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ABSTRACT. The present study was conducted to scrutinize the pharmacological effect of oxazole-embedded
Chitosan as an anticancer agent against gastric cancer cells. This compound was synthesized using the classical
Schiff base reaction but utilizing the novel green chemical process where cerric ammonium nitrate (CAN) was used
as a catalyst in the PEG-400 as solvent media. The target compound was obtained with an excellent yield at the
catalyst loading of 5% CAN concentration in 15 min. The Kinase-Glo Plus luminescence kinase assay kit was used
to determine the EGFR inhibitory activity of compound 1 where it showed potent activity with ICsq of 2.14 pM. Its
effect was also determined on the cellular viability of the Human gastric cancer cell line (SGC7901), liver cancer
cell line (HepG2), and lung cancer cell line (A549), where it exhibits potent activity against SGC7901. The
compound further showed the concentration-dependent inhibitory effect on migration and invasion of SGC7901. In
RT-qPCR analysis, the compound showed induction of apoptosis of SGC7901 cells possibly by restoring the
expression of Bcl-2 and Bax near to normal, and inhibition of the mRNA expression of EGFR in a concentration-
dependent manner.
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INTRODUCTION

Gastric cancer is the fourth leading cause of cancer and is responsible for 769,000 deaths and one
million new cases that occur annually [1]. The clinical outcomes that are achieved through the use
of various therapeutic options for gastric cancer, such as radiation therapy, chemotherapy, and
surgical excision, are not always favorable. In most cases, the discovery of gastric cancer occurs
after the disease has already spread to other areas of the body which leads to the poor prognosis
of the disease [2, 3]. It is of the utmost importance to develop novel or improved combination
chemotherapy regimens to improve the outcome for individuals suffering from stomach cancer
and to combat resistance to drugs.

Chitosan, a naturally occurring biopolymer, can be generated from chitin by either enzymatic
or chemical processes at high temperatures [4]. Because of its high bioavailability, drug-carrier
capacity, and ease of penetration across the cell membrane, it was a promising scaffold for the
delivery of drugs for the identification of new drugs [5]. According to the findings of several
research, it possesses remarkable anti-cancer, antibacterial, and antioxidant effects [6, 7].
Furthermore, it has been discovered that the production of Schiff bases, which mostly took place
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as a consequence of the azomethine link, has significantly contributed to the enhancement of the
pharmacological activity of chitosan [8, 9]. Studies showed that Schiff bases are the condensation
products of primary amines with carbonyl compounds, and endowed with a variety of
pharmacological activity. It showed excellent anticancer, antibacterial, anti-inflammatory, anti-
convulsant, and anthelmintic activity [10].

Oxazole is another vital pharmacophore responsible for a diverse array of pharmacological
activity, such as anti-fungal, antibacterial, antimalarial, and anticancer activity [11, 12]. Various
clinically available molecules, such as linezolid, furazolidone, toloxatone, oxaprozin, ditazole,
and aleglitazar contain oxazole as a core scaffold [13].

Therefore, the present study was conducted to analyze the anticancer effect of oxazole-
embedded chitosan Schiff base (OCS) against gastric cancer cells and their mechanism of action.

EXPERIMENTAL
Chemical and reagents

All the chemicals and reagents used in the present study were procured from Sigma Aldrich (USA)
without further purification unless otherwise stated. '"H NMR spectra were recorded in d6-DMSO
on a Bruker Avance-400 NMR spectrometer with TMS as the internal reference. *C NMR spectra
were recorded on a Bruker Avance-100 NMR spectrometer in d6-DMSO on the same
spectrometers with TMS as the internal reference. The multiplicity of a signal is indicated as: s —
singlet, d — doublet, t — triplet, q — quartet, m — multiplet, br — broad, dd — doublet of doublets, etc.
Coupling constants (J) are quoted in Hz and reported to the nearest 0.1 Hz. Infrared spectra were
recorded as a neat thin film on a Perkin-Elmer Spectrum One FT-IR spectrometer using Universal
ATR sampling accessories. Melting points were obtained using MEL-TEMP (model 1001D).

