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KEYWORDS Abstract In this work, a series of novel 1,2,4-triazine-chalcone hybrids were designed through the
1,2,4-Triazine; molecular hybridization strategy, synthesized by two step chlorinations and further aldol conden-
Chalcone; sation and evaluated their antiproliferative activity against MGC-803, HCT-116, PC-3, EC-109
Antiproliferative activity; and A549 cells. Compound 91 displayed significant antiproliferative activity against MGC-803,
ROS; HCT-116, PC-3, EC-109 and A549 cell lines with 1Cs, values of 0.41, 0.43, 0.61, 0.78 and
ERK; 0.52 uM, respectively. Subsequent mechanistic investigations suggested that compound 9l induced
DR5 the generation of ROS and inhibited the activation of the ERK pathway. Compound 91 induced

extrinsic cell apoptosis by up-regulating DR5 dependent on the generation of ROS, while up-
regulation of DRS5 caused by compound 91 relied on the inhibition of ERK. Thus, compound 91
inhibited the gastric cancer cells via an axis of ROS-ERK-DRS5 in vitro. Compound 91 also showed
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potent activity on cell proliferation inhibition, and was effective in suppressing the growth of MGC-
803 xenograft tumor in nude mice without obvious toxicity. Therefore, compound 91 is to be
reported as anti-gastric cancer agent in vitro and in vivo via an axis of ROS-ERK-DRS5.

© 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Gastric cancer is the fifth most common cancers with over
1,000,000 estimated new cases every year globally and the third
most common cause of cancer related deaths, with 784,000
deaths globally in 2018 (Freddie et al., 2018). Perioperative,
adjuvant chemotherapy or targeted therapies licensed to treat
gastric cancer have apparently improved the survival rate of
patients (Ilson, 2017). However, drug resistance and cancer
recurrence occured in more than about 60% of patients receiv-
ing treatment (Ilson, 2017). Noteworthy, there are few clinical
drugs which can specially inhibit advanced and relapse gastric
cancers (Biagioni et al., 2019). Therefore, novel agents target-
ing gastric cancer are highly desirable and necessary.

Reactive oxygen species (ROS) is an important participant
in cellular oxidative stress (Sies and Jones, 2020). ROS affects
many physiological behaviors including cell metabolism, sur-
vival and death. High levels of ROS cause cell damage,
DNA damage and apoptosis by oxidation and nitration of
macromolecules including lipids, proteins, RNA and DNA
(Sies and Jones, 2020). In addition, the levels of ROS may also
affect the activation of related cell signaling pathways such as
MAPK (Mitogen-Activated Protein Kinases) (Prasad et al.,
2017). MAPK is a conserved tertiary kinase cascade which
has a wide range of effects on cells (Rezatabar et al., 2019).
As an important member of MAPK, the ERK (Extracellular
Regulated Protein Kinases) signaling pathway can regulate cell
apoptosis by regulating death receptors. Thus, exploiting the
increase of ROS levels in cancer cells has become a novel target
strategy to improve therapeutic activity and selectivity in the
development of anticancer agents.

Chalcone is a natural product with versatile biological and
pharmacological properties especially anticancer activity
(Zhuang et al., 2017). Simple chalcones or chalcone hybrids
exhibited anticancer activity by the interaction with molecular
targets such as ROS; mitochondrial pathway, tubulin, MAPK
signaling pathway or JAK/STAT signaling pathway (The
Janus Tyrosine Kinase / Signal Transducer and Activator of
Transcription) (Mahapatra et al., 2015; Gao et al., 2020; Lu
et al., 2020; Guan et al., 2021; Zhang et al., 2016; Fu et al.,
2016). Chalcones which induced apoptosis of cancer cells via
regulating ROS levels and its related signaling pathways are
usually reported as anticancer agents (Zhu et al., 2018;
Takac et al., 2020; Zhang et al., 2017; Zhu et al., 2018; Hou
et al., 2020; Zhang et al., 2015; Hseu et al., 2012; Ashour
et al., 2020; Fu et al., 2019). For example, as shown in
Fig. 1, Flavokawain B exhibited its anti-proliferative potency
against HSC-3 cells (Human oral squamous cell carcinoma
cells) via inducing the generation of ROS and down regulating
the MAPK signaling pathway (Hseu et al., 2012). 1,2,3-
Triazole-chalcone 1 inhibited RPMI-8226 cells (Human multi-
ple myeloma cells) with an ICsy of 0.49 uM, caused the cell
cycle arrest at G2/M phase, induced apoptosis via triggering

mitochondrial apoptotic pathway and inducing the accumula-
tion of ROS (Ashour et al., 2020). Chalcone-dithiocarbamate 2
was reported as a ROS-mediated apoptosis inducer by inhibit-
ing catalase to exert anticancer activity against human prostate
carcinoma PC-3 cells (IC5o = 1.05 uM) (Fu et al., 2019).

1,2,4-Triazine is a common and crucial scaffold which was
found in many biologically active compounds with many inter-
esting pharmacological activities including anti-microbial,
anti-HIV, anti-inflammatory and anti-cancer activities
(Marin-Ocampo et al., 2019; Cascioferro et al., 2017; Bhide
et al., 2006; Bernat et al., 2020; Xiang et al., 2020; Megally
Abdo et al., 2020; Kuroda et al., 2006; Dao et al., 2017;
Song et al., 2020; Fu et al., 2017; Song et al., 2021). As a class
of anticancer agents; 1,2,4-triazine compounds exhibited
promising therapeutic efficacy and clinical potentials to bind
to different biological targets (e.g. receptors, enzymes and sig-
naling pathway) (Cascioferro et al., 2017). In fact, many
groups have reported various 1,2,4-triazine derivatives as anti-
cancer agents. 3,6-Disubstituted 1,2,4-triazine 3 was a Wnt sig-
naling pathway inhibitor (ICs, = 0.106 uM) in human
colorectal cancer cell line HCT-96 (Kuroda et al., 2006).
3,5,6-Trisubstituted 1,2,4-triazine 4 potently inhibited the pro-
liferation of human glioma cancer cell line U-87MG and HCT-
96 cells with 1Cs( values of 13.3 and 0.19 uM. And compound
4 showed moderate inhibitory activity to FAK (IC5, = 0.23-
uM) (Dao et al., 2017). 1,2,4-Triazine-based compound 5
was identified as a neddylation pathway inhibitor which
blocked the neddylation and inhibited the activity of NAE
(NEDDS8-activating enzyme) and exhibited antiproliferative
potency against human gastric cancer MGC-803 cells
(ICso = 8.22 uM) (Song et al., 2020) (Fig. 2). In this work,
we continued with our study on 1,2,4-triazine derivatives to
discover potent anticancer agents.

