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Objective: In this study, black tea and Citrus maxima (BT-CM), yellow tea and C. maxima (YT-CM), green
tea and C. maxima (GT-CM) as subjects, the active ingredient content and antioxidant activity of three tea
and C. maxima (T-CM) were analyzed. The effects of three T-CMs on apoptosis of liver cells in vitro and its
mechanism were further explored.
Methods: National standard method and HPLC were used for active ingredient analysis. MTT, cell flow
cytometry and Western blot were used to analyze the effects of three T-CMs on cell proliferation, apop-
tosis, and its underlying molecular mechanism.
Results: The content of tea polyphenols, free amino acids, ratio of polyphenols and amino acids, ester cat-
liver cancer echins, non-ester catechins and caffeine in YT-CM and GT-CM was significantly higher than that of BT-
signaling pathway CM. The in vitro antioxidant capacity of YT-CM and GT-CM was also significantly stronger than that of
tea BT-CM. Three T-CMs had the effects of inhibiting proliferation, arresting cell cycle and inducing apoptosis
in HepG2 and Bel7402 cells, especially YT-CM and GT-CM. Western blot analysis showed three T-CMs
activated PI3K/AKT/mTOR signaling pathway and regulated the expression levels of apoptosis-related
proteins Bax, Bcl-2 and Caspase-3/9. YT-CM and GT-CM had better ability to change the signal pathway
than BT-CM.
Conclusion: In short, T-CMs, which combined different degrees of fermentation tea with C. maxima, were
rich in nutrients and biologically active substances. T-CMs, especially YT-CM and GT-CM, are healthy
drinks that help to prevent and treat liver cancer.

© 2022 Tianjin Press of Chinese Herbal Medicines. Published by ELSEVIER B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Tea belongs to the Camellia genus in the classification of plants,
and is a drink made from the leaves of the Camellia tea tree. China
is the origin of the world’s tea trees. It has a long history of drinking
tea in Chinese history and is the best natural health drink for
human beings (Wang et al., 2014; Zhu, Huang, & Tu, 2006). Tea
contains more than 450 kinds of organic compounds, more than
15 kinds of inorganic minerals and essential nutrients (Yue et al.,
2014). Tea has an effect on the prevention and treatment of hard-
ening of blood vessels, hypertension, atherosclerosis, radiation
damage, tumor and immune disorder (Baeza, De Castro, Arranz,
& De la Fuente, 2010; Tamaya et al., 2010; Zhou et al., 2004). Stud-
ies have shown that tea had strong anti-oxidation and free radical
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scavenging ability, and was mainly related to its high antioxidant
content, such as gallic acid, polysaccharides or polyphenols
(Haque et al., 2006; Hsu et al., 2012). Tea can be divided into:
non-fermented tea (such as green tea), light fermented tea (such
as yellow tea) and whole fermented tea (such as black tea) (Liu,
2018). The antioxidant activity of tea differs from the fermentation
degrees, indicating that the antioxidant and free radical scavenging
properties of tea are closely related to its processing technology.
In recent years, the number of cancer patients has gradually
increased, and even became the first cause of death in developed
countries and the second cause of death in developing countries.
In particular, the incidence of liver cancer in developing countries
is higher than in developed countries (Wu et al., 2018). Tea and its
functional ingredients have shown anti-cancer effects in many ani-
mal model experiments. Tea kills cancer cells and inhibits their
development, on the other hand, it can improve the antioxidant
activity and enhance cancer resistance. In chemical-induced rat
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models, tea components inhibited the occurrence and develop-
ment of colon and oral cancer and promoted cancer cell apoptosis
(Sengupta, Ghosh, & Das, 2003; Srinivasan, Sabitha, &
Shyamaladevi, 2004). Tea-derived extracts such as tea polyphenols,
(-)-epigallocatechin gallate (EGCG), (-)-epigallocatechin (EGC) or
theaflavins significantly reduced the incidence of lung cancer in
mice (Yang et al., 1997). Tea polyphenols and catechins had strong
antioxidant activity and played an important role in inhibiting the
development of tumors. In a mouse lung cancer model, a suitable
dose of EGCG inhibited the production of reactive oxygen species
in the liver and kidney of mice (Jung et al., 2007). Therefore, the
anti-oxidative stress of tea components has positive significance
to inhibit tumorigenesis.

Citri Grandis Exocarpium is a medicinal fruit produced in Guang-
dong, China. In recent years, the development and application of
Citrus maxima cv. Tomentosa has received extensive attention from
Chinese medicine. Pharmacological and clinical studies of the
effective chemical constituents of C. maxima are receiving atten-
tion due to their potential immunomodulatory effects (Deng,
Wang, Lin, Xiao, & Shuai, 2013; Wang, Li, & Xie, 2014). In this study,
we prepared black tea and C. maxima (BT-CM), yellow tea and C.
maxima (YT-CM), green tea and C. maxima (GT-CM) by loading Yin-
ghong No. 9 black tea, yellow tea and green tea into the peel of C.
maxima. Then the active ingredients, antioxidant capacity in vitro
and the anticancer effects were analyzed. Our aim is to provide a
natural and safe health drink that helps prevent and treat liver.