General procedure for the synthesis of pyrazole-based Schiff bases of Chitosan

PEG-400 was used as the solvent for the reaction of chitosan (1 mmol) and the corresponding
oxazole 4-carbaldehyde (1 mmol). After adding CAN at a concentration of 5% to the previous
mixture and stirring it for 20 min while it was heated to 80 °C, the desired end product (1) was
obtained. TLC was utilized to track both the progression and conclusion of the reaction mixture.
After the reaction was finished, the mixture that had been obtained above was chilled in acetone
and a dry ice bath to precipitate the PEG-400, and then it was extracted using ether because PEG-
400 is insoluble in ether. After being decanted, the ether layer was allowed to dry and then
concentrated while the pressure was lowered. Various spectral analysis was performed to
determine the structures of all of the product, and these data were found in agreement with the
previous study [14].

Oxazole-embedded Chitosan Schiff base

Yield: 79%; Ry: 0.72; FTIR (Vmax; cm™’, in KBr): 3592 (OH stretching). 3024 (aromatic C-H
stretching), 2947 (CH, stretching), 1678 (C=N stretching), 1522 (C=C stretching), 1269 (C-O
stretching), 1228 (C-N stretching), 1173 (C-O-C stretching), 751; 'H NMR (400 MHz, DMSO-
ds, TMS) 6 ppm: 8.13 (s, 1H, C-H), 8.11 (d, 1H, J = 1.35 Hz, Oxazol-H), 7.91 (d, 1H, J = 1.32
Hz, Oxazol-H), 5.06 (d, 1H, J=2.91 Hz, Chitosan-H), 4.51-4.32 (m, 3H, 3xOH Chitosan) 3.94
(s, 1H, CH,-O-H), 3.79 (d, 2H, J = 7.98 Hz, Chitosan-CH>), 3.73 (d, 1H, J = 2.18 Hz, Chitosan-
H), 3.51 (d, 1H, J = 7.98 Hz, Chitosan-H), 3.31 (d, 1H, J = 2.14 Hz, Chitosan-H), 3.18 (d, 1H, J
= 3.48 Hz, Chitosan-H), 1.51 (d, 1H, J = 3.62 Hz, Chitosan-H); *C NMR (100 MHz, DMSO-ds)
S ppm: 154.8, 151.4, 141.5, 125.7,96.8, 81.1, 73.2, 72.8, 71.9, 62.3.
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Cell culture

Human gastric cancer cell line (SGC7901), liver cancer cell line (HepG2), and lung cancer cell
line (A549) were obtained from the American Type Culture Collection (ATCC, USA) and
cultured as per the instructed protocol [15]. The cells were cultured in Dulbecco's Modification
of Eagle's Medium ( DMEM) (Cellgro, Manassas, VA, USA), supplemented with 10% fetal
bovine serum (FBS), 1% penicillin/streptomycin (Invitrogen Co.) and 4mM L-glutamine in an
atmosphere of 5% CO» at 37 °C.

EGFR Kinase inhibition assay

EGFR Kinase inhibitory activity was determined using a ADP-Glo™ kinase detection kit. It is a
luminescence kinase detection approach that detects the amount of ADP produced by the kinase
reaction. After ADP is converted into ATP, ATP can be used as the substrate of the luciferase-
catalyzed reaction to generate an optical signal, which is positively correlated with kinase activity.
An ADP-Glo™ kinase detection kit can detect the activities of almost all enzymes that can produce
ADP, and the concentration of ATP can be as high as 1 mmol. The target compound 1 were
formulated into solutions of different concentrations, and three independent experiments were
performed for each group. The following components were added to the 384-well plate: 5 pL of
kinase buffer containing 20 pmol ATP and 2 pmol PIP2 (25 mmol 3-morpholinopropanesulfonic
acid, 12.5 mmol B-glycerophosphoric acid, 5 mmol EGTA, 2 mmol EDTA, and 0.25 mmol DTT);
2 uL (50 ng/mL) of EGFR kinase; and 2.5 uLL of dimethyl sulfoxide solution containing different
concentrations of the test compound. The above-prepared systems were sealed and incubated at
room temperature for 2 h, and 5 pL of ADP-GLO was added to terminate the kinase reaction.
Then, the culture plate was sealed and incubated in a thermostatic oscillator for 40 min to fully
consume the remaining ATP. The luciferase/luciferin reaction was adopted to determine the newly
generated ATP level. The signals of ADP/ATP varied according to the inhibitory effects of the
target compound, the luminescence values of each well were measured with plate counter, and
the data were further converted into ICso values [15].

