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Chemical constituents and antioxidant activity of Potentilla freyniana Bornm.
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(Abstract] Objective To study the chemical constituents of the dichloromethane and ethyl acetate fractions of the roots
of Potentilla freyniana Bornm. and to screen for their antioxidant active components. Methods The dichloromethane and ethyl
acetate fractions of the ethanol exiract were separated and purified using silica gel chromatography, gel chromatography, and
semi—preparative HPLC. The structures of the isolated compounds were identified by NMR and MS. The antioxidant activities
of the flavonoids 7 and 9 were evaluated through hydroxyl radical scavenging assay, DPPH radical scavenging assay, and ABTS
radical scavenging assay. Results Seventeen compounds were isolated from P. freyniana and identified as daucosterol (1), B—sitosterol

(2), 7-keto—B-sitosterol (3), naringenin (4), carthamidin (5), dihydrokaempferol (6), eriodictyol (7), quercetin (8), catechin (9),
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thunberginol C (10), rhododenol (11), 4—(4—carboxy—2—methoxyphenoxy)-3,5-dimethoxybenzoic acid (12), butylene phthalate (13),

vanillic acid (14), protocatechuic acid (15), phydroxybenzoic acid (16), and lindleyin (17). Among them, compound 4 was identified

from this plant for the first time, and compounds 3, 10, 12, 13, and 14 were separated from this genus for the first time.

When the concentration of compound 7 exceeds 5 mmol/LL and the concentration of compound 9 exceeds 2 mmol/L, the scavenging

rate of hydroxyl radicals exceeds 90%, and the scavenging rates of DPPH radicals and ABTS radicals exceed 95%. The

antioxidant level is similar to that of VC, indicating significant antioxidant performance. Conclusion Compounds 7 and 9 exhibited

certain potential in antioxidant and anti-inflammatory activities. This study provides some experimental basis and scientific references

for the chemical composition and biological activity of Potentilla freyniana Bornm., promoting the further development and utilization

of its active components.
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AR . FARAS (HTGPYY-1041) 778 TR PR 25K
2R A e 24 RO S 2 R PRI & 5L 00 5
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TR BRI R (40 g) SRR (80-100 H )
PERE, TL DA SRR AT (335 (A ik £ FR SR
1:0-0:1) B EEVERG , TLC 43T 5 A T 4, 158 14 4
HIr(C1~C14), —FHEERARE (40 g) SHERL(80-
100 H)FERE, Tk AR, 2Rk (il CArimk: £ 2
LR, 1:0-0:1 ) BEREPRIE , TLC ST 5 & 91 o, 15 5]
14 M43 (C1~C14), €10 28 Sephadex LH-20 BEiE
R (- B, )RR (i o i | fe 3l
3244 HPLC(0~20 min,98% F %3 mL+min™")
HEEAY 3(4.8 mg), Cl1 il Sephadex LH-20
BERCAT (5 73 B 5, R H 2Pl % HPLC (0~20 min,
80%~100% L, 3 mL-min™)Zr B 4lifl 1555 Y)
11(2.6 mg) HULEY) 4(5.2 mg),C12 Gont Z R A
B TE S b i (50:1) e~ il % HPLC (0~20
min,40%~50%Z. 1 ,3 mL-min™) 4> )5, 15 58L&
#10(1.7 mg).

IR BEFBALIZF (96.3 o) SREMCHERE , Tk
M AR AR € U s Y B (100:0—85:15)
A b K (15:2:0.25—8:2:0.25) , R £ T
TR F I (6:4:4: 1) 6 B BRI BE BRI , 1551
5 AN (F1~FS) . F2 28 Sephadex LH-20 BERH:(G
i Kkl £ HPLC 4388 R8G9 14(25 mg) L
AW 5024 mg) LB 2(42 me) LAY 127 mg).,
F3 Z A (0 3% A1 Sephadex LH-20 B F: (51
IE F 258 3 HPLC(0~20 min, 30%~90% it |
3 mL-min™) 5B EMEEY 6(4.1 mg) LAY T
(6.8 mg) L&Y 8(9.6 mg) fLEH 12(13.7 mg)
FLAY 15(2.1 mg), F4 i ODS R AHRE R H: €5,
s M HPLC 4385, 15981k 59 9269 mg) fbG413
(135 mg) L&Y 17(57 mg) FLEH 16(25 mg).
il TLC HPLC FOGHE 4 B 55 T Bt 4 b 64
HEFTAS S AR5 17 MEEY) .

