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Research progress on the inhibitory effects and mechanism of
tea pigments on cancer cells

HUANG Xue-Jun', WANG Ze-Ao', CHEN Xiao-Qiang', WANG Jing*"

(1. School of Life and Health Sciences, Hubei University of Technology, Wuhan 430068, China,
2. Hangzhou Tea Research Institute, CHINA COOP, Hangzhou 310016, China)

ABSTRACT: Cancer is one of the major diseases with the highest mortality rate in the world, and its prevention and
treatment have been the focus of academic research. Tea pigments are a class of polyphenol oxidative polymers from tea
leaves, which are mainly classified into theaflavins, thearubigins and theabrownins. They are rich in active phenolic
hydroxyl groups and other active groups, and also have antioxidant, anti-inflammatory, antibacterial, anticancer and
other bioactive functions. In recent years, tea pigments have received more and more attention in the field of anticancer
research due to their naturalness, safety and high efficiency. This paper reviewed the formation of different tea pigments
and their biological activities, systematically elaborated the potential mechanisms of action on cancer cells, mainly
including inhibition of cellular value-addition, induction of apoptosis, regulation of cell cycle, control of cellular signal
pathways, and regulation of intestinal flora. This provides a theoretical basis for expanding the application of tea
pigments in ameliorating diseases, developing functional foods and expanding industrial fields.
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YiRet. BHHEI, PR EXS TFs BEYE Moy AL P ALE
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Fig.1 Biological activities of tea pigments
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AR, FEHAIR,

TF H H
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TF-3’-G H BT
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VE: LR FIFEFIR, 4TI TEs o HA G54 22 57 i L .
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Fig.2 Molecular structures of the 4 kinds of TFs'
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JF2 TRs JERCE BALHIP, eabh, BARILZE R A EALEfS
B IR HR A2, (H TRs BRI 5 TFs AHL ARG
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Fig.3 Molecular structure of TRs®**
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HISELH R R A A A o P 4RAE, 100 pmol/L TFs
AT LI 25 s 20 DNMT1, DNMT3b ROBGEE 1, $k#
S3AAE] 65%F1 33%*, HLAh, BHATTACHARYA 2 PI[al#
KB TFs fig b Z RSN R Y DNMT iSRRI TFs
(25 mg/mL) AT I A L5 s AN s A, #5790 (100 mg/mL)
TFs RIS 7 5 T MR W AR, & AR
e AN IA T-/E Jy, [l XA P IE B OUIRIG B 293 4l
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RIS F-3,3°- I %t DNA HUEAL pgm /e s 1
“H SRR 2 P42 94 00 ) 9 200 S 7, 3 e R R A A O 3
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1 1A A i Jk(reactive oxygen species, ROS); DNAH JL44 B i (DNA methyltransferases, DNMT); 75 f B 2R (1 K4 S R 2E 11K il
(cysteinyl aspartate specific proteinase, Caspases); Toll#£3Z 1A (toll-like receptors, TLR); |- jZ-[a]5i%% 1k (epithelial-mesenchymal transition, EMT);
A1 43245 A 2 1125 [R) PR 11 C (cell division cyclin 25 homolog C, ¢dc25C); %A FNF-xBI##i1k| & [ (inhibitor of NF-xB, IKB); BEETEIIE:
P4 (phosphatidylinositol-3 kinase, PI3K); & [1#4[B (protein kinase B, AKT); Z Mt A% kB (acetyl CoA carboxylase, ACC); THIHEZ Y

HLHIHE 5 (mechanistic target of rapamycin, mTOR); i fbJZ i JL{F(antioxidant response elements, ARE); [l ZL Zil% A1 (heme oxygenase,
HO-1); #HF-E2M &K F2 (nuclear factor erythroid 2 related factor 2, Nrf2),
&4 Btz Am A il £