Treatment group

Various treatment groups have been formed based on a diverse range of concentration of
compound as follows: Group 1: 0 uM; Group 2: 2.5 uM; Group 3: 5 uM; Group 4: 10 uM.

Cell proliferation assay

Using the MTT assay, which involves the use of RPMI1640 or DMEM supplemented with 10%
fetal bovine serum (HyClone) and 1% penicillin-streptomycin liquid (Gibco), cell proliferation
was evaluated. Chemicals or the control solvent were then added to the panel of cells at varying
concentrations. The experiment continued for another four hours at 37 °C after the first 48 hours
of incubation, during which 2.5 mg mL" of MTT reagent was added. Microplate readers
(PerkinElmer, Enspire 2300, USA) were used to detect absorbance at 490 nm. The GraphPad
Prism was used to plot dose-response curves, which allowed the ICso values to be ascertained
[15].

Wound healing assay
After seeding SGC7901 cells onto 12-well culture dishes, they were manually scratched using a
1-mL pipette tip to damage their surface. To eliminate any remaining cell debris, the scratched

surface was rinsed with PBS. After that, the cells were placed on dishes and incubated at 37 °C
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for 48 hours after being treated with the compound-containing medium. Additionally, seed the
cells at a density of 3 x 10°/mL. The compound 1 was left to incubate with the cells for an extra
48 hours at 37 °C. At 0 hours (control) and 48 hours, an inverted microscope with a total
magnification of 40x was used to take images of the wound sites. The area of each wound was
measured using the Imagel program.

Invasion assay

The upper transwell inserts (Corning Inc., Cat#. 354480) were seeded with SGC7901 cells (1 x
10° cells) that had been suspended in serum-free media containing the compound 1. A 20% FBS-
containing medium was added to the bottom chambers. Transwell inserts were incubated for 30
hours before being preserved with cold methanol and stained with 0.5% Crystal Violet. With an
inverted microscope set at 100x total magnification, the non-invaded cells were removed and the
invaded cells were counted in four fields that were chosen at random.

RT-qPCR analysis

We followed the manufacturer-provided instructions to extract total RNA using a Total RNA
Isolation Kit (RC101-01, Vazyme). The NanoDrop 2000, made by Thermo Fisher Scientific, was
used to measure the total RNA. The procedure included the use of the HiScript® III All-in-one
RT SuperMix (R333-01, Vazyme) to transform total RNA into complementary DNA (cDNA).
One step real-time RT-PCR was performed using the ChamQ SYBR Color qPCR Master Mix
(Q411-02, Vazyme). The ACT approach was used to ascertain the target gene's gene expression
levels.

Table 1. Sequence of primers used for RT-PCR analysis.

Genes Sequence (5'-3 )
B-actin F: CATTGCTGACAGGATGCAGA
R: CTGCTGGAAGGTGGACAGTGA
Bcl-2 F: GAGGATTGTGGCCTTCTTTG
R: AGGTACTCAGTCATCCACA
Bax F: ATGGAGCTGCAGAGGATGA
R: CCAGTTTGCTAGCAAAGTAG
EGFR F: GCCATCTGGGCCAAAGATACC
R: GTCTTCGCATGAATAGGCCAAT

Statistical analysis

Statistical analysis was conducted using the GraphPad Prism software (v.8.0). There was a
minimum of three repetitions of each in vitro experiment. A two-tailed Student's t-test was used
to assess the variations between the two groups. We compared the differences across several
groups using analysis of variance and expressed as mean + SEM. p < 0.05 was considered to be
statistically significant.