2. Materials and methods
2.1. Cells and reagents

BT-CM, YT-CM and GT-CM were produced by Tea Research
Institute of Guangdong Academy of Agricultural Sciences and
Guangdong Kaili Biochemical Science & Technology Co., Itd.
(Guangzhou, China). Human liver cancer cells HepG2 and
Bel7402 were purchased from the Cell Resource Center of the
Shanghai Academy of Sciences, Chinese Academy of Sciences
(Shanghai, China). The cells were cultured in Dulbecco’s Modified
Eagle Medium (DMEM) or Roswell Park Memorial Institute
(RPMI)-1640 medium supplemented with 10% FBS (Hangzhou
Sijiging, Hangzhou China). Forinol (Beijing Solarbio, Beijing, China),
gallic acid (Tianjin Damao Chemical, Tianjin, China), catechin stan-
dard (Shanghai Shunbo Bio, Shanghai, China), MTT (Beijing MYM
Bio, Beijing, China), Cell Cycle and Apoptosis Detection Kit (Bey-
otime Biotechnology, C1052, Shanghai, China), and Annexin V-
FITC Apoptosis Detection Kit (Beyotime Biotechnology, C1062L,
Shanghai, China) were purchased.

2.2. Preparation of tea extract

The pulverized tea and C. maxima (T-CM) coarse powder was
weighed and added to a 90 °C water bath for 30 min at W/
V = 1:20. The tea soup was then repeatedly extracted three times.
The tea was concentrated by rotary evaporation to 1/10 of the orig-
inal volume, and then lyophilized to obtain the T-CM aqueous
extract.

2.3. Determination of biochemical components in tea extracts

The content of tea polyphenols was determined by GB/T
31740.2-2015 “Method for the determination of tea polyphenols
and catechins”. The free amino acid content was determined by
GB/T 8314-2013 “Determination of the total amount of free amino
acids in tea”. The soluble sugar content was detected by an
anthrone-sulfuric acid colorimetric method. The total amount of
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theaflavins, thearubigins, and the theaflavins was measured by a
system colorimetric method.

2.4. Determination of catechin monomer by HPLC

The column was an Agilent ZORBAX Eclipse XDB-C;g column
(150 mm x 4.6 mm, 5 pm). The detection wavelength was
280 nm and the detection temperature was 28 °C. Mobile phase
A was an aqueous solution containing 0.5% acetic acid, 1% acetoni-
trile and 2% methanol. Mobile phase B was an aqueous solution
containing 0.5% acetic acid, 10% acetonitrile and 20% methanol.
When eluting, within 30 min, phase A was from 72.5% to 20%,
and phase B was from 27.5% to 80%. After 30 min, within 5 min,
phase A recovered from 20% to 72.5%, and phase B recovered from
80% to 27.5%. The flow rate was 1.0 mL/min, and injection volume
was 10 pL. The external standard method was used to quantify by
peak area.

2.5. Determination of hesperidin by UPLC

The ultra-liquid chromatograph was an Agilent 1290 Ultra High
Performance Liquid Chromatograph with an Agilent XDB-Cig
(1.8 um, 2.1 mm x 100 mm). The mobile phase A phase was chro-
matographically pure acetonitrile and chromatographically pure
methanol. Phase B was ultrapure water. The gradient concentra-
tion was 78 min, the column temperature was 30 °C, the injection
volume was 5 pL, and the flow rate was 0.3 mL/min. When eluting,
in phase 0-4, phase A was from 2.5% to 5%, and phase B was from
95% to 90%. Within 4-30 min, phase A was from 5% to 15%, and
phase B was from 90% to 70%. Within 30-46 min, phase A was from
15% to 22.5%, and phase B was from 70% to 55%. Within 46-70 min,
phase A was from 22.5% to 45%, and phase B was from 55% to 10%.
Within 70-78 min, phase A was from 45% to 2.5%, and phase B was
restored from 10% to 95%.

2.6. Determination of ferric ion reducing antioxidant power (FRAP)

A tea sample solution having a gradient concentration of 200,
150, 100, 50, 20 pg/mL was prepared. Pipette 40 pL of the sample
and add 200 pL of FRAP working solution (containing 300 mmol/L
pH 3.6 acetate buffer, 10 mmol/L TPTZ solution, 20 mmol/L FeCl3
solution). The sample was mixed and reacted in the dark for
10 min, and its absorbance was measured at 595 nm. Finally, the
FRAP value was calculated from the standard curve.

2.7. Detection of DPPH, ABTS and NADH/PMS/NBT superoxide radicals
in vitro

For the DPPH test, 60, 30, 10, 5, 2.5 pg/mL tea solutions were
prepared, and vitamin C was used as a positive control. DPPH solu-
tions (100 pL) were mixed with 100 pL tea solution and left in the
dark for 30 min. The DPPH value was measured by the absorbance
at 510 nm. For the ABTS and NADH/PMS/NBT assays, the tea solu-
tion was set to 0.25, 0.2, 0.15, 0.1, 0.05, 0.025 mg/mL. A total of
100 pL of the test solution was added to 3 mL of the ABTS applica-
tion solution, and the ABTS value was calculated by measuring the
absorbance at 734 nm. The sample solution (50 pL) was added to
50 pL of NADH + 50 pL of PMS + 50 pL of NBT reaction system.
The ADH/PMS/NBT values were calculated by measuring the absor-
bance at 545 nm.

