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The repurposing strategy of converting nimesulide from an anti-fever drug to an anti-cancer agent by
modifying its main structure targeting HSP27 is gaining great attention these days. The goal of this study
focuses on synthesizing a new nimesulide derivative with new ligands that have biological anti-cancer
activities in different cancer models using the in-vitro assay. Nimesulide derivative L1 was synthesized,
characterized by TH NMR, 13C NMR, FTIR, melting point, mass spectra, and TGA analysis. A single crystal

Keywords: was diffracted and showed colorless block group P-1. The results revealed that L1 demonstrates potent
Elsrg;;uhde anti-cancer activity with lung (H292), ovarian (SKOV3), and breast (SKBR3) cancer cell lines in-vitro mod-
Crystal structure els with ICsg values below 8.8 pM.

H292 © 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
SKOV3 article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Cancer accounts for a significant portion of deaths around the
world (Zaorsky et al., 2017; Chu et al., 2018; Mahase, 2019;
Zhang et al., 2020). In 2016, the number of new lung cancer cases
diagnosed was increased to 14% and remained the highest mortal-
ity rate accounting for about one in four cancer deaths (Han-Shui
et al., 2011; Zakaria et al., 2017). Moreover, ovarian cancer is the
fifth leading cause of cancer death in women and the most lethal
gynecologic malignancy (Aletti et al., 2007; Jemal et al., 2010).
Most patients present with late ovarian cancer stages their survival
rate is 45% within five years (Aletti et al., 2007). In addition, breast
cancer is common cancer among females worldwide with an inci-
dence rate of over 1.6 million cases per year, but patients’ survival
rates reach 99% if the tumor is diagnosed in the early stages (Torre
et al,, 2012; Jin and Mu, 2015). Therefore, it is urgently required to
develop new drugs for cancer therapy (Jorg et al., 2016; Zhang
et al., 2020).
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Several reviews summarized the evidence that non-steroidal
anti-inflammatory drugs (NSAIDs) are characterized by anticancer
properties (Taketo, 1998; Janne et al., 2000). Inflammation is asso-
ciated with cancer and plays an important role in tumor develop-
ment and progression (Aggarwal et al., 2006; Zappavigna et al.,
2020). NSAID drugs are COX-2 inhibitors (Piazza et al., 2010) and
have proved experimentally to stimulate apoptosis (Zappavigna
et al.,, 2020) and inhibit angiogenesis (Thun et al., 2002).

In addition, studies proved that the nimesulide drug is one of
the NSAID drugs (Ward and Broagden, 1988; Giuliano & Warner,
1999) and is characterized for its anti-proliferation property
(Banti et al.,, 2016; Catarro et al.,, 2019; Jaragh-Alhadad et al,,
2018 & 2022). Furthermore, Banti et al. synthesized and character-
ized nimesulide derivatives silver metallodrugs. The results
showed in-vitro cytotoxicity with the MCF7 breast cancer cell line
by altering the apoptotic pathway mitochondrial damage (Banti
et al., 2016). A further research study showed 5-aminosalicylic acid
in combination with nimesulide inhibited the proliferation of colon
carcinoma cells in-vitro (Hai-Ming et al., 2007). Jian et al. studied
hyaluronic acid conjugated to nimesulide as an anticancer drug
and the results showed cell death in CD44 overexpressing HT-29
cells in-vitro and inhibited tumor growth in-vivo (Jian et al.,
2016). Kankanala et al., synthesized nimesulide-based novel glycol
amide esters, and the compounds were cytotoxic against HCT-15
human colon cancer cell line (Kankanala et al., 2013). In 2022,
nimesulide derivatives were synthesized to target the function of
HSP27 in both SKOV3 and SKBR3 cell lines and the results showed
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potent promising agents for future chemotherapy (Jaragh-Alhadad
et al,, 2022).

