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Abstract

[ Objectives ] To explore the anti-tumor activity of the extracts of petroleum ether, ethyl acetate, n-butanol and aqueous solution

from Mahoniae caulis. | Methods] The extracts were extracted with petroleum ether, ethyl acetate, n-butanol and aqueous solution respective-

ly, and then concentrated. The inhibitory effects of these extracts on the growth of three tumor cell lines in vitro were detected by CCK-8 meth-

od, and the ICy, value was calculated. [ Results] The four extracts inhibited the growth of the three tumor cell lines in vitro, among which the

n-butanol extract had the best anti-tumor activity. The ICj, values of the n-butanol extract on human gastric cancer (SGC-7901) , human breast
cancer (MCF-7) and human liver cancer ( BEL-7404) cell lines were 0.23, 0.25 and 0. 58 mg/mL, respectively. [ Conclusions] The etha-
nol extract of Mahoniae caulis under petroleum ether, ethyl acetate, n-butanol and aqueous solution had certain anti-tumor effect, and n-buta-

nol extract had the best anti-tumor activity.
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1 Introduction

Mahoniae caulis, first recorded in An Illustrated Book on Plants
originated from the dried stems of Mahonia bealaei (Fort. ) Carr.
and Mahonia fortunei (Lindl. ) Fedde in the Berberidaceae fami-
ly. There are about 35 species in China, mainly distributed in
southwest China ( Sichuan, Yunnan, Guizhou, Guangxi and east-
ern Tibet )" .

antioxidant, anti-inflammatory, antibacterial, analgesic, antidiar-

Pharmacological effects are diverse, including

rheal, liver-protecting, anti-jaundice, anti-tumor, acetylcholinest-
erase activity-inhibiting, and lipid-lowering effects™ . Clinically,
it is mainly used to treat breast cancer, mammary duct dilatation

=67 and other disea-

with inflammation, acne, chronic hepatitis B
ses. Wang Tianxiao et al. "' summarized the anti-tumor effects,
and found that the anti-tumor effects of M. caulis are related to al-
kaloid components, especially berberine. It can inhibit acute T
lymphocytic leukemia cell line (MOLT-4) , nasopharyngeal carci-
noma cell line CNE-2, hepatocellular carcinoma cell line Bel-
7402, prostate cancer cell line, human gastric cancer cell line
SNU-5, human giant cell lung cancer cell line PG under certain

.. 8-
conditions’

") At present, the research on anti-tumor effects of
M. caulis at home and abroad mainly focuses on the effect of
crude extract of M. caulis on adriamycin-resistant leukemia and
breast cancer, while the research on anti-tumor effects of
M. caulis monomer components mainly focuses on berberine.

However, the research on anti-tumor of other monomer components
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of M. caulis (liver cancer, breast cancer and gastric cancer) is
rarely reported, and the research on the material basis and mecha-
nism of anti-tumor effects of M. caulis is basically blank. More
than 60% of the approved anti-tumor drugs are natural drugs or

synthetic and semi-synthetic derivatives with natural products as
[12-13

lead compounds *. Finding new drugs with anti-tumor activity
from natural plants may bring new hope to patients with malignant

tumors.

2 Materials and methods

2.1 Materials

2.1.1 Cells. SGC-7901, MCF-7 and BEL-7404 cell lines were
purchased from Kunming Cell Bank, Chinese Academy of Sci-
ences.

