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Research progress on the antitumor effect of flavonoid derivatives
LI Xin-ping', YU Mei-xuan', KUANG Ting-rui‘, YAN Xi", LI Chun-ying”, HAO Hai-jun*

(1. College of Chemistry, Beijing Normal University, Beijing 100875, China; 2. Department of Obstetrics and Gynecology,
Peking Union Medical College Hospital, Chinese Academy of Medical Sciences, Beijing 100730, China; 3. Department
of Organic Chemistry, College of Science, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: Malignant tumors seriously endanger human life and health, and their treatment has always been a
research focus of scientists all over the world. Natural flavonoids and their derivatives have a variety of biological
activities, especially regarding antitumor growth, with unique biological activities. They can interfere with the
growth cycle of tumor cells, change the mitochondrial membrane potential, promote apoptosis, and can reduce the
immune escape of tumor cells and prevent tumor metastasis by improving human immunity. In the human body,
they regulate the biological signal transduction, leading to the up-regulation of pro-apoptotic protein expression.
They inhibit the growth of solid tumors by regulating the growth of vascular epithelial cells and blocking the forma-
tion of blood vessels in tumor tissue. Recent studies have shown that these compounds can play an important role
in the treatment of various human tumors and are expected to be developed into new antitumor drugs. This review
summarizes the recent research results on the antitumor mechanism of flavonoids and their ability to inhibit tumor
growth.

Key words: flavonoid; cancer; antitumor; plant; mechanism

M R o N R A A R R BN, 2015 A R P AR U A R TR, 7R 172N E Ko
JEE A 9L 2K 70 % LU N HE A 28 — BB — KIEH,

Wik H 39: 2020-08-07; & [H1 H 111: 2020-08-24.

B4 H: EZxFRHYLERDE (20142x09507007-003). FETRRE A A BRTE 21 28 [ B ALSEIN B RERF=4)
*JE I AEH Tel: 86-10-58806200, E-mail: yanxi@bnu.edu.cn; VE RN RARZ I, 2 HEah 3 [ 22 25 2 & e i) 3 220 i
Tel: 86-10-69155657, E-mail: LiChunYing@pumch.cn; %Bﬁ'm, 7"3& @%#’Eﬁ %%% T FHRl ﬁ@ﬁ]%’éﬂﬁé\

Tel: 86-10-64453822, E-mail: hjhao@mail.buct.edu
DOI: 10.16438/j.0513-4870.2020-1296 MAE AR TR IEA DI, R —RRARZMUEY, A



© 914 - 24254 Acta Pharmaceutica Sinica 2021, 56(4): 913 -923

s K 1R, BB EY) AR T %K%
FLYG R, R AR IS, TR A R 0 A A
oy, BRI Tz AR BN 25 AR O, A
FEPTAALLO PR PR OB U R PR e
DL 5 i O XL R PO 88 2 T TR L 922 38 93 AR
HEARA S YL R AT R 1 T R s B
TN RUF AT (R 1) MEEHEBRIEERAEY)
1 B M98 AR5 LA K B A 98 A P BIL AR 6 AT U A 5 46
G AR SRR AR & Fr i Bl

Figure 1 The parent nucleus structure of flavonoids
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Table 1 Flavonoids used in clinical trials. CDKs: Cyclin-dependent kinases; TOP2: Topoisomerase |1

Drug Mechanism

Registration mark (testing institution)

Development phase

Treatment
(status)

Flavopiridol CDKs inhibitor ~ NCT0023894 (Novartis)

NCT00016939 (Southwest Oncology Group)
NCT00003256 (National Cancer Institute, NCI) Phase I completed
NCT00006245 (Memorial Sloan Kettering

Cancer Center)

P276-00 CDKs inhibitor ~ NCT01903018 (Piramal Enterprises Limited,
PEL)
NCT00898287 (PEL)
Wogonin CDK4 and cyclin  CTR20171665
D1 inhibitor (Yiyang Central Hospital)
Genistein Estrogen receptor NCT00290758 (NCI)

NCTO00099008 (UNC Lineberger Comprehen-

sive Cancer Center)

NCT01325311 (NCI)
Silibin-Phyto-  Unidentified
some
Silymarin Unidentified
Sciences)
NCT00363805 (Sherry Chow)
NCT00516243 (NCI)
NCT00459407 (NCI)
NCT00666562 (NCI)
NCT02075112 (Emory University)

Polyphenon E  Unidentified

Soy isoflavone Unidentified

NCT00487721 (University of Colorado, Denver) Phase II completed

NCTO01829178 (Tehran University of Medical

Endometrial cancer
Kidney cancer
Prostate cancer
Esophageal cancer

Phase IT completed
Phase II completed

Phase II completed

Radiation induced mucositis in head
and neck cancers

Pancreatic cancer

Liver cancer and gastric cancer

Phase 1I completed

Phase I/11 completed
Phase I completed

Breast cancer
Breast cancer and endometrial cancer

Phase 1I completed
Phase I completed

Prostate cancer
Prostate cancer

Phase 1I completed

Phase II/IIT completed Upper G1 cancer

Phase Il completed
Phase I completed
Phase I completed
Phase IT completed
Phase I completed