Heat shock protein (HSP27) protein acts as an anti-apoptotic
protein (Zhengyong et al., 2021) when facing stressful conditions
such as chemotherapy drugs (Zhang et al., 2007; Vidyasagar,
2012). When a patient is receiving chemotherapy drugs, HSP27
phosphorylation increases tubulin polymerization, proliferation
and stops the apoptotic pathways (Charette and Landry 2000; Xi
et al,, 2015). HSP27 promotes cancer cells division and metastasis
(Han-Shui et al., 2001; Calderwood, 2006; Casado et al., 2007) and
is overexpressed in many types of human cancer: including gastric
(Hua et al., 2017), liver (Jorg et al, 2017), prostate (Rocchi et al.,
2005), rectal (Haiping et al., 2017), lung (Baowei et al., 2017), ovar-
ian (Jaragh-Alhadad et al., 2018 & 2022; Jaragh-Alhadad and Samir,
2021) and breast cancer (Calderwood et al., 2006; Vidyasagar et al.,
2012). In addition, to its pronounced treatments’ resistance in
breast (Vidyasagar et al., 2012), colon, leukemia (Ciocca and
Calderwood, 2005), and ovarian cancers (Jaragh-Alhadad et al.,
2018 & 2022; Jaragh-Alhadad and Samir, 2021). In Sum, HSP27 is
an attractive molecular target for anti-cancer drug design.

Therefore, the development of old drugs for new and faster
therapeutic purposes is urgently required (Zhang et al., 2020). This
strategy provides further benefits because the drug is already
administered to patients and no need for further clinical trials
(Mahase, 2019; Jaragh-Alhadad et al., 2021). Therefore, the goal
of this study is to use nimesulide as a starting material for the syn-
thesis of agent L1 with new ligands added to its skeleton and spec-
troscopically characterized (Jaragh-Alhadad and Samir, 2021;
Jaragh-Alhadad et al., 2022). Finally, the cytotoxic activities of
agent L1 were treated with H292, SKOV3, and SKBR3 cancer
models.
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2. Materials and methods
2.1. Chemicals

All chemicals and solvents such as 2-Amino-5-nitrophenol,
acetyl chloride, dimethylformamide (DMF), potassium carbonate
(KC03), sodium hydride (NaH), ferric chloride (FeCls), and dioxane
products purchased from Sigma-Aldrich, Germany, and E. Merk,
were used as received directly without further preparation. The
elemental (C, H, and N) content of agent N-(4-acetamido-3-((2,5
dimethyl benzyl) oxy) phenyl)-4- methoxybenzamide L1, was
determined at the Microanalytical Unit (Varian Micro V1.5.8, CHNS
Mode, 15073036) at Kuwait University. Fourier transform infrared
(FTIR) spectrum was with potassium bromide (KBr) discs on an
FTIR-6300 type a (400-4000 cm™'). Nuclear magnetic resonance
(NMR) spectra of the agent were recorded in dimethyl sulfoxide
(DMSO) d6, on a Bruker WP 200 SY spectrometer (400 MHz) at
room temperature (25 °C) using tetramethylsilane (TMS) as exter-
nal standard. Thermal gravimetric analysis (TGA) was measured at
(10-850 °C) on a Shimadzu TGA-60; the nitrogen flow and heating
rates were 50 ml/min and 10 °C respectively. The X-ray single-
crystal diffraction data were collected using filtered Mo Ka-
radiation on a Rigaku R-Axis Rapid diffractor meter. Confirmation
of agent L1 structure was by the direct methods and expanded
using Fourier techniques at Kuwait University.

Lung (H292), ovarian (SKOV3), breast (SKBR3) cancer cell lines,
and the healthy kidney (HEK293) cells are from ATCC (Rockville,
MD). Cell Culture media and other supplements, such as fetal
bovine serum (FBS), phosphate buffer saline (PBS), trypsin,
L-glutathione, penicillin-streptomycin, and 3-(4,5-dimethylthia
zol-2-yl)-2,5-diphenyl-2H- tetrazolium bromide (MTT assay), were
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Scheme 1. Synthesis steps of agent L1, N-(4-acetamido-3-((2,5-dimethylbenzyl) oxy) phenyl)-4- methoxybenzamide.
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obtained from Sigma-Aldrich (Milwaukee, WI) and ready for direct
use without the need for any preparation. Biological parameters
were examined at Kuwait University.