2.1.2 Drugs and reagents. The drug, purchased from Yulin Cit-
y, Guangxi Zhuang Autonomous Region, was identified by Associ-
ate Professor Qin Daoguang from Youjiang Medical University for
Nationalities as the dry stem of Mahonia bealaei ( Fort. ) Carr.
and Mahonia fortuner (Lindl. ) Fedde in the Berberidaceae fami-
ly. (RPMI) 1640, DMEM basal medium, produced by Gibco,
USA; fetal bovine serum ( FBS) produced by GEMINI, USA;
Cell Counting Kit-8 (CCK-8) produced by Beyotime Biotechnolo-
gy, China. 95% ethanol, petroleum ether, ethyl acetate, n-buta-
nol, DMSO ( dimethyl sulfoxide) and other reagents were all prod-
ucts of AR, produced by Chengdu Kelong Chemical Reagent
Factory.
2.1.3
Leica, Germany; Mithras LB 943 multifunctional microplate read-

Instruments. DMi8M inverted microscope, produced by

er, produced by Berthold, Germany; W-O series thermostatic wa-
ter bath, produced by Zhengzhou Great Wall Scientific Industrial
and Trade Co., Ltd., China; BC-R501 rotary evaporator, pro-
duced by Shanghai Beikai Biochemical Equipment Co., Ltd.
China; Alpha 1 -2 vacuum freeze dryer, produced by Christ,
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Germany.

2.2 Methods

2.2.1 Extraction of different parts of Mahoniae caulis. The dried
M. caulis was crushed into small grains by conventional method,
and prepared into 25 kg sample. Reflux extraction was carried out
with 95% ethanol (1 : 6) according to the following method.
After heating and refluxing in a thermostatic water bath at 80 °C
for 3 times, each time for 2 h, the filtrate was extracted, com-
bined, and the solvent was recovered by rotary evaporator to obtain
extract. An equal volume of pure water was added to form suspen-
sion, and then it was extracted with petroleum ether, ethyl acetate
and n-butanol in turn. The extracts of petroleum ether, ethyl ace-
tate, n-butanol and aqueous solution were filtered and combined,
and the solvents were recovered by rotary evaporator to obtain vari-
ous solvent extracts, namely petroleum ether extract, ethyl acetate
extract, n-butanol extract and aqueous solution extract. It was
dried in a vacuum freeze dryer and stored in a refrigerator at 4 °C.
It was dissolved with DMSO ( dimethyl sulfoxide) before use, and
then adjusted to the concentration required by the experiment with
complete culture medium.

2.2.2 [Inhibitory effect of extracted part on proliferation of SGC-
7901, MCF-7 and BEL-7404 cells. (i) Cell culture and plating.
Culture conditions of 3 cell lines. RPMI-1640 or DMEM medium
containing 10% fetal bovine serum (FBS) and 1 X streptomycin
was cultured in a saturated humidity incubator with 5% CO, at
37 °C. Three cell lines in logarithmic growth phase were digested
with trypsin. The cell concentration was adjusted to the appropri-
ate density of 5 x 10* cell/mL, the cell (100 wL) was inoculated
in 96-well plate, the cells were cultured in incubator for 24 h, and
the cells were observed before administration.

(ii) Drug grouping and administration. Each cell was divid-

ed into blank group, control group, negative control group and ex-
perimental group. Blank group (only adding culture medium),
control group (including cell fluid and culture medium) , negative
control group (including cell fluid and DMSO culture medium in
different concentrations in corresponding experimental group) and
experimental group (including cell fluid, culture medium and
drugs). After 24 h of adherent culture, the cells were replaced
with medium containing different drug concentrations (100 pL of
medium containing different concentrations of drug was added to
each well) and treated for 48 h separately. The extracts were di-
vided into 6 groups (0.05, 0.1, 0.2, 0.4, 0.8, 1.6 mg/mL)
from low to high. Three replicates were set in blank group, control
group and experimental group.

(iii) Cell viability was detected by CCK-8 method. After
48 h of drug treatment, the growth state was observed first, and
the old culture medium was discarded. 90 pL of complete medium
containing 5% CCK-8 was added to each well, and the suitable
time for incubation in dark place was 1 =2 h at 37 °C, and the OD
value of each well was read at 450 nm.

Inhibition rate of tumor cell growth (IR% ) = 1 - [ (0D
value of experimental group — OD value of blank group)/( OD val-
ue of control group — OD value of blank group) ] x 100% .