2.8. MTT cell proliferation assay
The log phase cells (5 x 10* cells/mL) were collected in 96-well

plates overnight in a 5% CO, incubator at 37 °C. In the experimental
group, 100 pL of a given concentration of T-CM aqueous extract
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was added and cultured for 24 h. Then, 10 pL of MTT (5 mg/mL)
was added to each well for 3 h. The culture solution was aspirated,
150 pL of DMSO was added to each well, and incubated for 10 min
in a 37 °C incubator. The OD value was measured at a wavelength
of 490 nm using a microplate reader and cell viability was
calculated.

2.9. Cell cycle assay

The cells were set as control group, BT-CM group, YT-CM group
and GT-CM group, and treated for 48 h. The cells were collected
and fixed in 700 pL ethanol at — 20 °C for 12 h. Then, 0.5 mL of pro-
pidium iodide (PI) staining solution was added to the cells, and the
bath was kept at 37 °C for 30 min in the dark. Finally, a red fluores-
cent signal was detected by a flow cytometer at an excitation
wavelength of 488 nm. The data was processed using ModFit LT
software.

2.10. Cell apoptosis assay

The cells were set as control group, BT-CM group, YT-CM group
and GT-CM group, and treated for 48 h. A total of (10 x 10%) resus-
pended cells were fixed with 195 pL of buffer, 5 pL of Annexin V-
FITC, and 10 pL of PI staining solution and incubated at room tem-
perature for 20 min. The FITC and PE signals were then detected by
flow cytometry. The data was analyzed by Flowjo software.

2.11. Western blot

Protein samples were obtained after the cells were lysed. The
total protein in the cells was transferred to the PVDF membrane
after SDS-PAGE electrophoresis. The PVDF membrane was blocked
for 1 h and then incubated overnight at 4 °C with the correspond-
ing diluted primary antibody. The membrane was washed three
times with TBST and then reacted with the corresponding sec-
ondary antibody for 50 min. The protein signals were shown by
the ECL chromogenic solution.

2.12. Statistical analysis

+

All data are expressed as mean standard deviation
(Mean £ SD). Data analysis was performed using Graph Pad Prism
7.0 software. One-way ANOVA analysis was performed between
the three tea samples. Different lowercase letters in the same fig-
ure indicated significant differences at P<0.05.

3. Results

3.1. Active ingredient content in aqueous extracts of tea and C.
Maxima

The results of the active ingredients in aqueous extracts of the
three tea and C. maxima (T-CM) were shown in Table 1. The con-
tents of tea polyphenols (TP), amino acids (AA) and the ratio
between TP and AA (TP/AA) in aqueous extracts of YT-CM and
GT-CM were significantly higher than those in BT-CM. The contents
of flavonoids and soluble sugar in BT-CM, YT-CM and GT-CM
decreased in turn. In addition, the content of theabrownins in
BT-CM was significantly higher than that in YT-CM and GT-CM.

The detection of monomeric components such as catechins,
hesperidin, gallic acid (GA) and caffeine (CAFF) in aqueous extracts
of the three T-CMs were shown in Table 2. The contents of total
catechins, esterfied catechins, and non-ester catechins in YT-CM
and GT-CM were significantly higher than those in BT-CM. Among
them, the contents of esterfied catechins (including (-)-
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Table 1
Biochemical components in aqueous
(means + SD, n = 3).

extracts of BT-CM, YT-CM and GT-CM

Components” BT-CM YT-CM GT-CM

TP (%) 19.50 £ 0.93° 38.85 + 0.64 ° 37.50 £ 0.79 °
AA (%) 3.84 £ 0.10° 497 +0.10 ® 484 +0.20°
TP/AA 5.08 £0.11° 7.69£0.12° 7.96 £0.44 °
Flavonols (%) 1.75 £ 0.09 ° 1.63+023° 1.53 £0.09 °
Solube sugar (%) 2411 £ 065 20.79 + 0.04° 18.62 + 0.25¢
TFs (%) 0.12 £0.02 ? 0.11 £0.02 2 0.10 £ 0.02 *
TRs (%) 2.00+033°? 221+030° 217 +£0.15 2
TBs (%) 3.36+0.13? 1.61+0.13° 1.62 £ 0.07°

Values represent. The result of using different lowercase letters in the same line
means that the difference is significant at the 5% level.

" TP, tea polyphenols; AA, amino acid; TFs, theaflavins; TRs, thearubigins; TBs,
theabrownins.

Table 2
Detection of components in aqueous extract of BT-CM, YT-CM and GT-CM
(means £ SD, n = 3).