2.2. Single-crystal data collection and structure refinement

In this study, the crystal structure of agent L1 was grown by dis-
solving 15.0 mg in one ml of hot ethanol. The solution was covered
with parafilm with holes to allow slow evaporation then a suitable
crystal was ready for diffraction within a week. A single crystal
data analysis was made by a Bruker SHELXTL Software Package
using a narrow-frame algorithm. The absorption effects are deter-
mined by the multi-scan method (SADABS). The ratio of minimum
to the maximum apparent transmission was 0.571. The calculated
minimum and maximum transmission coefficients (based on crys-
tal size) are 0.1970 and 0.5840.

2.3. Synthesis of N-(4-acetamido-3-((2,5-dimethylbenzyl)oxy)
phenyl)-4- methoxybenzamide: Agent L1

Starting with 2-Amino-5-nitrophenol (0.154 g; one mmol) and
2-(chloromethyl)-1,4-dimethyl benzene (0.154 g; one mmol) in
the presence of K;CO3 (0.138 g; one mmol) and DMF, left overnight
to obtain compound (A). In the next step, both acetyl chloride
(0.078 g; one mmol) and NaH (0.12 g; five mmol) were added in
dry DMF at room temperature to obtain compound (B) within an
hour. Then, FeCls is added (0.648 g; four mmol) to DMF and water,
stirring for 15 min. Next, the addition of zinc powder (6.5 g; ten
mmol) to reduce the nitro group to an amine group and obtain
the compound (C). Then, 4-methoxybenzoyl chloride; was added
to compound (C), K,CO3 and 1:4 dioxane to obtain the final com-
pound (D), which is agent L1 as described in Scheme 1. Synthesis
steps carried out at room temperature, agent L1 was precipitated
out, filtered, grown, and diffracted as a single crystal.

2.4. Cytotoxicity assay

Cancer cells were maintained in Roswell Park Memorial Insti-
tute (RPMI1640) medium supplemented with 10% FBS (inactivated
for 30 min in a water bath before use) and 1% penicillin-
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streptomycin and 1% L-glutathione. Cell cultures were grown in a
5% CO, incubator (Bridgeport N.J.). In-vitro evaluation cytotoxicity
assay was applied using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe
nyl-2H- tetrazolium bromide (MTT assay) in six replicates. First,
cells were grown in RPMI1640 medium in 96-well plates for 24
hr. Second, cells were exposed to various concentrations of the
agents dissolved in DMSO (final concentration < 0.1%) in media
for 48 hr. The medium was removed, replaced by 200 pL of
0.5 mg/ml of MTT in new media followed by incubation for two
hrs. Supernatants; were removed, and the dye was solubilized in

Table 1
Structural parameters of agent L1.
Parameter Agent L1
Formula weight 418.48
Chemical formula Ca5H6N204
Temperature 296(2) K
Wavelength Cu Kot (A = 1.54178 A)
Crystal system triclinic
Crystal size 0.060 x 0.080 x 0.160 mm

Crystal habit

Space group

Unit cell dimensions

a(h)

b (A)

c(A)

o ()

B ()

v (%)

Density (g/cm?®)

F(000)

0 the range for data collection (°)
Volume (A%)

z

Absorption coefficient (mm™')
Measured reflections
Independent reflections
Observed reflections
Refinement method

Final R indices (observed data)
R indices (all data)
Goodness-of-fit on F2

Largest diff. peak and hole (eA—3)

colorless Block
P -1

10.1755(8)
10.6614(9)
11.8916(11)
71.702(4)
76.728(4)
65.653(3)
1.254

444

3.94 to 66.44
1108.40(17)
2

0.690

13,237

3787 [R(int) = 0.0478]
1380

Full-matrix least-squares on F?

R1 = 0.0682, wR2 = 0.2281
R1 = 0.0800, wR2 = 0.2348
1171

0.239 and —0.269

Fig. 1. Crystal structure of nimesulide derivative, agent L1.
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Table 2

Bond lengths and angles for agent L1.

Saudi Pharmaceutical Journal 30 (2022) 485-493

200 pL/well DMSO. The plate reader; was used to determine the
absorbance at 570 nm.

