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Abstract: To investigate the material basis and mechanisms underlying the antioxidant activity of Fragaria nilgerrensis
Schlecht. fruits, water extract (FWE) and ethanol extracts (FAE) were prepared from the fruit material using reflux extrac-

tion. The total phenolic and flavonoid contents of the extracts were determined by UV-Vis spectrophotometry, and their
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chemical compositions were analyzed using liquid chromatography-tandem mass spectrometry (LC-MS/MS). The antioxi-
dant activities were evaluated through in vitro assays, and a hydrogen peroxide induced oxidative stress model in Saccha-
romyces cerevisiae was constructed to further investigate their antioxidant capacity. Finally, network pharmacology and
molecular docking techniques were employed to clarify the antioxidant mechanism of Fragaria nilgerrensis Schlecht.
fruits. The results showed that the total phenolic acid contents of FAE and FWE were 216.84+0.66 and 191.90+6.67 mg
GAE/g, respectively, while the total flavonoid contents were 149.30+2.99 and 120.81+£26.32 mg CE/g, respectively. A total
of 35 compounds, including phenolics, flavonoids, amino acids, and polysaccharides, were identified in the extracts. The
IC,, values of FAE and FWE for DPPH radical scavenging were 2.89+0.26 and 6.50+0.79 pg/mL, respectively, and for
ABTS" radical scavenging were 6.42+0.67 and 7.58+1.02 pg/mL, respectively. Additionally, both extracts prolonged the
stationary growth phase of Saccharomyces cerevisiae, enhanced its resistance to oxidative stress, increased intracellular
superoxide dismutase (SOD) activity, elevated reduced glutathione (GSH) levels, and decreased reactive oxygen species
(ROS) and malondialdehyde (MDA) contents under oxidative stress. Network pharmacology analysis revealed that
quercetin, kaempferol, naringenin, glycyrrhetinic acid and ellagic acid were the key antioxidant components, with potential
antioxidant effects mediated through regulation of targets such as AKT1, IL6, ALB, ESR1 and EGFR and activation of sig-
naling pathways including PI3K-AKT, MAPK and HIF-1. This study confirms the antioxidant potential of Fragaria nilger-
rensis Schlecht. fruits extracts and provides a scientific basis for their development as functional foods.
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GG, HAZ.OHLHIE A i 4 (ROS) 194 B2 R
H PRI R ST ay AT . AR S B I =
Wy EEHZEAEIE ST, BRSO R A H AL A
AR IFAR S, T4 R E R DI RETE B YT ST
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Gay), s& i Bl AR AEY), X4 AR, FIRE.
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B FEMERRE A 16 M S288C MR fiFE: SN I TR
2L AR HIZ W DPPH 4 5 4b ik Tolk k=t 4s

AL AT IRBE TR . AR . ABTS. YPD 558 5E
W PHEE(ROS) S AR & . SO A 5 ALl
(SOD) & . e EMEAF B H AR (GSH) 1R &L J5 1
sEf BCA il & WY T ALt R ERHLA R
H); =R OMR . AR L2 IR YT iR T A
AR RN A R A A ; A b & (6%)  PabAL Tk
AR F] o
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Fl; YXQ-LS-50SS 1T 37 20K S 7875 K%k il
TR AE P Ay A FR 2 ] UV-6100 2540 A] Ul
SroOCEETE ST AT AR A R A H] s SW-CI-
2FD @ TAES iR A R A & s TGL-
20M EE EO L KUV AR A R A BR A W
Orbitrap Exploris 120 #8 /= &0 FH (03 - PUB AT -5 R
YrhE R BRI Thermo Fisher.
1.2 SFHE
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1.2.2 3 =6 B % AL 4 B By I R0 2 I 5
e

1.2.2.1 BRE& EIE  SRAMEAMRE RS, LI E
TR S ot BRSO B R AR L SR Y)Y R iR 1
BTN E o ARUERTZHIFE: BHL 0.5 mL ARNIEIH BT
PEE TR B S R (12.86., 25.72., 38.58. 51.44,
64.30. 77.16., 90.02. 102.88 ug/mL), filLA 2.5 mL &
MR N 4 min, PRI 2 mL 965K B2 41 15
(7.5%) )XW 60 min, LAAH N BUFHIVE 25 X RR,
760 nm AW GE WG EEE . LIEE TRk B
(mg/mL) A& AL bR, G EEE YA bR, Ll bn1HE
gk,

