Hans Journal of Medicinal Chemistry Z5#){k2%, 2024, 12(1), 68-76 Hans X
Published Online February 2024 in Hans. https://www.hanspub.org/journal/hjmce
https://doi.org/10.12677/hjmce.2024.121009

KIRTEME R 3 FL R ERY
ToRitt &

HNE, AR

SR R R 2 KRR B, SR SRR
2N N EEFERERL, St iR

Whs H R 20244F1H11H; FHBEM: 20244F1H24H; kA HM: 20244F2H28H

H E

R EEK, FLARRE (Breast Cancer, BORRFE RARERIENHIRL —, HERLHILTHE —RERH.
FLARRERT LAY B4 LGRS , BT LR RTE K 748 . REF TS S WHANG T iE#,
BT ALST, (ERRREEAEN . BN ARARTETRAE HE, BRI RR . XTIE
FALRERNE, REFEMAENERE R, UBETHARNRENTEHRILREERERA L/
FRMERB. Fit, R\EIFFREARERIAERFEGTEY. £THTETARENGYS, K
REDEYRTEN S M E R MR RERE . XEYFRBRTARKMERG, WEER. 28K, ¥
FAEYIBRE . CALEA F R X PR 4 54T 4 P S B AR B B PRI A, SRR SNIRAE AN Y
FEHAT@R. EAERAMMEEER. kb EMTERIB UL E RN RRBIER . KR
i) H B R BELERA TUMETE KRR VS AL & Yoxs 2LBE HO/E FIMLED, DR RARIE YR a2 DAL R Y
It R O FH 3R B SR AR 9

XA
LR, RIREERSS, BHICERE

Research Progress of Natural Active
Ingredients against Breast Cancer

Xiaojuan Ran?, Xiangdi Yu?*

'School of Basic Medical Sciences, Guizhou University of Traditional Chinese Medicine, Guiyang Guizhou
2Department of Anesthesiology, Guizhou Provincial People’s Hospital, Guiyang Guizhou

Received: Jan. 11", 2024; accepted: Jan. 24", 2024; published: Feb. 28", 2024

B IHIERH .

SCEF|IF: fNME, RAHL RRTE R PUILIRE KBTS D] 259, 2024, 12(1): 68-76.
DOI: 10.12677/hjmce.2024.121009


https://www.hanspub.org/journal/hjmce
https://doi.org/10.12677/hjmce.2024.121009
https://doi.org/10.12677/hjmce.2024.121009
https://www.hanspub.org/

FNE, RARM

Abstract

Globally, breast cancer (BC) is one of the most common and recurrent diseases and the second
leading cause of death among women. Breast cancer not only takes a physical toll on women, but
also places a heavy emotional and financial burden. Despite the availability of preventive, diag-
nostic and therapeutic options, such as radiotherapy and chemotherapy, the incidence is increas-
ing every year. Currently applied chemotherapies still have problems such as heterogeneity of
cancer cells, severe toxicity to normal tissues, rapid development of drug resistance and disease
recurrence, as well as aggregation of cancer stem cells and inability to prevent progression to in-
vasive/metastatic stages. Therefore, there is a need to develop novel therapeutic agents that tar-
get different subtypes of breast cancer. Among the drugs available for the treatment of breast
cancer, natural products such as plant-derived compounds show anti-breast cancer properties.
These substances belong to different chemical classes such as flavonoids, saponins, terpenoids
and alkaloids. They exert cytotoxic activity against breast cancer cells ex vivo and in vivo through
different mechanisms, including inhibition of exogenous and endogenous apoptotic pathways, ob-
struction of the cell cycle and activation of autophagy. In addition, they exhibit anti-angiogenic and
inhibitory effects on invasion. The aim of this review is to organize the mechanisms of action of
natural bioactive compounds with antitumor activity against breast cancer and to provide a scien-
tific basis for the clinical application of natural active ingredients against breast cancer.
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1. FLERE