GraphPad Prism5 software was used to calculate the ICy, val-

ues of drugs in treating three cell lines.

3 Results and analysis

3.1 Inhibitory effect of extracts on proliferation of SGC-
7901, MCF-7 and BEL-7404 cell lines The inhibitory effects
and ICy, values of four extracts of M. caulis on the proliferation of

SGC-7901, MCF-7 and BEL-7404 cell lines are shown in Table 1.

Table 1 Effects of four extracted part of Mahoniae caulis on the proliferation of SGC-7901, MCF-7 and BEL-7404 cells (x +s)

SGC-7901 MCF-7 BEL-7404

Drug Cell Cell Cell
Group concentration o ICs, o ICy, o 1Cy,

o/l oD inhibition oD inhibition oD inhibition

me/m rate // % mg/ml. rate // % mg/ml. rate // % mg/ml.

Blank control - 0.79 +0.01 - - 0.71 £0.02 - - 0.88 +£0.01 - -
Petroleum ether 0.05 0.82 +£0.02 0.00 - 0.92+£0.07" " 0.00 3.55 0.84+0.02 2.90 42 422.70
extract 0.1 0.80 +0.04 0.00 0.84 +£0.05" " 0.00 0.82+0.03" " 2.77

0.2 0.86 +0.01 0.00 0.77 £0.02 0.00 0.78 £0.02" " 10.63

0.4 0.82 +0.02 0.00 0.73 £0.01 0.00 0.73 £0.01" " 10.94

0.8 0.74 +0.01 0.00 0.60 £0.01 " 2.43 0.71 £0.04* * 9.44

1.6 0.62 +0.01" 0.22 0.38+£0.05" " 30.89 0.72+0.02 " 5.71
Ethyl acetate 0.05 0.70 £0.01 " " 5.47 0.33  0.70 £0.03 0.00 0.37 0.74+0.04 13.95 0.44
extract 0.1 0.64 £0.01* " 12.79 0.63 +£0.01 0.00 0.78 £0.04 7.45

0.2 0.52+0.01" " 37.63 0.44 £0.02" " 33.42 0.67 £0.01* " 23.37

0.4 0.28 +0.02" " 61.35 0.24 £0.01" " 62.51 0.51+0.00" " 38.43

0.8 0.08 +0.00™" " 87.28 0.06 +0.00" * 90.61 0.30£0.03" " 61.44

1.6 0.14 £0.01 "~ 76.94 0.13+0.00" " 76.54 0.01 £0.00" " 98.81
N-butanol 0.05 0.65+0.01" 13.14 0.23  0.65+0.02 2.80 0.25 0.84 +0.06 2.40 0.58
extract 0.1 0.57 £0.03 21.47 0.48 +0.03 " 19.82 0.80 £0.02 4.87

(To be continued)
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( Continued )
SGC-7901 MCF-7 BEL-7404
Drug . .
Group concentration . (.‘e,H' 50 . (',e.llA ICs, . (.:e'll' ICy,
L oD inhibition L oD inhibition L 0D inhibition L
me/m rate // % mg/m rate // % mg/m rate // % mg/m
0.2 0.46 £0.01 "~ 44.56 0.33+0.01" " 50.15 0.72£0.02" " 17.27
0.4 0.29 £0.01 " 60.71 0.21 £0.00" 68.18 0.53£0.03 " 35.83
0.8 0.07 £0.01 "~ 88.61 0.12+0.00" " 81.18 0.40 £0.04 49.06
1.6 0.00 £0.00 * * 100. 00 0.04 £0.00" * 92.26 0.04 £0.00 " * 94.38
Aqueous solution 0.05 0.71 £0.02* * 4.98 0.29  0.67 +£0.08 0.00 0.26  0.91 +£0.03 0.00 0.79
extract 0.1 0.64 +£0.02" " 12.06 0.55+0.03 " 9.61 0.86 +0.01 0.00
0.2 0.50 £0.01 "~ 39.51 0.32+0.03" " 51.07 0.80+0.03" " 8.37
0.4 0.32+£0.03" " 55.69 0.20£0.01 " " 69. 06 0.67 £0.02" " 18.28
0.8 0.10£0.01 "~ 85.17 0.10 £0.01 " " 85.28 0.52+0.00" " 33.09
1.6 0.00 £0.00 " * 100. 00 0.02+0.00" " 96.61 0.03 £0.03 " " 96.18

Note; Compared with the control group, ** P <0.01, * P <0.05.