RESULTS AND DISCUSSION
Chemistry
The synthesis of oxazole-embedded chitosan Schiff base was achieved using the CAN as a
catalyst in PEG-400 and has been shown in Scheme 1. The reaction mixture consists of an

equimolar quantity of carbonyl compound (oxazole) and chitosan in PEG-400 using catalyst
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loading of 5% CAN at 80 °C. It was found that the reaction was completed in 15 min to afford
the desired target compound with an 83% yield. FT-IR, '"H NMR, and '*C NMR spectroscopy
techniques were employed to verify the structure of synthesized compound 1. In FT-IR spectra, a
distinctive band corresponding to C-H in the oxazole ring was appeared at 3024 cm™'. The strong
band at 3592 ¢cm is due to OH stretching. A prominent band of the CH, group in the chitosan
ring was observed at 2947 cm!. The stretching vibration of the C=N group linked to the oxazole
ring was observed at 1678 cm™!. The stretching vibration of the C=C group was observed at 1522
cm’. A strong bond at 1269 cm™! is attributed to C-O stretching. The 'H NMR spectral analysis
was also conducted where the doublet peak at 8.11-7.91 ppm attributed to the aromatic oxazole
ring proton. An additional doublet peak was also observed at 5.06 ppm due to the aliphatic CH
proton group of the Chitosan-H ring. Multiple peaks of the Chitosan-H ring connected with the
oxazole ring proton were seen between 4.51-4.32 ppm. The chitosan exhibited a singlet peak at
3.94 ppm. Moreover, doublet peak of Chitosan-H ring aliphatic proton were observed at 3.79-
1.51 ppm. The title compounds exhibited resonance peaks ranging from 151.4 to 125.7 ppm
attributed to carbon atoms in the oxazole ring. The side chain carbon atoms are linked to the
oxazole ring appeared at 154.8 ppm. The aliphatic carbon atoms of the chitosan connection with
oxazole ring were observed at 96.8-62.3 ppm.

OH H
=0 HOWYH
H N
+7 N — L A,
H NH,

Oxazole-4- N

Chitosan carbaldehyde \

Scheme 1. Synthesis of oxazole-embedded-Chitosan Schiff base. Reagents and condition: 5%
CAN, PEG-400, 80 °C.

Pharmacological activity

The EGFR kinase plays a crucial role in the survival and progression of several malignancies,
including gastric cancer (GC) [16]. By inhibiting the function of apoptosis-related genes such as
BAD, BAX, caspase-9, and GSK-3, it plays a critical role in promoting the survival of cancer
cells [17]. This ultimately leads to increased cell viability, enhanced potential to spread to other
parts of the body, formation of new blood vessels, and resistance to chemotherapy. It enhances
the presence of chemicals that prevent cell death, such as NF-xB, cAMP, and CREB, leading to a
greater ability to develop, spread to other parts of the body, and resist treatment [18]. As a result,
researchers are dedicating a substantial amount of their attention to studying and finding drugs
that block the EGFR signaling pathway, and new therapies are constantly being developed. In the
present study, the compound was tested for EGFR inhibitory activity using ELISA-based Kinase
Glo Enzyme assay. As presented in Table 2, it showed potent inhibition of EGFR with ICsy of
2.14 uM.
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Table 2. Inhibitory effect of compound 1 on the EGFR kinase.

Code EGEFR Kinase inhibition (ICso, in pM) *
1 2.14%0.76 pM
Where ® denotes the Mean + SEM of three replicates.

Cell viability assay

The effect of the compound-1 was investigated on the cellular viability of various human cancer
cells, such as the human gastric cancer cell line (SGC7901), liver cancer cell line (HepG2), and
lung cancer cell line (A549). As shown in Table 3, compound 1 showed least activity against
A549 cells with ICso of 124.64 + 10.32 uM and moderate activity against Hep G2 cells with ICso
of 47.24 uM. The most potent activity was reported against the gastric cancer cells with 7.45 +
0.84 uM. Therefore, subsequent investigations were conducted to study the mechanism of the
anticancer action of compound 1 utilizing SGC7901 cells with the help of several biochemical
assays.