1.4 HEALEERD

141 FAMEEREDNE % B35 S0k(5]
Hi R 975208 Solarbio 3877 & E AT ¥ [ L5 B
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BL(ABTS FHESF H B WEBREEIINE 275 3CHk[7]
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TR RS0, Fac HEVR Ao B WK 59 50 L, Jin
A 850 L ABTS TAEWK , = iRECHE 6 min, Ml
SE 405 nm AR IGEE 42 C ORI ] 3
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FEFL OD fH (FE AT ABTS)

2 &R

2.1 HHETE

WEY 1 TCEBR (PEE) , R - GTR
JE A (0 SR 0 3E ) PSS B AR (EST-
MS) XA G 1 AT o ae el TR S iz Ak &
VI 18 576.40, 73 F 3K CiHeOs, MEFIEE 6,
28 3 P[RR 30 (5 A e K =7:2:1 5
Yt EE=T7:3, IF T SR /K =4:1:5) TLC ¥ 5 2
IR N AR AT B A — B, R R A LN
AR M

&Y 2 TTEEPIRGR (T EE) . 7& BEE- R
a2 (i i (o R i 556, AL ESI-MS Xk &2
HEAT A3 F RGN, DT B AL S W A i
414.40, 533 CoHsO , MEFNEEN 5, 248 3 FloRA]
F(CEREE: R L TR=8:2; @5 N El=10:1; 1EC



2025 455 45 %

IR H S 25 K222 3] hitp:/fhnzyydxxb.hnucm.edu.cn 463

Bt LR L TR=7:3) TLC il 55 201 B4 HS B4 % i
AR T —30, WS R B 2 O B-A3 B

AW 3 ToEKAR(HEE)  ESI-MS m/z: 430.40
[M+H]";'H-NMR (CD;OD,600 MHz) 8;::3.58(1H,m,
H-3),5.66 (1H,brs,H-6),1.25 (3H,s,H;-19),0.74
(3H,s,H;-18),0.98(1H,d,J=6.5 Hz,H-21),0.87
(1H,d,J=6.9 Hz,H-26),0.85(1H,d,J=6.8 Hz, H-
27),0.88(1H,t,J=7.4 Hz,H-29);C-NMR(CD;0D,
150 MHz)8: 37.6 (C-1),31.9(C-2),71.2(C=3),
42.7(C-4),169.1(C-5),126.3(C—6),204.7(C-7),
46.6 (C-8),51.5(C-9),39.7 (C-10),22.3 (C-11),
40.1(C-12),44.3(C-13),51.5(C-14),27.2(C-15),
29.6(C-16),56.1(C-17),12.0(C-18),17.7(C-19),
37.4(C-20),19.4(C-21),35.1(C-22),27.4(C-23),
47.3(C-24),30.4(C-25),19.5(C-26),20.2(C-27),
24.2(C-28),12.4(C-29) , LI EHHES SCHkRE R A
— 5 WRE LAY 3 R T -B-4% FS

&Y 4 s AR (TEE), ESI-MS m/z:
274.10[M+H]* ;'H-NMR (CD:0D,600 MHz) 8;:5.31
(1H,dd, J=12.9,29 Hz,H-2),3.11(1H,dd, j=17.1,12.9
Hz,H-3a),2.70(1H,d, J=17.1,2.9 Hz,H-3b),5.88(1H,
d,J=2.1 Hz,H-6),5.89(1H,d,J=1.9 Hz,H-8),7.31
(2H,d,J=8.1 Hz,H-27/6"),6.82 (2H,d,J=8.2 Hz,
H-37/5") ; "C-NMR (CD;0D, 150 MHz)8::80.5(C-2),
44.1(C-3),197.8 (C-4),165.5(C-5),97.1 (C-6),
168.5(C-7),96.2(C-8),164.9(C-9),103.3(C-10),
131.1(C-1),129.0(C-27/6"),116.3 (C-375") ,159.0
(C-47), DA%l 5 S 8 A — 30 s e Ak
G4 Ikl %