Based on the above findings and as a continuation of our
studies on chalcone and 1,2,4-triazine derivatives, 1,2,4-
triazine scaffold and chalcone fragment were combined
through the molecular hybridization strategy to get novel anti-
cancer compounds. Thus, novel 1,2,4-triazine-chalcone deriva-
tives were firstly designed through the molecular hybridization
strategy, synthesized and further explored its antiproliferative
activity (Fig. 3). Fortunately, the incorporation of a 1,2,4-
triazine scaffold into chalcones could significantly improve
the antiproliferative ability. Compound 91 displayed most
potent antiproliferative ability against MGC-803 cells with
ICs values of 0.41 pM. Further mechanistic studies indicated
compound 91 inhibited the gastric cancer cells via an axis of
ROS-ERK-DRS in vitro and in vivo.

2. Chemistry

The chemical synthesis routes of 1,2,4-triazine-chalcone
derivatives was outlined in Scheme 1. The starting compound
chloride 6 were prepared from 1,2,4-triazine-3,5(2H,4H)-dione


http://creativecommons.org/licenses/by-nc-nd/4.0/

Discovery of novel 1,2,4-triazine-chalcone hybrids as anti-gastric cancer agents 3

0O O
YA s “
HO ? C|/©/
Flavokawain B 1
Fig. 1

N

F4CO
0

Fig. 2

wa““u

Flavokawain B

\
N
[ ] HN)N\N;[NH

Structures of reported chalcones with anticancer activity via regulating ROS levels.

Cl

O ~N
o c‘) i Cl__N H
~ ~
/
HN N)\\N,N ~o NN
H N H H

5

Structures of reported 1,2,4-triazine derivatives with anticancer activities.

[l fot e

MGC-803 IC5,=8.22 pM
Previous work

K Hybridization

Replacemen with
chalcone moiety

Compound 91

MGC-803 1C5,=0.34 pM
This work

Fig.3  Design of 1,2,4-triazine-chalcone derivative 91 in this work and the structures of Flavokawain B (Hseu et al., 2012) and compound

5 (Song et al., 2020).

within 2 steps according to the previously reported work (Song
et al., 2020). Substitution of compound 6 reacted with the
3,4,5-trimethoxyaniline gave compound 7 in the presence of
triethylamine at 65 °C in tetrahydrofuran. Then compound 7
reacted with 4-aminoacetophenone to formed compound 8 in
the presence of camphor sulfonic acid in isopropanol at
85 °C. Finally, the aldol reactions between compound 8 with
different aromatic aldehydes furnished target compounds 9a-
90 in ethanol in the presence of sodium hydroxide at 25 °C.
Characterization of compounds 9a-90 was carried out by
means of NMR and HRMS spectra.

3. Biological evaluation

3.1. In vitro antiproliferative activity

The in vitro antiproliferative activities of new target com-
pounds 9a-90 were evaluated against human gastric cancer cell
line MGC-803, human colorectal cancer cell lineHCT-116,
human prostate cancer cell line PC-3, human esophageal can-
cer cell line EC-109 and human lung cancer cell line A549
using MTT assay and 5-Fluorouracil (5-FU) as the positive
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Reagents and conditions: a) 3,4,5-trimethoxyaniline, triethylamine, tetrahydrofuran, 65°C. (b) arylamines,
trisodium citrate dihydrate, isopropanol, reflux. ¢) aromatic aldehydes, sodium hydroxide, ethanol, 25 °C.

Scheme 1

Synthesis of compounds 9a-9o.

Table 1 In vitro antiproliferative activity of compounds 9a-90 against human cancer cells.
o o
SYIRR0
o N N)\N
H H
9a-90
Compd. Ar ICso (uM) ©
MGC-803 HCT-96 PC-3 EC-109 A549
9a phenyl 0.95 £ 0.02 0.95 £ 0.08 1.81 £+ 0.07 3.84 =+ 0.12 2.84 £ 0.9
9b 4-F-phenyl 0.81 = 0.05 1.01 + 0.9 1.54 £ 0.08 6.27 £ 0.14 1.46 £ 0.07
9c 4-Br-phenyl 1.88 £ 0.32 228 £ 0.34 5.64 = 0.18 > 10 1.47 £ 0.19
9d 4-Cl-phenyl 1.62 = 0.12 191 £ 0.15 492 £ 0.14 3.84 =+ 0.12 1.47 £ 0.19
9e 4-OCHj3-phenyl 1.55 £ 0.28 1.75 £+ 0.31 7.21 £ 0.17 > 10 1.03 £ 0.9
9f 4-CHj;-phenyl 0.80 = 0.18 0.72 £ 0.25 1.81 £ 0.07 291 £ 0.10 1.81 £ 0.46
9g 3,4,5-(OCHs)s-phenyl 0.54 + 0.05 0.62 + 0.08 1.24 + 0.05 2.27 + 0.09 0.89 =+ 0.03
%h 3,4-(OCHj;),-phenyl 0.92 + 0.64 1.06 £ 0.12 348 £ 0.9 > 10 > 10
9i 3-OH-4-OCHj3;-phenyl 0.81 £ 0.08 0.88 £ 0.15 0.48 £+ 0.04 0.79 £ 0.06 1.12 £ 0.13
9j 3-CHj3-4-OCHj;-phenyl 1.38 = 0.20 0.89 £+ 0.09 0.77 £ 0.02 > 10 1.85 +£ 0.12
9k 2-thienyl 3.14 = 0.72 5.32 + 0.81 3.51 £ 0.16 > 10 4.51 £ 0.21
91 2-pyridyl 0.41 = 0.03 0.43 £+ 0.03 0.61 £+ 0.07 0.78 + 0.08 0.52 £+ 0.08
9m 3-pyridyl 0.43 £ 0.03 0.44 £ 0.02 0.52 £+ 0.05 0.75 £ 0.03 0.71 £+ 0.02
9n 4-pyridyl 0.44 + 0.01 0.53 £ 0.02 0.77 £ 0.08 0.96 + 0.03 0.82 £ 0.08
90 3-OCH3-4- pyridyl 0.75 £ 0.01 0.77 £ 0.03 1.42 £ 0.06 1.04 £ 0.12 0.98 £ 0.12
5-Fu - 6.88 + 1.07 15.8 £ 1.02 18.4 £ 1.73 10.8 + 1.52 22.7 £ 1.42

& In vitro antiproliferative activity was assayed by exposure for 48

drug. The following Table
antiproliferative activity.
As shown in Table 1, most of 1,2,4-triazine-chalcone
derivatives exhibited potent antiproliferative potency against
MGC-803, HCT-96, PC-3, EC-109 and A549 and obviously
better than the positive control drug 5-FU and compound 5.
Particularly, compound 91 exhibited the most potent growth
inhibitory effects against the tested five human cancer cell lines
(MGC-803, HCT-96, PC-3, EC-109 and A549) with ICs, val-
ues of 0.41, 0.43, 0.61, 0.78 and 0.52 uM, respectively. The
antiproliferative activities of the compounds varied with
respect to its groups on A ring. Most of compounds showed
potent antiproliferative potency against four cell lines

1 depicted the results of in vitro

h.