Lung cancer prevention
Breast cancer

Prostate cancer
Bladder cancer

Head and neck cancers
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Figure 2 Summary of antitumor mechanism of flavonoids. Flavonoids play an antitumor role through the above four mechanisms of

action, including directly acting on tumor cells, inhibiting cell proliferation, and promoting cell apoptosis; acting on vascular endothelial

growth factor (VEGF), regulating angiogenesis in tumor tissue, and thus inhibiting tumor growth; acting on immune cells or organs to

improve the body's immunity; acting on the signaling pathway, regulating tumor cell growth, and interfering with protein expression in

tumor cells. ERK: Extracellular signal-related kinase; JNK: c-Jun N-terminal kinase; NF-xB: Nuclear factor kappa-light-chain-enhancer of

activated B cells
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Table 2 Advances in preclinical studies of antitumor effects of compounds chrysin, quercetin, hypericin, formononetin, and calycosin-7-

O-glucoside in vitro and in vivo. ALP: Alkaline phosphatase; GGT: y -Glutamyl transpeptadase; AFU: « -L-Fucosidase; Bcl-2: B-cell

lymphoma-2
Compound In vitro study In vivo study

Chrysin Human gastric cancer MGC-803 cells: cell cycle arrest in GO/G1 S180 tumor-bearing mice: a positive correlation between tumor
phase; down-regulated expression of Bcl-2; up-regulated expres- inhibition and drug concentration; no damage to mouse
sion of Bax. Breast cancer cell T47D: reduce local recurrence immunity; promote hematopoietic function

Quercetin Human liver cancer cells H22: scavenging of reactive oxygen; Mice inoculated with H22 liver cancer cells: tumor mass reduc-
inhibition of cell damage caused by peroxidation tion; decrease ALP, GGT, and AFU expression; protect liver

function; has antioxidant ability; longer survival time
Hypericin Human liver cancer cell line SMMC7721 and osteosarcoma cell ~ Myocardial ischemia-reperfusion injury in rats: improve the

Formononetin

Calycosin-7-
O-glucoside

line U20S; the inhibitory activity is strong. Human lung cancer
cell line H460: up-regulated expression of Bax; down-regulated
expression of Bcl-2; activated caspase-3

Prostate cancer cell PC-3: cell cycle arrest in G1 phase; act on
the MAPK signaling pathway. Osteogenic sarcoma: inhibit
U20S cell proliferation

Hepatocellular carcinoma cell line BEL-7402: cell cycle arrest
in GO/G1 phase. Human cervical cancer HeLa cells: increase
the activity of caspase-3; down-regulated expression of Bcl-2;

pathological morphology of myocardium; reduce apoptosis of
cardiomyocytes

Rat model of in situ brain glioma: inhibit tumor growth; human
gastric cancer cell MKN-45 tumor-bearing nude mouse mode:
activate the MAPK signaling pathway; human prostate cancer
cell PC-3 tumor-bearing nude mouse mode: down-regulated
protein levels of cyclin D1 and CDK4

C57BL/6 Lewis lung cancer model in mice: inhibit tumor
volume growth; increase thymic and splenic index. Zebrafish:
inhibition of vascular growth

up-regulated expression of Bax

Aoy e85 BB A Sl R, RSB A R R T A A%
KAERBAEN, A REL T AP-115 5@ B K 7%
KRG F R AR IV, X A 3R 0 45 R BEAT A2 1
AT RENE i, LR TR 1 I AT IR R, P52 =
B S A AL G M P I8 25 Wt S i 3K e

Figure 3  Structure of chrysin
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%5 FREPE 975 K562 4 I8 1, 3 A] LA i 28 kL
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JHT-DNARIE R, SEUZ AT, Pan ZB495) Fl g
e 7 S 77 L 2% Bl ] 2% 1 4% 3% - S 20 - A v I
TORL T K5 = B R PRI AE A . Chen 59 H A
W F R SOE N BRI A BOT LAY, LE— AN ERA R
SRR AR AT, A BT AR, Hht
FHT- e 40 i 186 5 2= 2040 1) 4 FE - (half maximal inhibitory
concentration, 1Cs,) 4 14.8 umol-L, #HEL A & (IC,,
N 75.0 umol-LY) A Fr i i . Sara 25500k 1) /> 7L iR
I REME K, HE T EHRRMARIL BRI RS
22 9N KA YA B 2 T47D LR 41 B 1 4 4
PO RIE I, 45 SRR W], 2 B RGN R LT YEAE AR SR XS i
Je 210 B A R R A ) B AT SRRSO

2.2 HBREEERAEELEYD

221 HEREE HHEHEARHEREHER
T, R —Fh 2 AR A, K TR (3~5)x10° m
FIAR TR JRE DRIy Ll B ) 2 b, ‘e & St B2 2% (quercetin,
Bl 4) Je AT AR sl R, otk i, IR E
B EA B DU PR AR SR E BT, PR T
HHE R H P, Cui 50805 H & pR B 5 it
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B RO 2 2R Pt S8 A PR R ) sz e, 25 SR B H 5 8 HE
BB 1] 2 BRI a-L- 45 R S E S (a-L-fucosidase,
AFU) 8 P 8 B2 i (alkaline phosphatase, ALP) F14 &
Pk %% ik B (y-glutamyl transpeptadase, GGT) &5 T & 2
Wi s B R IE, A RRPTEARE ST, IF T e/ R
HEAE BT (], 2 B AR E