a5 EE AR (FEE), ESI-MS m/z:289.20
[M+H]";'"H-NMR (CD;0D, 600 MHz)8,:5.89 (1H,m,
H-8),7.31(2H,d, J=8.2 Hz,H-27/6"),6.82(2H,d, J=
8.1 Hz,H-375"),2.70 (2H,dd,J=17.1,13.0 Hz,H-3),
5.34(1H,dd, J=13.0,3.1 Hz,H-2);"*C-NMR(CD:0D,
150 MHz)8: 80.5(C=2),44.1(C- 3),197.8(C-4),
165.9(C-5),128.0(C-6),159.0(C-7),96.2(C-8),
165.4(C-9),103.3(C-10),131.1(C-1"),129.0(C-
2767),116.3(C-375),168.4(C-4"), LI E¥d5 3
FRFRE A — 3 S BB 5 AR R,

AW 6 B AR (TR, ESI-MS m/z:289.30
[M+H]*;'"H-NMR (CD;0D, 600 MHz)8y:5.78 (1H,
brs,H-6),5.78 (1H,brs,H-8),7.31 (2H,d, J=8.6 Hz,

H-276"),6.79(2H,d,J=8.6 Hz,H-37/5"),4.91(1H,
d,J=11.6 Hz,H-2),4.48 (1H,d,J=11.5 Hz,H-3);
BC-NMR (CD;0D, 150 MHz): 80.5(C-2),73.6(C—
3),197.7(C—4),164.5(C-5),97.0(C-6),164.5 (C-7),
97.0(C-8),164.5(C-9),101.2(C-10),129.5(C-1),
130.4(C-27/6"),116.1(C-375"),159.2(C-4"), LA I-
B 5 SOk AE FEA — 3 B A 6 N

EY 7 ERE KR (FEE) , ESI-MS mv/2:289.30
[M+H]";'"H-NMR (CD,0D,600 MHz),:5.84(1H,d,
J=2.1 Hz,H-6),586 (1H,d,J=22 Hz,H-8),6.88(1H,
d,J=1.7 Hz,H-2"),6.70-6.78 (2H,m,H-576"),2.66
(1H,dd,J=17.1,3.1 Hz,H-3),3.03(1H,dd,/=17.1,12.8
Hz,H-3),5.24(1H,dd, J=12.8,3.0 Hz,H-2);"C-
NMR (CD;0D,150 MHz)8: 80.5(C-2),44.1(C-3),
197.8(C-4),165.5(C-5),97.0 (C-6),168.4(C-7),
96.2(C-8),164.9(C-9),103.3(C-10),131.8(C-1),
114.7 (C-2"),146.5(C=3"),146.9(C-4"),116.2(C-
57),119.2(C-6"), Lk % 5 SClikfiiE S A —2™,
WA T R

G 8 B R (HEE) , ESI-MS m/z:301.20
[M-H]*;'H-NMR (DMSO—-d,, 600 MHz),:6.39(1H,
d,J=2.0 Hz,H-6),6.16(1H,d,J=2.0 Hz,H-8),7.65
(1H,d,J=2.2 Hz,H-2"),6.86(1H,d,/=8.4 Hz,H-5"),
7.51(1H,dd, J=8.5,2.2 Hz,H-6");*C-NMR(DMSO—d,,
150 MHz)8:146.8(C-2),135.8(C-3),1176.0(C-4),
156.1 (C-5),98.2 (C-6),160.7 (C-7),93.4 (C-8),
163.9(€C-9),103.1(C-10),122.0(C-1"),115.6(C-2"),
145.1(C=3"),147.7(C—4"),115.1(C=5"),120.0(C-6").,
DL B4 5 SClRARE A — 30 et A 8
R