Components” Contents (mg/g)

BT-CM YT-CM GT-CM
EGCG 4.45 + 0.09° 37.27 £1.07 ? 33.35 + 0.37°
GCG 1.81 + 0.09° 934 +0.11° 8.15 + 0.26"
ECG 8.11 £ 0.12°¢ 57.00 + 0.88 ¢ 49.93 + 0.04°
CG 1.27 + 0.08° 5.95 +0.28 ? 5.51+0.09°
GC — 433 +0.10? 3.76 + 0.01°
EGC 6.75 + 0.96° 13.31+£041° 13.51+1.02°
C 2.19 £ 0.07¢ 11.40 £+ 0.44 ¢ 10.11 £ 0.51°
EC 5.11 +0.15° 24.48 + 0.68 * 23.84+0.76 *
Hesperidin 626 +0.12° 5.51+0.17° 518 £ 0.11°
GA 10.64 +0.10 * 6.19 + 0.12¢ 731 +0.01°
CAFF 53.71 + 0.48° 56.70 £ 0.79 ? 56.65 + 0.24 @
Esterfied catechins 15.65 + 0.22°¢ 108.41 + 1.48 * 96.94 + 0.74°
Non-ester catechins 14.05 + 0.82¢ 53.51+0.87° 50.36 + 0.43°
Total catechins 29.69 + 0.60° 161.46 +1.97 ° 146.93 + 0.08°

" EGCG, epigallocatechin gallate; GCG, gallocatechin gallate; ECG, epicatechin
gallate; CG, catechin gallate; GC, gallocatechin; EGC, epigallocatechin; C, catechin;
EC, epicatechin; GA, gallic acid; CAFF, Caffeine. The result of using different low-
ercase letters in the same line means that the difference is significant at the 5%
level.

epigallocatechin gallate (EGCG), gallocatechin gallate (GCG) and
(-)-epicatechin-3-gallate (ECG)) and non-ester catechins (C) were
sequentially decreased in YT-CM, GT-CM and BT-CM. Hesperidin
and GA had the highest content in BT-CM among the three T-
CMs, while CAFF had the lowest content in BT-CM.

3.2. In vitro antioxidant capacity of tea and citrus maxima

In the total antioxidant capacity measurement, the ferric ion
reducing antioxidant power (FRAP) of YT-CM and GT-CM was sig-
nificantly higher than that of BT-CM (Fig. 1A). In the ICsq values of
the reagents for scavenging oxygen free radicals, the ICsq values of
YT-CM and GT-CM scavenging DPPH free radicals (Fig. 1B), ABTS
(Fig. 1C) and NADH-NBT-PMS (Fig. 1D) were significantly lower
than BT-CM. The ability of YT-CM and GT-CM to scavenge free rad-
icals was significantly higher than that of BT-CM, and YT-CM had
the strongest effect of clearing ABTS and NADH-NBT-PMS superox-
ide anion.

3.3. Inhibition of liver cancer cell proliferation by tea and C. Maxima

MTT results showed that the three T-CMs significantly inhibited
the proliferation of HepG2 cells (Fig. 2A) and Bel7402 cells
(Fig. 2B). BT-CM treatment of HepG2 cells and Bel7402 cells pre-
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Fig. 2. Inhibition of proliferation of liver cancer cells by three T-CMs. A, HepG2 cells were treated with three T-CMs at concentrations of 0.0, 0.1, 0.2, 0.4, and 0.8 mg/mL for
24 h and 48 h, respectively, and then subjected to MTT assays. The 0.0 mg/mL treatment group was used as a blank control (100% cell activity). B, MTT assays of Bel7402 cells
treated with three T-CMs for 24 h and 48 h were performed. C, Normal human liver cells LO2 were treated with three T-CMs at a dose range of 0.0 to 2.0 mg/mL for 48 h, then
tested for MTT. Each result was expressed by Mean + SD with four replicates and the lower case letters indicated P < 0.05.

sented obviously dose-dependent for 48 h. While YT-CM or GT-CM
treatment of HepG2 cells and Bel7402 cells also appeared signifi-
cantly dose-dependent for 24 h and 48 h. Then, the inhibition of
cell viability showed obviously time dependence in HepG2 cells
and Bel7402 cells when treated with three T-CMs for 24 h and
48 h. Among them, the cell survival rate in the BT-CM treatment
was the highest among the three T-CMs, which indicated that
the inhibition effect of BT-CM in liver cancer cells was significantly
lower than that of YT-CM or GT-CM. In addition, compared with
GT-CM, YT-CM had a higher inhibitory effect in HepG2 cells and
a lower inhibitory effect in Bel7402 cells. What's more, three T-
CMs didn’t present significant cytotoxicity at 2.0 mg/mL when
treated with normal liver cells LO2 for 48 h (Fig. 2C).

3.4. Cell cycle blockage of liver cancer cells by tea and C. Maxima

In the cell cycle assays, the proportion of S phase of HepG2 cells
increased significantly as the concentration of the three T-CM
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treatments increased (Fig. 3A and B). This indicated that the three
T-CMs had a significant retardation effect on the S phase of HepG2
cells. The proportion of G2/M phase of Bel7402 cells increased sig-
nificantly as the concentration of the three T-CM treatments
increased (Fig. 3C and D). Therefore, the three T-CMs had a signif-
icant blockage effect on the G2/M phase of Bel7402 cells.

3.5. Apoptosis of liver cancer cells under tea and C. maxima treatment

The results of cell apoptosis induced by three T-CMs in
HepG2 and Bel7402 cells were shown in Fig. 4. As the concentra-
tion of the three T-CMs treatments increased, the apoptotic rates
of HepG2 (Fig. 4A) and Bel7402 cells (Fig. 4C) increased
significantly. The proportion of apoptotic cells showed that at
the same concentration, GT-CM had the strongest apoptotic
effect on HepG2 cells (Fig. 4B), and YT-CM had the greatest
degree of apoptosis promotion for Bel7402 cells (Fig. 4D),
followed by BT-CM.



