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Abstract: To investigate the chemical constituents of Oxytropis ochrocephala and their antioxidant activities, the ethanol
extract of O. ochrocephala was separated and purified using chromatographic techniques including silica gel column
chromatography, Sephadex LH-20 chromatography and semi-preparative high-performance liquid chromatography. The
structures of the isolated compounds were elucidated by comprehensive spectroscopic analyses, including UV, IR, HR-MS
and NMR. The antioxidant activities of the isolated compounds were evaluated using 1, 1-diphenyl-2-picrylhydrazyl
(DPPH) and 2, 2-azinobis- ( 3-ethyl-benzothiazole-6-sulfonic acid) (ABTS) radical scavenging assays. The results were as
follows: (1) Twelve compounds were isolated and identified as ochrocephalamine Q (1), (6aR, 11aR)-10-hydroxy-3, 9-
dimethoxypterocarpan (2), 3', 7-dihydroxy-2', 4'-dimethoxyisoflavan (3), bosenegaloside A (4), 5-hydroxy-2-(4-
hydroxyphenyl ) - 7-methoxy-3-[ 6-O- ( 1-oxohexadecyl ) -a-D-altropyranosyl ] -4H- 1-benzopyran-4-one (5), rhamnocitrin (6) ,
3, 5, 7-trihydroxy-4'-methoxyflavonol (7), 3-O-rhamnocitrin-6-0-benzoyl-B-D-glucopyranoside (8), rhamnocitrin-3-0-8-
D-galactoside (9), isoquercitrin (10), rhamnetin 3-0-B-D-galactoside (11) and rhamnocitrin 3-0-B-D-glucoside
(12). Among these, Compound 1 was a new compound, while compounds 2, 4 and 5 were reported in this species for the
first time. (2) Compounds 6, 10 and 11 exhibited notable antioxidant activities in the DPPH radical scavenging assay, with
IC,, values of (4.90+0.35), (0.80£0.06) and (1.07+0.02) mg - mL", respectively, which were stronger than that of the
positive control vitamin C [ICq, value of (5.72+0.52) pg - mL"]. In addition, in the ABTS radical scavenging assay,
Compound 11 also showed strong antioxidant activity, with an IC, value of (0.32+0.05) pg - mL". These findings further

enrich the chemical constituents of O. ochrocephala and provide valuable information for its potential resource development
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and utilization.
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AL S ( Oxytropis ochrocephala ) h R
( Fabaceae ) i 52 J& ( Oxytropis DC.) 2 4F Hz B AR A
Yy, o e R A — R A B 5 (b B R B b
MY ST 42 ,1998) , HRE = i FT 2F
o b BRI R E W YU R g WAL T
A A= B, 25 24 3 7 Ol 38 1™ B 28 B 4 2k (B
FEMBER,2017)

UTARK , b Bk AL G O R
SEOZAEY) A 7 =R A H R R AP AR
VAR P O VG R P4 G AR P S AR B 1 L
P KRR RE R i & i I © O Y b e B
SIATTEAVESS 1100 J7 hm? (5KBEHE S, 2024) , 1R
AR P AT 25 0F 0 R Ge o B A e
2y, IR IT R 25 BTG R OF 5T, A B TR R O
TEZ5 AR, X PG 5 ) B J5UR B R S

PRGN B A L R T 48 Ak
51, i ochrocephalamines C—F & 88 H 3 411 4T
HBV A9 4 %) 1% £ ( Zhou et al., 2019; Xue et al.,
2022; kb HE %2024 ) . Zhang % (2026) DA #
PRI T o3 B A5 3 14 A= ) 18— R B BEAR AL &
Y, &7 11 AT A T B0RE SO0 T
OO BT A R SRR ) A AR R R
TEBATAE . BR AR YDAy LA A, B AR R R