AW 9 HEMAR (PR, ESI-MS m/z:290.55
[M+H]*;'H-NMR (CD;0OD,600 MHz)8,:5.91 (1H,
d,J=2.3 Hz,H-6),5.83(1H,d, J=2.3 Hz,H-8),6.88
(1H,d,J=2.0 Hz,H-2"),6.74(1H,d,J=8.1 Hz,H-
57),6.69(1H,dd, J=8.0,2.0 Hz,H-6"),2.82(1H,dd,
J=16.1,54 Hz,H-4),248(1H,dd, J=16.1,8.1 Hz H-
4),4.54(1H,d,J=7.5 Hz,H-2),3.99-3.91 (1H,m,H-
3);C-NMR (CD,0D, 150 MHz)5.:82.8(C-2),68.8
(C-3),28.5(C-4),157.7(C-5),96.3 (C-6),167.5
(C=7),95.5(C-8),100.9 (C-9),156.9 (C-10),132.2
(C-1),1153(C-2"),1462(C-3"),1462(C—4"),116.1
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(C=57),120.1(C=6"), LA X855 SOk 18 3 AR —
S ER AT 9 MILEER .

LAY 10 AR (HEE), ESI-MS m/z;274.30
[M+H]"; 'H-NMR (CD;0D,600 MHz) 8,:5.49(1H,dd,
J=12.1,3.2 Hz,H-3),3.27(1H,dd, J=16.6,12.3 Hz,
H-4a),3.02(1H,dd, J=16.5,3.2 Hz,H-4b),6.27
(1H,d,J=2.2 Hz,H-5),6.23(1H,d,J=2.2 Hz,H-
7),7.32(2H,d, J=8.5 Hz,H-27/6"),6.82(2H,d, J=8.5
Hz,H-3"/5");"C=NMR (CD;0D, 150 MHz)8:171.8
(C-1),82.1(C-3),35.9(C-4),107.9 (C-5),166.4
(€C-6),102.3(C-7),165.7(C-8),143.7 (C-4a),
101.7 (C -8a),130.7 (C -17),129.0 (C -27/6") ,116.3
(C=375"),159.1(C-4") . LU_E X5 B Ak A 994
R — 3, e G 10 A EEREMEY
thunberginol C,

AW 11 AFLL TR () o ESI-MS m/z.
168.10[M+H]*;'H-NMR (CD;0D,600 MHz) 8;:1.18
(3H,d,J=6.2 Hz,H-1),3.72(1H,m,H-2),1.68 (1H,
m,H-3a),1.68 (1H,m,H-3b),2.63 (1H,m,H—4a),
2.55(1H,m,H-4b),7.01(2H,d,J=8.4 Hz,H-276"),
6.69(2H,d, J=8.4 Hz,H-3/5");"C-NMR (CD; OD,
150 MHz)8¢: 23.5(C-1),67.9(C-2),42.4(C- 3),
32.3(C-4),134.4(C-1"),130.2(C-276"),116.1 (C—
3757),156.3(C-4") , He 't R-15.0°, LI HEdES
SCHRAE FEA— 300 B e A 11 okt RS

EH 12 AR (FFEE) . ESI-MS m/z:384.50
[M+H]*;'"H-NMR (CD,0D, 600 MHz)8y:7.42-7.38
(2H,s,H-2,6),7.18(2H,m,H-2",6") ,6.69(1H,d,
J=8.7 Hz,H-5"),3.74(3H,s,5-0CH;,) ,3.74(3H,s,
3°~0CH;) ; "C-NMR (CD,0D, 150 MHz)8: 56.7 (5-
OCH;),56.4(3°-0CH;),170.0(C-7),170.0(C-7"), 1
21.9(C-1),108.2 (C-2/6),148.8 (C-3/5),123.0 (C -
17),113.7(C=2),152.7(C-3"),148.6 (C-4"),115.8
(C=5"),1253(C=6"), VA F¥d 5 Scrk 4 m Ha—
N HEEL S 124 4—~(4—carboxy—2-methoxyphe-
noxy)—3,5—dimethoxybenzoic acid,