FE I E : FREL 30 mg ££5 T 5 mL 25,
INAZEIR /KB FE e 25 2 205, RVSAE AR -
HEEL 100 pL A5 FVE b, Mgk 2 ag

IS E] 0.5 mL, % AR 2300 22 5 1200 2 A 5 8L
Wy fr g Al g IR A B R 2 = (mg GAE/g)
FOR, (D IHERE S SR & &
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BR S B (mg/g) = ~ = (D

e C: B S R AR iR R BT R R E
(mg/mL); T: FRAEEG M: FENE (g); V AR ER
(mL) .
1.2.2.2 BEEER SR SR O R 4N - iR 4R
P AR 350, I AT T A ok HE i o) i = e SR SR A
Py B S A TN E o AR R HIE: BRI
6.72 mg T XIS T 25 mL &8, I 70%
SRR B, W 0.5, 1. 1.5, 2, 2.5. 3 mL 1Y
PR R AW, BT 10 mL 0P, #Min 70%
LW ZE S mL, IRSIFEA 400 pL AN PREN
W (5%) IZ)% 6 min, N A 400 puL THBRESIE#(10%)
JZW 6 min, A 4 mL SRR (4%) I FHZE008
IR E B ZIPE, FE5) ) # S N 15 min, DIAHN 3]

J AR B (mg/mL) AR AL bR, WOGEE(E AN AL B, 225
HlbRrERIZE

eI AE : FREC 30 mg FE&L T 5 mL 2,
IIA 70% ZBEREFS SR E A B2, RIS S
W HEHL 100 pL FEER TR, # M 70% L EE
Z 5 mL, SR T AR el Oy 200 2 6 i B
B, 5L T M iEm (mg CE/g) Fon. 43 (2)
SRR A A R TR

CVT

E’f@@é\\%(mg/g) = T ﬁ (2)

HH: C: BESS T AR BH I T ¥ BE (mg/mL); T
MEREAEE M: PR T (g); V ARRAF (mL) o
1.2.3 MWEEARR IS AT K FAE Fl
FWE FE5 435I 70% FF BRI 50% FF BRI
fi#t, FHF LC-MS/MS 4381, (il sc b5 i 44K