(MGC-803, HCT-96, PC-3 and A549) with ICso values less
than 5.0 uM. And, MGC-803 cells were more sensitive to the
compounds than other cancer cells with ICsy values less than
2.0 uM. Therefore, we discussed the structure-activity relation-
ships of these compounds by using the antiproliferative activity
results of MGC-803 cells. Compared compounds 9a with 9b-9d
and 9e-9j, compounds 9b-9d with electron-donating groups at
phenyl group of A ring exhibited weaker potency than com-
pounds 9e-9j with electron-withdrawing groups at phenyl
group of A ring and compound 9a without substituent group
at phenyl group of A ring against MGC-803 cells. Therefore,
the relationships between the antiproliferative activity of
electron-donating groups at A ring and compounds 9a and
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9e-9j were 3,4,5-(OCH3); > 3-OH-,4-(OCH3 > 4-CH; > 3.,4,-
(OCH3;), > H > 3-CH3-,4-OCHj > 4-CHj, In addition, the
relationships between the antiproliferative activity of
electron-withdrawing groups at A ring and compounds 9a
and 9b-9e were 4-F > H > 4-Cl > 4-Br.

Moreover, aromatic heterocyclic substituent groups of A
ring displayed big difference compared with compound 9a.
Compounds 91-90 with the pyridyl groups of A ring displayed
better antiproliferative activity against five cancer cells with
1C5 values than the compounds with phenyl groups of A ring.
But, the thienyl group of A ring (compound 9k) might signif-
icantly impair antiproliferative activity than the compounds
9a-9j with the phenyl groups of A ring and compounds 91-90
with pyridyl groups of A ring. The the relationships between
the antiproliferative activity of electron-donating groups at A
ring and compounds 9a and 9e-9j were 2-pyridyl > 3-pyri
dyl > 4-pyridyl > phenyl groups > thienyl group.

All the results also indicated that the combinations of 1,2.4-
triazine scaffold and chalcones were effective to improve the
antiproliferative ability and compound 91 displayed 22-fold
antiproliferative potency than compound 5 against MGC-803
cells.

3.2. Compound 91 inhibited gastric cancer cells in vitro

For the outstanding antiproliferative activity against gastric
cancer cells MGC-803, compound 91 also was selected to do
further researches on another gastric cancer MGC-803 and
SGC-7901 cells. As shown in Fig. 4A, compound 91 inhibited
the activity of gastric cancer MGC-803 and SGC-7901 cells
in a dose-dependent manner. And, it did not show high toxi-
cology on gastric normal cells GES-1. Compound 91 also
inhibited MGC-803 and SGC-7901 in a time-dependent man-
ner (Fig. 4B, C & D). With the treatment time raising, cell via-
bility was obviously inhibited, and the inhibition rate against
MGC-803 and SGC-7901 cells was over 80% in high dose
treatment group (Fig. 4B & D). The growth curves of gastric
cancer cells were shown in Fig. 4C & E, compound 91 evidently
inhibited gastric cancer cells. The inhibition of gastric cancer
cells by compound 91 induced cell death, nucleus fragment
and concentration and morphology changes (Fig. 4F & G).

These results indicated that compound 91 inhibited gastric
cancer MGC-803 and SGC-7901 cells in time and dose-
dependent manners.
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Fig. 4 Compound 9l inhibited gastric cancer cells in vitro. A, B & D. Cell viability of gastric cancer MGC-803 and SGC-7901 cells after
the treatment with indicated concentrations of 91 for 48 h; C & E. Growth curves of gastric cancer cells after the treatment indicated
concentrations of 91; F & G. Cell death Avermectin induced (upper panel, dead cells were stained red), cellular morphologies (lower panel)
and nucleus (mid panel). Cells were treated with different concentrations of compound 91 for 48 h, then cells were stained with different

dyes.
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3.3. Compound 91 induced the generation of ROS to inhibit the
ERK pathway

One promising anticancer mechanism of chalcones is to mod-
ulate the generation of ROS. ROS affects many physiological
behaviors including cell metabolism, survival and death.
Therefore, the levels of ROS in gastric cancer MGC-803 and
SGC-7901 cells after the treatment with compound 91 were
detected next. As the concentration of compound 9l raising,
compound 91 up-regulated the levels of ROS in gastric cancer
cells (Fig. 5A). The increment of ROS may have an influence
on the ERK pathway. Therefore, the members of the ERK
cascade were detected. As shown in Fig. 5B, C & D, compound
91 inhibited the activation (phosphorylation) of c-Raf, MEK
(Mitogen-activated protein kinase) and ERK, which resulted
in a decrease of p-P9ORSK and c-Myc which were 2 substrates
of ERK pathway in gastric cancer MGC-803 and SGC-7901

cells. NAC (N-acetyl-L-cysteine), a well-known antioxidant,
could reduce the levels of ROS in cells. In gastric cancer
MGC-803 and SGC-7901 cells, NAC evidently reversed the
inhibition of the ERK pathway induced by compound 9l
(Fig. 5E, F & G).

In summary, compound 91 increased the levels of ROS in
gastric cancer MGC-803 and SGC-7901 cells and induced
ERK pathway inhibition depending on the ROS increment.

3.4. Compound 9l induced cell apoptosis in gastric cancer cells

The cell apoptosis of gastric cancer MGC-803 and SGC-7901
cells were tested after the treatment with compound 91. The
results showed compound 91 induced cell apoptosis in a
dose-dependent manner in gastric cancer MGC-803 and
SGC-7901 cells (Fig. 6A). As shown in Fig. 6A, after treatment
with the 800 nM concentration of compound 91 for 48 h, the
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Fig. 5 Compound 9l inhibited ERK pathway via ROS generation. A. ROS level of gastric cancer MGC-803 and SGC-7901 cells after
the treatment with indicated concentrations of 9I; B to G. Levels of ERK pathway related proteins in gastric cancer MGC-803 and SGC-
7901 cells. MGC-803 and SGC-7901 cells were treated with different concentrations of compound 9l for 48 h alone, or combine with NAC.
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percentages of total apoptotic cells from 5.4% (0 nM, MGC-
803), 7.2% (0 nM, SGC-7901) significantly increased to
44.0% (800 nM, MGC-803), 44.7% (800 nM, SGC-7901)
respectively. These results suggested that compound 91 could
dose-dependently induce cell apoptosis in MGC-803 and
SGC-7901 cells. At the protein levels, the up-regulations of
FADD (Fas-associating protein with a novel death domain),
DRS5 (Death receptor 5), cleaved-Caspase8 indicated that com-
pound 91 induced an extrinsic-apoptosis in gastric cancer
MGC-803 and SGC-7901 cells. As the results shown, the
intronic-apoptosis related pro-apoptosis protein Bax was up-
regulated; anti-apoptosis proteins Bcl-2, XIAP (X-linked inhi-
bitor of apoptosis protein), c-IAP1 (Cellular inhibitor of apop-
tosis protein 1) were down-regulated; Caspase9, Caspase3 and
PARP (poly ADP-ribose polymerase) were cleaved (Fig. 6C,
E&F, S1, S2). Further studies suggested compound 91 induced
depolarization of mitochondrial membrane potential (A¥Wm,
Fig. 6B & D), which is a marking event of intronic-
apoptosis. As a result, compound 9l significantly induced