S. Wen, R. An, D. Li et al.

Chinese Herbal Medicines 14 (2022) 449-458

A CG BT-CM YT-CM GT-CM
| |
68.0 67.5 62.1 64.6
0.1
132
18.7 203 122 264 115 244 110
...._,_/‘ﬁ \. SO AN
0 20 40 60 8 100 O 20 40 60 8 100 O 20 40 60 80 100 O 20 40 60 80 100
FL2-APE-A FL2-APE-A FL2-APE-A FL2-APE-A
) |
63.3 63.0
B 0.2
<
< 120, & B9
S . G2/M _ ‘ ‘ .
5109 =S 0O 20 40 60 8 100 0 20 40 60 80 100 O 20 40 60 80 100
‘% 80+ — G1/G0 FL2-APE-A FL2-APE-A FL2-APE-A
g 60 | | {
% 40 62.1 60.8
3 207 0.4
o~ oA AL LTI mg/mL
(O]
2 O \‘@p“p“@p@o\‘o\%@
) &,0,\ S PN X 9.6 10.1
T AR O A N CR AR OC)
0.1 0.2 0.4 mg/mL 0 20 40 60 80 160 6 26 40 66 86 160 0 20 40 éO 80 1;2)0
FL2-APE-A FL2-APE-A FL2-APE-A
C CG BT-CM YT-CM GT-CM
51.3 51.1
0.1
a2 48 453
R R
0 20 40 60 80 100 0 20 40 60 8 100 O 20 40 60 8 100 0 20 40 60 8 100
FL2-APE-A FL2-APE-A FL2-APE-A FL2-APE-A
54.8
D 0.2
ST a9 > 3 °°
5 abaaa abacd MGAM L~ . ‘
21001 =S 0 20 40 60 80 100 O 20 40 60 80 100 O 20 40 60 80 100
2 801 1 G1/G0 FL2-APE-A FL2-APE-A FL2-APE-A
»
3 60-
8 40 572
>
5 201
Q
o ot UL U L L
8 @ @@lc,@p@p@p@c)@o@o@
3 &'O.(‘ S 0SS Q;\"(Q &« \4.8 10.0
K L% oy 5 pans ‘ S aaamass ‘
0.1 0.2 0.4 mg/mL 0 20 40 60 80 100 O 20 40 60 8 100 O 20 40 60 80 100
FL2-APE-A FL2-APE-A FL2-APE-A

Fig. 3. Blocking effect of three T-CMs on cell cycle of liver cancer cells. A, B, HepG2 cells were treated with three T-CMs at concentrations of 0.1, 0.2, and 0.4 mg/mL for 48 h,
respectively, and treated with 0.0 mg/mL as control group (CG). Each set of samples was tested by flow cytometry and the ratio of each cell cycle was obtained using ModFit
LT software. GraphPad Prism 7.0 software was used to calculate cell cycle distribution. C, D, Results of flow cycle detection and cell cycle distribution of Bel7402 cells treated
with three T-CMs. Each result was expressed by Mean + SD with four replicates and the lower case letters indicated P < 0.05.

453



S. Wen, R. An, D. Li et al.

A

Chinese Herbal Medicines 14 (2022) 449-458

ID’] Qi Q2 10'-] Q1 Q2 | 1074Q1 Q2 B
0.40 317 074 520 66 584
104 1044 ~80+
=
104 B
0]
Ot © 60+
Q3 Q3 Q3 =
7.86 824 821 »
o B o K7
1
@] o
Q2 Q2| Q2 340
366 815 981 )
&
oy 4
] 8 . e 8 20
wer A+ 10 0.2 o)
i Q3 [ Q3 | Q3 T 0-
1 793 | ool8sdT | 527) 100 ]628 6.21
10° 10¢ 10° 10° 107 10* 10° 10° 107 104 10° 10° 107
10a1 Q2| 101 a1 a2 | 10{a1 Q2]
108 047 578 125 54 {778 523
3 1 104 109
104 g i
Q4;%P" Q3 | 407 1049 10°7
s 1 s3] i 0.4
100100 100 107 % 104 sl 104
AEfa ]
QAM Q3 Qe Q3| o mg/mL
L amelme | ) w2 | 7
10 10° 10° 107 10* 10° 10° 107 10¢ 10° 100 10"
Annexin V-FITC
C BT-CM YT-CM GT-CM D
10°4Qi Q2 | 10'{ai az |10{ai Q2
Tota 801 026 133 {035 974 1207
o
= 10e ; I
m'1 10° Q
©
10°4 0.1 —
2 807
10%4 Q3 a3 Q3 ]
289 248 S 169 ie]
S 5
10' 100 107 107 10*  10° 100 107 8.
0] Qz | 10{Qi Q2 |10r{a1 Q
11.01 0.49 326 023 © 401
3 sl 101 g
— <
2 s
104 m 0-
1074
104
10
|0"]
1
57.7

484 43.1

399
99 )

10° 107 10° 107 10 10%

10°

3
38|
107

Annexin V-FITC

Fig. 4. Three T-CMs induced apoptosis in HepG2 (A, B) andBel7402 (C, D) cells. A, HepG2 cells were treated with three T-CMs at concentrations of 0.1, 0.2, and 0.4 mg/mL for
48 h. The treatment group with 0.0 mg/mL reagents was used as the control group (CG), and 10 umol/L Pt was used as the positive drug group (PG). Apoptosis assays were
then performed and the cells were detected by flow cytometry. B, GraphPad Prism 7.0 software was used to count the apoptotic rates shown in A. C, Bel7402 cells were
treated with three T-CMs at concentrations of 0.1, 0.2, and 0.4 mg/mL for 48 h. Apoptosis assays were then performed and the cells were detected by flow cytometry. D,
GraphPad Prism 7.0 software was used to count the apoptotic rates shown in C. Each result was expressed by Mean + SD with four replicates and the lower case letters

indicated P < 0.05.