Agent (L1)
Bond lengths (A) Bond angles (A) 2.5. Statistical analysis
01-C10 1.223(5) €8-02-C16 118.3(3) o o ) ) )
0317 1.228(4) 2104024 118.003) The statlst.lcal and graphical information was determined using
N1-C11 1.420(4) C11-N1-C10 125.0(3) Gr.aph Pad Prism software (Graph Pa.d Software Incorporated) and
N2-C14 1.412(4) C14-N2-C17 128.6(3) Microsoft Excel (Microsoft Corporation). ICso values were deter-
02-C16 1.362(4) N1-C10-01 122.9(4) mined using nonlinear regression analysis.
04-C21 1.367(4) N2-C17-03 123.0(3)
02-C8 1.421(4) C10-N1-H 117.5
04-C24 1.421(5) C17-N2-H 115.7 3. Results
N1-H 0.86 04-C24-H 109.5
N2-H 0.86 01-C10-C9 122.0(3 . . .
(%) In this study, agent L1 is found to be soluble in solvents such as
methanol, ethanol, DMSO, CHCl;, acetone, and water (Ferreira
-
—
10.051
1.04 - 2 -— / 9.051
—_ - 7.957
7.954
— 7.946
1.00 © T 7.943
7.680
7.677
208 ® z .662
Tl 7322
ﬂf:gg - =l § 7.311
300/ Y 7.308
7.120
7.107
) 7.067
7.064
7.055
2085 7.052
.05
= \ 7.046
5.070
X ——3.838
L / 3.320
2.506
w 2.503
2.500
3.06 2.497
3.10 2.494
;
301, \2.304
2.275
2.041
-t
o
)
°
i a
"' 4
r
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Fig. 2. 1TH NMR spectrum of agent L1.
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et al., 2021). Agent L1 purity was tested by elemental analysis,
FTIR, 1H NMR, and 13C NMR. Element’s analysis data are
consistent with the calculated results from the empirical formula
of the agent. This indicates that agent L1 is purely more than
95%. X-ray crystallography technique confirmed agent L1 struc-
ture. In addition, the agent L1 melting point was more than
350 °C which indicates its stability. Furthermore, TGA analysis data
showed a stable agent until the temperature reaches 550 °C, and
then the agent starts to break down.

X-ray crystallographic data collection and structural refinement
of agent L1 is viewed in (Fig. 1), the results were summarized in
(Tables 1 & 2) and showed a colorless block with the formula

Saudi Pharmaceutical Journal 30 (2022) 485-493

Cy5Ho6N»04 and a molecular weight of 418.48, which belongs to
the triclinic system with the P-1 space group. Table 2 data demon-
strates that C(10)—0(1) and C(17)—0(3) bond length of 1.223(5)
and 1.228(4)A respectively, within the values of C=0 double bond.
The C(11)—N(1) and C(14)—N(2) bond lengths are equal. The C8-
02 bond length of 1.421 A is in the range of a single C—O bond.
The 1TH NMR spectrum (Fig. 2) exhibited two broad bands at d
10.051 and 9.051 ppm assigned to NH protons. The protons of aro-
matic CH appear at 7.957-7.046 (m, 10H) ppm and signal at
5.07 ppm (s, 2H) for CH, protons, whereas for CH30 protons appear
at 3.838 ppm and 2.506-2.041 (m, 9H) ppm for the CH3 protons.
13C NMR data (Fig. 3) showed different peaks at 168.21, 149.89,

08 001 (174} ovi 091 081 002
1 1 1 1 1 1

09
1

0

0C

. ,wdd

Fig. 3. 13C NMR spectrum of agent L1.
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136.48, 105.51, and 68.49 ppm due to C=0, C—0, C—N, C=C, and
CH3, respectively. NMR analysis of agent L1 in DMSOdg summar-
ized in (Table 3).

The major FTIR bands of agent L1 are listed in (Table 3), the
spectrum showed two broad bands at (3328-3276) cm™! attribu-
ted to v(NH) and other bands at (1660-1639), 1607, 1256 cm ™'
attributed to v(C=0), v(C—N), v(C—0) respectively (Fig. 4). The
appearance of (CH30) bands at (1048-1031 cm™!) and at
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Fig. 4. FTIR spectrum of agent L1.
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(829-805) cm™! is confirmed and supported by (Yu-Fang
Lee et al., 2015).