Fig.4 Inhibition of cancer cells by tea pigments
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245 6,28 AT LA S A 0 4 A R0 30 2 1 R 30 B 1 AR
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FZeik, ASAEAREN G2 BIIEE A M, 22 DNA
BBt b, DTN 248 B SR SR BELY © EeAb, o-MYC & —Fhi%
BT, MR —FEA AN Gl WIRA M HE R .
TBs A LA3d i 6 22 40 i T I AH OC mRNA FIEE ARk,
c-MYC. cyclinA. cyclin D, CDK2, CDK4 FI3%H 40 it
B (proliferating cell nuclear antigen, PCNA)S5:ZE 1k T i,
AN p21., p27 FIdEE R A (phosphatase and tensin homolog
deleted on chromosome ten, PTEN)3ik LR, 55 A549
FEAEAE GO/G At JRBELA . FU 4EPOMdufif o % 1
TBs X HOG Zifirf c-MYC KL N TEE FUKF BRR
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By G2/M IR SR . s e SIS SR A 0 R T LS A0 Y
A P AP AR T B, ORI 20 R A e
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Z iR BRI P AR PR A DGR . R s e,
2 PERAEN AN N F B 7= A, 51 & — RS RAE
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WF5E 2B, TFs BEAE L pS3 (S Jy Xt 25 11 S Ak il AL 4
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L, BeAh, TFs iR AT L@ KB BRI A S0
NF-«B 1& LY, HAE 125 pg/mL (YT EE R LT ) LASE
4xBH 1k NF-xB {5538 i 003806, HIHISCERS TFs M4
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2,4,6-“WIEIRE RS T A0 45 A B AZ AR B NF-«B 7%
PE R, i FETHRE C #ISME AN NO B,
T 25 PR 45 W 4 /N SRS M v 10 26 A S R Y. TBs 3
1 T I NF-xB B Rk p65 35 A1 -8 PPAR-y & 1 /K,
Pt 45 g 2 b SR AE TR F 3 Al A 2 (interleukin, IL)-14.
IL-6 IR SR AE IR F--o0 1) 2R 1 A RAN TS5 i R 1% e b,
TBs i 7] LI 1L pS3/NF-xB {55 B A S A9 P16 il 2 DNA
P40, DA TTA10 ) 2 2 390 40 6 1 398 30 175 5 200 o O
72131 NF-«B 5@ f5 15619 EMT $HI T BENS TBs HiE A
Jo BB R LA R0 F RO BT
23.2 PIBBK/AKT

PI3K/AKT {55388 M8 ok il i 08 7= 26 1 A 6 e A i
PP TR AR RISk L5/ . CHAKRABARTY %14
5T & B TFs (50 pg/mL)YA] LRI p8S FIBEER L 1) AKT (¥
ik, HRLRAARET-FS5E0E, 55 T3 HeLa 1A
TZo KAk, 50 pg/mL TFs #1 20 ug/mL EGCG &7 i Bk A
JHATE RIS 0 p53 . Bax. %4fi# Caspase-3 Fll PARP [ 3Kk,
]I FAAIG Bel-2 A6k, HLAT HeLa ‘B #5008 40 M ol 301 S0 1)
itk SRAE I EG B fiE FAT AT — Rl 25 #0280t . [R)RE, IMRAN
SO A5 ) — B, A% 6 3 AT M R 4 A 0 ) ELAT B
[RIYEM . TBs B LA PISK/AKT &2 i Is i . LIU
SO, TBs W] LU IRS-1/PI3K/AKT 1553 %
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oK S 0 I ] A SR SR R (4 38 o AT R TBs 1R T#E 7 d)
1 TBs2(% B 14 )AL HepG2 AT 4N, Y5864 ok 35 40
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AR A R R A O, DT X e 3 e ) R KU
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{F5Es, Eid AKT/p21 {5583 p21 Rk RAL#EIE/N
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it 338 5 AT 8 A R L7
233 Nrf2

Nrf2 553 f F 20 ST hr A e i, i 5hiEfk
RN TCARE Ay, AR B A ) 2 25 AT AR S B 2
. MRS BYTEBR A 2L . DR AR R, T e
A B A= AP B8 25 R (theaflavic acid, TFA)/& TFs
RSy Z—, B PR LGE 0% Nrf2/ARE {5538
BEBHIET ROS A:7=, MIMIEES PC12 40 A A ST 0 385 i
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PRIF R AT, TFs 0] LA 80806 JF 5 P 9 Nrf2 5538
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BWFFE R, TFs ¥ R 25 100 0 48 P9 5 A0 b Nref2
BEEAL K, BTl E HO-1, {2 Nrf2 {55 %
HIBCTE, T IR IR S R A Sk RERE LT R, TRs
AT ISR I 22 22 55 5 S 1 S AR N 38, R Nrf2 1 R BR
WEH . WANG 2672850 T TRs 72k LA vk il 473 4
SR, B TRs A LS B AR ROV Je - F Nrf2 {5 5
MR, 40 mg/mL TRs AT L E 28 FRAR 48 A 41 i K 7 1) 52
k. B AR TE M . X SE T A (R AR B
Nrf2 {5530 F v e AR
234  3HE5 @B EAER