3.6. Regulation of PI3K/AKT/mTOR pathway in liver cancer cells by tea
and C. Maxima

Next, we examined the changes in PI3K/AKT/mTOR signaling
pathways in three T-CM-treated HepG2 cells by Western blot
(Fig. 5A). Statistical analysis of phosphorylated protein expression
showed that all three T-CMs down-regulated the ratio of p-PI3K/
PI3K (Fig. 5B), p-AKT/AKT (Fig. 5C), and p-mTOR/mTOR in HepG2
cells (Fig. 5D). Especially at the treatment concentration of
0.2 mg/mL, the inhibition of the signaling pathway was more sig-
nificant in the YT-CM and GT-CM treatment groups than in the
BT-CM. The results of three T-CMs regulating the PI3K/AKT/mTOR
signaling pathway in Bel7402 cells were shown in Fig. 5E. Simi-
larly, the ratio of p-PI3K/PI3K (Fig. 5F), p-AKT/AKT (Fig. 5G), and
p-mTOR/mTOR (Fig. 5H) in Bel7402 cells was significantly down-
regulated. The results indicated that T-CM inhibited liver cancer
cell proliferation and induced apoptosis by regulating PI3K/AKT/
mTOR signaling pathway.
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3.7. Regulation of apoptosis-related proteins in liver cancer cells by tea
and C. Maxima

We examined the expression of apoptosis-related proteins in
HepG2 cells after three T-CM treatments by Western blot
(Fig. 6A). Expression analysis of apoptosis-related proteins
revealed that three T-CM significantly upregulated the ratio of
Bax/Bcl-2 (Fig. 6B), Cyto c/Actin (Fig. 6C), Cleaved Caspase-9/
Actin (Fig. 6E), and Cleaved Caspase-3/Actin (Fig. 6G) under con-
centration dependent. The changes in these apoptotic proteins
were more pronounced in the YT-CM and GT-CM groups compared
to the BT-CM group. The protein levels of full length Caspase-9/
Actin (Fig. 6D) and full length Caspase-3/Actin (Fig. 6F) were signif-
icantly down-regulated under the three T-CM exposures.

Western blot assays in Bel7402 cells were also performed
(Fig. 7A). Bax/Bcl-2 (Fig. 7B), Cyto c/Actin (Fig. 7C), cleaved
Caspase-9/Actin (Fig. 7E), and cleaved Caspase-3/Actin (Fig. 7G)
in Bel7402 cells after T-CM treatment were also significantly



S. Wen, R. An, D. Li et al.

A

o3}

HepG2 _0 0.1 0.2 mg/mL
p-PISK (Tyast) [ e a5 » 10
PI3K 8.5x 10¢

-
N

)
69
Actin [(= s e e = = =43x10* 3 D0g
g2
P-AKT (Serd73) [Fom = =& T oo x 10t ET
AT[[ (== ====60x10' 2204
Actin [ s s v ——] 4.3 x 10¢ §§
P-mTOR (Ser2481) [= — = — = = —|289x10* ~ &0,
mToR [ F = o = = ]28.9 x 10¢
Actin [ e e e e 4.3 x 10
00« ’o\b p@« 'oi '0\\‘ ,0‘: ,0\& 0.1
PR AEAE AT
E F
Bel7402 2 0.1 0.2 mg/mL
[ o == — 8.
PPI3K (Tyrase) [emes @S ]a5x 100 4,
Pk [Em == s5x10¢ 5O
: >0
Actin [ S e ———] 43 x 10 3D
[ - e 2
p-AKT (Ser473) eox10t 2T
AT [E======lsox10* 2o
hoin [E===—===ssx10 53
ctin [F======]43x10¢ $3
xo
p-mTOR (Ser473) 289x10° &0,

mror [(E======]29x10"

Actin [e—e——————] 4 3 x 10*
oo«p\s S Aot

) [N [©)

0.2 mg/mL

Chinese Herbal Medicines 14 (2022) 449-458

(O]
8]
5 ,\1'2 5 512
el
z8 73
[ c <
$ 08 % gO.S
_— -
£ S o =
[N 2 E
2 o4 T 204
S ® O
o < X F
X a €
0.0 40.0
0.1 0.2 mg/mL
512 812
5 O S5
2% P]
2208 2808
o) S5
= c
£ £0
2Xo04 204
s E s
o & Lo
x< e
& 0.0 E0.0
Q