AT HoAh 1) 285 F R R Wk B, % T Uik, A AF
FELLRAE S O WF 5T 0 52, Ak 22 %) v 48 ik Ak o
oy BEAT o B AN AL, A5 R NP R BT 12 A
FAL G, b b &9 1 28— /Y o R B 2 1k
AW Bk 1, TR - A R ORI (1, 1-
diphenyl-2-picrylhydrazyl, DPPH ) I 2, 2-Hk %(-—
(3-LFE-FEIFBEME-6-fifi iR ) [ 2, 2-azinobis-( 3-ethyl-
benzothiazole-6-sulfonic acid) , ABTS] H i % & B&
S P TS Y R PTARARTE L

1 #HEF®

1.1 EIa#F#}

111 A RR - SLEMET 2023 429 HRAH
TR TR T V2 X K %5 LR 2 £1 R R, i 75 1
KeEFol BRI Y8 AW T, Y 5 R
Tancj 202309 , JR A7 T 5 M R % K 2 IR 15 24 2 Bt
KIRLY L =

1.1.2 A AL SO AH 35 (high-performance
liquid chromatography , HPLC ) 1% ( #E8k K /KRB A
R\ ], UltiMate 3000) ; Nucifera C18E {AigAE: (V1.7
DU 2 A BR A 7)) 5 i€ 4% 75 & X ( Heidolph , Made
in Germany ) ; JE 7K X B 25 58 (WL L AR AR A
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BT s ETAE (VLR = 2 BB AR IR AR
GF 254 )2 (F B T ) s HEE oKL
B AW bE OE T RE (o3l iU RFRE AR A
BRANHD) 51, 1- K - 2- = i FE A E (DPPH) (4R
RV RO BRA ) 5 D- % B L% 40 (L
IR AP RECA R D) 5 L2 e 2 2 HY 1R 46 1R
AR SR 2R S i SRR e (BT T A AR Ay
HIRATF) ;454 % C(Vitamin C, Ve) (2, 2-B&-—
(3-ZF-FITWEME-6-RE 12 ) (ABTS) (A B B kA
WIRHEABRA ) s i G R (/- Fral, R | i
L THRAFD) ; 2K EFHRY ( Thermo Fisher)
1.2 LEH SRS B

WAL G A 11.5 kg, & TS DL 95%
CEEIMARTAT PR 3 Wk, AR 2.0 kg, UK
fif e M A T ik R e L T R AR, A5
2 RO 138.73 g A H LA 129.75 ¢
1E T EERAL 656.58 g, — 58 H g s (o7 308 2 e e €60
A (A EBE-2 R R, 6/1.4/1 .2/1 1/1,V/V)
Ve, 19 8 N4 Fr. A — Fr. H, IF T EEFRA 8 i
RP-18 {34t ( - 7K ,40% ~ 100% , V/V) LI,
23 H 5 Fr. 1 - Fr. P,

Fr.D(26.05 g) i & ik & 0 38 AT (A i ik - 2 1R
Mg, 6/1.4/1 . 2/1 171, V/V) BEME, 15 %) Fr.D, -
Fr.Dy, Fr.D;(1.39 g)iliid Sephadex LH-20 {71 4E

AW R - 11, V) gk, 5B A Y 3
(30.0 mg) FLEH 6(161.0 mg) . Fr.Dy(2.49 g) il
i Sephadex LH-20 o354 ( — 58 F e - B, 1/1,
V/V) alifk, A RIS Y 7(258.70 mg) o

Fr.E(46.78 g) il o fif Ji (635 4 (A i ik - 2 R
LHg,6/1.4/1.2/1 1/1,V/V) 43 B 15 3] Fr.E, -
Fr.Eg, Fr.E,(1.76 g) £ id Sephadex LH-20 ( 4
Hbe-HEE, 11, v/V) 4ifb 153 3] Fr.E,, - Fr.E,,,
Fr.E,5(0.69 g) il fif 5 835 4 ( 50 bt - i,
25/1,V/V) 3 i A3 EE A 2(5.0 mg) .

