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Abstract: To elucidate the compositional characteristics and targeted anti-cancer molecular mechanisms of Rosa sterilis pomace
polyphenols, this study utilized UPLC-MS/MS technology for the precise identification of their phenolic profiles. By comparing the components
with those of normal Rosa roxburghii pomace polyphenols, the material basis for the antioxidant and tumor-suppressive effects of Rosa sterilis
was objectively revealed. Based on this, their antioxidant activities were analyzed using Peroxyl Radical Scavenging Capacity (PSC) and
Oxygen Radical Absorbance Capacity (ORAC) assays. Furthermore, using triple-negative breast cancer MDA-MB-231 cells as a model, their
anti-proliferative effects and molecular mechanisms were multidimensionally investigated by combining wound healing, Transwell invasion,
flow cytometry, and RT-gPCR assays. The results demonstrated that the total phenolic content of Rosa sterilis pomace (H-TP) was significantly
higher than that of normal Rosa roxburghii, and this core difference primarily stemmed from the elevation in its free phenolics (H-FP) content.
H-FP contained more abundant catechins and phenolic glycoside derivatives, exhibiting the most potent antioxidant capacity. Cellular
experiments confirmed that H-FP significantly inhibited the proliferation of MDA-MB-231 cells (with an ECs, value of 2.21 mg mL™), induced
S-phase cell cycle arrest, and promoted early cell apoptosis. Additionally, H-FP significantly suppressed the tumor cell healing rate and
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drastically decreased the number of invading cells from 170.2 to 10.2. Molecular pathway studies revealed that H-FP exerted potent anti-cancer
effects by upregulating the expression of key genes such as CHK2 and Bax, while downregulating AKT, PI3K, and CDK2, relying on the
multi-target synergistic effect of its polyphenolic components. In summary, this study clarifies the multi-pathway inhibitory capabilities of Rosa
sterilis pomace polyphenols against triple-negative breast cancer cells, providing a theoretical foundation for the high-value utilization of pomace
resources and the development of natural anti-tumor functional foods.
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Fig.1 The total phenolic and total flavonoid contents of two kinds of Rosa pomace
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Table 1 Polyphenol Differentiated Substances in Two Types of Rosa roxburghii pomace

PG Ql/Da Q3/Da H-TP P-TP ARG B 18] /min
ILEE 280.1 2451 77883909.19° 55352 438,66 464
(H)-ERFILEE 3051 125 540 905.18 10.01° 409
()-REETFIVEELRFEB: 4571 1692  6544549° 10.01° 484
A B F & FLER 271 151 627978.64° 2080 239.50° 5.97
B 301 300 2472373 3164367 11.37
WEE 301  150.8 48817364.88° 69454 199.98° 521
SR 463 300  9380981.31° 4923027.27° 5.12
MK F 3-O-MLtE 6274 303 64 090.85% 10.01° 483
MR ZE-7-O-F 4B+ 4653 3032 1064395341 22779 984.91° 5.09
E: NS EVEmRAT. AFPWRHA—BRIEHBELER. ERRRGINEFEATEALZE 25 (P<0.05). FR.

22 RFRE S BB o gL A LE

AWFFERH PSC G %k F 2T RRAE /1) 5 ORAC CRUH HIZEWRILAE 1) PRI 1A 20 I AL ANE 2 1 i)
WAMREEAGTEVERET TIE (AN 2 ). G5REEHT,  DURPREUIN PSC i 5 Hs i S5 s & & 0 B
FHIEARSE. (R4, H-FP [¥] PSC iBRRAESIRINR M, L100 P-FP ) 2 fi%; LSS Gy 7+, H-BP
R VEmS =T P-BP.

FEFE T AR THeARE (HAT) ML ORAC THMA SR, H-FP [AIFERIL Rt i ne, HamtE8uE &
Fra T HAZHERY) (H-BP. P-FP. P-BP). B4, fEMFMERZM, SRZEIH 7 RENI0ME. 4a
UPLC-MS/MS 4558, SRIZUAMUAEN 2 2 My 4ant A 2 & Fi AL, i Has et s 5 7T R E TR KRR
BTN (EGCG). JLRRFELFIEIGIEA Sy . XL R I 5 N SR T I RIBRRR S 1R AR
WAL AL, AT AR KR 2RI R L@ R AL 2R

Hk, dEly (FP) Z UM TREEUF SR LA, HOORMIENE, HEedte i, R, I~
LS SR RS R AR AEEE TR . 2, 46 (BP) HT A MmRikS s T Sy 4ikEE
KO T RN CERER b 455, AFAERER TR, SBORMER TIA R RNERZIR . 28 EINg, &
PRIBUI R s R A i 2 B L 2 Rl e 3, SERIER 1 H-FP 7E DU B rh B8 H ) ORAC Hitd bR HL.