% 2023 4F, FL M (Breast cancer, BC) 3/ 2 P & 0 6 fi e IR hE SR Y[ 1] & B SR R BT i 1)
H . BC ARNEAARE MR 2R (ER). IR ZA(PR). ANRLAEKK 324K 2 (HER2)H Ki67 PUFh
TR E RS IAT 43 2K[2]. R IIRIT AR BEE TR, BUT W7 RIBITIES. BT
STAPIMIRIVER . FARRJGERE RO BB 55 52 87 11X e yR T 77 s B A Sk B R SR SRR 1) B Ao e 77
()5 SRIEAESE N3] FEIX PR B 224, BEAG HANEE 12 1 FH 23 e VI aa SR, R SR =0 PR B4
H. VIR, B SR 2SR DL HORORR (0 O A ok 2 1 T LR IR T . BT R B I
HIFLIRE AT, B SEFLIR R AR T, B 5 L e 4 M ) B BEL S5k B R FE B AL VR

2. FEEE

WSS — R AER Y Z B, B 15 MRIVEAE L, ROy C6-C3-C6, HIPIN 3 (C6)
AN = (CI)IE T AR [4]. A Z AP HATEE, BFEHTR[5]. &FiKMA[6]. HURE7]. DUBEIRAN[8].
ZARY[9] ANPUIMAL[10]55 . BEEASRAL S iE 19 5 P A (ROS)TH BR BRIk 2 5 A YR A . 55
AP TORT EE L S A G AR 2R [11]. AT -«xB (NF-xB)2 —Fh B 4ifks A vE sk A 1, 21
HEARMIAETE . SRR T DA A AR AR . R A AL A R DS B T IR 1 [12] [13]. A
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(1) NF-xB A L bRz (8] A (EMT) L SRR 1 R (R g 4 ek 2 S5 bR, AT 3 350
1 e ok o B L 1 e A A B (B AE I . RIS SE) B R [9]. DR T ER IS SR A S TE LR P A
FA B F AR DG 4y 7ML, Song [14]155 K LV 2F 28 1 (— FR s B B 1) i@ ik ROS /i 1 4% biL 1 i 45 F
SIRT6/NF-kB/EMT &2 5B T RIER . thoh, ©r LR E NI MRE P HEPeT -k 1 1)
FIALIK- SEINRIE 1) CDA+/CD8+T 21 (14 L 5] LA K 9/ Fifr I8 - S0t 1 4010 o) 0 e = ke 5 e g 4
PEAMHIIAEE o 75 /)N B PL e (AT 1) 248 i P P /I BRUASE 2R v Vo7 2 2 Tt 3R AL o 8 45 1 e A A 1A A
BN RZMTOR)(E 5 iE% S 5AMRIMIA M A (E 58S, HEmf o8, Ak, bR R 24401
AR TT[15]. @ o P B AR R I HH S T RE 2 FLIRAE mTOR [HA il FI[16]. — B AL RsE
(TNBC)2& B ER-/PR-/HER2-EWhr EXIH) BC A, IS PRAF 78 b il 5 f 25 [17] [18] Li [19]%5 FMi i 2%
AbEE MCF-7 ZH(TNBC i R) /5, RKILH GL MARHA, FEIEANLH] 2@ #if| PIBKIAKT/mMTOR 155
T o Ak, Fe S ) SRR 2 A A R RO 7 L 20 A R ) mTOR 38 % M 1T R F Bt L s v 1 [20]
[21] [22] [23]: [AIEF, AFFTHRTE mTOR #0HI7H SH T GRS (0% 1 FrR). Bk, SR e H s
DR W SN AR v Svist /8

Table 1. Clinical trials of mTOR inhibitors for the treatment of different breast cancers

F% 1. mTOR I3 A 677 A B 2L AR A2 A m AR it 3

%) Wk B FLIRE

Exemestane + everolimus Phase 11 (randomized trial) Advanced breast cancer (hormone-receptor-positive) [24]

Temsirolimus Phase I1 Metastatic breast cancer [25]

Tamoxifen + everolimus Phase Il (randomized trial) Metastatic breast cancer [26]