OH O

Figure 4  Structure of quercetin in Saxifraga tangutica Engl.

iR B R R AR JR S B R R AR A N B R R R,
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A% A YA 7T 4P T P37 12 35 o3k T 1P SRR BRI 2 4
R EE, ) I 5 oL S A i S5 AR L AR, S BT e 24
AR . £ Eprd, B RE AT EY A
A VR A UM ORI 1, FAE LSS 52 s LA BT L e
RPN
222 SRtk SheathlE T eabsEmEy,
T A2 R 9 A AR AN B = AT AE K,
Forb B R 2 B B A B AR L il SRy DL e 22 B
(hypericin, [&]5) Y B A7 — % RO HUMR I RT3 4 &
22 Bk IR AR oy B 7 e B ATV 2 LA, Bl B
DU TH 28 DU FE DU 8 200 B 304 T L B RS8R S A
BEE, 37T F IR 7 HIAE « 28 R R S5 0 0,

5 Ji <z 2 B v B 4 SREEBCRI Tk R ¥ 1 A 7 7
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Figure 5 Structure of hypericin
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U20S A i H, 1Cs 18 43 %1 4 10.1 F110.6 umol-L*,
LSS 52k IR, 5 iR 4 22 Bk N\ it HA60 41 A (1) 34 5
B ), Fon] i 52w Bax FFEAIC Bel-2 R ik
W caspase-3 BA1%5 5 HA60 4 i (1) 4 1 .

X 5 B 4x 22 B I B S0 AN B JR) PR T HG 2 R A X
W, ¥ H S KA YA IR S I i 2 B O 4
1, Li SEESA I 5 iR 4 22 Bk 5 4 U BC AT K R O LR
I F v E 5495 (myocardial ischemia reperfusion injury,
MIRI) HA7 G4 4E A, rid i b i A ok B0 UL Bel-2
R IA AR I Bax £ 1 302 B 2 o5 455 ALK B0 UL
JRERIEAS, WD O LA B T2 o Wang® & Bl 2R M- 8
JIH 55 5 i 4 22 Bk BCATL S 2 B mT 400 AS49 24 fid 3
B, HARMR e E 5 5 iR 4 22 Mk 2:1 AR 4 40 i 4 FH
o, A B {2 I M Fas. FasL . caspase-8. caspase-3. Bax.
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Figure 6 Structure of formononetin



PR SO RATE YR 1 P WF 7k - 919 -

U A4 2 0 11 B BE B 90 oK 3 N 22 BE R AN KA, %o
FNBEAT 3245 5250, 45 R Bon, 2324 5 1) FN X i3 41
Ji B A B A 4 A OO, Leil™ 48 7k T USP5 2 (A X}
Slug 1) 27z F A S FCAE e T e A R PR,
T AL 2 AR H0 1a) USPS - #0il 5 2272 F AL Slug 11 #7
il IR 4H i EMT . Ren 280205 LE= 46 3 BT AT AEY)
AL S PR AT R T . Fu SRR BT AR AE R AR
R IR ER AT AE P nT 40 PC-3 10 41 AR 4l i A &, 18
R AE T MAPK {5 5 3 i FH 7 40 it £ G 3977 410 o Fe
Ak

Liu S 000 PR 18 22175 5 e Rg 248 e 0 2 | BELYT 48 i
o ZLE I R R 2RI, DL R R R £ 2T 2
PESETT T 1 e o TERTE R AE BT, DL Lt
A R G0 WA PR 2 G AN A R G0 I R T, SR
T AR B A s TS, Liule) s BB A A 2 R
Je A IR LR 7547 ) A6 280 40 T A A6 38 AT k) KR
JE S i o 22 o 6 e 4 M ) A K .- Dong FEUTR B
WAL 5% 2 T #0620 i MKN-45 389 51, ML 5
O 20 L N MAPK {5 5 % 3 3 1 75 5 400 M O T2 7
Ko Zhaol8H g I PR A6 B 20 BR BR A P9 7% e 89 1)
JA B R, JAE A AT e 4 B A cycelin D1 AN
CDKA4/I mRNAFIEE H /KT N A K. HUl R B4R
169 2% ] S5 35 Pk B R U20S 4i i 3 5, HLn] i
H T, W] gL E R F ik Bax & K4 Bel-2 Il miR-375
[RIK LI .
232 HE HEPMBET . EEMZHESELEAR
BT Z 2 H 8, &8 5 5 i # %) B 5 (calycosin-7-
O-glucoside, ¥ 7) #& M H 25 3% B I T 15 AR TR 3R L,
e HA T Z 2 ENE YR SR Ry, & T S R 2R A
Ve BANVIRE 0 PR A A B, 5 T R A e
PR T2, 3 RE A I 3 SR AL A4 G 9% 70 RARBUBUL TT 1 55 B
PER, $2 B3 AE A7 B0, Yang SR I, B H &
AR S DR 2P R SR R R AR
D.EBH . =R G B E I C R ELME
RS, BEAT 2K SEATL A4 200 B H 5 AR S 2 D e, n
58 T R 240 L 4D A5 R A KA A B, AT S 2 R
YT