A5 €0 22 0T 958 40 R 1 10 ok 4 AT DA R At 2 Fi A 5
WA UMRVE L, R A A A WAL TR AR
WHAEIHAE. TFs RENSFHLIBT B BEEME: 5 1 40 A Hh (19 NF-«B Al
22 4 )5 15 1k B 1 33 1§ (mitogen-activated protein kinase,
MAPK)fi5 538 %, M B 1 205 5 00 TL-6. 4N
AL -1 FOAH L IADRE B2 -1 B9k, IRl A &
K AN, TFs 0] LA 2o 400 1) 22 24 5 0 Ak A 240 B M 5
S AN AN T B A PISK/AKT {55 6, W)
YEFIF TFs Xt S fa R AN A He s s A FH Y. TBs mls

TLR {5 538 [ * TLR2&4 /- T (9 §EFE /3L [+ 88 (myeioid
differentiation factor 88, MyD88)K#fi?: MAPK Fll NF-«B {5
SR, K TLR2 M54 PI3K/AKT {5 Sl %0 %
H AKT BERfk, MIMEE Tl NF-«B {5585, R
RAW264.7 F WML e hik, 8715 e i), seab
Sl 46 23 55 DSS 41 TLR2&4 23k 7K P48 . ZHAO 45170
R, TBs A REME TLR2&4 5 MyD88 R it
NF-«B. MAPK Fl AKT {5538 #0875, AT R 4 e P51
TR, TR A R AE
2.4 BT RAIEE A ARG AR A R

i TR AR SR RE 11 2 0 % TR b R 1 e R AT 22
B, eI LR R B B . PR B R .
Tl SERE SO RO R 8 ) i 46 ke TR 422 400 T s 4 o P 2
HHIT, TBs 7585 7 18 w30 i i 18 40 7 i F R ik 2 .
ZHAO ZEV0V % B N SBZ% B A TBs mT 3 i 345 figg 18 7T Bk
WIFERE, BIERERE T TSR BT TR s, BRASHUAF AT
FRE, SEIPEAT AR, IR R A B T (helper, Th)
1 1 Th17 ZHAE A EL B, (R 4E T (regulatory T, Treg) il
/Th17 [ PA 1] Tregs (AL, TEF) T/ B R ERASIIRE |
WRERIE. TBs AlEiEm oMy . WiREL . TR
S B R S A KO, R 4ER I IE RS, W4k
[ 2 AiER . DENG ZV75R F TBs 4 w5 i P R REBR ] | 401
FE BT VRUESRER T T AT = B, Ol 036 i 3 7 JHE A Il AN 285
F, DTS MR . K, D88 M 4RE . LT 457
T S S5 K BB o e A L HOURT B R R DU T 1 4
A B 2 SHE R, LU SRRt & B
TBs A LAVA 15 A= R A 2R R, AT o e s 16
RS AT . AP RS S AN A o E—3E 19T & BH, TBs
REAS T A 3B S A, a0 L- SR . o R
AN, X eeCHI7E TBs 195 e P b i, Bt
EW DG 2B S I E AN AT . IEAh, CHEN 5050 % 31
TBs REHE g il v = A SRR DT RR AN A 19 1, I BRIV
JHFIE b A AR I R 2 AR mRNA 323k, TR ILE Bk e
ANERPIAREE | JHE R AL AR 4 5

3 45K

KRORERPEEREERDZ—, HZH YR
AACREIE AL, HABORRIGTRMETE. NI, B3
A e T R A B 7 R BT S 38 2 i 4 A -1
TR LT Ak, TR ERNEMRE R
AIF, REFE/INTH TFs Al B AR FEAMIE, 5
MR RGN A SR, RERE SR TRs,
TBs {15735 2 M i R LA 7 B — 2P IR SE, Aokl
UM €0 3 S AL SR R B AN [ o 4R AL TR A 7 %) HE R
Feo FOUR, 2@ FRT LATESE AN A E A 7 20 i IR 2 9 240
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JIE J) B R S 1 SR EL AR S 4 SR SO0 R, [, el
TN ] (1945 53 %, 40 NF-xB . PI3K/AKT . Ntf2, MAPK
&, PR AN R AR KA R A R T T