Table 3. Effect of compound 1 on the cellular viability of various human cancer cells.

Code ICso (in pM)*
SGC7901 HepG2 (liver) A549 (lung)
1 7.45 +£0.84 4724 +2.53 124.64 +10.32

Where * denotes the Mean + SEM of three replicates.
Apoptosis and cell-cycle arrest of SGC7901 cells

Various studies suggest that many clinically available anticancer drugs induce apoptosis by
causing cell-cycle arrest [19]. Apoptosis is considered a vital biological process of cellular death
that is intended to happen without the release of internal cellular components, therefore preventing
the initiation of an inflammatory reaction [20]. It is regarded as a vital mechanism in the
development of embryos, the control of the immune system, and the reaction to DNA damage.
Nevertheless, the disruption of apoptosis leads to a prolonged period for the build-up of genetic
alterations, which can heighten the ability of tumors to spread, trigger the formation of new blood
vessels, disrupt the control of cell growth, and impede the process of cellular specialization [21].
Moreover, the cell cycle is a sequence of closely interconnected processes that enable the cell to
expand and reproduce. These processes allow the cell to grow and reproduce. Furthermore, cell
cycle arrest is a crucial mechanism that has been demonstrated to contribute to the anticancer
effects of a wide variety of well-established drugs. By selectively targeting proteins, certain
anticancer drugs are able to block the passage of cells from one phase of the cell cycle to another.
This, in turn, causes an accumulation of cancer cells at a certain stage. It is also possible for the
cell cycle arrest to restrict the multiplication of cancer cells as well as their ability to spread to
distant organs [22]. Therefore, in the next part, we aimed to scrutinize the pharmacological effect
of compound 1 on the apoptosis and cell-cycle of SGC-7901 cells. As shown in Figure la,
compound 1 causes concentration-dependent induction of apoptosis of SGC-7901 cells as
compared to non-treated control. Moreover, our study has also revealed that Compound 1 can
increase the number of cells in the G2/M phase while decreasing the number of cells in the S-
phase. Additionally, no significant change in the G0/G1 cell population was observed in any of
the groups. One possible explanation for compound 1's potent anti-proliferative effects on SGC-
7901 cells is via targeting cell cycle progression at the G2/M phase and stimulating apoptosis.
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Figure 1. Effect of compound 1 on the apoptotic rate and cell-cycle distribution of SGC-7901
cells. Data presented as mean = SEM (n = 3). ** p <0.05 vs. non-treated group.

Migration and invasion of SGC-7901 cells

Patients' chances of survival are greatly affected by the order in which tumor cell invasion and
metastasis progress. Metastasis is a process by which primary malignancies in one organ can
spread to other organs. In particular, this mechanism is to blame for cancer's devastating toll on
human health [23]. When tumor cells acquire the ability to invade neighbouring tissues, they do
so by penetrating the basement membrane and extracellular matrix. As the cells enter the
lymphatic or vascular circulation, this process culminates in intravasation. Metastatic cells then
invade the vascular basement membrane and extracellular matrix as they travel through the
bloodstream, a process known as extravasation [24, 25]. Ultimately, the secondary tumor will be
formed when these cells adhere to a new location and proliferate which ultimately results in poor
prognosis. Thus, in the next study, we aimed to analyze the effect of compound 1 on the migration
and invasion ability of SGC7901 cells. As shown in Figure 2, compound 1 causes significant
reduction both migration invasion of SGC7901 cells in the concentration dependent manner.
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Figure 2. Effect of compound 1 on the (A) migration and (B) invasion of SGC-7901 cells. Data
presented as mean + SEM (n = 3). ** p <0.05 vs. non-treated group.