PESCHR [10] BIITIRFERR B . AHCTSE S0
Waters ACQUITY HSS T3 %44 (2.1 mmx>100 mm,
1.8 um); FshAH A(UKHH): 0.1% HFR/K; FiishHH B
CAHLAHD: 0.1% W R ZN; H:ift: 40 °C; FAESE: 5 pls
VENRFRT A : 0~3 min, 95%A; 3~5 min, 95%~90%A;
5~34 min, 90%~60%A; 34~44 min, 60%~40%A; 44~
54 min, 40%~5%A; 54~56 min, 5%A. HESI B T
S8 W55 LR +3.5 kV/—3.0 kV; # B A s
330 °C; ¥ AR FR A B 50 arb; 4 B <A FRE &
10 arb; B FALHIAE IR 330 °C; MBI — T
S EWE A H shfh & 20835 4 5 AR 2 (Full
MS/dd-MS?), —ZR 53 H13 60000, —ZR4rH13 15000,
B HAYEEE m/z 100~1500, i Xcalibur 52140
PR Ak 22 5% 43 1 0T % PR, 9 8 4T L X mzVault,
mzCloud. ChemSpider #1 MassList 5 %% $i& JZ£ ¥ 17
LA
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1.2.4.1 DPPH HHIHIHFERSE =% SILVA 45 5L
ST EIHER TiE ¥ #2101 BRI ERT
BEFE SR BT OR DPPH %42 (0.08 mmol/L) R
4, WESGIEE 30 min, T 517 nm &b 52 268 H -
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b AS S 2H WO CRE S W 55 I D%
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1.2.42 ABTS'HHZEFERR =% RUMPF &'
SCIG T IE S M. 1010 AR LAl in A
BB B AR S PR U LA VRO ABTS ISR, hE'
WEE 10 min, T 734 nm &I E W OCEE{E .. A BHT
VER BRI R 2S, AR5 (3) TR
1.2.43 ERETFRFERIINE S SERa S50 52
BRI TN o BN [R) VR B T B AR SR SR
VS 20 uL, filA 180 pL BRELHY FRAP TAER, 37 °C
JEE 10 min, F 593 nm &b E W SCEH. L BHT
VER7 BHPAT IR, KBS A RE J1 LA FeSO, 1wk .
1.2.5 HERAREHRIHREINT H,0, 755 T ER 5
REAN A R SRR 5 i)
1.2.5.1 BRI A R milE S MRE
FUAEM 528G )7 A TN e o MRS T 5025 5, FAE
1 FWE 3 250, 62.5, 7.8 pg/mL Joipie EEA T
A EHERIMIAE o ST 2s T IR | AIRHR B 7]
ZH (7.8 pg/mL) . Wk BEFR 520 (62.5 pg/mL) Fl sy ik
FEFIELH (250 pg/mL) o KA 38 0400 i PR T 1
BEAMMIARBE S ODg 1H N 0.2, SEHGLH 96 FLAR 45
FLFZHE 121 PARBR LS I A BRI 2459, dc s
ATCHE /K L RFFLIAARER, 25 PO BEZHAN & B -
B 3 D AFL, B 8 h ME—IK ODy,, 1H, ZELLM]
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AU S IR A TINAE o B AR XA IR
HIAiRE T ODgy 1M 1, BN X BELZH | ABLHRIZH A
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SXFHEZH N YPD)IRA, 78 28 °C| 200 r/min 1537
2 ho Bl S WCEE 40 ML TR TR ODgy T34 22 0.3
Sy BB 10 mL B W, SEAH S AR ZH i A 500 pL
H,O, # W (6%) , X RRZHL A 500 uL YPD 1537 3t,
3% 30 min F1 60 min Ji5, W 25 2H I B 40 M5 G
B 10 15, SRS MK ASRETF YPD [EMAREFR3E I, 38
T 28 °C HiFE 48 h A TWEL

1.2.5.3 #HPEE(ROS)IE KA ROS 2GRl @t AT
MRE o USRS ZHIPE R AR, JREEE LR TRTUL ODgq 1H AN
0.5, A 10 umol/L ) DCFH-DA R4, 28 C
BESCIET 60 min. WA AR PBS i LI
U, SO EE Y YPD WA IR AL, SEg 20 RS Ry 20
JIIA 500 pL H,O, ¥, K537 60 min(28 °C), i {7
YEHFFRYAE 488 nm WL AL 525 nm KHFEICT
PEATINAE o

1.2.5.4 T B 21 0 RH it 0 o) 25 4 i AT Ak 2R T
1.2.5.2, FEREAHMEL 28 °C £55% 60 min B0 ACHE FRIAR
(12000 r/min, 5 min), IFFHICHIKIEVE 2 K, 2RJ5 0
A1 mL $2HGE, BT oK\ A 7 min (D)5
300 W, TAF 3 s, [H]8K 10 s) . FFAUMBHER T 4 °C,
12000 r/min 454 F & 0> 5 min, B [ 3 BP A5 5 41
L5372

1.2.5.5 Préafedstssrtr W 1.2.5.4 BOHIEER, BCA
PRIl Y ek =4 e = SN 311 2 ) VA= Wi | W s O iRl W e s il
W 5E W B AM M SOD 1% J3 #l GSH /K-, R
L2 Rk e MDA &g,