TR A R B S IT A A R B, 1T

Figure 7 Structure of calycosin-7-O-glucoside

DA = b MR 245 9 ()97 &%, (RIS sl 2D Ak T 9 RCRE o B
FORI, NS BRI 2 1] | i) R S S i F A 41
1) e I8 4 i (X2 R 200 9 T R T e A A
S, PA K i N AR G2 e T B AR D RIRE, 3X P S
] LA IE Tk 5 e Je g A K PR B PR S SR A o R AR G, A4
LT RGBT 25 2 ) 22 B 2 B TR R S5
AR I B R 0% 30 3k T 9 248 i ) L 2 e 1 B i
PR T FH SR A0 i) Jir g 2 K189, L3 e e ek v R
R85 R ML W 40 PR T 200 i 1 e % 493 3 e ok i
RIERG . B AU AT R4 B 7, MR AT AL
SRS b e e ¥ AT — € W7 A Zhang S5 B40KE 3%
5 2 A A ) B B T A B 2R AT R B S R, B
FEAEHE LA S % D RE 7 T G R 8% . Yang S5 °14y
T C57BL/6 /)N R Lewis filif& #48Y , R F VisualSonics-
Vevo2100 /)34 4 F & A0 68 VAL T 36 ) 2
20 %58 Jiek e AR R ) R R, O B0 T 1 R X i
TR A W R AMRIE L, I A BT 8 /) R PR g JR R e i
TREO A B, B i R 4 4 e 8 a1
LA B Ty fe 400 A 8 /0N B R ARG UL R IR T
BUEHE o NI SFEOTN B 1 £ 55 0 56 3 R 46 11 P 24
SRIU AT (ORI TR BN, B B i AR AR .

BB [F)FE A AT DU i W AE 50l i 1) 7 A
Jéi . Zhang SR 5T R I, 1 Rl uE I A s AR AL
W) H AT 4 e 40 ik BEL-7402 £ K1, 259 ik
HEZH 4 By GO/GL HA L 71 BH 2 34 I, S A4 A BH 2 932>
B S 2 T 2 B T AT G I AN 4 R A R
A2 (recombinant human cyclin-A2, CCNA2). & ¥ & B
I 5 1 S B 2 (cyclin-dependent kinase 2, CDK2) Al 4H
fitd & ¥ 25 1 B1 (mitotic-specific cyclin-B1, CCNB1) %
A KF, ¥ I8 BEL-7402 41 i J& 11 B # 75 GO/G1
M. Zhang 2B 5T T B £5 5 #E - 7-O-4-D-F 4 bl HF
(calycosin-7-O-4-D-glucoside, CG) % A ‘= #jij& Hela 41l
B A FH, B0 CG nT Jd i 14 0 caspase-3 V& 14 T i
Bel-2 &5 [ 2k I [R] B 1 1 Bax 7 12 Sk 40 il B 2509 4
M35 A S H T X RO R R BUMR A F
PL SR T & H RS
3 RESRE

AL FE LA T\ ARG PR 1R A O
YEFALE . &SR IRHE N B & AN [F) 35 i 2R A0 S 4
IR T AN R P iR o 1, T R — B 2R A A X
AN [] PR Jie 88 0,92 7 HR AN — R (R 12, 7R MR 4t A A
T HE Z A BOYRe RIEA RAER . 400 3 Z
7 1) AR LR S R AR 8 i 2R AL A W B 45 R s T A AR
A T7 T8I, T Atk B R 2 IS R T T R A
AR R R . BRI &P AT A YA v fe



920 - 24254 Acta Pharmaceutica Sinica 2021, 56(4): 913 -923

TP RS — S B (R e 2, FL AR S A P AL i A #E
RATRIERT FT LR HA A= 2 2, T3 AR A N ATt
— I LSRR .

{EESTHK: @I 1 A0, TR DL AT B N 4
i T #h T8 AR, A4S VR BN G 22 o [ 7 SO0 F 3Rl T
AEAE SR

FUZENSE: FTATIEF 2 75 W AFER 2 o R

References

[1] Hanahan D, Weinberg RA. Hallmarks of cancer: the next genera-
tion [J]. Cell, 2011, 144: 646-674.

[2] Zeng JY, Wang XS, Zhang XZ, et al. Research progress in func-
tional metal-organic frameworks for tumor therapy [J]. Acta
Chim Sin (fk%%%#4t), 2019, 77: 1156-1163.

[3] Wang N, Liu S, Yang L, et al. Interpretation on the report of
Global Cancer Statistics 2018 [J]. J Multidisciplin Cancer Manag
(MR RS IRIT LT 2% 58), 2019, 5: 87-97.

[4] LiuQH, Liu F. The present situation, problems and policy sugges-
tions of development and policy of Chinese medicine industry
[J]. Rev Econ Res (&35 7t %), 2014, 32: 39-67.

[5] Biegasiewicz KF, Gordon JS, Rodriguez DA, et al. Development
of a general approach to the synthesis of a library of isoflavonoid
derivatives [J]. Tetrahedron Lett, 2014, 55: 5210-5212.

[6] Caterina F, Antoni S, Silvia M, et al. Flavonoids and platelet
aggregation: a brief review [J]. Eur J Pharmacol, 2017, 807: 91-
101.

[7] Liu R, Zhao B, Wang DE, et al. Nitrogen-containing apigenin
analogs: preparation and biological activity [J]. Molecules, 2012,
17: 14748-14764.