3.2 IC,, values of extracts for SGC-7901, MCF-7 and BEL-
7404 cell lines
ethyl acetate, n-butanol and aqueous solution extract of M. caulis
can inhibit the proliferation of SGC-7901, MCF-7 and BEL-7404

cells in vitro. The cell survival rate decreased with the increase of

It can be seen from Fig. 1 that petroleum ether,
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drug concentration, and the inhibition of proliferation was propor-
tional to and dependent on drug concentration. The survival rate of
SGC-7901 cells was not significantly decreased after 48 h interven-
tion with petroleum ether extract.
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Fig.1 Effects of four extracts on the viability of SGC-7901, MCF-7 and BEL-7404 cells

The IC, values of ethyl acetate, n-butanol and aqueous solu-
tion extracts of M. caulis on SGC-7901 cells were 0.33, 0.23 and
0.29 mg/mL, respectively; the ICs, values of petroleum ether,
ethyl acetate, n-butanol and aqueous solution extracts on MCF-7
cells were 3.55, 0.37, 0.25 and 0.26 mg/mL, respectively; the
IC,, values of petroleum ether, ethyl acetate, n-butanol and aque-
ous solution extracts on BEL-7404 cells were 42 422.70, 0. 44,
0.58 and 0.79 mg/mL, respectively. And petroleum ether extract
had poor activity against SGC-7901, and the IC,, value can not be
calculated. The anti-proliferation effect of n-butanol extract on
three kinds of tumor cells was relatively strong.

4 Discussion

The results showed that petroleum ether, ethyl acetate, n-butanol
and aqueous solution extracts of M. caulis had inhibitory effects on
three tumor cell lines. The cell survival rate decreased with the in-
crease of drug concentration, and the inhibition rate increased

with the increase of drug concentration, which was dose-depend-

ent. The IC,, value of n-butanol extract of M. caulis to SGC-7901,

MCF-7 and BEL-7404 was the smallest, which indicated that ethyl
acetate extract was relatively sensitive to three kinds of tumor cells
and had the best anti-tumor activity. The results of this study
showed that among petroleum ether, ethyl acetate, n-butanol and
aqueous solution extracts from M. caulis, the n-butanol extract
had the best anti-tumor effect.

The research group has done a lot of preliminary research
work on the oxidation resistance of Zhuang medicines such as
M. caulis, and now further studies its anti-tumor effect, and
screens out its active parts, which lays a solid foundation for fur-
ther separation of anti-tumor active monomer compounds and re-
search on anti-tumor mechanism. In the later stage, we can refer

14]

to the experimental design of Liu Sen et al. ™ and discuss its

mechanism.
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creases in the activity of MGC-803 and AGS gastric adenocarcino-
ma cells, the number of cell colonies, and the migration ability of
the cells. Moreover, after TRAIP knockdown, the expression of
proliferation-related protein CyclinD1, migration-related protein
MMP2 and key proteins of Notch signaling pathway Notchl , Jag-
gedl and Hesl significantly reduced. Previous experiments con-
firmed that TRAIP was involved in the occurrence and development
of gastric adenocarcinoma, and promoted the proliferation and mi-
gration of gastric adenocarcinoma cells through Notch signaling
pathway.