1.2.6 LR 2 B2 Fl v B AE R I Ui A 1k
YEHIFLH

1.2.6.1 A2 Wi o5 0 06 A 88 3 i) Ao flc g8 dm
LC-MS/MS 3 afiis 81 B KA R SE A U ) A~k
41, A FH pubchem( https:/pubchem.ncbi.nlm.nih.
gov/) . SwissADME %% 4% J% (http://www.swissadme.
ch/) #ffi xE A8 Ak 24 5y, FIIFH SwissTargetPrediction
TFELE T H (http://swisstargetprediction.ch/) 5 i 1€
B RA2E ST 19 53 25 . 7E GenecardsChttps://
www.genecards.org/) . OMIM( https://omim.org/) F
DisGeNET (https://www.disgenet.com/) (& ZE 1, L
“ Antioxidant activity” “ Oxidation resistance” “ Anti-
oxidant” Ay SCHETRBEA T R, ZRASHTAALAH SCHE 55,
FEARPEAE 2R B P TS AAR DG 501, BT
SAHE AR B R AP T A A CHE 5 . FIHTELZR M
Wi Venny?2.1.0, 2l ¥ 5 H a5 A% S AH R 15 5

PUEACAR SR 5 5 LA, sl S SR A 7 13045 8
BEARH2E TP TR AL I EE [R5
1.2.6.2 259 5-H0 5 45 = F PP 3R A EAE A
IS S R e = S Cy- i SNt 2 A e =931 0 N R = o35, e 71
SEAILE S AE Y &, it Cytoscape 3.10.0 4
Fa 4L < 25800 - A3 - A I 45 1R OB B R AR LA
SIPTEAL RO EIRE S FAEZE STRING $EPE (https://
cn.string-db.org) , FR 2 #) Fl' 4 “ Homo sapiens” 145 |
PPI e, 5355 A Cytoscape 3.9.1, iz CyoNCA
AR E O E(DC) | A EEHLO M (BC) Fifgzn H
LME(CC), LA = A Fabr ol B E R E, iisers 200y
BT A ORI, AL A S Y PPIRYZS .
1.2.6.3 GO IhAEF KEGG il % & 08 B0
2 45 1% DAVID %4 4% /& ( https://davidbioinfor-
matics.nih.gov/home.jsp), #4713 FAMA(GO) TrEETE
PR #RIL N 5 LK 20 R 15 (KEGG) & 42534,
LI P<0.05 &1k FA3 AR (BP) . 45
(CO) . 4rTIEE(MF) Fl KEGG 485 5l i1 =
A5 A, FRTEE TR T AT
1.2.6.4 B BHEAPURA AL 5 SN L A0 5
FXFHELUE AE 298-3R A R 5 B Fh AR
P Degree I EHES FERT AV L4055, 7F PPI Z2 A
X 28 5 AE K A AR P Degree LI e HE A% SR BT Y S 5k
AT, Bl 5 O U T o X IR . AR
e G res mIRE, ST s A feny R/, I A
Pymol AR B At 3245 b A T Ak o
1.3 HIEAIE

% GraphPad Prism 8.0 Fll SPSS 26.0 3 /it
FTEARSIAT S, S5 LL P IBRE 22" 3R o
2 RSP
2.1 HEESRIRIWIEBMERA S EIES ENE

BN 5 R E R SRAE ) R PR AR TS TR
B 4y, W B S m T PSP LS AL TR =
SCE TN DA B TR T A B, SR
EHP-TT B3SO REIR I RE T FAE Al FWE H Sy
FRFLR BT 0 & i . P FIRX R A TTE 0.64~
10.29 pg/mL o Bl NS R RAE, MIHJ R y=
0.1344x—-0.0343, R’>=0.999; /i | X R 5h 7 AE 6.72~
107.52 pg/mL 70 [l P9 AU £k P o< 22 R 47, (819 5 72
7 : y=0.011x+0.006, R*=0.997, HZFE 1 i, =M
FruERTZRITE Y FAE fll FWE B9 R & 855 R
216.84+0.66. 191.90+6.67 mg GAE/g, Bl & 43

# 1 FAE Fll FWE BB AR IR & &

Table 1 Content of total phenolic acids and total flavonoids
in FAE and FWE
FE SR & & (mg GAE/g) SR A & (mg CE/g)
FAE 216.84+0.66" 149.30+2.99*
FWE 191.90+6.67° 120.81+26.32%