A RAE R —FI A BRI PURTE Y R, b sk
AR PR T B—VEH, if 7] L5 HoAth A & Wy sl 7 i
BRA A, DASRBUSESOR . AR IR R R AR
5 HAYUE 25 B RIS, DAREAR 2 R mIVE A, S
JERL, SRR IR T MBI 254 F RARME TR sk ms . bbb,
Wit 25 1 B N R TR — 2B BT, X RAR L fEE
HA ZF A a5 - i R Rrag K . BRIBEE M
JRIBRYEAS B TE, ANl R AR A A B Atk AR R e R
R, XX FROZMIRAMREA= A EEREE, H
WK, R A W00 M 2 B R AR, LA 7 AL
IO 5K 2R T L S TN P e AT 9 R 52 36 B30 of ik — 25 BH
TXSEAIFFE 7 1)K hy A% €6 2 14 1y AR AR B 1 S (14 ) 2 S i
FE S HAE DU S i — 2 &R

SE

[1] CAI HL, ZHONG ZH, LI ZM, et al. Metabolomics in quality formation
and characterization of tea products: A review [J]. International Journal of
Food Science & Technology, 2022, 57(7): 4001-4014.

[2] #jH, WP, BkEnsE, 55 KR EGCG AR DAY T 254 9 2>

TR B IR R k0], A fRlag, 2022, 34(9): 1190-1198.
GOU H, CHEN P, GENG RM, et al. Research progress in molecular
mechanism and application of natural product EGCG as a tumor adjuvant
therapeutic agent [J]. Chinese Bulletin of Life Sciences, 2022, 34(9):
1190-1198.

[3] YAO IM, LIU HF, MA CY, et al. A review on the extraction, bioactivity,
and application of tea polysaccharides [J]. Molecules, 2022, 27(15): 4679.

[4] FEMLL, BURRNL, RIEE, 4. 8 FRTEAAS 2 & it bUaAbig oy
Hr[d]. AR, 2022, 41(8): 179-183.

ZHAI SH, HUANG JY, ZHOU TY, et al. Polyphenol content and
antioxidant activity of 8 fermented teas [J]. China Brewing, 2022, 41(8):
179-183.

[S] WU YH, ZHUANG J, ZHANG Q, et al. Aging characteristics of
colorectal cancer based on gut microbiota [J]. Cancer Medicine, 2023,
12(17): 17822-17834.

[6] DUAN YH, ZENG LM, ZHENG CB, et al. Inflammatory links between
high fat diets and diseases [J]. Frontiers in Immunology, 2018, 9: 2649.

[71 MENG X, ZHANG G, CAO H, et al. Gut dysbacteriosis and intestinal
disease: Mechanism and treatment [J]. Journal of Applied Microbiology,
2020, 129(4): 787-805.

[8] ZHANG M, YANG XIJ. Effects of a high fat diet on intestinal microbiota
and gastrointestinal diseases [J]. World Journal Gastroenterology, 2016,
22(40): 8905-8909.

[91 RATHEE S, PATIL UK, JAIN SK. Exploring the potential of dietary
phytochemicals in cancer prevention: A comprehensive review [J]. Journal
of Exploratory Research in Pharmacology, 2024, 9(1): 34-37.

[10] ZHENG ZD, ZHANG LL, HOU XT. Potential roles and molecular
mechanisms of phytochemicals against cancer [J]. Food & Function, 2022,

13(18): 9208-9225.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

SARBADHIKARY P, GEORGE BP. A review on traditionally used
african medicinal plant annickia chlorantha, its phytochemistry, and
anticancer potential [J]. Plants, 2022, 11(17): 2293.

KIRAN A, ALTAF A, SARWAR M, et al. Phytochemical profiling and
cytotoxic potential of Arnebia nobilis root extracts against hepatocellular
carcinoma using in-vitro and in-silico approaches [J]. Scientific Reports,
2023, 13(1): 11376.

LIY, LI YR, YAOY, et al. Potential of cucurbitacin as an anticancer drug [J].
Biomedicine & Pharmacotherapy, 2023, 168: 115707.

SHUKLA MK, SINGH M, THAKUR A, et al. Unravelling the therapeutic
potential of orchid plant against cancer [J]. South African Journal of
Botany, 2022, 150: 69-79.

K, RN, ERRE, SF ASEFERIRYIHUIR LR AT R[],
BREBTIAIISE, 2022, 49(8): 820-826.

ZHANG X, YIN JL, WANG JX, et al. Research progress on anti-tumor
mechanism of theaflavins natural products [J]. Cancer Research on
Prevention and Treatment, 2022, 49(8): 820—826.