Fr.G(22.64 ) FI ] RP-18 (& i+ ( H BE-K ,
20% ~100% , V/V) Belii, 4 5] Fr.G, - Fr.G,, . Fr.G,
(1.54 g) i@t Sephadex LH-20 % 4F: ( 4fi 1 i) 4l
1615 Fr.G,, - Fr.G, Fr.G,5(100.1 mg) i 1 2 il
#% HPLC( W % -/K,65/35,V/V,2 mL + min™) %
B, 58Mk5 M 4(45.0 mg, 1, = 17.55 min) , Fr.G,
(1.66 g) il Sephadex LH-20 3%+t ( 45 B ) 4
B8 E] Fr.G,,— Fr.G,,, Fr.G,,(0.19 g) i i fif i
A (& W e - EE 3071, Vv/V) BER, 15 F

Fr.G,,,— Fr.G, ., Fr.G,,,(111.0 mg) fif Bl il %
HPLC( H % -7K,67/33,V/V,2 mL « min™) 43 5,
BFEA Y 1(18.0 mg,t, = 28.2 min) FiLEY) 8
(41.0 mg,t,= 21.5 min) , Fr.G,(4.21 g) i i A
J e i A (G e - O, 251, V/V) e, 15 3
Fr.G,,— Fr.G,,,Fr.G,,(0.27 ¢) i I Sephadex LH-
20 (3 A ( A W e - HOEE, 171, V/v) di k18
Fr.Go, M Fr.Go,,0 Fr.Gy,,(0.24 ¢) LLEEE)Z BT
FEC TG e - WOmE, 25/1, V/V) BEBE, T8 i
Sephadex LH-20 3% 41 ( — 54 W ke - W %, 1/1,
v/V) dlifk 1520465 5(60.0 mg) .

Fr.H(49.72 g) i i fE It A ( 50 H e - H
F,50/1, V/V) BB, 45 8 Fr. H, - Fr.Hy, Fr. H;
(11.83 g) i i Sephadex LH-20 &% 4 ( —~ & H
Be-HBE, 1/1,V/V) 53 & 4ifk, 15 3 Fr.Hg, - Fr.
Hy,,Fr.H,,(0.59 g) i i ff B2 A A ( & H e -
HEE 1571, V/V) BElL, 15 214664 9(60.0 mg) .

Fr.K(17.0 g) il Sephadex LH-20 (o4 (46
HIEE) 78545 %) Fr.K, - Fr.K,,, Fr.K,(0.59 g) i i
FER (3 AE ( S H b - H B, 15/, V/V) Ve RS
Fr.Ky, — Fr. Ky, Fr.K,;(0.45 ¢) i i Sephadex
LH-20 fa 3t ( s M- EE, 1/1,v/V) gifk, 15
LA 10(128.0 mg) .

Fr.M(22.92 g) il £ ff B o 3 A (%0 FF e -
HEE, 50/1, V/V) YElii, 13 Fr. M, - Fr. M,, Fr. M,
(7.06 g) it Sephadex LH-20 {84} ( 4l B i) 4l
16, 1525 11(75.0 mg)

Fr.N(19.96 g) i#fi i Sephadex LH-20 {f, 3% k&
(L) 43 B545 5] Fr.N, - Fr.Ng, Fr.NJ(8.17 g) LI
R e e A ( S0 e — B, 20/, V/ V) TR, 15
LAY 12(26.0 mg) .

1.3 L&YW 1 WERKEFRATENL

BALAEY 1291 mg, A 2 mol - L' HCI(3
mL) 7E 90 C &F Rk 2.5 b, KA, VR H 48 1
W, TR A 1 mL KR, LR ORI 3 1K,
IR 1 mL, R BRAE S H AT IC 5 7K JZ 0l e ok
RJGAFEAE 1 EBE TN 1 mg 1Y L2 e 2R
I EEER IR ERFN ImL MEBE , T 60 CKI M 1.5 h,
PN 20 pL 282K SR FRR AR A 1.5 h, 5L
DR 2 A | L8802 A s o AT R DA 2B A 41
W B AR AT A AR 5 AT A Al o 38 2o VR AH 3
A3, A3 2 F U R 0.3 mL + min™ , F AN A
(HEE) : B(7K) (0~10 min, 10% A;10~20 min,
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40% A ;20 ~30 min, 60% A;30~40 min, 80% A;
40~60 min,100% A) , i %F LK S AT AE Y S5
A5 BR o S AT A 0 R B I TRD BT A S W B
WEEEF (4 BLAE5F,2025)