7 2 FEMRIBLSRIE EARY PSC A ORAC SEIH 70 4
Table 2 The PSC and ORAC values of Polyphenols in Two Types of Rosa roxburghii pomace (mean+SD, n=3)
H & PSC {#/(umol equiv.vit.C/100 g DW)  ORAC/(umol TE/100 g DW)

H-FP 9 850.934369.72° 132.6742.5%
H-BP 6 981.364276.17" 110.9642.97°
P-FP 4 381.774423.58° 102.9743.18°
P-BP 4 994.344265.42° 90.2942.78"

23 WARRIZLRE % B o0 40 ML T VE 1

LR Z By MDA-MB-231 =Bt FL IR 40 I A B et e sl ievs e L] 3 536 3. 1E CCyp (AHBEAT
TGN 90%) MITCERAR VO Y, @i X DU ARSI 73 R KBRS (ECso) SO FEMEFREL (SD, fiifi R
A U T RS 2R 5y . S5, H-FP [ ECso iy 221 mg mL™, BFLTHA =842, HIL S
B, R MDA-MB-231 2 i 550 i B4k

ZEERAMUG AR S SRS AP E T PRI e S R = Y A, B ENE T s TR R B
M H-FP EE MRS 2R T 7 H A S AP S, ST H-FP fEA e AP b A
IS, AR H-FP /R RJG S T &, IRANIRIT AT X MDA-MB-231 40 (e 5 fabs S AH ¢
YERIMLH) o
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454 UPLC-MS/MS Hdlml %, H-FP dfsfhem s TRKAE TILRRK B TIRNE (EGCG). JLARE Kt
B A EnE e . A H-FP AR ANRHIEA 7y, BT LR REE TIRES (EGCG) HIHTFLIEIE TR
JUZIE, IS IMIIEN . MEME A o (ERe) VENZLIREZY TR S S0, 7E 50 i v A5 A%
CAEF . Pan ZPAGEFLE A, EGCG WIEIHEIAIET, T 1H MDA-MB-231 41firf ER036 ZAMIRIEAT, M
ELREPH TR TR . (A YRR SRS P IR RO T e S EH, TRIE T R ZMHH
SRR RIZON, PRI, AR SRR R EET H-FP X —BAZ A G, MRS, SohiAR M T
FULGI AR E T TGS Y, ARG RS HEL ) = [ U A0 MG 5 5 4 Bl AR5 5 g .
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Fig.3 The cytotoxicity and antiproliferative activity of Polyphenols in Two Types of Rosa roxburghii pomace breast cancer cell
MDA-MB-231
E: AMPAAFETRMIIGIAEN, B MPRAFE T T miee) R, AFHAmie (BEFF or TF) 7. A
B. C. D&k H-FP. H-BP. P-FP. P-BP.
% 3 FMIRIBLERIE SEAXT MDA-MB-231 £HAEAYT ECofE. CCxfEFN SI &
Table 3 The ECs, CCs and Sl values of in Two Types of Rosa roxburghii pomace on MDA-MB-231 cells (mean=SD, n=3)

#&  CCsf/(mgmL™)  ECse/(mg mL™) Sl

H-FP 2674036 2214018  12.1241.14°
H-BP 7.8940.29° 3.140.23 2.5640.27°
P-FP 30.85:.73% 5.2240.61° 5.9740.86"
P-BP  265742.59" 4.3940.49° 6.050.08"

i ARTRNINBFERTEASEEF (P<0.05).
1.4 &5 3R 8 i 5 B ot 20 e B B9 % vl

175 S 2 P ST e AR P R A H UM RE P AZ DML 2 — o TR AR B R HE B H-FP K5t
HEFE AN FOVE FIALEE, A T i Rl AR 7 b1 7 HX MDA-MB-231 41 & BH R 5 1E H .
gERELHH, H-FP B35S MDA-MB-231 4fir=4: S #AFHM (B 4) o sSeie Ml gL 3 i B 0. Rk
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JEELEL A S A AR PR/ TIREAERIR B 22 Rk, GL A G2/M A & PR T e 2H.45 B
AR N, BARITE, 4 4mgmL™ H-FP AbFEJE, GL 1k bt it I ) 53.229%8% % 40.55%, G2/M
EER NI RS, B 10.79%%i)% % 2.53%. SUL[EIN, S MM & EEMORTIEZE ) 35.99% %3 748 54.89%.