+ Vi ine + -
Plustrastuzumab_ vinorelbine Phase I11 HER2-positivebreast cancer [27]
everolimus

Trastuzumab + ridaforolimus Phase 11b Trastuzumab-refractory metastatic breast cancer (human

epidermal growth factor receptor 2-positive) [28]

Paclitaxel + trastuzumab +

- Phase 11 Advanced breast cancer (HER-2 positive) [29]
everolimus
3. BE¥K
RV 2 IR T A5 R 2R — AR PRI RESRAC &Y, S TERE B Y B AR Bt o4l
B, FREREE 2 2 =i BT 5 AR BT [30] [31]. B M iR R A R B A A EE M [32] [33]. N

TR RAFLE BC H 0 HOM 81 7F FH RIS (AL, Zhang 3412 % 91LFH Deltonin (—F M S5 rh 53155 th K 11 £
AT AL B MDA-MB-231 41 id(TNBC 4 /it 52) 3 2 Pt K A-B-3 (caspase-3)Hil caspase-8 144 . Ak FT J& %11,
JHT- I caspase-3 [13E 52X poly (ADPribose) 5% 4 i (PARP) {1241 , Deltonin LAF &L AR i 14 77 =03
PIEIH) PARP 7K1, iX 5 Deltonin i 5 ft) MDA-MB-231 40 i T-— 2 It 41, Deltonin i& T i phospo-AKT
5j phospo-ERK1/2 [15Ri5, 11 AKT 5 ERK {5 Z il i & 5N S UMM A . 773G AL T2 FH 5 1) 3 B8 2K [35]
[36]. Ak, Deltonin HJfig/&iEY7 BC [ ZA 7. Hippo {5 S i@ MM S T A/, AL, 4
HEFEANSE T LA 4 B B 5 T R e EEAE I [37]. Hippo JEEAE 2 A A\ JSmiE b K, SRR
o . Mok, ONEUE . BRI, 85 R TS HHOC[38] [39] [40]. AT, %1% BC H Hippo
TR S RBUSRR D, JEYIFERIUHT BC 16T HIBNMIG 7. Xiang [41]% & B 24 E AR 1)
—Fp AR B PSVIN IR FEAR M4 BC 4H IR PR3 58 40 S AT AR TR B PSVINL FRAIK T Yes AHOGEE
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F(YAP) I ZRIE LA, YAP & Hippo {5 Sl i ) R 1 YAP Bl EERE A LSS PSVII
FFOEE PSVIL T YAP NS EMES YAP LN 7 LATSL i MR RIS InAH oG . LATSL 1)
BaEW L2 ME A (EHF MST2. MOBL M1 LATS A £)Z 5 MST2 {BHE IR i#0E k. #Lsh, PSVII{E
Bt LATS1 5 MST2 fl MOBL1 144, HH1E BC AT EGE LATSL. 4 FXxf#En PSVII Bl
MST2-MOB1-LATS1 = e B &4 & . WORERIK I A FI 25055 R0 I o IR A [e) 8 5 MR g 1E S 13X b =
TCEEW AR SRS ZIF TR PSVII 22— g B B Hippo #ufif, 1E¥RYT BC J7 A A
BRI 7. At St EAA AR, S0 e A s TR R A SR . Bl BC BIEEHE . (228, 25 (n
T2 PUR). B, mTREFMEFEIE, DREYF A, HIUREIER . R /N ORI 3
RN FH o A T R IZ —HERR, Wang [42]55 8 1 —FMIKEE H s A e 1k U7 ik, B 95 2 1 (Dio,
J5[# i F2 ) -Chonanofibers (NFs)F1-tiH24F 1a (Ela, triterpenesaponin)-Cho 4K ki (NPs) i A 2 1 - iH [3]
BE(Cho) K54, S5 R RPUMEI (AT /AN DAL, iei sl 205 61%: RIS, ©A B E Dio
XN BRARRE SRR RIS . $LAh, S ZYIAHEL, 6% Bk S mT DLUR 2 BV AT 28 5
B, JFRK T REREE, FERORE TGOS, Oy R AR 6 16 7 SR TR S
LU T IsARIRTT