The TGA was in the 10 to 800 °C range, the nitrogen flow and
heating rate were 50 ml/min (Fig. 5). TGA data are summarized
in (Table 3) and proved that there is a matching in the losing
weight between the suggested and calculated formulae. Agent L1
displayed a steady part till 360 °C. The first stage occurs in the
range 360-550 °C with a loss in weight equal to 89.38% (89.47%)
referring to the C,3H,,N,03 molecule. The complete dissociation
of agent L1 occurs in the 600-800 °C range leaving the CHs
molecule,

Previous studies showed by the western blot technique, that
HSP27 is highly expressed in ovarian cancer cell lines such as
(SKOV3, OVCARS3, and HEY1B) (Kuo et al., 2015; Jaragh-Alhadad,
2018; Alhadad et al., 2020). In addition, HSP27 is highly expressed
in both SKOV3 and SKBR3 cell lines (Jaragh-Alhadad et al., 2022).
Moreover, Lama et al., proved that HSP27 is overexpressed in both
monolayer and spheroids of H292 cells (Lama et al., 2015). Based
on that, agent L1 was designed and synthesized to target HSP27
protein in the lung (H292), ovarian (SKOV3), and breast (SKBR3)
cancer cell lines in-vitro. The data summarized in (Table 4) showed
that agent L1 is cytotoxic and demonstrated potent anti-cancer
activity at the micro-molar concentration. Cancer cells were trea-
ted with 25 uM of agent L1 and the data revealed that cancer cell
death was pronounced first in breast cancer cell line (SKBR3) with
ICso value ranges 1.57 pM, followed by ovarian cancer (SKOV3)
ranges 2.63 uM and then in lung cancer (H292) ranges 8.87 uM.
HEK293 cells; were used as our healthy cells.

In 2006, in a clinical trial of 773 patients treated with beva-
cizumab in combination with paclitaxel-carboplatin treatment
for lung cancer, the result showed an improved response rate
reached (P < 0.001) (Sandler et al., 2006). Shen et al. investigated
SKOV3 cell proliferation following OCT 20 pg/ml treatment, signif-
icantly reduced the ICsg value (P < 0.05), and promoted apoptosis
(P <0.05) in response to cisplatin. (Shen et al., 2011). Jian et al. used
hyaluronic acid-nimesulide conjugate targeting HT-29 cells and
the results showed nimesulide cell killing ability at 400 uM (Jian
et al., 2017). Furthermore, in the study hypopharyngeal carcinoma
cells were exposed to nimesulide with different concentrations
ranging 10-1000 pM, a time-dependent experiment showed cyto-
toxicity reach (P < 0.05). In sum, the NSAIDs’ derivative agent L1
ICso values were significantly potent compared to those attained
in previous studies and trials. Therefore, this confirms agent L1
as an anticancer agent.

4. Discussion

Most of the NSAIDs inhibit cyclooxygenase enzyme COX-2 pros-
taglandins inflammatory mediator (Bennett and Villa, 2000;
Sobolewski, et al., 2010), which cause the anti-inflammation and
antipyretic activities (Famaey, 1997; Hawkey, 2001). However,
the mechanism of action of NSAID, safety, and efficacy are still lim-
ited. The development of safe and effective chemotherapeutic
drugs is needed (Thun et al., 2002) because NSAIDs increase liver
toxicity (Bessone, 2010). NSAIDs such as bromfenac, ibufenac,
and benoxaprofen, have been withdrawn from the market due to
hepatotoxicity; others like nimesulide were never marketed in
some countries such as the USA and withdrawn in others
(Bessone, 2010), even if the incidence is fairly uniform ranging
from 1 to 9 cases per 100 000 persons exposed (Rodriguez, 1992;
Rostom et al., 2005).