AW AR AL R ER, SHFNFEZE (H-FP) EEES T MDA-MB-231 4l S WIFHA . X455
PEILR AT RS H-FP e fE B R 0O R 3 S HE TR LR &R (W EGCG) &5 Z My 2H 2y B Wk R E R B UTAH Ok
BN H-FP FfRr sy, REFEETILAREETIREE (EGCG) [1)H BB A RS OO FE 2 R s 41 g 43 BIIESK .
0, Katta ZWE R HTI0Z5 B0 A 2 B, EGCG RENS R3 T 1 MDA-MB-231 4iffrh S H A5
BEFERIETA, 51k ™ E ) DNA EHIM (Replication stress) , MM ZHBASHELIHAE S WAFFHMHI HZ 2. 1Ak,
B EGCG [IRIREK L M RIU FIREWAT SEAEAE 24 /NI (248 MDA-MB-231 4Hf K EAR T S I3 % v -7,
FH., iR 2R AR T AL S R A A AR W AR R, R B S DNA RAMHAER (DNA & EH]
R 5 Fe T SR K A 4R R SRR b kR S SIBE.,

a Control 0.5mg/mL 1mg/mL

oo
D

o
G

100

50

Percentage of cell cycle phase (%)

Content of H-FP (mg/mL)
E 4 SRFREHFEIXIFLERE R MDA-MB-231 4AE A HARYEZND
Fig.4 Effect of Free Phenols from Rosa roxburghii Fruit pomace on the Cell Cycle of Breast Cancer MDA-MB-231 Cells
Z: (b) HEAATE N EFHEXRKEAZFHRER (P<005). THR.

1.5 4 BRI i o B Xt 20 e O T o R v
MRPE T M R B R, H-FP FE3E TS MDA-MB-231 4 & A4 B RE T, dEmmsns) L issh.
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5w, BE%& H-FP TR LGN, AR S50 T be Bl S i AR, 7393009 2.08%. 4.09%. 7.65%
F125.4%; v, Bk (4.0 mgmL™) [iE SRR RIRIKEEA (0.5 mgmL™) (16 5. iR
Kl (Kl 4a) JEMTER 7R Q4 RIR GEAIMRXD M Q3 R CFIAR T Ml B mts. FiRgRKRN,
PRI AL H-FP R RN AL DAL 22—

AT (Apoptosis) 1ENHIZED R B FMEFE TR, E4ERPYLIA NSRS AS S A e & A AT %
BAEM . H-FP RILH A9 RE T oim e, JFER e SWERZR, R REZH T H-FP R AR HIRIRZ
RSP E TR A IR SRS F o G5 A T SO MM, H-FP s s AR T R B LR R & TR (EGCG) .
JUERE P RS2 S 20 OV SCRIESE, XU /30 B 75 S am i T 10 1. Bt P2t 7
K, EGCG Hkn] 53 iR is 4 i i S S R T Ll bAh, EGCG Hi&rifEE %= At Rs
FAREVEDF AT BB RO N, R 2 R4 R FUIRE 4T 4 imshlfE . 2% LRk, EGCG
B4 H-FP IO DR 43, S8 fil A P Tl % AT 508 1] 7 MDA-MB-231 2 (1 R G B
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Fig.5 Effects of Free Phenols from Rosa roxburghii Fruit pomace on Apoptosis of MDA-MB-231 Breast Cancer Cells



MR EmBE Modern Food Science and Technology 2027, Vol.43, No.6
2.6 &R FLR & B B H 0 T R

KRB A SIS R Y], H-FP Xt MDA-MB-231 LA AN FE RS A8 1 HAT 538 PR B RO E A (&
6). WIREIR IR, H-FP 7E 24 h 5 48 h WEFT S8 6e A goahi s & idife. BRms, 4 05, 20 Ml
4.0 mg mL IR H-FP T-70 24 h J&, 4R AR BN IRZLAT 42%. 18%F1 6%; 2 48 h Itf, FIE4LM
AR N E RN 22%. 17%F1 7%. S55R90R, W, mIkER H-FP SEiL-T-5¢ S BA W A A E sl
7, RIS U ENE .