ZHAO X, YAN F, LI XS, et al. A systematic review of tea pigments:
Prevention of major diseases, protection of organs, and potential
mechanisms and applications [J]. Food Science & Nutrition, 2023, 11(11):
6830-6844.

MAQBOOL MF, GUL S, ISHAQ M, et al. Theabrownin: A dietary
nutraceutical with diverse anticancer mechanisms [J]. Natural Product
Research, 2024, 1-17. DOI:10.1080/14786419.2024.2306917

Wi, AR, KL, S5 SRR AR ESURMR] A 00 R4S SR
LIRS EAAT]. B R AR A44R, 2024, 15(7): 261-268.
YANG LJ, WANG WW, YE SX, et al. Quality analysis of instant black tea
containing high theaflavins prepared from raw materials treated with
tannase [J]. Journal of Food Safety & Quality, 2024, 15(7): 261-268.
R, KB, BT, 5 M BRBGS RSB R K HAT o
AT SIS PRI ). A BRI 2, 2023, 14(2):
232-240.

XIE YX, ZHU YM, YANG ZX, et al. Characterization and inhibition of
a-glucosidase activity of theabrownins from liquid-state fermentation with
sun-dried green tea [J]. Journal of Food Safety & Quality, 2023, 14(2):
232-240.

HE HF. Research progress on theaflavins: Efficacy, formation, and
preparation [J]. Food & Nutrition Research, 2017, 61(1): 1344521.

GUO J, HU MN, YANG MQ, et al. Inhibition mechanism of theaflavins
on matrix metalloproteinase-2: Inhibition kinetics, multispectral analysis,
molecular docking and molecular dynamics simulation [J]. Food &
Function, 2024, 15(14): 7452-7467.

STODT UW, BLAUTH N, NIEMANN S, ef al. Investigation of processes
in black tea manufacture through model fermentation (Oxidation)
experiments [J]. Journal of Agricultural and Food Chemistry, 2014, 62(31):
7854-7861.

WANG JL, LI X, LIU YD, et al. Recent progress in the preparation of
theaflavins: “Synthesis, extraction and purification” [J]. Journal of the
Chinese Chemical Society, 2024, 71(8): 736-745.

ARENT SM, SENSO M, GOLEM DL, et al. The effects of
theaflavin-enriched black tea extract on muscle soreness, oxidative stress,
inflammation, and endocrine responses to acute anaerobic interval training:

a randomized, double-blind, crossover study [J]. Journal of the



%3

B, A A F O A0 ML A 1 LI S 81

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

International Society Sports Nutrition, 2010, 7(1): 11.

XU J, WEI Y, HUANG Y, et al. Current understanding and future
perspectives on the extraction, structures, and regulation of muscle
function of tea pigments [J]. Critical Reviews in Food Science and
Nutrition, 2022, 63(33): 11522-11544.
Wftth, BT, BIAR, 55 iAR—RIR

Kk, 2022, 37(9): 218-222.
YANG JY, LIAN YH, HU XD, ef al. Sipping tea: General introduction of

RS A HLAE2E ).

the organic components in tea [J]. University Chemistry, 2022, 37(9):
218-222.

DEGENHARDT A, ENGELHARDT UH, WENDT AS, et al. Isolation of
black tea pigments using high-speed countercurrent chromatography and
studies on properties of black tea polymers [J]. Journal of Agricultural and
Food Chemistry, 2000, 48(11): 5200-5205.

KHAN N, MUKHTAR H. Tea polyphenols for health promotion [J]. Life
Sciences, 2007, 81(7): 519-533.

UCHIDA K, OGAWA K, YANASE E. Structure determination of novel
oxidation products from epicatechin: Thearubigin-like molecules [J].
Molecules, 2016, 21(3): 273.

LONG PP, RAKARIYATHAM K, HO CT, ef al. Thearubigins: Formation,
structure, health benefit and sensory property [J]. Trends in Food Science
& Technology, 2023, 133: 37-48.

MAITY S, UKIL A, KARMAKAR S, et al. Thearubigin, the major
polyphenol of black tea, ameliorates mucosal injury in trinitrobenzene
sulfonic acid-induced colitis [J]. European Journal of Pharmacology, 2003,
470(1): 103-112.

PR, EA, T, GF LR RAEY IR TS (D]
Fl2#, 2013, 33(4): 327-335.