To further confirm that TRAIP promoted the proliferation and
migration of gastric adenocarcinoma through Notch signaling path-
way, Notch signaling pathway agonist (JAG-1) was added on the
basis of TRAIP knockdown. From CCK-8 assay, it is found that
the activity of gastric adenocarcinoma cells significantly enhanced.
Plate colony-forming assay showed that the colony-forming ability
of gastric adenocarcinoma cells significantly improved. Through
Transwell assay, the migration ability of gastric adenocarcinoma
cells increased significantly. Western blot assay revealed that the
expression of proliferation-related protein CyclinD1, migration-re-
lated protein MMP2, key proteins of Notch signaling pathway
Notchl, Hesl and Jaggdel increased significantly. It was con-
firmed that after TRAIP knockout, JAG-1 not only increased the
proliferation and migration ability of gastric adenocarcinoma cells,
but also enhanced the expression of key proteins of Notch signaling
pathway Notchl, Hesl and Jaggedl.

References

[1] SUNG H, FERLAY J, SIEGEL RL, et al. Global cancer statistics 2020 :
GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers
in 185 countries[ J ]. CA: A Cancer Journal for Clinicians, 2021, 71
(3):209 —249.

0®00#00S00S00S00S0000S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00

(From page 21)

[2] LIU L, CUI ZX, YANG XW, et al. Simultaneous characterisation of
multiple Mahonia fortunei bioactive compounds in rat plasma by UPLC-
MS/MS for application in pharmacokinetic studies and anti-inflammatory
activity in vitro[ J]. Journal of Pharmaceutical and Biomedical Analysis,
2020(179) : 113013.

LIU YY, YI CX, XIE SH, et al. Research progress of clinical applica-
tion of Mahoniae caulis[ J]. Chinese Journal of Clinical Rational Drug
Use, 2019, 12(25): 180 —181. (iin Chinese).

[4] SONG HP, ZHANG H, HU R, et al. A strategy to discover lead che-

mome from traditional Chinese medicines based on natural chromatogram-

(3

[

effect correlation ( NCEC ) and natural structure-effect correlation
(NSEC) : Mahonia bealei and Mahonia fortunei as a case study[J].
Journal of Pharmaceutical and Biomedical Analysis, 2021 ( 1181 ).
122922.

[5] KAKAR MU, LI J, MEHBOOB MZ, et al. Purification, characteriza-
tion ,and determination of biological activities of water-soluble polysaccha-
rides from Mahonia bealei[ J]. Scientific Reports, 2022, 12(1) ; 8160.

[6] DAMJANOVIC A, KOLUNDZIJA B, MATIC IZ. Mahonia aquifolium ex-
tracts promote doxorubicin effects against lung adenocarcinoma cells in
vitro[ J]. Molecules ( Basel, Switzerland) , 2020, 25(22) : 5233.

[7] TANG HF, QUAN XR, LI JH, et al. Efficacy observation of Gonglaomu
solution combined with Blue-red LED phototherapy in treatment of moder-
ate-severe acne vulgaris [ J]. Acta Medicinae Sinica, 2018, 31(2):
86 —88. (in Chinese).

[2] WANG M, DAI W, KE Z, et al. Functional roles of E3 ubiquitin ligases
in gastric cancer[ J]. Oncology Letters, 2020, 20(4) : 22.

[3] WU RA, PELLMAN DS, WALTER JC. The ubiquitin ligase tRAIP;
Double-Edged sword at the replisome[ J]. Trends in Cell Biology, 2021,
31(2): 75 -85.

[4] ZHENG N, SHABEK N. Ubiquitin ligases: Structure, function, and reg-
ulation[ J]. Annual Review of Biochemistry, 2017(86) ; 129 -157.

[5] PRIEGO MS, JONES RM, POOVATHUMKADAVIL D, et al. Mitotic
replisome disassembly depends on TRAIP ubiquitin ligase activity[ J]. Life
Science Alliance, 2019, 2(2) : €201900390.