1.4 TEH W

1.4.1 DPPH A &y A F R %5 43l 100 pL 0.2
mmol + L' DPPH Z, B WA 100 L A [ ¥¢ J3 £
M T 96 LR PR G, & IR T ## E 30 min, 7E
517 nm PR FMEWOEE A, 558100 pl. DPPH
CPEEFEWR 100 L 25 817K IR A E WOBME A, ,
B 100 WL 2285 T /KA1 100 pl A [ B RE S IR &
MW EME A, (BB ,2021) o LA Ve I BHPEXT
HE 4% R e b AT, T3 O BR R

A~ (A-A))
DPPH Eﬁ%%%%%(%):‘)/li‘xlooo

0

1.4.2 ABTS A A F®mEHm HIKERNTO
mmol + L™ ABTS Z 8RN 5.0 mmol - L3 it
MR R S R BUR A, B R 18 h Ja FH B /K &
P HAR RS, (L OEEEAE 734 nm JEK TR 0.7 =
0.02, 45 ABTS %, 43l B 100 pL ABTS %
F100 WL AS [F] e B2 A 5t V5 W TR &, RE DG S 10
min, T 734 nm P T WERGE A, F3H 100 pL
ABTS F1 100 wL % &8 /K1 A & WO A A, , B
100 WL 28 77K A1 100 WL AS [7] e B A i 1 TR
A EW O A, CERRES ,2021) , Lh Ve M
X 4% RO ik e AT TR BR R

A0_<A_A1)
— X

ABTS HHIEIERE (%)= 100,

0

2 HXRERM

2.1 HEE

a1 OB R B FksE, [ = 27.5°
(¢ = 0.104,0kHE) , UV :203(3.24) ;IR(KBr)
v 3428 29401 656.1596.1501.1279 1213,
1177, @5 PEEHE > F 2 F 6 HR-ESI-MS m/z.
705.178 6 [ M + Na]® (it & {4 705. 179 5,
Cy Hy NaO )  BE A 1 195> T30k €, H,, 05,
AFIEE R 18,

"H-NMR %48 (£ 1) Bk &% & A B2 fr
B R AR W% 5, 6.48(1H, d, J = 2.1 Hz, H-
6) .6.57(1H, d, J = 2.7 Hz, H-8) .8.50(2H, d,
J = 8.9 Hz, H-2', 6') .7.22(2H, d, J = 8.9 Hz,

H-3', 5") fl 1 WS E{F S 6, 3.74(3H, s),
PC-NMR BRI G Y& H 34 DikAE 5, 636 2=
MR IEHE S 6. 98.9(C-6) 92.9(C-8) ,179.4
(C-4) .158.5(C-2) ., 135.6 (C-3) .162.6 (C-5) .
166.3(C-7) . 157.6 (C-9) .106.4( C-10) .56.4 (7-
OCH,) .122.3(C-1") ,132.5(C-2", 6') .116.6(C-
3',5").162.3(C-4") , i % M 5L H1 15 5 5. 104.9
(C-1") . 73.5(C-2") . 75.2(C-3") . 70.4 ( C-4") .
75.5(C-5") .65.0(C-6") ,1 MRIEIF S 6, 167.3,1
KA S 6.145.6 . 118.1,3 DN H A FAE 5 8,
61.1.56.6.56.6 FH Al 6 75 FKAE S 6. 154.4,
154.4 141.3 .130.9 .106.6 .106.6, %4 'H-NMRIX]
e 1 AR TR S 8, 6.22(J = 7.7 Hz) Al
PR K i N AT AR A 4 | B 8 X S5 A R A A B-D-
I H-NMR h 2 SR A (T = 16.6
Hz) W42 T 8, 6.60 (H-8") \7.80( H-7") ,2 />
WERTES 6, 6.89(2H, s) & 3 MHAKREES
8,3.93(s, 3H) .3.82(s, 6H) , #EMILEW&H 1,
3,4, 5-TWBCR N IR IR 454 . R C-5" (8, 116.65)
FAEZ M T 37.75 ppm, C-6" (8, 124.07) 1] 5 3%
fiks T 17.47 ppm LA AL, Ho# w36 3R B 5
bosenegaloside A {8l ( Morgan et al., 2014 ) ,
I, HEMAE A0 C-5" 9k F A U