TERMRA A0, 4RARIERS (Migration) &I 2SS An NS . SeBz st UK S B 23T . I
RGN, ) 90%IMIHEAE T R T, AR RIEA S . AR AL KW, H-FP X222
ZAMEFLEE MDA-MB-231 ZH RN ERS I T 3R ZU MM ER . X — sUlRIG PR RE, IR T —
PSR B —2RE, T RTRER H-FP {EARRE A2y, KW fEis o iRt mrses
SR

WEFCIESE, WRAERR AL HE PR R (0 1 B WS L S . BB PR fe s i, SRR B3R T
MDA-MB-231 4ififi (335 BRCAL FERPIE Sl Rk aiurk) el aaess, A 7 HRE5TERICE.
SLEE, H-FP S5 — SR EGCG K KT A e BELINT FLAR Y 50 IR B L B 2 RE . Shin 25 it
FLESE, EGCG ATAEY) (W1 EGCG-3e) mlEIAGHE ISR AHICH FINFRIA, KIEFFIK MDA-MB-231 4R 1)
Fighe. Bk, xS RARTE MY AREE I E AR LA T H-FP X—E AR, A FEIER. 25 b
W, H-FP RILE L T huT B, BRI E SRR . EGCG R AMMyRA i 5@ R, I 7ERE A
AP B ] T = S AU AT PR B B S R T e

Control 0.5mg/mL 2mg/mL 4mg/mL

a
1504 =&y
100+

50+

Percentage of wound healing (%)

Content of H-FP (mg/mL)

E 6 SRIFRETFEEXTZLARERLHAR MDA-MB-231 LRRT 5 HIF2ME
Fig.6 Effects of Free Phenols from Rosa roxburghii Fruit pomace on the Migration of MDA-MB-231 Breast Cancer Cells
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2.7 R BURE i B B0 8 A R

Transwell 122855025 R, H-FP X MDA-MB-231 Ll 4 At 1 2 375 71 2 I H 5 25 ()R BEE AR st ek 4 4 FH
(B 7. sEESHTRIL, BEE H-FP TR, 2807 FE B 4 A ph ot REH 1Y 170.2 A BB IR ORIRSd
W, BFNEL IR R A U HRZEI 64%. 42%. 37%. 17%F1 8%. JUHAEEWEA (4 mgmL™D F
TF, ARrEZERe LT e aiisl. ST =MAME (TNBC) HA M mMR M K IG RS 22 1) 5,
AHFFLERIETR H-FP 7EFHWT TNBC #8220 s 3 H B AT B 2 (178 6 S AN -

MR 2E (Invasion) Btk MRg v gt AR G EARHAIE, VA0 % e 24 PR toy 22 P B P 126 38 P A e A ) AR ZH 2R )R
B AR T H-FP JRILH TR PR 28 E, Xl e 5 R R I B4R TR B T LA RE B TR (EGCG)
FREZM D FAK. IHERR, EGCG £ RN T T R 2 A (1 S+« HAERNLSI S TR
b R-E AL (EMT) i BE#UIMHG: EGCG i M A m 4l N SCUBE2 R:RIRIE, 5% b hnE) E-
PR E (E-Cadherin) B, [RIHI B BbR EVBOEEE (Vimentin) 3k, ITiE ¥ EMT RAG AL
BiE AIRHITR 512280 1252, thAh, EGCG 78 24k IR IR GEREINT LA I (4 SR B, B P (i
BRI B RS R, IR HR G AR R E P, 4 BN, H-FP il %4 EGCG S ctlin sy,
XT MDA-MB-231 4 ()= 28 RE St 1 @il o

Control 0.5mg/mL 1mg/mL

cell numbers

Content of H-FP (mg/mL)

E 7 SRIRRE TS TZLAREEZHAR MDA-MB-231 LR ZEHIF/T
Fig.7 Effects of Free Phenols from Rosa roxburghii Fruit pomace on the Invasion of MDA-MB-231 Breast Cancer Cells

2.8 &R BRI iE & Bt 20 LA AR K AR TR AR B

Y1 AR A A PP T A A R B (Cycling) 5 IS (RIS (CDKs) MIVMAA G S &
SRR TR, 2 S SR 1 SR AR TR R o5 A A b LA S PO AT FEiid RT-QPCR ASl %
B, H-FP 3% Bl 7 p53. p21 M CHK2 [k, FEAHR R 1 CHKL # Cdk2 (%R (] 8). HEMITE XM
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e, p53 5 p21 Rk E A INEZH0H] T Cyclin-CDKs &AW s [, i) Chk2 JE@E 5 Cdc25A
(BRI (e L AR, T3 Cdk2 TCikIEH BRIk, 24l Cyclin AICdk2 HAMATRIFIRAS, M5
S WIRHMEOS, HR AT, H-FP Al RS 0E ATMICHK2/p53 135 = B H 175 40 J& SIRE v .