apoptosis in gastric cancer MGC-803 and SGC-7901 cells.
Their apoptosis rates both exceeded 44%. To sum up, com-
pound 91 induced extrinsic and intronic apoptosis in gastric
cancer MGC-803 and SGC-7901 cells.

3.5. Compound 9l induced cell apoptosis in gastric cancer cells
depending on ROS generation

The generation of ROS usually induces intrinsic apoptosis. To
study the relationship between ROS generation and apoptosis
induced by compound 91, further researches were done with
NAC. As shown in Fig. 7, NAC reversed the effects of com-
pound 91 on inducing depolarization of mitochondrial mem-
brane potential (A¥Wm, Fig. 7A & B), inducing cell apoptosis
(Fig. 7C & D), inhibiting cell viability (Fig. 7E) in gastric can-
cer MGC-803 and SGC-7901 cells. These results indicated that
the inducement of cell apoptosis by compound 91 depending on
ROS generation. At the protein levels, NAC inhibited the up
regulation of DRS, and cleavage of Caspase8, Caspase9, Cas-
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Fig. 7 Compound 9l induced cell apoptosis via ROS generation, cells were treated with compound 91, NAC or both compound 91 and
NAC for 48 h. A & B. Mitochondrial membrane potential (A%¥m) depolarization of gastric cancer MGC-803 and SGC-7901 cells; C & D.
Cell apoptosis percentage of gastric cancer cells; E. Cell viability of gastric cancer cells after the treatment with compound 91, NAC or both
compound 91 and NAC for 48 h; F & G. Levels of apoptosis related proteins after the treatment with compound 91, NAC or both

compound 91 and NAC for 48 h.
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pase3 and PARP induced by compound 9l in gastric cancer
MGC-803 and SGC-7901 cells (Fig. 7F & G).

Thus, it indicated that compound 91 induced extrinsic and
intronic apoptosis in gastric cancer MGC-803 and SGC-7901
cells depending on the generation of ROS.

3.6. Compound 9l inhibited gastric cancer cells depending on its
effects on p-ERK and DRS

The ERK pathway may affect the expression of DRS. In addi-
tion, the expression of DRS5 could induce cell apoptosis. To

check the necessity of ERK and DRS existence on the inhibi-
tion of gastric cancer cells induced by compound 91, the RNA
interference (siRNA) was used to knock-down ERK/p-ERK
(siMAPK1, Fig. S3) and DRS5 (siDR5-1, Fig. S4). The
knock-down reversed the up-regulation of DR5 and cleavage
of PARP induced by compound 91 (Fig. 8 A&B, S5). The
cleavage of PARP induced by compound 91 could also be
reversed by knockdown of DR5 (Fig. 8 C&D). In the morphol-
ogy study of the cell nucleus, the knock-down of ERK/p-ERK
or DRS protected the gastric cancer cells from apoptosis-like
change induced by compound 91 (Fig. 8 E&F). Briefly, the inhi-
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B o
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Fig. 8 Compound 91 inhibited gastric cancer cells via its effect on ERK and DRS5. Cells were treated with compound 91 (800 nmol/L)
with or without siRNA for ERK or DRS (100 pmol/L) for 48 h. A, B, C &D. Cell apoptosis related protein levels; E & F. Cell nucleus

morphologies of gastric cancer cells.
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bition induced by compound 91 on gastric cancer cells depend-
ing on the existence of p-ERK and DRS5. These results indi-
cated that the up-regulation of DRS5 induced by compound
91 depending on the inhibition of the ERK pathway and the
cell apoptosis induced by compound 91 depended on the
DRS up-regulation. The cell apoptosis happened via an axis
of ROS-ERK-DRS. Therefore, compound 91 induced cell
apoptosis via an axis of ROS-ERK-DRS5.

3.7. Compound 91 inhibited gastric cancer in vivo

To verify the anti-cancer activity of compound 91 in vivo, the
MGC-803 bearing xenograft mice model was established.
Models were treated with vehicle control, compound 91 (16,

A B

24 mg/kg) and 5-Fu (positive control, first-line chemotherapy
drug of gastric cancers) after tumor volume reached
100 mm?>. The tumor volume was measured and recorded every
other day since the treatment began. As shown in Fig. 9A,
compound 91 showed a high inhibition activity on tumor
growth. Tumor tissues were collected and measured for their
weight after the mice were executed, the tumor weight of com-
pound 91 high-dose treated group was decreased by over 85%
(Fig. 9B & E). The further study on tissues showed that the p-
ERK, Ki67 was down-regulated and the DRS, cleaved-PARP
were up-regulated which were consistent with the in vitro
results (Fig. 9C, D, G & I). The tissue was tunnel positive after
the treatment with compound 91 indicating that the apoptosis
was induced by compound 91 (Fig. 9F & H).
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Fig. 9 Compound 91 inhibited gastric cancer in vivo. A. Tumor volume during the treatment with compound 9I; B. Tumor weight of
different groups; C & D. Protein levels in the tumor tissue; E. Pictures of tumor tissue; F & H. The tunnel level of tumor tissue; G & 1.

Level of the p-ERK, DRS and Ki67 in the tumor tissue.
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These results showed compound 91 inhibited gastric cancer
in vivo.

3.8. Compound 91 showed no significant toxicity in vivo

During the treatment, the animals in the treated group during
the treatment did not exhibit differences in motility and activ-
ity from the control group. The body weight of mice was mea-
sured and recorded every 2 days. Data on Fig. 10 A showed
there is no significant difference between vehicle control and
treated groups. Blood biochemical indexes related to hepatic
and renal function were detected as well, indexes of alanine
aminotransferase (ALT), glutamic oxalacetic transaminase
(AST), total bilirubin (T-BIL), uric acid (UA), creatinine
(CRE), blood urea nitrogen (BUN) did not significantly
change (Fig. 10B to G). The H&E staining results also showed
on significant toxicity of compound 91 on the main organs
(Fig. 10H).

