by sub-plantar injection of freshly prepared
1% w/v carrageenan solution (150 μl). The hind-paw
volume was measured by vernier caliper before carragee-
nan injection and then at 1, 2, 4, and 6-h intervals. The %
inhibition of edema was calculated as the difference
between the groups provided carrageenan alone and carra-
geenan with treatment in reducing the paw volume. Animals
were sacrificed after 6 h and hind paws were collected
below the ankle and stored until assayed at −80 °C.

Percent edema ¼ C� T
C

� 100;

where “C” is the mean increase in the volume of the paw in
control rats and “T” is the mean increase in the volume of
the paw in treated rats.

Ulcerogenicity study

The ulcerogenic assay of compound 7h was studied in male
Wistar rats of weight 150–180 g according to Ganguly and
Bhatnagar [36] with slight modification. The Wistar rats
were randomly separated into four sets of five in each.
Group 1 control, group II and III received compound 7h at
10 and 50 mg/kg, and group IV administered with indo-
methacin 10-mg/kg daily orally for 7 successive days. The
study was carried out on fasting animals. Animals have
sacrificed after 4 h later the last dose by cervical dislocation.
The stomach was separated and cleaned with cooled saline
by making a longitudinal incision along the greater curva-
ture. The gastric mucosa was examined under the magni-
fying lens for any evidence of ulcer. Besides,
histopathological studies were carried out using hematox-
ylin and eosin [37–39].

PGE2 and LTB4 screening assay in rat-paw tissues

Hind-paw tissues frozen at −80 °C were brought to RT and
degloved the bone to separate the tissues. The tissues were
then homogenized in 5-mL ice-cold saline and suspended
for 10 min in acetone at RT. Subsequently, the
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homogenized tissue was centrifuged for 10 min at 2000 g at
4 °C. PGE2 and LTB4 were measured using the ELISA
technique from supernatants aliquot by PGE2 and leuko-
triene B4 parameter kits according to the manufacturer’s
instruction [33, 40] (Catalog No. KGE004B & KGE006B,
R&D systems, Inc. USA). PGE2 and LTB4 production were
determined in duplicates and concentrations were obtained
from PGE2 or LTB4 standard curve [41].

Total RNA isolation and cDNA synthesis

The total RNA was isolated from the rat-paw tissues sta-
bilized by RNA later (Qiagen, USA) using Trizol Reagent
(Invitrogen, USA) according to manufactures guidelines.
The quality and quantity of the RNA were analyzed by
measuring its absorption at A260/A280 nm by Nanodrop
BioSpectrometer (Eppendorf BioSpectrometer®, USA) as
well as with agarose gel separation. cDNA synthesis was
performed with 2 µg of total RNA from each sample using
the Omniscript Reverse Transcription kit (Qiagen, USA)
according to manufactures guidelines. Briefly, 20-μl reac-
tion was performed using 2-μg total RNA, 10-μM oligo dT
primer (Qiagen), 5-mM dNTP mix, 10× buffer RT,
Omniscript reverse transcriptase, RNase inhibitor, and
RNase free water and incubated for 60 min at 37 °C.

Gene expression analysis in Wistar rat

qRT-PCR reactions were carried out to study the expression
of three target genes and one internal control (GAPDH).
Primers for each gene were designed using NCBI primer
BLAST software. All primers were obtained from Eurofins
Genomics India Pvt. Ltd. (Bangalore, India). The reverse-
transcribed cDNA from rat-paw tissues treated with the test,
standard, and control was used as the template for deter-
mining the expression of COX-1, COX-2, and 5-LOX, and
GAPDH. The amplifications were carried out in 0.2-ml
qPCR 8-strips tubes with optical caps (Gunster Biotech Co.,
Ltd, Taiwan) using the CFX96 Real-Time System (BIO-
RAD, USA). The real-time PCR reactions were carried out
in 25-μL reaction systems with TB Green Premix Ex Taq II,
12.5 μL (Takara Bio Inc., Japan), 200-ng forward primer
(10 μM), 200-ng reverse primer (10 μM), and 2-μL cDNA
template. Each reaction was performed in triplicate. Thermal
cycling conditions were; initial denaturation 95 °C for 30 s,
subsequently 40 cycles of denaturation at 95 °C for 10 s,
annealing at 60 °C for 1 min, and a final extension at 95° C for
10 s. A PCR product melt curve analysis was done by heating
from 65 to 95 °C with increments of 0.5 s. Data analysis was
performed with the BIORAD CFX MaestroTM 4.1.2 (Bio-
Rad). The quantification of studied enzyme gene expression
was performed using the housekeeping gene GAPDH [42].
The 2−ΔΔCt method was used for gene expression ratio

calculation [42–44]. Relative amounts of all target genes were
expressed by normalizing to GAPDH and control gene levels.
Primers used are according to the previous report [27].