HRAE HMQC 1 HMBC i & w] %01, 8, 3.82(3",
5"-0CH,) 5 C-3"(C-5") #>%,8,, 3.93(4"-0CH,) 5
C-4"HH2&, W C-3" C-4"H1 C-5"4% H 5 H H A
%, H H-2"(58, 6.89) 5 C-4" C-3"(C-5") . C-7"H]
X 2 TR W C-57 8 AR LUt 2
T LRt A e G 1 A (B 1) .

fE&9 2. HE@EIRSS f . ESI-MS m/z: 301
[M+H]", 57Xk C,H,,0,.,"H-NMR (400 MHz,
Pyridine-d;)8:12.36 (1H, s, H-10), 11.23 (1H,
m, H-1), 10.85(1H, m, H-7), 10.63(2H, m,
H-2, H-8), 10.51(s, 1H, H-4), 10.20(1H, m,
H-11a), 9.29 (1H, m, H-6), 4.95(1H, m, H-
6a), 7.97 (3H, s, -OCH,), 7.38 (3H, s,
-OCH;) ; "C-NMR( 101 MHz, Pyridine-d;)8:161.0
(C-3), 157.7(C-4a), 154.1(C-9), 152.5(C-
11), 135.1(C-10), 133.2(C-1), 122.8(C-6b),
119.3(C-7), 112.0(C-11b), 111.2(C-2), 105.9
(C-8), 104.5(C-4), 80.0(C-11a), 66.9(C-6),
60.7(-0OCH,) , 56.6(-OCH,), 40.6(C-6a), Ui I
s 5 SCHk (Dong et al., 2010) A ) FE AR —2L
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X1 #H&%W18'H-NMR F1°C-NMR % i ##% (500/126 MHz, Pyridine-d. )

Table 1 'H-NMR and “C-NMR spectral data of Compound 1(500/126 MHz, Pyridine-d, )
No 'H Bc No. 'H Bc
1 — — 2" 4.80(1H, t, J = 8.4 Hz) 73.5
2 - 158.5 3 4.34(1H, m) 75.2
3 — 135.6 4" 4.43(1H, d, J = 3.5 Hz) 70.4
4 — 179.4 5 4.33(1H, d, J = 3.5 Hz) 75.5
: - S e ST
6 6.48(1H, d, J = 2.1 Hz) 98.9 1" — 130.9
7 — 166.3 2", 6" 6.89(s, 2H) 106.6
8 6.57(1H, d, J = 2.7 Hy) 92.9 3" 5" — 154.4
9 — 157.6 4" — 141.3
10 — 106.4 7" 7.80, (1H, d, J = 16.6 Hz) 145.6
1’ — 122.3 8" 6.60, (1H, d, J = 16.6 Hz) 118.1
2.6 8.50(2H, d, J = 8.9 Hz) 132.5 9" — 167.3
3", 5 7.22(2H, d, J = 8.9 Hz) 116.6 4"-0CH, 3.93(3H, s) 61.1
4 - 162.3 3", 5"-OCH, 3.82(6H, s) 56.6
17 6.22(1H, d, J = 7.7 Hz) 104.9 7-0CH, 3.74(3H, s) 56.4