These results indicated compound 91 had no significant tox-
icity in vivo.

4. Conclusion

Exploiting increased ROS levels and related cell signaling
pathways in cancer cells have become a novel target strategy
to develop anticancer agents with high therapeutic activity
and selectivity. In this work, a series of novel 1,2,4-triazine-
chalcone derivatives were designed and synthesized, and their
antiproliferative potency on MGC-803, HCT-96, PC-3, EC-
109 and AS549 cells were evaluated. Compound 91 exhibited
most potent anticancer activities against MGC-803, HCT-96,
PC-3, EC-109, and A549 with ICs, values of 0.41, 0.43, 0.61,
0.78 and 0.52 pM, respectively. Therefore, compound 91 was
selected as the key compound for this series.

In the further studies, compound 91 showed potent activity
on inhibiting gastric cancer MGC-803 and SGC-7901 cells
(Fig. 4). Compound 91 could induce the generation of ROS
and inhibit the activation of the ERK pathway depending on
the generation of ROS (Fig. 5). Compound 91 induced extrinsic
cell apoptosis via up-regulating DRS5 (Fig. 6 & Fig. 7). The cell
apoptosis induced by compound 91 also depended on the gen-
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Fig. 10 Compound 91 showed no significant toxicity in vivo. A. Body weight of mice during the treatment with compound 91I; B to G.

Blood biochemistry indexes; H. H&E staining of mice organs.
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Fig. 11  Potential mechanism model compound 91 which acti-
vated the ROS-ERK-DRS5 axis to inhibit gastric cancers.

eration of ROS (Fig. 7). To detect the causal relationship
between the 2 events caused by ROS generation, ERK inhibi-
tion and cell apoptosis, ERK and DRS5 were knocked down
respectively. As shown in Fig. 6, the up-regulation of DRS
caused by compound 91 relied on the inhibition of ERK. Thus,
the compound 9l inhibited the gastric cancer cells via an axis of
ROS-ERK-DRS5. The anticancer activity of compound 91 was
verified in vivo next (Fig. 9). Compound 91 was effective in sup-
pressing MGC-803 xenograft tumor growth in nude mice
(Fig. 9) with no significant toxicology to the animals
(Fig. 10). Besides the activity on cell apoptosis, compound 91
also showed an activity of cell proliferation inhibition
(Fig. S6 to S9).

In summary, compound 91 is an efficient compound as anti-
cancer agent via an axis of ROS-ERK-DRY in vitro and in vivo
(Fig. 11). Therefore, we here reported novel 1,2,4-triazine-
chalcone derivatives as anticancer agents via an axis of ROS-
ERK-DRS5 in vitro and in vivo and the combination of 1,2,4-
triazine scaffold and chalcone may offer significant potentiality
for the discovery of anticancer agents.

5. General information

All the chemical reagents were purchased from commercial
suppliers (Energy chemical Company and Zhengzhou He Qi
Company). Melting points were determined on an X-5
micromelting apparatus. NMR spectra data was recorded with
a Bruker spectrometer.

5.1. Synthesis of compound 7

A solution of compound 6 (1.0 mmol), 3.4,5-trimethoxyaniline
and triethylamine (2.0 mmol) were added into 20 mL tetrahy-
drofuran. And the mixture reacted at 65 °C. After 2 h, organic
phases were evaporated to get crude products and then were
purified to give compound 7 by column chromatography.

3,6-Dichloro-N-(3,4,5-trimethoxyphenyl)-1,2,4-triazin-5-ami
ne (7)

Yellow powder, Yield, 51%, m.p. 229-230 °C.'"H NMR
(400 MHz, DMSO dy) ¢ 10.09 (s, 1H), 7.06 (s, 2H), 3.77 (s,

6H), 3.68 (s, 3H).">*C NMR (100 MHz, DMSO d;) § 160.08,
152.56, 151.14, 143.40, 135.59, 131.95, 101.87, 60.11, 55.92.

5.2. Synthesis of compound 8

A solution of compound 7 (1.0 mmol), 4-
aminoacetophenone and camphor sulfonic acid (0.5 eq) were
added into isopropanol (20 mL). And the mixture was stir-
red at 85 °C. After 6 h of reaction, a yellow solid appeared
in the solution and filtered to obtain an unpurified crude
product and then was purified to give compound 8 by col-
umn chromatography.

Yellow powder, Yield, 68%, m.p. 197-198 °C.'"H NMR
(400 MHz, DMSO dg) 6 9.72 (s, 1H), 9.43 (s, 1H), 7.62 (d,
J = 8.1 Hz, 2H), 7.18 (t, J = 7.6 Hz, 2H), 7.01-6.91 (m,
3H), 3.70 (d, J = 11.6 Hz, 9H)."*C NMR (100 MHz,
DMSO dy) 6 158.39, 152.55, 149.96, 139.72, 135.00, 134.54,
132.86, 128.30, 121.83, 119.33, 102.19, 60.08, 55.78.

5.3. Synthesis of compound 9a-90

A solution of compound 8 (1.0 mmol), aromatic amines
(1.0 eq) and NaOH (0.5 eq) were added into ethanol
(20 mL). And the mixture was stirred at 25 °C. After 2 h,
the solvent was evaporated under vacuum, and the crude resi-
due was purified by silica gel column chromatography to give
compound 9a-9o.

(E)-1-(4-((6-chloro-5-((3,4,5-trimethoxyphenyl)amino)-1,2,4-
triazin-3-yl) amino) phenyl)-3-phenylprop-2-en-1-one (9a)

Yellow powder, Yield, 53%, m.p. 232-234 °C. '"H NMR
(400 MHz, DMSO dy) ¢ 10.16 (s, 1H), 9.59 (s, 1H), 8.03 (d,
J = 8.8 Hz, 2H), 7.84 (ddd, J = 27.2, 19.8, 10.7 Hz, 5H),
7.70 (d, J = 15.6 Hz, 1H), 7.54-7.39 (m, 3H), 6.99 (s, 2H),
3.73 (d, J = 12.0 Hz, 9H). '*C NMR (101 MHz, DMSO d,)
o0 187.26, 158.06, 152.64, 150.22, 144.60, 142.92, 135.72,
135.31, 134.82, 132.71, 130.70, 130.37, 129.55, 128.88, 128.64,
122.09, 98.27, 102.58, 60.09, 55.89. HR-MS (ESI): Calcd, C,;-
H,,CINsO,4, [M+H]™: 518.1595, found: 518.1594.