LI DX, WANG H, BAI R, et al. The chemistry and bioactivity of
thearubigins [J]. Journal of Tea Science, 2013, 33(4): 327-335.

SANG SM. Impacts of biotransformation on the health benefits of tea

U

polyphenols [J]. Journal of Nutritional Science and Vitaminology, 2022,
68: S124-S125.

R, WEN, BRR, &, —MERLROH &%k PHE,
CN107821687B[P]. 2021-06-04.

YUAN HB, HUA JJ, DENG YL, et al. A preparation method of
theobromine: China, CN107821687B [P]. 2021-06-04.

Beostst, EOKE, BHEM, S ZSRRME R BULRAE LI st
SR, Bi iR 5FFK, 2023, 44(11): 217-224.

CHEN TT, WANG YY, HUANG FY, et al. Preparation,physicochemical
characterization and functional activity of theabrownins: A review [J].
Food Research and Development, 2023, 44(11): 217-224.

LEE TC, ZANG QN, LIN KH, et al. An improved method of
theabrownins extraction and detection in six major types of tea (Camellia
sinensis) [J].  Journal 2022: 8581515. DOI:

10.1155/2022/8581515
CHEN XQ, WANG YY, CHEN Y, ef al. Formation, physicochemical

of  Chemistry,

properties, and biological activities of theabrownins [J]. Food Chemistry,
2024, 448: 139140.

XIAO Y, YANG DM, ZHANG HR, et al. Theabrownin as a potential
prebiotic compound regulates lipid metabolism via the gut microbiota,
microbiota-derived metabolites, and hepatic FoxO/PPAR signaling

pathways [J]. Journal of Agricultural and Food Chemistry, 2024, 72(15):

[39]

[41]

[43]

[44]

[45]

[46]

[47]

[49]

[50]

[52]

[53]

8506-8520.

ZHEN QC, LIANG QJ, WANG HC, et al. Theabrownin ameliorates liver
inflammation, oxidative stress, and fibrosis in MCD diet-fed C57BL/6J
mice [J]. Frontiers in Endocrinology, 2023, 14: 1118925.

WANG JY, ZHENG D, HUANG FJ, et al. Theabrownin and poria cocos
polysaccharide improve lipid metabolism via modulation of bile acid and
fatty acid metabolism [J]. Front Pharmacol, 2022, 13: 875549.

TU YY, TANG AB, WATANABE N. The theaflavin monomers inhibit the
cancer cells growth in vitro [J]. Acta Biochimica et Biophysica Sinica,
2004, 36(7): 508-512.

JUAREZ-MERCADO KE, PRIETO-MARTINEZ FD, SANCHEZ-CRUZ
N, et al. DNA methyltransferase inhibitors with novel chemical scaffolds [J].
bioRxiv, 2020, 13: 337709.

BHATTACHARYA R, CHATTERJEE R, MANDAL AKA, et al.

Theaflavin-containing  black tea extract: A  potential DNA
methyltransferase inhibitor in human colon cancer cells and ehrlich ascites
carcinoma-induced solid tumors in mice [J]. Nutrition and Cancer-An
International Journal, 2020, 73(11-12): 2447-2459.
NISHIKAWA K, IWAMOTO Y, KOBAYASHI Y, et al. DNA
methyltransferase 3a regulates osteoclast differentiation by coupling to an
S-adenosylmethionine-producing metabolic pathway [J]. Nature Portfolio,
2015,21(3): 281-287.

LIANG QQ, LV M, ZHANG X1, et al. Effect of black tea extract and
thearubigins on osteoporosis in rats and osteoclast formation in vitro [J].
Frontiers in Physiology, 2018, 11: 136.

WU FF, ZHOU L, JIN WD, et al Anti-proliferative and
apoptosis-inducing effect of theabrownin against non-small cell lung
adenocarcinoma A549 cells [J]. Frontiers in Pharmacology, 2016, 7: 465.
JIN WD, ZHOU L, YAN B, et al. Theabrownin triggers DNA damage to
suppress human osteosarcoma U20S cells by activating p53 signalling
pathway [J]. Journal of Cellular and Molecular Medicine, 2018, 22(9):
4423-4436.

JIN WD, GU CQ, ZHOU L, et al. Theabrownin inhibits the
cytoskeleton-dependent cell cycle, migration and invasion of human
osteosarcoma cells through NF-«B pathway-related mechanisms [J].
Oncology Reports, 2020, 44(6): 2621-2633.