Table 2. The action way and mechanism of saponin against breast cancer

2. EEMARENIEREE RIS

EH &2 BHLAEY ML
JE 91 8H il FEAF G1 #A[43]
FO04H) L A Ak EdE HE78 TLRA/NF-x 155 M1 E WS4 M AR 1k [44]
, , _ Vb BN S, FRAK IL-6. IL-10 Al TNF-a HI33X,
T R A 1 =tE Jo \ N
AR HA S hEE L R R A 28 1 76 1 022445
PR, 2% =t {1213t E-cadherin 3Ri&, H0iil| vimentin 3R1A[46]
T 24 1 EREFH VI i MDR. P-¥# 2R [ IR IE[47]
4, 43

AP — R B AR IR TR S B EYI[48]. LA YIS E, WHUEN[49].
JH[50] PURTE[SL]ISE5E. AL, AV SR E A ETMREE (IR 3 FR). N T ARAED
BT A PIAEIER, Chen [52]56F 5T T W AR SRR A= Y melid it 0k STAT3 BuiE th A5 % MCF-7
AR TS, RGNS J7 . W ER4H AR T Western blot v 1Ak 93 i 2= 1y £ b 62515 FH 400 20 R .
W ow, IX A AE D RRAE BRI R U R A A 5, i B VR R ML S ) STAT3 B LI
VR N LA AR T, 7R R LR A M O 5 BT E A1EFH . Grabarska [53]55 M /NEE
AR A 43 B H —Fh R SR S bk AR i L S5 VT (PLT), R MCF-7 4 A4S h BB AT 55 22 52 LU AL (DOX) ik
A R e A P B RO A . S5 BRI PLT 897 LA E AR # M 5 :0 3] MCF-7 403 71 A
WBEAE); FEH PLT 8907 MCF-7 %F DOX gtk , 1t A= Wi B ¥ 70 OB BBV E T o Liu [54] 25 B
F—Fh 25 A Wi A0 (2)-3- 2. Jk-pregn-17(20)-en(1) V477 7] $3 HIF-1a/VEGF/VEGFR2 % i,
I R T AKT. mTOR. FAK FIBERRLL, FH7EAN MR K sh ) s I ae] TNBC # 8 Al i A
Fo BEAN, AWms A 2 I PR IA T RERE B i FH 24, 9 W20 A JE T B RL B A B A K e TR R LY
e R FH T VR 07 S P 9k 2980 S /I8 J L bk B2 1 LG [55] o AR A et o 43 B85 b She F e bk A= i, i P P
THRTT B T8 RN Sk 25 IR 561, 15 B AR A6 5 RAAE U L R 1 0 o DA A 21 B8 22 4 A AU 25 FH R
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FEIR ARG T FLIR R — D EZ T )

Table 3. Alkaloidal antitumor activity
= 3. EVIRE A

A S e 241 YEFBLH
AR 4 e SR G2/M 20 A BRI A T [57]
2 it e ¥ ROS/NF-KB/MMPs 38 # 51 4 i 7-[58]
S AT EY) e /N e BT NLRP3/caspase-1/GSDMD 15 5l i 15 S 4l A2 72 [59]
W5 W A= P sk PNz 5 e A LY I A 4 4 R 384 B [60]
IR AR SHIIRE JEIIIREL A Je i e ROS /K AT 5 S 4 i T2 [61]
5. fifZE