Expression of Bax and Bcl2 using RT-PCR in SGC-7901 cells

The regulation of cellular apoptosis by Bax and Bcl-2 is crucial for tissue homeostasis. Bax
triggers cell death by releasing substances that promote cell death through openings in the
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mitochondrial outer membrane [26]. On the other hand, Bcl-2 is a protein that stops cells from
dying by keeping mitochondria intact and preventing Bax. Apoptosis is facilitated by an excess
of Bax and inhibited by an excess of Bcl-2; the cellular fate is dictated by this equilibrium [27].
Many diseases, including cancer, are linked to an imbalance in this equilibrium, which causes a
fall in Bax levels and an increase in Bcl-2, which promotes cell survival and inhibits cell death.
Numerous anti-cancer treatments induce apoptosis by elevating the level of Bax while
simultaneously decreasing the level of Bcl-2 [28] . During this investigation, as illustrated in
Figure 3, compound 1 showed a noteworthy rise in the expression of Bax, while simultaneously
exhibiting a decline in the level of Bcl-2. Thus, it could be suggested that compound 1 induces
apoptosis via restoring the level of Bax and Bcl2.
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Figure 3. Effect of compound 1 on expression of (a) Bax and (b) Bcl-2 using RT-PCR in SGC7901
cells. Data presented as mean = SEM (n = 3). ** p <0.05 vs. non-treated group.

Expression of EGFR in SGC-7901 cells using RT-PCR

As a transmembrane receptor tyrosine kinase, EGFR is expressed in certain normal neurogenic,
mesenchymal, and epithelial tissues [29]. There have been reports of EGFR overexpression and
its potential role in the development of many human cancers, including NSCLC [30]. Evidence
suggests that EGFR expression in NSCLC is linked to worse chemosensitivity, shorter survival
times, and more lymph node metastases [31]. Patients with advanced NSCLC are commonly
treated with chemotherapy, while those with early-stage NSCLC typically undergo surgical
resection. Patients with non-small cell lung cancer (NSCLC) who have corresponding genetic
alterations are often prescribed molecular targeted therapy regimens [32]. Priority is given to
patients who have EGFR-sensitizing mutations, such as EGFR exon 19 deletion (Ex19del) or
L858R mutations, which are inhibitors of epidermal growth factor receptor tyrosine kinase. To
treat patients with non-small cell lung cancer (NSCLC) who have EGFR mutations, three separate
generations of EGFR-TKIs have been approved for use in various clinical contexts. Gefitinib,
erlotinib, and icotinib are first-generation drugs; afatinib and dacomitinib are second-generation
drugs Patients with advanced non-small cell lung cancer (NSCLC) with mutations Ex19del and
L858R have shown significant clinical improvement after using EGFR-TKIs [33]. Many patients
will acquire resistance to EGFR-TKIs within 9 to 14 months of starting or continuing treatment
with these drugs, even though first- and second-generation EGFR-TKIs have strong initial effects.
Therefore, new chemical development to suppress EGFR and enhance gastric cancer prognoses
is an urgent necessity. Thus, in the present study, we have determined the effect of compound 1
on the mRNA expression of EGFR. Our result showed that compound 1 causes significant
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reduction in the expression of EGFR as compared to non-treated control in a concentration
concentration-dependent manner. The most prominent inhibition was observed in the 10 uM
treated group as compared to untreated group.
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Figure 4. Effect of compound 1 on the expression of EGFR in SGC7901 cells. Data presented as
mean £ SEM (n = 3). ** p <0.05 vs. non-treated group.

CONCLUSION

In conclusion, our study showed the development of eco-friendly green synthesis of oxazole-
embeded chitosan Schiff base (compound 1) using 5% CAN as catalyst in PEG-400. The in-vitro
studies suggest that compound 1, induces apoptosis, inhibition of cell-migration and invasion, and
mRNA expression of EGFR in SGC7901 cells. It also showed G2/M phase cell cycle arrest with
induction of Bax, and inhibition of Bcl-2 levels. We concluded that the EGFR signalling pathway
might exert a significant effect on compound 1 mediated anti-cancerous effects in gastric cancer
cells. The study does not have in-vivo outcomes. It is essential to apply the results of this study to
animal models to demonstrate the effects obtained from the in vitro experiments.
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