MTT assay

Cell culture

A549 (Lung Cancer), MCF-7 (Human Breast Adenocarci-
noma), DLD1 (Human Colorectal Adenocarcinoma), and
L929 (Fibroblast) cells were obtained from NCCS, Pune,
India and maintained in DMEM (Sigma Aldrich, USA). The
cells were cultured in DMEM supplemented with L-gluta-
mine, 10% FBS, sodium bicarbonate, and 1% antibiotic
solution (Streptomycin, 100 µg/ml, Penicillin, 100 U/ml,
and Amphotericin B, 2.5 µg/ml) maintained at 37 °C under
5% CO2 incubator.

Cell proliferation assay

The cytotoxicity and anti-proliferative activities of the most
active compound 7h were studied against L929, A549, MCF-
7, and DLD1 cells by a modified standard MTT assay.
Briefly, 96-well tissue culture plates were seeded with 100-µl
cell suspension (5 × 104 cells/well) and incubated under 5%
CO2 incubator at 37 °C. After 24 h, compounds were added
by serial dilution (100, 50, 25, 12.5, 6.25 µM) to the cells
maintained in fresh 5% DMEM and incubated at 37 °C under
5% CO2 incubator. Non-treated control cells were also
maintained. At the end of the incubation period, 30 µl of
reconstituted MTT solution (5 mg/mL in PBS) was added to
all the wells and incubated for 4 h under 5% CO2 at 37 °C.
Then, developed formazan crystals were solubilized by add-
ing 100 µl of DMSO. The absorbance was read on a micro-
plate reader (ERBA, Germany) at 540 nm [45].

The percentage of cell viability was calculated using the
formula:

Mean OD samples
Mean OD of control group

� 100:

Determination of antioxidant activity

DPPH free radical scavenging assay

The synthesized compounds have been studied for DPPH
free radical scavenging efficiency as reported [25, 46].
Briefly, equal volumes of test compounds dissolved in
methanol (20 μM) and freshly prepared DPPH (0.1 mM)
were mixed thoroughly and kept for 30 min in the dark at
RT. The absorbance was determined on a UV–visible
spectrophotometer (Shimadzu, Japan) at 517 nm. The
standard used was ascorbic acid and experiments were
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carried out in triplicate. The percent DPPH radical
scavenging was calculated by the formula:

% inhibition ¼ ðA0 � ASÞ
A0

� 100; ð1Þ

where A0= absorbance of the control and As= absorbance
of the test or standard sample.

H2O2 radical scavenging assay

H2O2 scavenging assay was performed for all the test
compounds at 20-μM concentration according to earlier-
reported method with minor modification [46]. In brief, 1-
ml H2O2 solution (40 mM) in PBS (pH 7.4) and 1-ml test
compounds in DMSO were mixed well and developed at
RT for 10 min. The concentration of H2O2 was spectro-
photometrically determined at 230 nm against PBS solution
without H2O2 as blank. Triplicate experiments were con-
ducted and results are displayed as mean ± SD. The per-
centage scavenging activity was determined by Eq. (1).

Iron-chelating assay

All compounds synthesized were assessed for iron (II)
chelating assay according to Chew et al. [47]. Briefly, 1-ml
0.1-mM ferrous sulfate, 1-ml test compound (20 μM), and
1-ml 0.25-mM ferrozine were mixed well and allowed to
stand for 10 min. Absorbance was observed spectro-
photometrically at 562 nm. The iron (II) chelating activity
was calculated by Eq. (1), where control consists of 1 ml
each of 75% methanol, 0.1-mM ferrous sulfate, and 0.25-
mM ferrozine.