i A B R S I B TG (CsHg)n R, FF FLE AR 2 AR B AT 0 4, 4r B2, i
AESL Tl SRESMIRESR. BE R, CL3RE Tl 40,000 MR BBEEIL S, e 5]
KEEY), WS 62]. fEd %, LAt FEkiE 7 HA ST BC WML K4 & 4)[63] [64] [65] [66]
(W% 4 FioR), BT S SAG A PITE T RE T FLARE 77 T 10V . TR AN R, BT R R LA AN
BRE AEUN ., L STIREEE, TCELLM A R AIM, XL R RS T BAA mSE R,
i 9R8 40 i BE 8 330 N LI I B 25 5 47 B HAh 41436 7] [68]. 7E BC HY, 5 v A AW A% 535 18 T~ 246 0 v P e
o IR RN 22 (G R TS [69] - DRIk, st b8 L 75 26 2 0] BC 3688, sl KT sl — A &
Mg, A TH HROHA) B TE0E, £H & RME —AUTAEY, @i H RN C-10 Bkkit 5 i
A %K. Rao [701%54KiE DHA B 55 MDAMB-231 45 S AE S k. 2425 T DHA K340
ks FE IS, E R REFNH] HUVEC 4H i) 1f & 8 2F R T il Uh4h, DHA R I 4 i 4= K K1 VEGF
B 48 FEE(MMP-2)F1 MMP-9 25 (0 3RIE . X DHA 1B AB B HU e i A sk 25 3 41t 7 s i 56
fi. BC BB SBUCHNIEE, BFF @A T, EBEAERE, %% T BC HE
MR SARMGHIC[71]. HETEITHBMEIEMRIITREA R iR I, A BEF R BT
%, DUR ST RO BIVE R . Zhai [72]55 4538 27003 P IS (i YR8 R I MMP-9 28 4 #&IA /KT LA
TR EEAR S Ty XA 9 . 12- A 5 IRR IR 13- Z TR BR(PMA) 5 2 1) MDA-MB-231 41 il #8 Fii= 2%, JFiE
0] NF-xB 52443805 771 (RANK) AL 7 (RANKL) /1 5 [ AT MDA-MB-231 4l il /i 5: N FLIR S 15 5 1 1 &
K (EARN, L5 0ENERGIT G, B f] NF-xB & ERKIMAPK {554& S, S0 LR 88 (e
iEH ) A KR MDA-MB-231 FLIRSE 75 5 108 Z 2% . [A I, Rabi A1 Bishayee [73]55 & Himi 240 &4 (L
B d-ArEE0E . RORRE . AR, RGUEIR. SFEURIR. BRI, W M EAEMLR)ENANE E RS
R BT R0 B AE A 22808, DA KR TR AR 0 B 0 E e BT B R AR R o T LITURA T 96 24 AT 5

Table 4. Terpenoids with anti-breast cancer activity

* 4. ABRMILREEMRTERLEY

BC 4ijfi & 1R EH) HA
MCF-7 ANSBH VBN
MCF-7 7 L
Bcap-37. MDA-MB-231 HiFE E VUIR =i
MDA-MB-468. MDA-MB-436 AERTR HIR =0
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BEALIG AR IR, SN ALL R S 2 e (AR e . FLIRE . il o TR R 45 M g ) O DR
EAHAK[74] [75] [76]. IXRHIHE AL ST RERZIRTT BB BC A W 71 EE 2454 .

6. RE

TR, T H AT 2R R E IR T T ISR s AR, RIRMEE YIRS TR KRR RE. HAl,
VF2 WP ZG RN e R S O TR T 2RI R IR o X T3 Ak 2B 1 S BETh e . S IR
RER SELRRT I . TEE RN S B — e BT 2 I s B R RE R [77]. Ik, M E2y
TR B ARE RS AL S VTR R TE ROBT DU 25 W R S ERIR . AR 1m0, RS Hh T A SRE5 W1
RARFENESE U EY . B TRNREER AL, BUA R — e SRR . KRR 25)7
RN HA Gy P R 251, SRTERIEAE NI . XS RIRFINEAFAE LRGBS — 2R ek
MrskiE, AREEM TR, DI, 2@ R R E R B SR s A s e 1 25 7 1 454
LA ROt R R BA 5 MR T BORGS 1E 3 40 M SURTE LR e ALY . ASC g 1 — L8 E 2 R AR
WAL R S AR NS, AROR BRI PUAL IR 25900 5 s BOE 7C T DU SR VR T T T R BT
ORRET, R X4 i LR e BB ) A A7 3 R AR R RAR R
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