Ak, AT R ZRE TR AR S AN, 16525 PIBK/IAKT F1 RAS/IMAPK 2542 Sl B i ™25 45 . o,
PIBK/AKT 3 6 15 fileg 2R )R 2 AT AL B 0 B UIARSG, $ 2 ieg v 2 2% PR s sig e . AW FTIEsL,
YEN H-FP {58240 5y, EGCG RENSAA R )41 MDA-MB-231 2 fif1 ) PISK F1 mTOR 155 (%} PIBK/mTOR
B Ki AT e R g B, RSB BT AT, AKT I B IE LSRR IE T 2R 1 Bad SH0HT:
HH Bel-2 8 Bel-xl i, fE/E0) Bad 5 14-3-3 SEA45 S, SEGUHT-EA Bel-2 /KA &, ik
FORT AR, DR, S B v R R R TR A KCE, FfilR Caspase S%A S A JR IR R4
TR,

SEIEEE (KB 8) HoR, TEEKSE H-FP 43841, AKT 5 PI3K HIZEE /K405 T B IEZH K 0.48 {540
0.2 fir, RIPIZIERZ R T ARFRZE HH]. S5 IEER, BV H Caspase-3/9 Mk /K73 mlBo iR 2H i T 5.56
5 9.77 5. WA, HUHT-EE Bel-2 5 Bel-xl 2EIAFREER N, MR- EEK AN . FRgsRE
B, H-FPiEd 2R ShEIER, AR05S T MBI,

a
5 15+ R 7] =w Control
g Z za 0.5mg/mL
a
g b & 2mg/mL
o 10-
< 4mg/mL
4
nE: b
2] c
5 E
[7]
2 o S

S 7 % a a . Control
8 1.0 & % N 0.5mg/mL
ol

X ) b 2mg/mL
g . b b 4mg/mL
& o5 N ¢

E b ¢ c

2 N7 A

= \ d \ ’ \ d c \ d
N \;

2 0N NZ NP Iéi NZ N7 7

I I
PI3K AKT Chk1 Cdk2 Bcl-2 Bcl-xL
HEE
& 8 SHRIFRETFEER TG EE FRIL AN
Fig.8 The effects of Free Phenols from Rosa roxburghii Fruit pomace on the expression L evels of anti-proliferation related genes

3 ZhHip

—BATERLERE (TNBC) EILHRZRVEMR. 5 R A KImAR T R ZE AL, H H AT A7 R4 i
7T FBL DMERTFURIESE T RIFARSGRB B IPUEIETE, (HE LA Y—REIRE, Fenl it
R AR T AU (K 22 By WS AE T TNBC J5 T A AN P SR 2 2T, k= 28 HVESE I B .

AWFFALRE T BHIRRT S EAAI ], @D TR EL, S RIBEEAE T RS 2 I A R AR e S Y 1 s
7 MR T ERIAL, BAT SR MRS LR Fy . DL SRR DN SCHE, AT T BN = B FL e
MDA-MB-231 4Hf MRS, 1ESE T RIBNEE 28 (H-FP) JEILH sUBRHE [ FT B FEAN . AW T RE e R
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W, H-FP RESEREAES 40N A2 035 1) S S S ELA J0m 40 A TR e, SEBIORH e 4 RS S 5 1) 22 4E R i )
A, RIYRS Transwell S2363E— B HIE 7% TNBC /K P A% 536 B AR 22 RE S ism /31 .

FES TR, H-FP R R O I AR T B — A S AISIAE T2 U T H AR 2 s s P 2 I 4H 4y
P MRIRON . LRI R, H-FP RILETEW X E S 5 T HURHiE:  —J7 S ATM/CHK2/p53 55
B, AR DNA S0 R A5 S WILRAL R ke R BE s 55— 70, i B e PIBKIAKT {5 5l ER i
B E, PHIT T AR AAE . T8 R 2B (5 T K.

L5 LR, AHTFADCRNE Y] T <RIBS 2 2 M) = I AU i) TP gs, WO RS R
THRIZERIRZ My OB B0 D RE £ it S 2 0 B SR AL 1 OB BIR S - IR, BIFE 51 I ALR 1 et “ A%
PMEIRF” 18] “rmbiMERAL” BRI IR AL TR AR, X HES) G B b X RIS L AT RS A S Al
BHUE A = RN BT S R
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