Fig. 5. Three T-CMs inhibited PI3K/AKT/mTOR protein phosphorylation levels in liver cancer cells. A, Protein expression of p-PI3K, PI3K, p-AKT, AKT, p-mTOR and mTOR in
HepG2 cells after three T-CM treatments was performed by Western blot. B — D, The ratio of p-PI3K/PI3K, p-AKT/AKT, and p-mTOR/mTOR in HepG2 cells by a under grayscale
analysis was counted. E, Protein expression of p-PI3K, PI3K, p-AKT, AKT, p-mTOR and mTOR in Bel7402 cells after three T-CM treatments was performed by Western blot.
F — H, The ratio of p-PI3K/PI3K, p-AKT/AKT, and p-mTOR/mTOR in Bel7402 cells by a under grayscale analysis was counted. Each result was expressed by Mean + SD with four

replicates and the lower case letters indicated P < 0.05.

w

n
o

HepG2 l 0.1 0.2 mg/mL
Bax 2110
B2 [Emmm ] 26 10
Actin 43x10°
Cyo [ ] 1.4 x 10
Actin 4.3 x 10¢
Full length Caspase-9 4.7 x10¢
Nl e — . RS
Cleaved Caspase-9 3.5,3.7x 10
Actin 4.3x10¢
Full-length Caspase-9 3.5x 10
Actin 43x10¢
Cleaved Caspse-3 1.7,1.9x 104

Actin 43x10¢
e

-
o«

Relative intensity of
Bax/Bcl-2 (fold of CG)
e o
» o

o
o

N
o

o

e
»

Relative intensity of CLeaved
o
o

Caspase-9/Actin (fold of CG)
o

0.2 mg/mL

O

Relative intensity
Cyto-c/Actin (fold of CG)

o

[N) w

Relative intensity of full length
Caspase-9/Actin (fold of CG)

G

-
o

Relative intensity of full length
Relative intensity of Cleaved
Caspase-3/Actin (fold of CG)

o
o

Caspase-3/Actin (fold of CG)

Fig. 6. Three T-CMs regulated expression level of apoptosis-related proteins in HepG2 cells. A, Protein expression of Bax, Bcl-2, Cyto c, full length Caspase-9, cleaved Caspase-
9, full length Caspase-3, cleaved Caspase-3 and Actin in HepG2 cells after three T-CM treatments was performed by Western blot. B — G, The ratio of Bax/Bcl-2, Cyto c/Actin,
full length Caspase-9/Actin, cleaved Caspase-9/Actin, full length Caspase-3/Actin, cleaved Caspase-3/actin by a under grayscale analysis was counted. Each result was
expressed by Mean + SD with four replicates and the lower case letters indicated P < 0.05.

upregulated. The expression levels of full length Caspase-9/Actin
(Fig. 7D) and full length Caspase-3/Actin (Fig. 7F) were significantly
down-regulated under the three T-CM exposures.

4. Discussion

The contents of the fresh tea leaves are basically the same, but
the finished tea made by different processing techniques has
changes in the contents. Our research found that YT-CM, GT-CM
and BT-CM have different active ingredients and contents due to
different fermentation processes. Polyphenol oxidase was killed
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during the processing of non-fermented tea (green tea) and light-
fermented tea (yellow tea) (Chan, Lim, & Chew, 2007). Therefore
the tea polyphenols were retained more in green tea and yellow
tea.

Studies have shown that Citri Grandis Exocarpium also has
antioxidant and scavenging free radicals (Narotzki, Levy,
Aizenbud, & Reznick, 2013). Although the content of hesperidin
in the three T-CMs was not much different, the component ratio
of polyphenols was very different in them (Table 2). Polyphenols
are the main substances in the antioxidant and scavenging free
radicals in tea. Among them, EGCG has the strongest antioxidant
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effect. The higher the content of tea polyphenols is, the stronger
the ability to resist oxidation and scavenge free radicals is
(Camouse, Hanneman, Conrad, & Baron, 2005; Mo, 2011). This
may be the difference in the ability to resist oxidation and scav-
enge free radicals between YT-CM, GT-CM and BT-CM. This is con-
sistent with the higher tea polyphenol content in YT-CM and GT-
CM in this study.

The functional role of tea in preventing cancer is closely related
to the substances such as tea polyphenols. Tea polyphenols, caf-
feine and other substances promote tumor cell apoptosis, inhibit
tumor cell proliferation, angiogenesis and metastasis (Lu et al.,
2006). Adding 0.5% tea polyphenol or 0.044% caffeine to the drink-
ing water of tumor-bearing mice can inhibit the transformation of
lung adenomas into malignant and the proliferation of malignant
adenoma cells, while reducing c-Jun and phospho-Erk1/2 level
(Davalli et al., 2012). Previous studies have reported the inhibitory
effects of three teas on tumors. Drinking water supplemented with
0.1% green tea polyphenols significantly inhibited the deterioration
and distant spread of prostate cancer in mice (Hudlikar et al.,
2017). Black tea polyphenols inhibited the development of mouse
lung cancer induced by 4-(methylnitrosamino)-1-(3-pyridyl)-1-b
utanone by regulating p38 and AKT (Kujawska et al., 2016). Yellow
tea extract protected N-nitrosodiethylamine-induced rats from
liver cancer progression (Zhao et al., 2017).

The ethanol extract of Citri Grandis Exocarpium has antispas-
modic, antiasthmatic, analgesic and anti-inflammatory effects
(Jiang et al., 2014). In the case of cancer research, the number of
reports of Citri Grandis Exocarpium is relatively small. We combined
Citri Grandis Exocarpium with tea to produce T-CMs and revealed
the inhibitory effect of T-CMs on liver cancer cells. This indicates
that Citri Grandis Exocarpium has potential therapeutic and preven-
tive value for liver cancer.