[8] Zhang L, Liu P, LiL, et al. Identification and antioxidant activity
of flavonoids extracted from Xinjiang jujube (Ziziphus jujube
Mill.) leaves with ultra-high pressure extraction technology [J].
Molecules, 2018, 24: 122.

[91 Cho DY, Lee MK, Kim EA, et al. Analysis of the isoflavone
content, antioxidant activity, and SDS-PAGE of cheese analogs
produced with different proteolysis and soymilk residue contents
[J]. J Korean Soc Appl Biol Chem, 2015, 58: 501-509.

[10] Wang LL, Yang FJ, Zhao XH, et al. Effects of nitro- and amino-
group on the antioxidant activity of genistein: a theoretical study
[J]. Food Chem, 2019, 275: 339-345.

[11] Proestos C, Boziaris IS, Nychas GJE, et al. Analysis of flavo-
noids and phenolic acids in Greek aromatic plants: investigation
of their antioxidant capacity and antimicrobial activity [J]. Food
Chem, 2005, 95: 664-671.

[12] Ana GL, Eva G, Ana V, et al. Flavonoids as anti-inflammatory
agents: implications in cancer and cardiovascular disease [J].
Inflamm Res, 2009, 58: 537-552.

[13] Valsecchi AE, Franchi S, Panerai AE, et al. Genistein, a natural

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

phytoestrogen from soy, relieves neuropathic pain following
chronic constriction sciatic nerve injury in mice: anti-inflamma-
tory and antioxidant activity [J]. J Neurochem, 2008, 107: 230-
240.

Sanchez |, Gémez-Garibay F, Taboada J, et al. Antiviral effect of
flavonoids on the Dengue virus [J]. Phytother Res, 2000, 14: 89-
92.

Manikanta M, Vikas S, Pramila C, et al. A critical review on anti-
cancer mechanisms of natural flavonoid puerarin [J]. Anticancer
Agents Med Chem, 2020, 20: 678-686.

Zhu ZS. Anticancer effects of catechin flavonoid in human glioma
cells are mediated via autophagy induction, cell cycle arrest,
inhibition of cell migration and invasion and targeting MAPK/
ERK signalling pathway [J]. J BUON, 2020, 25: 1084-1090.
Christian B. Molecular and cellular basis of the anticancer
activity of the prenylated flavonoid icaritin in hepatocellular
carcinoma [J]. Chem Biol Interact, 2020, 325: 109124.

Frederik D, Nicola PB, Kevin M, et al. Associations between
habitual flavonoid intake and hospital admissions for athero-
sclerotic cardiovascular disease: a prospective cohort study [J].
Lancet Planet Health, 2019, 3: e450-e459.

Liu YJ, Xue YC. The research progress of flavonoids in plants
[J]. Chin Biotechnol (" [ 4E4) T2 2% &), 2016, 36: 81-86.

Pan GQ, Wang BC. Study on antioxidant effects on grease about
Saxifrage [J]. J Qinghai Norm Univ (Nat Sci Edit) (7 ¥ )i yE K
SR (HARRHERR)), 2007, 4: 70-72.

Ding JX, Zhang LS, Zhang L, et al. Saxifrage extract effects on
prostate cancer cell apoptosis [J]. Chin J Basic Med Tradit Chin
Med (H [ B S il 5 2 44 ), 2005, 11: 905, 907.

Chen YJ, Long XY, Pan SJ, et al. Advances in pharmacodynamic
mechanisms and SAR studies of flavonoids [J]. Chin J Exp Tradit
Med Form (7 [ S5 J7 71 5% 7% &), 2013, 19: 337-344.

Cui YD, Tang Y, Han ZR, et al. The quantitative and qualitative
alterations of GAGs induced by 5-hydroxyed nobiletin in cancer
cells [J]. J Ocean Univ China (H [B i i K 5 2% 4R), 2017, 47:
66-72.

Zhu DC, Xu LT, Kuang D, et al. Molecular mechanism of
apoptosis CEM leukemia cells of Hedyotis diffusa [J]. Chin J
Gerontol (71 [E #4222 &), 2019, 39: 3738-3740.

Duan CH. Separation and Identification of Total Flavonoids of
Polygonum Divaricatum L., A Mongolion Herb, and It's Anti-
Tumor Mechanisms (52 24 #4 X 43 238 T 240 & 90 0 3 % e
¢ 98 /5 HI WL BE 9T) [D]. Harbin: Heilongjiang University of
Chinese Medicine, 2019.

Hailiwu RNGL. Antitumor Activity and Mechanism of Alpinia
Officinarum Hance Against Stomach Cancer (7 K 3 i B & 1F
F K AL (¥ 4% 3F) [D]. Urumchi: Xinjiang Medical University,
2019.

Wang TX. Study on Isolation and Identification of Active

Ingredients from Citrus Aurantium L. var. Amara Engl. and Their



PR SR

T AE PR 1 I F 5T 3k e - 921

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Bioactivities (fRARTE A UK A 10 - B 2lifh . %o R s 1
W 7T) [D]. Guangzhou: South China University of Technology,
2018.

Wang ZY, Zhang L, Zhang Y C. Research on anti-tumor mechanism
of natural flavonoids [J]. Western J Tradit Chin Med (75 5 [
24), 2018, 31: 138-142.