B1 &Y 1EHRINEXH HMBC 55
Fig. 1 Structure and related HMBC signals of Compound 1

WA EL &Y 2 M (6aR, 11aR) -10-hydroxy-3, 9-
dimethoxypterocarpan,

&Y 3. A @ EHR 4SS A, ESI-MS m/z: 303
[M+H]*, 4 F&Hm C,,H,0,, ' H-NMR (400 MHz,
CD,0D)é6:2.75(1H, dd, J = 16.3, 5.4 Hz, 4-
Heq), 2.84(1H, dd, J = 16.1, 11.3 Hz, 4-Hax) ,
3.40(1H, m, 3-H), 3.80(3H, s, -OCH,), 3.81
(3H, s, -OCH;), 3.88(1H, t, J = 10.5 Hz, 2-
Hax), 4.15(1H, d, J = 10.8 Hz, 2-Heq), 6.25
(1H, d, J = 2.9 Hz, 8-H), 6.33(1H, dd, J =
8.5, 2.5Hz, 6-H), 6.56(1H, d, J = 8.5 Hz, 6'-
H), 6.67(1H, d, J = 8.8 Hz, 5'-H), 6.85(1H,
d, J = 8.2 Hz, 5-H)."” C-NMR ( 101 MHz,

CD,0D)6:157.5(C-7), 156.2(C-9), 149.0( C-
2'), 147.2(C-4"), 140.6 (C-3"), 131.2(C-5),
128.5(C-1"), 117.7(C-6"), 114.8(C-10), 109.1
(C-6), 108.4(C-5"), 103.8(C-8), 71.6(C-2),
61.3(-OCH,), 56.6(-OCH,), 33.1(C-3), 32.4
(C-4), VI LBdE 5 3CHk (Li et al., 2025) 0B 8
AR —F W E G Y3 N3, T- 2,4
AR,

& 4. (0 [ K, ESI-MS m/z: 661 [ M+
Nal]*, 4r ¥ 3~ C;, Hy O, H-NMR (400 MHz,
DMSO-d,)8:6.16(1H, s, H-6), 6.58 (1H, s, H-
8), 8.08(2H, d, J = 8.8 Hz, H-2', 6'), 6.88
(2H, d, J = 8.9 Hz, H-3', 5'), 5.42(1H, d,
J = 8.5Hz, H-1"), 4.26(1H, dd, J = 11.2, 8.5
Hz, H-6"), 4.04(1H, dd, J = 11.6, 4.4 Hz, H-
6"), 7.12(1H, d, J = 1.9 Hz, H-6"), 6.75(1H,
d, J = 8.9 Hz, H-5"), 6.86(1H, d, J = 1.9Hz,
H-2"), 7.26(1H, d, J = 15.7 Hz, H-7"), 6.17
(1H, d, J = 15.7 Hz, H-8"), 3.89(3H, s, 3"-
OCH,), 3.71 (3H, s, 7-OCH,) ;" C-NMR ( 101
MHz, DMSO-d, ) 6:177.6 (C-4), 166.2 (C-9"),
165.0(C-7), 160.8(C-5), 160.1(C-4"), 156.7
(C-2), 156.2(C-8a), 149.3(C-4"), 147.8(C-
3"), 144.9 (C-7"), 133.3(C-3), 131.0(C-2’,
6'), 125.5(C-1"), 123.0(C-6"), 120.8(C-1"),
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115.3(C-3", 5"), 115.1(C-5"), 113.8(C-8"),
110.9(C-2"), 104.8(C-4a), 101.4(C-1"), 97.7
(C-6), 92.2(C-8), 73.1(C-3"), 72.9(C-2"),
71.0(C-5"), 68.3(C-4"), 63.0(C-6"), 55.9(7-
OCH;), 55.6 (3"-0CH, ). LL k5 5 3Tk
(Morgan et al.,2014) f{z 18 /Y BE A — B, 48 & fk
EW 4 4 bosenegaloside A,