ROY S, SAHA A, CHATTERJEE A, et al. Effects of theaflavins on gastric
cancer cell line [J]. Asian Journal of Pharmaceutical and Clinical Research,
2018, 11: 294-298.

IMRAN A, BUTT MS, XIAO H, et al. Inhibitory effect of black tea
(Camellia sinensis) theaflavins and thearubigins against HCT 116 colon
cancer cells and HT 460 lung cancer cells [J]. Journal of Food
Biochemistry, 2019, 43(5): €12822.

CHEN X, HU Y, WANG B, et al. Characterization of theabrownins
prepared from tea polyphenols by enzymatic and chemical oxidation and
their inhibitory effect on colon cancer cells [J]. Frontiers in Nutrition,
2022, 9: 849728.

YUAN Y, BAI YY, ZHANG Y], et al. Physicochemical and colon cancer
cell inhibitory properties of theabrownins prepared by weak alkali
oxidation of tea polyphenols [J]. Plant Foods for Human Nutrition, 2022,
77(3): 405-411.

XU JA, XIAO XJ, YAN B, et al. Green tea-derived theabrownin induces

cellular senescence and apoptosis of hepatocellular carcinoma through p53



82

LR

G A A

%16 &

[54]

[55]

[56]

[57]

[58]

[59]

[60]

fe1]

(62]

[63]

[65]

[66]

[67]

signaling activation and bypassed JNK signaling suppression [J]. Cancer
Cell International, 2022, 22(1): 39.

VERMEULEN K, VAN BOCKSTAELE DR, BERNEMAN ZN. The cell
cycle: A review of regulation, deregulation and therapeutic targets in
cancer [J]. Cell Proliferation, 2003, 36(3): 131-149.

ZHOU L, WU FF, JIN WD, et al. Theabrownin inhibits cell cycle
progression and tumor growth of lung carcinoma through c-myc-related
mechanism [J]. Frontiers in Pharmacology, 2017, 8: 75.

FU JY, JIANG CX, WU MY, et al. Theabrownin induces cell apoptosis
and cell cycle arrest of oligodendroglioma and astrocytoma in different
pathways [J]. Frontiers in Pharmacology, 2021, 12: 664003.

Thp s, MPHT, XUEHE. SO A0 R T AR SO A5 e A PR B He
YRRy FHE S BRI DR (D). LEfRlaE, 2016, 28(2): 182-191.

MA SB, LIN DD, LIU HY. Inflammatory cytokines as therapeutic targets
in tumor immunotherapy [J]. Chinese Bulletin of Life Sciences, 2016,
28(2): 182-191.

DING XY, HAN CS, HU WP, et al. Acute and subacute safety evaluation
of black tea extract (Herbt tea essences) in mice [J]. Toxics, 2022, 10(6):
286.

ADHIKARY A, MOHANTY S, LAHIRY L, et al. Theaflavins retard

human breast cancer cell migration by inhibiting NF-xB via p53-ROS

cross-talk [J]. Federation of European Biochemical Societies, 2010, 584(1):

7-14.

KAPADIA GJ, BALASUBRAMANIAN V, TOKUDA H, et al. Inhibition
of 12-O-tetradecanoylphorbol-13-acetate induced epstein-barr virus early
antigen activation by natural colorants [J]. Cancer Letters, 1997, 115(2):
173-178.

LAGHA AB, GRENIER D. Tea polyphenols inhibit the activation of
NF-xB and the secretion of cytokines and matrix metalloproteinases by
macrophages stimulated with Fusobacterium nucleatum [J]. Scientific
Reports, 2016, 6: 34520.

CAI YJ, HUANG YN, QIU L, ef al. Theabrownins prevents DSS-induced
colitis via modulating PPAR-y and NF-«B signaling pathways in mice [J].
Journal of Functional Foods, 2023, 109: 105812.

LI T, YAN B, XIAO X, et al. Onset of p53/NF-«B signaling crosstalk in
human melanoma cells in response to anti-cancer theabrownin [J]. The
FASEB Journal, 2022, 36(8): €22426.

CHAKRABARTY S, NAG D, GANGULI A, et al. Theaflavin and
epigallocatechin-3-gallate  synergistically induce apoptosis through
inhibition of PI3K/AKT signaling upon depolymerizing microtubules in
HeLa cells [J]. 2019, 120(4):
5987-6003.