Therefore, the discovery of new COX-2 nimesulide inhibitors
with low cytotoxicity is the biggest challenge in pharmaceutical
research these days. A research study stated that NSAIDs, including
indomethacin, piroxicam, sulindac, and aspirin, have a potent inhi-
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Table 3
The analytical and physical data of agent L1.
Agent M.W.,, m/e Color M.P., °C C% Calcd. H% Calcd. N% Calcd. 0% Calcd.
Calcd. (Found) (Found) (Found) (Found) (Found)
N-(4-acetamido- 418.48 White <350 71.75 6.26 6.69 15.29
3-((2,5-dimethylbenzyl)oxy)phenyl)-4- (418.36) (71.63) (6.21) (6.73) (15.32)
methoxybenzamide (L1) 1H NMR NH Ar-H CH, OCH3 CH3 13C signals
NH
10.05 (s, 1H) ~ 7.95-7.04 (m,10H)  5.07 (s2H)  3.83 (s3H) 2.50-2.04  168.21 (C=0)
9.05 (s, 1H) (m,9H) 149.84 (C-0)
136.48 (C-N)
105.51 (C=C)
68.49 (CH;)
FTIR spectra V(NH) v(C=0) V(C-N) v(C-0) V(CH50)
3328 (br) 1660 (s) 1607 (m) 1256 (s) (1048-1031)
3276 (br) 1639 (s) (829-805)
TGA Middle Temp. °C Removed species Weight loss
% Found (Calcd)
550 - C23H22N,03 89.38 (89.47)
800 - CH;0 7.46 (7.41)
Table 4
-y Biological assessment of agent L1, after 48hr treatment.
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Fig. 5. The TGA thermogram of agent L1.

and is characterized for its antipyretic activities (Ward et al., 1988;
Bennett and Villa, 2000; Jian-Ying et al., 2003; Catarro et al., 2019;
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Gilingor et al., 2021; Jaragh-Alhadad et al., 2022). Kankanala et al.
synthesized and evaluated nimesulide-based novel glycol amide
esters against HCT-15, human colon cancer cell line, and the agents
showed anti-cancer activity (Kankanala et. al, 2013). Kim et al.,
used nimesulide combined radiation for the treatment of A549
lung cancer cells and the results showed increased apoptosis,
induced the cleavage of caspase-3, caspase-9, and poly (ADP-
ribose) polymerase (PARP), activated caspase-8, and induced cleav-
age of Bid (Kim et al., 2009). In addition, Alhadad et al. indirectly
targeted cellular HSP27 protein and human epidermal growth fac-
tor (HER2) receptor through HER2 pathway using low-density
lipoprotein (LDL) encapsulated cholesterol conjugated nimesulide
derivative. The results showed LDL internalization in ovarian can-
cer cells and increased cell death (Alhadad et al., 2020). Further-
more, Totzke et al. used COX-2 inhibitor nimesulide to target TNF
death receptor in Hela cell H21, and the data suggest that COX-2
inhibitor overcome apoptosis resistance to the extrinsic receptor-
induced apoptotic pathway independently of COX-2 (Totzke
et al., 2003). Also, Chu et al., stated that nimesulide could induce
apoptosis and inhibit the growth of PANC-1 cells by enhancing
the expression of phosphatase tensin homolog (PTEN), which indi-
cates the potential of nimesulide to prevent tumor angiogenesis
(Chu et al,, 2010). On the other hand, Prevot et al., conducted a
study based on the role of the prostaglandins to define the renal
effects of nimesulide in 28 newborn rabbits. The data reporting
neonatal acute renal failure or irreversible end-stage renal failure
after maternal ingestion of nimesulide (Prevot et al., 2004).

In the present study, nimesulide derivative agent L1 was suc-
cessfully synthesized and physically characterized by color, melt-
ing point, and TGA. In addition to the chemical characterization,
including FTIR, 1TH NMR, and 13C NMR spectra. Agent L1 was white
solid, and its structure was confirmed by a single crystal with a P-1
space group. Our results confirmed that nimesulide derivative
agent L1 targeted HSP27 in cancer cell lines and proved its anti-
cancer activity.

5. Conclusion

Cancer is a fundamental cause of death worldwide. Therefore,
old drug development is required. Nimesulide is an antiprolifera-
tion drug and produces pronounced cancer cells reduction. In con-
clusion, agent L1 was successfully prepared, and its structure was
confirmed, spectroscopically characterized, and possessed potent
anti-cancer activity with lung (H292), ovarian (SKOV3), and breast
(SKBR3) cancer cell lines in the micromolar level. The overall
results highlight nimesulide as an anti-cancer agent. In the future,
new nimesulide derivatives will be synthesized for better biologi-
cal selectivity and anti-cancer activity in both in-vitro and in-vivo
models.
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