Zhao X. Pharmacological Mechanism of Inhibition Angiogenesis
and Prevention and Treatment of Breast Cancer of Detoxification
Particles (I 2 UKL A1 i 1L 3 B 2= 19 Ve 2L M 10 245 B2 AL 1))
[D]. Beijing: Peking Union Medical College, 2014.

Huang HZ. Effects of Chinese Bayberry Phenolic Compounds
on Antioxidant and Anticancer (¥ 1} 254k & W40 S AL AN B
e R HLERHT 7T) [D]. Hangzhou: Zhejiang University, 2015.
Zou XN, Yan J. Advances in anti-tumor chemical constituents
and mechanisms of Hedyotis diffusa [J]. Chem Eng (ft. %% T.#2
Jifi), 2020, 34: 47-49, 56.

Li M, Zhang HY, Shao HO. Effects of total flavonoids of Hedyotis
diffusa on immunity and antioxidant capacity of cervical cancer
U14 tumor-bearing mice [J]. J Chin Med Mater (" Z§#1), 2019,
42:1417-1420.

Che HW, Yang HN, Tan XC, et al. Research progress on the tumor
cell inhibition activities of different extraction of Oldenlandia
diffusa [J]. Asia Pac Tradit Med (7K 1% 4t % 24), 2019, 15: 191-
193.

Bian WS. Advances in the analysis of anti-tumor mechanism and
application in hematological diseases of Hedyotis diffusa [J]. J
Clin Med Lit (Electron Edit) (IIfi < 25 2 SC ik # 1 2% 7)), 2019,
6:198.

Zhang XQ, Zhao TM, Liu J, et al. Advances in chemical
compounds and pharmacological effects of Dendrobii Caulis [J].
Chin Tradit Herb Drugs (41 %24), 2018, 49: 3174-3182.

Yang N, Jia XB, Zhang ZH, et al. Advance in studies on anti-
cancer activity and mechanism of flavonoids [J]. China J Chin
Mater Med (7 [ i 24 4% &), 2015, 40: 373-381.

Luo YY, Li YR, Lei ZX, et al. Antioxidation activities in vitro of
Vicenin 11 isolated from Dendrobii Officinalis Caulis and effect
on HepG2 cells [J]. Chin J Exp Tradit Med Form (HF [E 5236 J5 5
22k ), 2019, 25: 43-50.

Wang XN. The Mechanisms Research of Eupatilin Inhibiting
Proliferation of Human Esophageal Cancer Cell TEL (FF 40 %
4t £ 5 e 40 M0 TEL 3 58 1) 43 1 WL 7E) [D]. Zhengzhou:
Zhengzhou University, 2014.

Sun XR, Chen PP, Lin Y, et al. Research progress of anti-tumor
molecular target in natural flavonoids [J]. Chin J Exp Tradit Med
Form (H [E S5 75 77 % 2% &), 2017, 23: 218-228.

Hong ZD, Mo zX. 11 kinds of signal pathways in anti-tumor
mechanism of traditional Chinese medicine [J]. Chin J Exp Tradit
Med Form (H [E] SE 58 77 7% 7% ), 2018, 24: 205-218.

Zhang XP, Shao JJ, Ma DL, et al. Research on antitumor active

components and mechanisms of natural products [J]. Acta Pharm

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

Sin (242 241R), 2019, 54: 1949-1957.

Li X, Sun QG, Zhang WD. Anti-tumor natural products acting
on AP-1 signaling pathway [J]. Chin J Pharm (1 & £ 24 Tk 4%
%), 2020, 51: 305-315.

Xia 'Y, Lian S, Khoi PN, et al. Chrysin inhibits tumor promoter-
induced MMP-9 expression by blocking AP-1 via suppression of
ERK and JNK pathways in gastric cancer cells [J]. PLoS One,
2015, 10: e0124007.

Sathishkumar G, Bharti R, Jha PK, et al. Dietary flavone chrysin
(5, 7-dihydroxyflavone ChR) functionalized highly-stable metal
nanoformulations for improved anticancer applications [J]. RSC
Ady, 2015, 5: 89869-89878.

Zheng H, Li S, Pu YJ, et al. Nanoparticles generated by PEG-
chrysin conjugates for efficient anticancer drug delivery [J]. Eur
J Pharm Biopharm, 2014, 87: 454-460.

Sudhan D, Manupati K, Minarul 1, et al. In silico design, synthesis
and activity of potential drug-like chrysin scaffold-derived selec-
tive EGFR inhibitors as anticancer agents [J]. Comput Biol
Chem, 2019, 83: 107156.

Zhang WH, Chen S, Liu XL, etal. Design, synthesis and evaluation
of structurally diverse chrysin-chromene-spirooxindole hybrids
as anticancer agents [J]. Bioorg Med Chem, 2019, 27: 115109.
Shipra Y, Jai DS. Synthesis and preliminary biological evaluation
for the anticancer activity of organochalcogen (S/Se) tethered
chrysin based organometallic Ru'" (55-p-cymene) complexes [J].
J Biomol Struct Dyn, 2019, 37: 3337-3353.

Baidya D, Kushwaha J, Mahadik K, et al. Chrysin loaded folate
conjugated PF127-F68 mixed micelles with enhanced oral
bioavailability and anticancer activity against human breast
cancer cells [J]. Drug Dev Ind Pharm, 2019, 45: 852-860.