TE: [FFUA ) T B AR R 22 57 .35 (P<0.05) 5 R3]
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Table 2 Identification of phytochemical compounds in Fragaria nilgerrensis Schltdl. extract by LC-MS/MS
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BRACIR . SRR . WPRRFEIE I | MR IR A
WEZAL G 12 B =S MR e B
AN ZR | S22 Wb 4 [ B2k 54 4 Fh: IR
L-B$EIR . HedliR. D-OEiE . Xebsh iR, i
BRI R, B W & 2P E sy
23 BEESFRIEIUWIMIMIEAER
AWK ] DPPH., ABTS™ [ H 2L B Fndk g
TR R AE J1 5286, PEAL T FAE 5 FWE BUIRAMNIT AR
feiG . FAE 1 FWE Xf DPPH., ABTS'H i 3L#/Y
IHBRBEIIUNER 3 s, 4543REH, FAE %} DPPH H
m LA 3F B BE S0 T FWE(P<0.05); FAE 1 FWE
X} ABTS'H th 375 kKR8 1 56 bt 4655 BHT AH

g PEME g e MR MS® BB T MClowd  MEHS FAE FWE
1 0.69 C,H,NO, 138.0549  [M+H]" 94.0651, 78.0342. 67.0542. 53.0384 99.8 A AR N N
2 0.70 CHNO,  116.0705  [M+H] 74.0238. 70.0651 99.8 it AR _ N
3 0.71 CoH3N;O5  244.0927  [M+H]' 112.0505. 95.0240 99.7 Rl A _ N
4 0.72 CsH N 136.0617  [M+H]’ 119.0353, 109.0508., 94.0401 99.7 i I s 201 _ N
5 0.73 CioHisNO,  268.1039  [M+H]' 250.0922, 136.0618, 85.0285, 55.0180 99.7 fpren N N
6 0.73 CH;NO,  118.0861  [M+H]' 72.0807, 59.0729, 55.0543 99.7 i N N
; 103 CHNO, 1820809  [M+H]' 165.0544 1355.(.)55961\\19213..8::;)\ 119.0491, 99.1 LW J J
8 1.06 CHNO  152.0566  [M+H] 135.0301, 128.0455. 110.0349 99.7 AT - N
9 1.09 CeH;3NO,  132.1017  [M+H] 86.0964 ., 69.0699 31.1 S N N
10 1.48 C,H,O5 169.0141  [M-H] 125.0244, 97.0295, 81.0348 955 WA TR N N
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Table 3  ICs values of free radical scavenging of Fragaria
nilgerrensis Schltdl. extract
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Fig.3 Iron ion reduction capability and Saccharomyces
cerevisiae growth curve

e (AR TR R AE 115 (B) FAE S P i 1% ) 2F 1 1Y 25
(C)FWE X B 5 Bk A K B 52 005 [6) 2 A [ R b i s 22
SR (P<0.05), & 5 [H,

2.4.2 FAE 1 FWE 3% 58 B 75 % B 240 B b S840 i
Ae1 B 4 Frow, dm kb S 5 4 5 AR A 2H X6
H,0, 5l E b a HEPTaE 71, R34 A H,0,
30 min, SZY0ZH P BN MOA I B S AR R ZH A Lh e BH i
2= 5, UhEH SCEG LR BT AL ria B ) B sa AN B 25 250
A H,0, Akttt 60 min, SHERIL A b, S2EGLH BT
S ALMHARE A — g5, Hoh FAE(250 pg/mL)4ZH
YERIE I . X —25 R SRS MU AL L0 45 R —
2, AR5 FAE H & A8 2 s (ani& &+
I . BRAETR . SRR ) AN B T2 A4 CAniit e 22 . #ih
JEE . AR ) SR O, IX ey B AT LU IR H R Sk
NP REA I R v = A A aeh BT P AR AR A S
AT DNA G232 86755, WIS 568 2 a4 4
TRMHaRE )T, MELEAM . HAKI =, BRAEmRL7) &
—FPAEAE T 2R AR T O 21 — s, HAT TR R
FUTE R A 3k 32 A 3P E a1 bk

FWE (7.8 pg/mL) m’m‘M‘
FAE (250 pg/mL) m"
FAE (62.5 ng/mL) m‘
FAE (7.8 pg/mL) m|m“

10" 107 10" 107 107" 107
4 FAE Il FWE XIS AR AL G877 152 10
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