(E)-1-(4-((6-chloro-5-((3,4,5-trimethoxyphenyl) amino)-
1,2,4-triazin-3-yl) amino) phenyl)-3-(4-fluorophenyl) prop-2-en-
1-one (9b)

Yellow powder, Yield, 38%, m.p. 252-253 °C. '"H NMR
(400 MHz, DMSO dy) 6 10.13 (d, J = 12.8 Hz, 1H), 9.58 (s,
1H), 8.03 (d, J/ = 8.8 Hz, 2H), 7.95 (dd, J = 8.7, 5.6 Hz,
2H), 7.89-7.77 (m, 3H), 7.70 (d, J = 15.6 Hz, 1H), 7.31 (t,
J = 8.8 Hz, 2H), 6.98 (d, J/ = 7.0 Hz, 2H), 3.78-3.69 (m,
9H). '*C NMR (100 MHz, DMSO ds) & 187.16, 171.98,
158.05, 152.63, 150.21, 144.61, 141.69, 135.73, 135.25, 132.71,
131.02, 130.93, 130.66, 129.57, 121.98, 98.24, 96.00, 95.78,
102.51, 60.09, 55.86. HR-MS (ESI): Calcd, C,7H»3CIFN;Oy,
[M+H]": 536.1501, found: 536.1500.

(E)-3-(4-bromophenyl)-1-(4-((6-chloro-5-((3,4,5-trimethoxy
phenyl)amino)-1,2,4-triazin-3-yl)amino)phenyl)prop-2-en-1-one
()

Yellow powder, Yield, 34%, m.p. 249-250 °C. '"H NMR
(400 MHz, DMSO dy) 6 10.12 (s, 1H), 9.58 (s, 1H), 8.06—
7.89 (m, 2H), 7.86-7.64 (m, 7H), 6.98 (d, J = 7.0 Hz, 3H),
3.74 (s, 6H), 3.71 (s, 3H). '*C NMR (101 MHz, DMSO d,) &
196.10, 158.07, 152.63, 150.23, 144.46, 135.61, 135.27, 132.69,
131.21, 130.99, 130.09, 129.10, 98.02, 102.59, 60.10, 55.86.
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(E)-1-(4-((6-chloro-5-((3,4,5-trimethoxyphenyl) amino)-
1,2,4-triazin-3-yl) amino) phenyl)-3-(4-chlorophenyl) prop-2-en-
1-one (9d)

Yellow powder, Yield, 34%, m.p. 250-251 °C. '"H NMR
(400 MHz, DMSO d,) 6 10.16 (d, J = 12.0 Hz, 1H), 9.59 (d,
J = 9.5 Hz, 1H), 8.02 (d, J/ = 8.9 Hz, 2H), 7.93-7.88 (m,
2H), 7.86-7.79 (m, 2H), 7.73-7.65 (m, 1H), 7.54 (t,
J = 10.1 Hz, 2H), 7.37 (d, J = 14.5 Hz, 1H), 7.00 (d,
J = 12.1 Hz, 2H), 3.73 (dd, J = 16.0, 8.6 Hz, 9H). '*C
NMR (151 MHz, DMSOds) ¢ 187.61, 158.54, 153.13,
150.70, 145.19, 141.96, 135.72, 135.34, 134.30, 133.21, 131.26,
130.86, 130.13, 129.41, 128.77, 123.30, 98.73, 102.98, 60.59,
56.35. HR-MS (ESI): Calced, C,7H,3;CLNsO,, [M+H]":
552.1205, found: 552.1204.

(E)-1-(4-((6-chloro-5-((3,4,5-trimethoxyphenyl) amino)-
1,2,4-triazin-3-yl) amino) phenyl)-3-(4-methoxyphenyl) prop-2-
en-1-one (9e)

Yellow powder, Yield, 41%, m.p. 230-232 °C.'H NMR
(400 MHz, DMSO dy) ¢ 10.15 (s, 1H), 9.58 (s, 1H), 8.03 (d,
J = 88 Hz, 2H), 785 (t, J = 9.5 Hz, 4H), 7.67 (d,
J = 15.5 Hz, 1H), 7.44 (s, 1H), 7.32 (d, J = 7.7 Hz, 1H),
7.23 (d, J = 7.7 Hz, 1H), 6.99 (s, 2H), 3.90 (s, 3H), 3.75 (s,
6H), 3.71 (s, 3H). >°C NMR (100 MHz, DMSO d,) & 192.80,
158.04, 152.63, 150.28, 143.00, 140.42, 138.22, 136.95, 135.63,
135.26, 132.46, 129.51, 129.9, 128.82, 126.58, 120.98, 98.10,
102.55, 60.10, 55.84, 20.79. HR-MS (ESI): Caled, C,gH,6CING;s-
Os, [M+H]": 570.1520, found: 570.1527.

(E)-1-(4-((6-chloro-5-((3,4,5-trimethoxyphenyl)amino)-1,2,4-
triazin-3-yl)amino)phenyl)-3-(p-tolyl)prop-2-en-1-one (9f)

Yellow powder, Yield, 46%, m.p. 235-236 °C. 1H NMR
(600 MHz, DMSO dy) ¢ 10.15 (s, 1H), 9.59 (s, 1H), 8.01 (d,
J = 8.6 Hz, 1H), 7.76 (ddt, J = 47.1, 38.4, 13.7 Hz, 6H),
7.29 (d, J = 7.3 Hz, 2H), 6.97 (d, J = 25.6 Hz, 2H), 3.75-
3.70 (m, 9H), 2.51 (s, 3H)."*C NMR (100 MHz, DMSO dy) §
187.71, 158.56, 153.13, 150.72, 145.02, 143.51, 140.93, 138.72,
137.44, 135.72, 133.22, 132.59, 131.29, 130.16, 130.02, 129.62,
129.33, 129.19, 127.09, 121.46, 98.74, 103.02, 60.59, 56.36,
21.55. HR-MS (ESI): Caled, C,sH»cCINsO4, [M+H]":
532.1752, found: 532.1752.

(E)-1-(4-((6-chloro-5-((3,4,5-trimethoxyphenyl)amino)-1,2,4-
triazin-3-yl)amino)phenyl)-3-(3,4,5-trimethoxyphenyl)prop-2-e
n-1-one (9g)

Yellow powder, Yield, 47%, m.p. 249-250 °C. '"H NMR
(400 MHz, DMSO dy) ¢ 10.16 (s, 1H), 9.58 (s, 1H), 8.04 (d,
J = 8.8 Hz, 2H), 7.84 (dd, J = 12.1, 3.2 Hz, 3H), 7.65 (d,
J = 15.5 Hz, 1H), 7.21 (s, 2H), 7.00 (s, 2H), 3.88 (s, 6H),
3.75 (s, 6H), 3.73 (s, 3H), 3.70 (s, 3H). '*C NMR (101 MHz,
DMSO dg) ¢ 187.18, 158.07, 153.09, 152.64, 150.20, 144.53,
143.39, 139.57, 135.70, 135.26, 132.70, 130.80, 130.37, 129.56,
121.24, 98.21, 106.31, 102.53, 60.9, 56.07, 55.87, 55.60. HR-
MS (ESI): Caled, C5oH3oCINsO5, [M +H]": 608.1912, found:
608.199.