Nitric oxide (NO) scavenging assay

The nitric oxide scavenging activity of all the newly syn-
thesized molecules was measured by previous reports [48].
Briefly, 0.8 ml of test compounds (20 μM) in methanol was
mixed with 0.2 ml of 5-mM sodium nitroprusside in PBS
(pH 7.4) and incubated at RT for 180 min under a light
source. After incubation, 0.6 ml of the above mixture was
mixed with 0.6 ml of Griess reagent and incubated in dark
for 10 min. The absorbance was spectrophotometrically
observed at 546 nm. The nitrite radical generated with or
without test compounds was estimated by plotting a stan-
dard curve with known concentrations of sodium nitrite
solution. Experiments were performed in triplicate and the
percentage of nitrite scavenging was calculated.

Molecular docking studies

A molecular docking study was performed by using
AutoDockTools-1.5.6. The crystal structures used for COX-

2 and 5-LOX enzymes were PDB ID: 5IKT and PDB ID:
3O8Y acquired from the protein data bank, respectively.
Briefly, the preparation of ligands, 7h, and reference drugs
and energy minimization was carried out using the Argus
Lab 4.0.1 and Swiss-Pdb viewer 4.1.0, respectively. The
ligands were docked to predefined active sites [25], where
polar hydrogens and partial charges were added to protein
and ligands. Grid maps of 60 × 60 × 60 A° points were
centered on the protein active sites. Ligand conformational
search was performed by the Lamarckian Genetic Algo-
rithm. The genetic algorithm (GA) population size was
fixed to 150, the number of GA evaluation as 2500,000, and
GA docking runs were set to 100. To understand the mode
of interaction each ligand was docked separately with the
enzymes. After docking, the binding energies of the ligands
at different enzyme active sites were analyzed. The hydro-
philic and hydrophobic interactions as well as van der
Waal’s interaction were explored by measuring the distance
between the protein and ligand [49].

Conclusion

In the current study, we successfully designed and synthe-
sized a series of new thiazoles and thiazolidenes from
thiourea by solvent-free conditions. All the synthesized
molecules were evaluated for in vitro COX-2 and 5-LOX
inhibition. Among them, (2-(diphenylamino)-4-(4-nitro-
phenyl)thiazol-5-yl)(naphthalen-1-yl)methanone, 7h with
two bulky groups such as diphenylamino group and naph-
thoyl group on thiazole ring showed the best dual inhibitory
activity with COX-2 IC50= 0.07 ± 0.02 μM and 5-LOX
IC50= 0.29 ± 0.09 μM. Besides, compound 7h has revealed
a superior COX-1/COX-2 selectivity index of 115.14
compared to the reference drug etoricoxib, 91.28. The PGE2

and LTB4 inhibition studies on LPS-induced RAW 264.7
cells exhibited significant activity, specifically compound
7h. Meanwhile, in vivo acute toxicity studies on male
Wistar rats showed no indication of toxicity. In vivo anti-
inflammatory studies showed that 7h could reduce the
inflammation induced by carrageenan in male Wistar rats
effectively (63%) compared to indomethacin at the same
doses. Furthermore, the antiulcer studies and histopatholo-
gical analysis showed superior gastric protection of 7h than
indomethacin. The qRT-PCR studies, PGE2/LTB4 inhibi-
tion assays on paw tissues of Wistar rats obtained after anti-
inflammatory studies depicted parallel results to in vitro
investigations. There was a significant decrease in the
expression levels of COX-2 and 5-LOX genes. Besides, the
anticancer studies of 7h on various cell lines displayed
moderate inhibition of proliferation, which gains sig-
nificance with its potent anti-inflammatory activity. On
molecular docking studies, the predicted lead 7h illustrated
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excellent interaction with COX-2 and 5-LOX active sites.
Moreover, the inclusion of naphthoyl moiety instead of
thiophene carbonyl group of our previous study exhibited
an overall improvement in the anti-inflammatory activity
along with anticancer potency. These results indicate that
compound 7h could pave a promising way for new, safer
anti-inflammatory agent development.

Statistical analysis

The experimental results of three parallel experiments were
presented as mean ± SD or otherwise mentioned in the
procedure. Animal experiment data were given as mean
standard error (±SEM). Statistical evaluation was carried
out by one-way analysis of variance. Statistical significance
is expressed as *p < 0.05, **p < 0.01, and ***p < 0.001.
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