Li Y. Design, Synthesis and Anticancer Activity of Agents Based
on Flavonoids Molecular Skeleton (3 T~ & il 1 22 ) 2 3% BR 117
RN A A B PR W 1 F 9T) [D]. Hengyang: University of
South China, 2019.

Wang JN, Li X, Peng BY, et al. Chrysin combined with cisplatin
regulates the apoptosis of HepG2 through JNK phosphorylation
[9]. Lishizhen Med Mater Med Res (I} 2 [# = [F 24), 2019, 30:
T775-778.

Liu YM, Li Y, Xiao J, et al. Design, synthesis, and preliminary
biological evaluation of chrysin amino acid derivatives that induce
apoptosis and suppress cell migration [J]. J Asian Nat Prod Res,
2020, 22: 547-561.

Wang HJ, Zhou YY, Liu XL, et al. Regioselective synthesis and
evaluation of 2-amino 3-cyano chromene-chrysin hybrids as
potential anticancer agents [J]. Bioorg Med Chem Lett, 2020, 30:
127087.

Pan YJ, Xu PY, Chen BQ, et al. Supercritical antisolvent process-
assisted fabrication of chrysin-polyvinylpyrrolidone sub-micropar-
ticles for improved anticancer efficiency [J]. J Supercrit Fluid,
2020, 162: 104847.



922

24254 Acta Pharmaceutica Sinica 2021, 56(4): 913 -923

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

Chen N, Wang R, Lu LJ, et al. Synthesis of chrysin derivatives
and screening of antitumor activity [J]. J Asian Nat Prod Res,
2020, 22: 444-451.

Sara R, Maryam M, Samira M, et al. Synergistic anticancer effects
of electrospun nanofiber-mediated codelivery of curcumin and
chrysin: possible application in prevention of breast cancer local
recurrence [J]. J Drug Deliv Sci Tech, 2020, 55: 101402.

Zhuo MDZ, Xiu CJ. The quality standard research of Saxifraga
tangutica Engl . [J]. Chin J Ethnomed Ethnopharm (1 & [ % 5=
2444 78), 2015, 21: 51-52.

Cui W, Zeng QY. Antitumor effect of flavornoids from Saxifraga
tangutica Engl. on H22 hepatoma mice [J]. Chin Vet Sci (# [E ¥
[E L), 2020, 50: 262-268.

Lv M, Li XY, Ye F, et al. Research progress on pharmacological
research of Hypericum attenuatum [J]. Drug Evaluat Res (%45 %)
PEN I 7T), 2019, 42: 2119-2124,

Zhao YJ, Zhou Y, Wang JX, et al. Identification of pharmacognosy
of Hypericum attenuatum Choisy. and Hypericum ascyrom L.
[3]. Chin Arch Tradit Chin Med (' £ 7 [2£ 25 2% 1)), 2019, 37:
187-191.

Liu YY, Xue Y, Zhang XF, et al. The response surface method
optimization Hypericum attenuatum extraction technology of
flavone reflux method [J]. Heilongjiang Anim Sci Vet Med (22 )&
T & s [£), 2017, 06: 164-166, 284.

Jin DX, Luo XG, Zhang KQ, et al. Ultrasonic extraction of total
flavonoids from Hypericum attenuatum Choisy and its antioxi-
dant activities [J]. J Tianjin Univ Sci Tech (R E R K 24 4R),
2017, 32: 10-16.

Li DY, Du G, Gong XP, et al. Hyperattenins L and M, two new
polyprenylated acylphloroglucinols with adamantyl and homoa-
damantyl core structures from Hypericum attenuatum [J]. Fitote-
rapia, 2018, 125: 130-134.

Zhou ZB, Zhang YM, Luo JG, et al. Cytotoxic polycyclic poly-
prenylated acylphloroglucinol derivatives and xanthones from
Hypericum attenuatum [J]. Phytochem Lett, 2016, 15: 215-219.
Li QW. Study on the Effect and Mechanism of Hypericum Perfo-
ratum on Human Lung Cancer Cell Line H460 (12 it 4> 22 Bk Xof A
Jili e H460 £ A Ak F4) 52 Wi A0 4 AL EE B 78) [D]. Harbin: Hei-
longjiang University of Chinese Medicine, 2017.

LiJ, Li X, Wang L, et al. Experimental study on protective effect
and related mechanisms of Hypericum Attenuatum Choisy and
Angelica sinensis in MIRI rats [J]. Liaoning J Tradit Chin Med
(LB &), 2019, 46: 849-852.

Wang CX. Study on the Effect and Mechanism of the Compati-
bility of the Gentianella Acuta and the Hypericum Attenuatum
Choisy on Human Lung Cancer A549 Cells (43 M 2 1H 5 & Ik
G 22 B BT A% N T 95 ABA9 4 i 52 ) A LA B (4 F 9%)
[D]. Harbin: Heilongjiang University of Chinese Medicine, 2017.
Wang RY, Ye Y. Research progress of formononetin for antican-
cer drug development [J]. Cancer Res Prev Treat (Jit 8 [ & F

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

5t), 2019, 46: 183-187.

Liu XH, Huang ZX, Xu DQ, et al. Preparation and cytotoxicity
of hydroxypropyl- g -cyclodextrin functionalized multiwalled
carbon nanotubes loaded with formononetin [J]. J Funct Mater
(Thieht kL), 2018, 49: 1071-1077, 1082.