(E)-1-(4-((6-chloro-5-((3,4,5-trimethoxyphenyl)amino)-1,2,4-
triazin-3-yl)amino)phenyl)-3-(3,4-dimethoxyphenyl)prop-2-en-1-
one (9h)

Yellow powder, Yield, 38%, m.p. 264-265 °C. 'H NMR
(400 MHz, DMSO dy) ¢ 10.14 (s, 1H), 9.59 (s, 1H), 8.03 (d,
J = 8.7 Hz, 2H), 7.80 (dd, J = 20.8, 12.1 Hz, 3H), 7.66 (d,
J = 154 Hz, 1H), 7.51 (s, 1H), 7.36 (d, J = 8.2 Hz, 1H),
7.06-6.97 (m, 3H), 3.85 (d, J = 19.0 Hz, 6H), 3.74 (s, 6H),
3.71 (s, 3H). '*C NMR (151 MHz, DMSO ds) & 187.65,
158.59, 153.16, 151.62, 150.71, 149.53, 144.89, 143.90, 136.16,

135.82, 133.22, 131.52, 129.94, 128.16, 124.08, 120.14, 98.73,
92.12, 91.17, 103.08, 60.60, 56.40, 56.20, 56.10, 40.46, 40.32,
40.18, 40.04, 39.90, 39.76, 39.62. HR-MS (ESI): Calcd, Cyo-
H,3CINsOg, [M +Na] " : 600.1620, found: 600.1627.

(E)-1-(4-((6-chloro-5-((3,4,5-trimethoxyphenyl)amino)-1,2,4-
triazin-3-yl)amino)phenyl)-3-(3-hydroxy-4-methoxyphenyl)pro
p-2-en-1-one (9i)

Yellow powder, Yield, 32%, m.p. 270-271 °C. 'H NMR
(400 MHz, DMSO dy) ¢ 10.12 (s, 1H), 9.57 (s, 1H), 9.15 (s,
1H), 7.99 (d, J = 8.2 Hz, 2H), 7.81 (d, J = 8.2 Hz, 2H),
7.61 (d, J = 7.9 Hz, 2H), 7.27 (d, J = 12.5 Hz, 2H), 7.01
(d, J = 9.7 Hz, 3H), 3.85 (s, 3H), 3.75 (s, 6H), 3.73 (s, 3H).
13C NMR (101 MHz, DMSO d,) ¢ 187.16, 157.99, 152.63,
150.25, 150.13, 146.61, 144.28, 143.48, 135.25, 132.68, 131.03,
129.35, 127.70, 121.80, 99.31, 98.28, 94.63, 91.91, 102.54,
60.9, 55.85, 55.65. HR-MS (ESI): Calcd, C,3H»5CINsOg, [M
+Na]*: 586.1464, found: 586.1471.

(E)-1-(4-((6-chloro-5-((3,4,5-trimethoxyphenyl)amino)-1,2,4-
triazin-3-yl)amino)phenyl)-3-(4-methoxy-3-methylphenyl)prop-2
-en-1-one (9j)

Yellow powder, Yield, 37%, m.p. 248-249 °C. '"H NMR
(400 MHz, DMSO dy) 6 10.14 (s, 1H), 9.59 (s, 1H), 8.00 (d,
J = 8.8 Hz, 2H), 7.81 (dd, J = 8.7, 2.3 Hz, 4H), 7.71 (d,
J = 16.2 Hz, 1H), 7.08-6.92 (m, 4H), 3.83 (s, 3H), 3.73 (d,
J = 10.5 Hz, 9H). >*C NMR (151 MHz, DMSOdy) ¢
187.64, 161.68, 158.57, 153.13, 150.71, 144.88, 143.43, 136.16,
135.72, 133.22, 131.70, 131.46, 131.02, 129.91, 127.93, 99.99,
98.73, 94.88, 94.13, 103.01, 60.60, 56.35, 55.85, 55.61. HR-
MS (ESI): Caled, CooH,sCINsOs, [M +H] " 562.1852, found:
562.19.

(E)-1-(4-((6-chloro-5-((3,4,5-trimethoxyphenyl)amino)-1,2,4-
triazin-3-yl)amino)phenyl)-3-(thiophen-2-yl)prop-2-en-1-one
9k)

Yellow powder, Yield, 38%, m.p. 254-255 °C.'"H NMR
(400 MHz, DMSO dy) ¢ 10.20 (s, 1H), 9.65 (s, 1H), 7.93 (t,
J = 14.0 Hz, 3H), 7.86-7.75 (m, 4H), 7.65 (d, J = 3.2 Hz,
1H), 7.51 (d, J = 15.3 Hz, 1H), 7.19 (dd, J = 5.0, 3.7 Hz,
1H), 7.13 (s, 1H), 6.98 (s, 2H), 3.75 (t, J = 6.6 Hz, 9H). *C
NMR (151 MHz, DMSOd,) o 187.14, 158.51, 153.16,
150.78, 145.03, 140.37, 136.26, 135.87, 133.19, 132.98, 131.12,
130.51, 129.85, 129.16, 120.82, 98.80, 103.20, 60.63, 56.41.
HR-MS (ESI): Caled, CosH,,CIN5O,S, [M+H] *: 524.959,
found: 524.959.

(E)-1-(4-((6-chloro-5-((3,4,5-trimethoxyphenyl)amino)-1,2,4-
triazin-3-yl)amino)phenyl)-3-(pyridin-2-yl)prop-2-en-1-one (91)

Yellow powder, Yield, 32%, m.p. 216-217 °C. '"H NMR
(400 MHz, DMSO dy) 6 10.23 (s, 1H), 9.63 (s, 1H), 8.72 (d,
J = 44 Hz, 1H), 8.15 (d, J = 154 Hz, 1H), 7.97 (dd,
J = 12.1, 9.0 Hz, 4H), 7.84 (d, J = 8.8 Hz, 2H), 7.69 (d,
J = 154 Hz, 1H), 7.53-7.45 (m, 1H), 6.99 (s, 2H), 3.75 (s,
6H), 3.73 (s, 3H). '3C NMR (101 MHz, DMSO d;) § 187.42,
158.08, 152.61, 150.29, 144.21, 142.03, 137.21, 136.65, 135.29,
133.22, 132.64, 129.89, 129.55, 129.22, 124.84, 122.73, 98.30,
97.90, 102.73, 60.10, 55.79. HR-MS (ESI): Calcd, C5sH»3CINg-
Og4, [M+H]": 519.1548, found: 519.1547.