AW 13 P JoE AR (B . ESI-MS m/
2:225.30[M+H]*;'H-NMR (DMSO-ds, 600 MHz)8:
7.67(2H,dd,J=5.7,3.3 Hz,H-3/6),7.73 (2H,dd, J=
5.7,3.3 Hz,H-4/5),423 (4H,t,J=6.6 Hz,H-171"),
1.71-1.59(4H,m ,H-272"") ,1.45-1.31 (4H,m ,H-3"/
3"),0.92(6H,t,J=7.4 Hz,H-47/4"");“C-NMR (DM-

SO-ds, 150 MHz) 8¢ 131.7(C-1/2),128.7(C=3/6),
131.5 (C-4/5),65.0 (C-171"),30.0 (C-27/2"),18.7
(C=3"/3"),13.6(C-4"/4"") ,167.0(~CO0-), DL %L
It 55 SCHRHE A — B0 S e A 13 AR
“HRT .

AW 14 AEICERFR(FEE), ESI-MS m/z.
169.20[M+H]*; 'H-NMR(CD;0D,600 MHz) 8;:7.47-
7.58(2H,m,H-2/6),6.82(1H,d,/=8.8 Hz,H-5),3.88
(3H,s,3-0CH;); *C-NMR(CD;0D, 150 MHz) &:123.4
(C-1),115.8(C-2),148.6(C-3),152.6(C-4),113.8
(C=5),125.2(C-6),170.3(C=7),56.4(3-OCH;) , LI
B 5 SRR B A B S e A 14
TFHR

&Y 15 TETE AR (FEE), ESI-MS:m/z:
156.70[M+H]*;'H-NMR (CD;0D, 600 MHz)8,:7.38
(1H,brs,H-2),6.73(1H,d, J=8.2 Hz,H-5),7.36
(1H,brs,H-6) ; *C-NMR (CD;0D, 150 MHz) &.: 123.7
(C-1),1156(C=2),1459(C=3),151.1 (C—4),117.7 (C-
5),123.7(C-6),171.6(C-7), A B 5 CrikdiiE
BR300 Sk b AW 15 MR

AP 16 Ttk R (HEE) , A i - iR
RIS R KGR, 5 f 55 B T (ESI-
MS) XA 16 BEAT 53Rl , AT 2 iz Ak &
Yoyl 135.10, 03 CHOs, AR 5, &
3 P[] i R T 5[ S8 A5 PP e 7K =85:15:2 s S F s
=822 ; IE T Wl iR /K =4: 1:5 (R MR TTLC. A8
55 L K R A T R 1 o R ok b — 3, s e Ak
G 16 JXFRERHR

G 17 etk (), ESI-MS m/z:495.60
[M+H]"; 'H-NMR (CD;0D, 600 MHz)8,:6.89(2H,d,
J=8.6 Hz,H-27/6") ,6.93(2H,d, J=8.6 Hz,H-37/5"),
7.06(2H,s,H-2"/6""),2.73-2.54(2H,m ,H-3) ,2.73-
2.54(2H,m,H-4),2.08 (1H,s,H-1),4.77 (1H,d, J=
7.3 Hz,H-1");"C-NMR(CD;0OD, 150 MHz) 8: 30.4
(C-1),29.9(C-3),45.8 (C-4),136.3 (C-1"),130.2
(C=27/6"),117.8(C=3"/5"),121.3(C=1""),110.3 (C-

168.2(C=7""),102.5(C-1"),75.6 (C-2""),78.0(C—
37),72.1(C-4),74.9(C-5"),65.0(C-6""), LA %X
s 5 SCHR R FE A — B B B 17 A

Al —H-
FHo
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22 MEHER

BEE RS B RSN, b A 7 9 1Y A
THERBE B, BV bRR R LT LIXTR
A 2 C NP, T VB T T BRI 0 100%
TE5 mmol/L VK FET Ab-& W) 7 193 A i EIEBR %
5790.49% , iALEH) 9 16 2.5 mmol/L ¥ I 15 3
#i1H 93.24%, 7E DPPH H 3G IRF 510, (L&)
7 EHE KT 4 mmol/L I 15 4 3 ] 1t 95% , 1k
AW 9 TEHE KT 0.75 mmol/L L fE 1k 3] 95%
DAL fE ABTS H M FEIEBRFI 0, (LA 7 fE R
KT 5 mmol/L BHEFRFM T 95% , Mtk &4 9 78
W KT 1.5 mmol/L B 7RA] I3 95% LA |-, AN[A]Hk
TG 7 LG 9 0¥ Atk DPPH H
LN ABTS H HEIEBRRILE 1,