Liu XH. Construction of Cyclodextrin Functionalized Carbon
Nanotubes as Drug Delivery System and Preliminary Inquiry
into Their Anti-Tumor Effect GRBIR ShBEAL IR G K T 45 24 R 58
A ) 3 R L0 R /6 L B9 90 25 48 ) [D]. Zhongshan: Guang-
dong Pharmaceutical University, 2018.

Lei YY. Study on the Antitumor Effect of Formononetin
Targeting USP5 Protein (4 4£ & 2 .17 USP5 &5 [ (1 47t b 8
£ F A 9T) [D]. Tianjin: Nankai University, 2018.

Ren J, Xu HJ, Cheng H, et al. Synthesis and antitumor activity of
formononetin nitrogen mustard derivatives [J]. Eur J Med Chem,
2012, 54: 175-187.

FuDJ, Zhang L, SongJ, etal. Design and synthesis of formononetin-
dithiocarbamate hybrids that inhibit growth and migration of PC-3
cells via MAPK/Wnt signaling pathways [J]. Eur J Med Chem,
2017, 127: 87-99.

Liu LN, Li SM, Wu D, et al. Advances in study on antitumor
effect of formononetin [J]. Heilongjiang Med J (5 7 7L [ ),
2017, 30: 953-956.

Qi CL, Li LB, Lin L, et al. Advances in study on a variety of
malignant tumor of formononetin [J]. Shandong Med J (1l 75 £
#4), 2017, 57: 107-109.

Liu CQ. Study on the Active Ingredients of Jiuwei Tonggiao
Decoction on Brain Neuroglial Tumor by Cell Membrane Chro-
matography (41 g 5% ¢ i y2: BF 78 U W 38 75 32 0 40 4 0 R
[1)2808 1%43) [D]. Nanjing: Nanjing Medical University, 2017.
Dong CC, Zhong L, Zhang GY, et al. Inhibitory effect and
mechanism of formononetin on nude mouse model bearing
human gastric cancer cells MKN-45 [J]. Chongging Med J (& B¢
[%%), 2016, 45: 4482-4483, 4486.

Zhao XG. The Effect of Formononein on the Proliferation of
Human Prostate Carcinoma PC- 3 Cells and Its Mechanism 1/
16 3 20 BT 41 Bt PC-3 4 i 14 581D 5 i e G AR ALl 1
1) [D]. Guilin: Guilin Medical University, 2016.

Hu W. The Role of Formononetin on Tumor Growth in the
Human Osteosarcoma and the Study of Its Mechanism (%1% 1£
SER R PR G G R O b AR R L B S 36 9E) [D].
Nanning: Guangxi Medical University, 2016.

Li LL, Huang JZ. Advances in pharmacological studies of
calycosin-7-0-p-D-glucoside [J]. J Hainan Med Univ (7 /4 £ %
B 244i%), 2020, 26: 156-160.

Yang LQ. Pharmacological effect analysis and clinical applica-
tion evaluation of Chinese medicine Astragalus [J]. Chin J
Conval Med (+ [EJ7 77 %), 2019, 28: 660-662.

Mo ZQ, Jing N, Chen XJ, et al. Anti-tumor mechanism of
Kang'ai injection based on network pharmacology [J]. J Chin



PR SO RATE YR 1 P WF 7k

923

[83]

[84]

[85]

Med Mater (1 2544), 2019, 42: 2385-2393.

Li SS, Sun 'Y, Huang J, et al. Anti-tumor effects and mechanisms
of Astragalus membranaceus (AM) and its specific immunopo-
tentiation: status and prospect [J]. J Ethnopharmacol, 2020, 258:
112797.

Zhang Q, Li J, Zhang Q, et al. A comparative study on anti-
cancer effects of Astragalus membranaceus, Sophora flavescens
and Gleditsia sinensis [J]. Inf Tradit Chin Med (' E& 4 {5 &),
2020, 37: 48-54.

Yang B, Yu GH, Li MY, et al. Mechanism of flavonoid compo-
nents in Astragali Radix in inhibiting tumor growth and immuno-
regulation in C57BL/6 tumor bearing mice based on "invigorating
Qi for consolidation of exterior" [J]. China J Chin Mater Med (1

[86]

[87]

(88]

[ A 24524 %), 2019, 44: 5184-5190.

Ni L, Liang WJ, Zhang WT, et al. Screening of tonic Chinese
herbs with anti-angiogenic activity based on zebrafish model [J].
Cent South Pharm (*'Fg£4%%), 2020, 18: 422-426.

Zhang DQ. A Study of Total Flavonoids of Astragalus and It's
Constituents on Inhibiting Effects and Mechanisms for Carcinoma
Cells (35 T i 35 T A Vi P8 Bl 2 %o it 96 240 o 1) 40 o 4 FH S5 0L
i 5¢) [D]. Beijing: China PLA General Hospital Military
Postgrad Medical College, 2010.

Zhang DM. Effects of calycosin-7-O- g -D-glucoside on cell
apoptosis in cervical cancer HelLa cells and expression of Bcl-2/
Bax [J]. Chin Tradit Herb Drugs (' % %), 2015, 46: 1498-
1502.