[6] WU RA, SEMLOW DR, KAMIMAE-LANNING AN, e al. TRAIP is a
master regulator of DNA interstrand crosslink repair[ J]. Nature, 2019,
567(7747) ; 267 —272.

[7] CLERCQ D, KATRIEN, VRIENS J. Establishing life is a calcium-de-
pendent TRIP; Transient receptorpotential channels in reproduction[ J].
Biochimica et Biophysica Acta-Molecular Cell Research, 2018, 1865
(11) . 1815 -1829.

[8] HARLEY ME, MURINA O, NiRNBERG P, et al. TRAIP promotes DNA
damage responseduring genome replication and is mutated in primordial
dwarfism[ J]. Nature Genetics, 2016, 48(1) : 36 —43.

[9] SOO LN, JIN CH, KIM HJ, et al. TRAIP/RNF206 is required for re-
cruitment of RAP80 to sites of DNA damage[ J]. Nature Communications,
2016, 19(7) . 10463.

[10] LI M, WU W, DENG S, et al. TRAIP modulates the IGFBP3/AKT
pathway to enhance the invasion and proliferation of osteosarcoma by pro-
moting KANK1 degradation[ J]. Cell Death & Disease, 2021, 4, 12
(8):767.

[11] GUO Z, ZENG Y, LIU M, et al. TRAIP promotes malignant behaviors
and correlates with poor prognosis in liver cancer[J]. Biomedicine &
Pharmacotherapy, 2020(124) . 109857.

[12] LIJ, YU T, YAN M, et al. DCUNIDI facilitates tumor metastasis by
activating FAK signaling and upregulates PD-L1 in non-small-cell lung
cancer[ J]. Experimental Cell Research, 2019, 15, 374(2) : 304 -314.

[13] ZHENG Y, JIA H, WANG P, et al. Silencing TRAIP suppresses cell
proliferation and migration/invasion of triple negative breast cancer via
RB-E2F signaling and EMT[J]. Cancer Gene Therapy, 2023, 30(1) .
74 - 84.

CO®0000S00S00S00S00S00S0000S00S00S00S00S00S00S00S00S00S00S00S00S00S0

[8] NIU RT, HUANG LY, LIANG QJ, et al. Effects of AFP and AFBI on
the proliferation, migration and invasion of HepG2 and Bel-7404 cells
[J]. Journal of Youjiang Medical University for Nationalities, 2023, 45
(1):28-32. (in Chinese).

[9] MATTIUZZI C, LIPPI G. Current cancer epidemiology[J]. Journal of
Epidemiology and Global Health, 2019, 9(4) . 217 —-222.

[10] Fang M, WANG DG, LIU PQ. Research progress on anti-tumor mecha-

nism of natural products[ J]. Food and Drug, 2022, 24(2) ; 167 -171.
(in Chinese).

[11] HUANG Y, WANG T, JIANG Z. Fast analysis of alkaloids from differ-
ent parts of Mahonia bealei ( Fort.) Carr. studied for their anti-
Alzheimer’s activity using supercritical fluid chromatography[ J]. Jour-
nal of Separation Science, 2021, 44(9) ; 2006 —2014.

[12] HUANG Y. Simultaneous determination of nine compounds in Mahoniae
caulis by HPLC[J]. China Pharmaceuticals, 2022, 31(4): 79 - 82.
(in Chinese).

[13] YAN GY, ZHANG M, LU K, et al. Influences of total alkaloids in
caulis mahoniae on proliferation and apoptosis of cervical cancer cells
and the Caspase-3 Expression [ J ]. Cellular and molecular Biology
(Noisy-le-Grand, France), 2022, 68(6): 161 —166.

[14] LIU S, PENG LY, ZHU MY, et al. Screening of anti-tumor active com-
ponents from extracts of Solanum solanum in vitro and study on their
mechanism of action[ J]. Journal of Youjiang Medical University for Na-
tionalities, 2016, 38(2): 157 =159, 167. (in Chinese).