3 T

ARSI X = i) A R e LN LR 4
BEBOL A AT T RGEMESE R 2 Fh oy 5
aifb 51 R R 17 MeEY , I3 HAL 245
PHET T 3% ARFRW] kG 1-3 Ak,
4~10 SIS 11~17 HARANAY , EEEER
= LB 4 R RNZAEY) o B AR B TR A )
3,10 12 13 14 WUE R J@ Y b e B8,
EAYITEMEER T, SRR T e — T

PP bR , RERS T IE AL S MBI R TS5
TETEAE I, AROTFEESE T3 A 5 DPPH F Hi %
I ABTS F & 3 M HIPTEALINE Tk A4
PSS IR PU AR T, B R PR AR, T
SEALRE TR P R F i R S BN
HE N, DPPH H 25 Al B S A 59 B
FLEFRAEST , M ABTS H i 2N E 7 v5 & F 257K
PGP S DI PT AL PR,

TEGUEA TR PR e R rh  F A TR Y
7 HHEEY) 9, PRI PIRME S YR EEENANT
HG, ENMSAZHRIEY, EA STIRE 2 826
S HA BE BRI HR LS 9 1Eik
WCER AL AR 5 e, AT AR s A AT
LS FHRAE , AN R AU , B AL i A fh
FEVEBRAE ST ; [FIIE, X R AL G WA e P R4, S
LU (SITEL e S R G B ) A M S s LG 2
PUAALRE ST IR ABESE , A B Tt — 42 = 2=
B S I TR E LE T

PUAAALTE ML S HTR G ML B A7 70 B Y IR
fIFTE A, AR 5 A JRAE SN, 1T P A
JEE 77 A 22 P RAE AR 518 e, 2 T 5 B SN A
P AP R, SR RE I OIEA AR B T
MALSDITRTEST  [FI , PrAa el e 7 vk BAT #
PETRTE  RBURE e A DL, m] DRt i ) AT B it

x1 k&7 98 EHE . DPPH #1 ABTS BIERR R (x£5,n=3)
Table 1 Hydroxyl radical, DPPH, and ABTS scavenging rates of compounds 7 and 9 (x+s, n=3)

AW T W (mmol/L) HERFI% AW 9 YR/ (mmol/L) THERR%
¥R A Ak

1 47.80+3.35 0.5 51.14x1.13

2 68.12+2.16 1 66.81+0.41

3 79.68+2.10 1.5 82.30+0.53

4 89.1622.06 2 91.15+1.01

5 90.05+2.10 25 92.93+0.58
DPPH

0.5 29.23+2.72 0.25 71.40+0.94

1 53.49+0.51 0.325 89.900.77

4 96.31x0.21 0.5 91.02+0.38

6 97.24+0.27 0.75 96.66+0.76

8 96.22+0.28 15 96.12+0.93
ABTS

0.1 28.91+2.05 0.375 73.224+2.99

0.25 60.75+3.41 0.5 77.35+4.64

0.5 73.94+3.87 0.75 90.04+0.23

1 88.28+0.49 1.5 97.96+0.04

5 97.69+0.06 2 96.55+0.13
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RIGSIRIEEACEY) , it — P S Rl ds
AR G T UL 9 X A % DPPH
FI A ABTS I Fh A BR324 B e J88 18 i i i
Fhtwy, AR AT B R Rl 95%, %
B ESRRPUEMACR . X —EPRIIE T WAL S
PItET A AL T5 T R P T

LR LR ARRPFEADCER T =M Z BRI
Y, Y RS SE HE T SC R HE , R
A BT EATE PE VA, , A T o A — 2P
TEEMAMAFME T RS %
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