Many studies (Akcakanat, Sahin, Shaye, Velasco, & Meric-
Bernstam, 2008; Kawauchi, Ogasawara, Yasuyama, Otsuka, &
Yamada, 2009; Le Grand et al., 2014; Leger et al., 2006) have found
that cell cycle arrest was a very important feature that inhibits can-
cer cells proliferation. Zhong et al (2019) reported that THZ1, the
cyclin-dependent kinase 7 (CDK7) inhibitor, had the activity of
anti-cervical cancer, and its mechanism of action was to block cell
cycle at the G2/M phase. We completely agree with that, and the
same conclusion were also confirmed in our research. What's
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more, there was another investigate, which showed that the
growth of breast cancer cells was suppressed by mitochondrial
ncRNA, and its cell cycle was blocked at the S phase (Fitzpatrick
et al,, 2019). This finding was the same as our results that HepG2
cell cycle was treated with T-CMs in the study.

The currently known types of cell death mainly include apopto-
sis, autophagy, and necrosis. Apoptosis plays a very important role
in the process of cell death. In the study of inhibiting the growth of
tumor cells, induction of apoptosis is often essential, mainly
because it is a process that induces suicide programmed cell death.
Human endometrial cancer cells growth was restrained through
inducing apoptosis, and presenting a concentration dependence
by Juglone, which have been put forward by Zhang et al (2019).
In addition, Zhou et al (2018) have deeply explored the pharmaco-
logical effect of histone deacetylase (HDAC) 1 and 2 in liver cancer,
which confirmed that the inhibition of tumor cell proliferation was
mainly related to the induction of apoptosis and cell cycle arrest. In
our study, three T-CMs obviously induced apoptosis of two liver
cancer cells HepG2 and Bel7402, and these results were similar
to the above reports.

The mechanism may be related to strong antioxidant activity,
inhibition of key enzyme activities and signaling pathways. The
PI3K/AKT signaling pathway is an important pathway for transmit-
ting extracellular signals into the nucleus, and plays an important
regulatory role in various life activities such as cell proliferation,
apoptosis, survival and metabolism. AKT is an important down-
stream mediator of PI3K promoter. After phosphorylation, AKT reg-
ulates the expression of various genes such as apoptosis, cell cycle
and other genes by regulating its downstream targets mTOR,
FOXO0-1 and GSK-3 (Kawauchi et al., 2009; Leger et al., 2006). A
number of studies have shown that elevated levels of free radicals
in tumor cells led to inhibition of apoptosis through mediated
mitochondrial dysfunction and promotion of the PI3K/AKT signal-
ing pathway (Akcakanat et al., 2008). Increased levels of free radi-
cals caused phosphorylation of AKT and mTOR, activated
downstream target proteins, and ultimately inhibited endogenous
apoptotic pathways (Le Grand et al., 2014). In our study, YT-CM,
GT-CM and BT-CM inhibited the PI3K/AKT/mTOR signaling path-
way by scavenging free radicals in liver cancer cells. Therefore,
T-CMs-mediated inhibition of liver cancer cells is dependent on
the inactivation of the PI3K/AKT/mTOR signaling pathway.
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Inducing apoptosis is occurred mainly in mitochondria, where
is a place with apoptosis proteins distribution and function. Bax
and Bcl-2 are closely related to pro-apoptotic protein and anti-
apoptotic protein, respectively (Keyvanloo Shahrestanaki,
Bagheri, Ghanadian, Aghaei, & Jafari, 2019). So, the ratio of Bax/
Bcl-2 is a considerable indicator to induce apoptosis. Upregulation
of its ratio can stimulate Cyto-c secretion, and Caspase-9 activa-
tion, which will result in increased expression of cleaved
Caspase-9 (Zhao et al., 2017). Then Caspse-3 is further activated,
the expression of cleaved Caspase-3 will be upregulated (Zhao
et al., 2017). After that, apoptosis will be accelerated. Norcan-
tharidin (NCTD) has been determined to be cytotoxic in HepG2 cell
by Chang et al (Chang, Zhu, Mei, Liu, & Luo, 2010). In-depth study
of molecular mechanism revealed a close relationship with the
mitochondrial apoptosis pathway, which was accomplished by
adjusting certain proteins, including Bax, Bcl-2, Cyto-c, and
Caspase-9/3 proteins. The same result also appeared in our
research. The expression of the ratio of Bax/Bcl-2, Cyto-c, and
Cleaved Caspase-9/3 proteins in HepG2 and Bel 7402 cells treated
with three T-CMs was increased, while the full length Caspase-9/3
protein expression was decreased.

5. Conclusion

In conclusion, our study revealed a in vitro antioxidant activity
of T-CMs and the activity of inducing apoptosis of liver cancer cells.
The light-fermented YT-CM and non-fermented GT-CM had stron-
ger antioxidant activity than the heavy-fermented BT-CM. Three
T-CMs activations regulated the PI3K/AKT/mTOR signaling path-
way and the expression levels of apoptosis-related proteins to
exert their anti-hepatocarcinogenic effects. T-CMs, especially
YT-CM and BT-CM, are good health drinks that help prevent and
treat liver cancer.
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