(E)-1-(4-((6-chloro-5-((3,4,5-trimethoxyphenyl)amino)-1,2,4-
triazin-3-yl)amino)phenyl)-3-(pyridin-3-yl)prop-2-en-1-one (9m)

Yellow powder, Yield, 42%, m.p. 262-264 °C. 'H NMR
(400 MHz, DMSO dy) 6 10.16 (s, 1H), 9.60 (s, 1H), 9.00 (s,
1H), 8.61 (d, J = 4.5 Hz, 1H), 8.32 (d, J = 8.1 Hz, 1H),
8.03 (dd, J = 12.2, 7.7 Hz, 3H), 7.83 (d, J = 8.8 Hz, 2H),
7.72 (d, J = 15.7 Hz, 1H), 7.50 (dd, J = 7.9, 4.8 Hz, 1H),
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6.99 (s, 2H), 3.74 (d, J = 3.8 Hz, 6H), 3.71 (s, 3H). *C NMR
(101 MHz, DMSO dy) 6 191.94, 157.99, 152.63, 150.29, 149.65,
149.05, 145.02, 135.89, 135.29, 134.37, 132.66, 132.61, 131.20,
129.72, 129.53, 129.37, 123.28, 98.15, 102.64, 60.9, 55.83.
HR-MS (ESI): Caled, CygHo3CINGO,, [M+H]T: 519.1548,
found: 519.1549.

(E)-1-(4-((6-chloro-5-((3,4,5-trimethoxyphenyl)amino)-1,2,4-
triazin-3-yl)amino)phenyl)-3-(pyridin-4-yl)prop-2-en-1-one (9n)

Yellow powder, Yield, 44%, m.p. 243-244 °C. '"H NMR
(400 MHz, DMSO dy) ¢ 10.19 (s, 1H), 9.61 (s, 1H), 8.67 (d,
J = 4.5 Hz, 1H), 8.50 (dd, J = 23.7, 15.5 Hz, 1H), 8.07 (dd,
J = 227, 12.0 Hz, 2H), 7.82 (dd, J = 13.9, 9.1 Hz, 3H),
7.78-7.60 (m, 2H), 7.28 (dd, J = 31.7, 4.7 Hz, 1H), 6.99—
6.94 (m, 2H), 3.75-3.68 (m, 9H). '*C NMR (151 MHz,
DMSO dy) ¢ 187.60, 158.52, 153.13, 150.81, 150.20, 145.48,
143.19, 142.47, 140.50, 135.73, 134.72, 133.19, 132.48, 130.33,
126.93, 123.42, 122.88, 98.75, 103.01, 60.59, 56.36. HR-MS
(ESI): Caled, Cy¢Hp3CINgO4, [M+Na]™: 541.1367, found:
541.1362.

(E)-1-(4-((6-chloro-5-((3,4,5-trimethoxyphenyl)amino)-1,2,4-
triazin-3-yl)amino)phenyl)-3-(6-methoxypyridin-3-yl)prop-2-en-
1-one (90)

Yellow powder, Yield, 28%, m.p. 249-250 °C. 'H NMR
(400 MHz, DMSO dy) ¢ 10.24 (s, 1H), 9.62 (s, 1H), 8.08 (d,
J = 152 Hz, 1H), 7.95 (d, J = 8.8 Hz, 2H), 7.86-7.77 (m,
4H), 7.71 (s, 1H), 7.62 (d, J = 15.1 Hz, 1H), 7.40 (d,
J = 7.2 Hz, 1H), 6.98 (s, 2H), 4.01 (s, 3H), 3.75 (s, 6H),
3.70 (s, 3H). '*C NMR (151 MHz, DMSO ds) 6 187.87,
163.67, 158.60, 153.17, 150.82, 145.29, 142.08, 140.41, 135.82,
133.19, 130.94, 129.98, 125.12, 99.68, 98.75, 93.13, 103.23,
60.59, 56.38, 53.49. HR-MS (ESI): Calcd, C,7H,5CINgOs, [M
+Na]™: 571.1473, found: 571.1479.

5.4. Cell culture

Five human cancer cell line and GES-1 cells used were cultured
in humidified incubator at 37 °C and 5% CO,. The RPMI-
1640 medium was supplemented with 10% fetal bovine serum,
penicillin (100 U/mL) and streptomycin (0.1 mg/mL).

5.5. MTT assay

Five human cancer cell line and GES-1 cells were seeded into
96-well plates and incubated for 24 h. Then cells were treated
with different concentrations of compounds. MTT reagent
(20 pL per well) was added after another 48 h, and then the
cells were incubated at 37 °C for 4 h. Formazan was then dis-
solved with DMSO. Absorbencies of formazan solution were
measured at 490 nm. The ICsy values of tested compounds
were calculated by SPSS version 17.0.

5.6. Western blotting analysis

Gastric cancer MGC-803 and SGC-7901 cells were seeded in
dishes and treated with compound 10 1or DMSO. After
48 h, MGC-803 and SGC-7901 cells were collected and then
lysed. The denatured lysates of each groups were elec-
trophoretic separated in SDS-PAGE. Proteins were then
transferred onto PVDF membranes from gels. After blocking
for 2 h, membranes were incubated with primary antibodies

conjugation. Then, the membranes were washed and incubated
with 2nd antibodies. At last, specific proteins were detected.

5.7. Xenograft studies

A human gastric cancer subcutaneous transplantation tumor
model was established with MGC-803 cells in nude mice
(BALB/c-nu, female, 6-8 weeks). After the tumor volume
reaches 100 mm? the MGC-803 bearing mice were randomized
into 3 groups and intraperitoneal injection with normal saline
or drugs daily for 21 days. Tumor volume was measured every
2 days (Length x Width2/2). Mice were executed after treat-
ment. 500 pL blood samples was collected each mouse, sam-
ples were then centrifuged at 2000 g for 10 min for
biochemistry analysis. Tumor and organs tissues were har-
vested for H&E staining or immunochemistry detection. The
experiments in the study were performed comply with the pro-
tocols approved by the Institutional Animal Care and Use
Committee, Zhengzhou University.

5.8. General methods

In this work, some other assays including colony formation
assay, cell apoptosis assay and immunostaining assay were
referred to our previous work (Fu et al., 2017; Song et al.,
2020; Jian et al., 2019).

In this work, some other assays including colony formation
assay, cell apoptosis assay and immunostaining assay were
referred to our previous work.
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