LIU J, WANG X, ZHU YQ, ef al. Theabrownin from dark tea ameliorates

Journal of Cellular Biochemistry,

insulin resistance via attenuating oxidative stress and modulating
IRS-1/PI3K/AKT pathway in HepG2 cells [J]. Nutrients, 2023, 15(18):
3862.

WANG YY, YUAN Y, WANG CP, et al. Theabrownins produced via
chemical oxidation of tea polyphenols inhibit human lung cancer cells in
vivo and in vitro by suppressing the PI3K/AKT/mTOR pathway activation
and promoting autophagy [J]. Frontiers in Nutrition, 2022, 9: 858261.
LEUNG HKM, LO EKK, EL-NEZAMI H. Theabrownin alleviates
murine  AOM/DSS  Model via

colorectal ~ tumorigenesis  in

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

PI3K/AKT/mTOR pathway suppression and gut microbiota modulation [J].
Antioxidants (Basel), 2022, 11(9): 1716.

PALL ML, LEVINE S. Nrf2, a master regulator of detoxification and also
antioxidant, anti-inflammatory and other cytoprotective mechanisms, is
raised by health promoting factors [J]. Sheng Li Xue Bao, 2015, 67(1):
1-18.

LI'Y, SHI J, SUN XT, et al. Theaflavic acid from black tea protects PC12
cells against ROS-mediated mitochondrial apoptosis induced by OGD/R
via activating Nrf2/ARE signaling pathway [J]. Journal of Natural
Medicines, 2020, 74(1): 238-246.

FU HIJ, HE J, LI C, et al. Theaflavin-3,3’-digallate protects liver and
kidney functions in diabetic rats by up-regulating circ-ITCH and Nrf2
signaling pathway [J]. Journal of Agricultural and Food Chemistry, 2024,
72(26): 14630-14639.

ZENG J, DENG ZH, ZOU YX, et al. Theaflavin alleviates oxidative
injury and atherosclerosis progress via activating microRNA-24-mediated
Nrf2/HO-1 signal [J]. Phytotherapy Research, 2021, 35(6): 3418-3427.
WANG X, HE P, YI SY, et al. Thearubigin regulates the production of
Nrf2 and alleviates LPS-induced acute lung injury in neonatal rats [J]. 3
Biotech, 2019, 9(12): 451.

KIM S, JOO YE. Theaflavin inhibits Ips-induced il-6, mecp-1, and icam-1
expression in bone marrow-derived macrophages through the blockade of
NF-xB and MAPK signaling pathways [J]. Chonnam Medical Journal,
2011, 47(2): 104-110.

ZHANG L, MENG SJ, YAN B, et al. Anti-proliferative, pro-apoptotic,
anti-migrative and tumor-inhibitory effects and pleiotropic mechanism of
theaflavin on B16F10 melanoma cells [J]. OncoTargets and Therapy, 2021,
14: 1291-1304.

ZHAO L, MIAO Y, SHAN B, et al. Theabrownin isolated from Pu-erh tea
enhances the innate immune and anti-inflammatory effects of RAW264.7
macrophages via the TLR2/4-mediated signaling pathway [J]. Foods, 2023,
12(7): 1468.

ZHAO L, ZHAO CY, MIAO Y, et al. Theabrownin from pu-erh tea
improves DSS-induced colitis via restoring gut homeostasis and inhibiting
TLR2&4 signaling pathway [J]. Phytomedicine, 2024, 132: 155852.
DENG X, ZHANG N, WANG Q, ef al. Theabrownin of raw and ripened
pu-erh tea varies in the alleviation of HFD-induced obesity via the
regulation of gut microbiota [J]. European Journal of Nutrition, 2023,
62(5): 2177-2194.

LI HY, HUANG SY, ZHOU DD, et al. Theabrownin inhibits obesity and
non-alcoholic fatty liver disease in mice via serotonin-related signaling
pathways and gut-liver axis [J]. Journal of Advanced Research, 2023, 52:
59-72.

LU ZT, ZHENG Y, ZHENG J, et al. Theabrownin from Fu Brick tea
ameliorates high-fat induced insulin resistance, hepatic steatosis, and
inflammation in mice by altering the composition and metabolites of gut
microbiota [J]. Food & Function, 2024, 15(8): 4421-4435.

CHEN Y, XIE C, LEI YL, et al. Theabrownin from Qingzhuan tea
prevents high-fat diet-induced MASLD via
microbiota [J]. Biomedicine & Pharmacotherapy, 2024, 174: 116582.

(G kD K

regulating intestinal