fEY s, BET0E R K, ESI-MS m/z:701
[M+H]", 5 F3 K CxH,0,,.' H-NMR (400 MHz,
DMSO-d)6:12.56 (1H, s, 5-OH), 10.17(1H, s,
4'-OH), 6.27(1H, s, H-6), 6.68(1H, s, H-8),
8.04(2H, d, J = 9.2 Hz, H-2", 6'), 6.84(2H, d,
J =9.2 Hz, H-3", 5"), 3.81(3H, s, 7-OCH,);
BC-NMR (101 MHz, DMSO-d,)8:177.9(C-4) , 172.6
(C-1"), 165.3(C-7), 161.2(C-5), 160.4(C-4"),
156.9(C-2), 156.5(C-8a), 133.6(C-3), 131.2(C-
2',6'), 120.9(C-1"), 115.3(C-3", 5"), 105.1(C-
4a), 101.6(C-1"), 98.0(C-6), 92.3(C-8), 73.3
(C-5"), 73.1(C-3"), 71.2(C-2"), 68.5(C-4"),
63.4(C-6"), 56.2(7-0OCH,), 14.1(CH,(-CH,) ;).
DU % 56 6% F) ( Taisho Pharma Co. Lid., 1993)
TCERIN IR — 2, MO 2 Z B YR 5-hydroxy-2-(4-
hydroxyphenyl ) -7-methoxy-3-[ 6-0-( 1-oxohexadecyl )-
a-D-altropyranosyl ] -4H-1-benzopyran-4-one ,

G 6. BRI, ESI-MS m/z:301
[M+H]", 273N C, H,,0, ., H-NMR (400 MHz,
DMSO-d,)8:12.48 (1H, s, 5-OH), 8.06(2H, d,
J = 8.8 Hz, H-2', H-6'), 6.93(2H, d, J = 8.8
Hz, H-3', H-5"), 6.73(1H, d, J =2.2 Hz, H-8) ,
6.33(1H, s, H-6) f1 3.84(3H, s, 7-OCH,) ;" C-
NMR (101 MHz, DMSO-d,)8:176.1(C-4), 164.9
(C-7), 160.4(C-9), 159.4(C-5), 156.1(C-4"),
147.3 (C-2), 136.0(C-3), 129.6(C-2", 6'),
121.6(C-1"), 115.5(C-3", 5'), 104.1(C-10),
97.5(C-6), 92.0(C-8), 56.0(-OCH,) , VA %#
5 SCHR (Hu et al.,2017) #1895 A — 350, Mo @
EY 6 I HZEMER,

& 7. WAAEIRES . ESI-MS m/z: 301
[M+H]*, ¥ K C,H,,0,.' H-NMR (400 MHz,
DMSO-d,)8:12.49(1H, s, 5-OH), 10.11(1H, s,
7-OH), 9.41(1H, s, 3-OH), 8.04(2H, d, J =
8.6 Hz, H-2', 6'), 6.92(2H, d, J = 8.9 Hz, H-
3',5'), 6.70(1H, m, H-8), 6.30(1H, m, H-6)

M1 3.74 (3H, s, 4’-OCH,) ;" C-NMR ( 101 MHz,
DMSO-d,)8:175.8(C-4), 164.7(C-7), 160.2( C-
4"y, 159.1(C-9), 155.9(C-5), 147.1(C-2),
135.8 (C-3), 129.4(C-2", 6'), 121.4(C-1"),
115.3(C-3", 5"), 103.8(C-10), 97.3(C-6), 91.8
(C-8), 55.8(-0CH,) , LA L %ds 5 SCHik (X1 & -F
%,2007) HE B AR -, MEEED T N
3,5,7-—F k-4’ - S L B

&Y 8. BATERN K, ESI-MS m/z:567
[M+H]", T3k C,0H, 0,,, " H-NMR (400 MHz,
Pyridine-d;) 6. 8.48 (2H, d, J = 8.9 Hz, H-2',
6'), 8.05(2H, d, J = 7.8 Hz, H-3", 5"), 7.47
(1H, t, J = 7.8 Hz, H-4"), 7.34(2H, m, H-2",
6"), 6.63(2H, s, H-3",5'), 6.25(1H, d, J =
8.9 Hz, H-8), 5.05(1H, d, J = 8.2 Hz, H-6),
5.02(1H, d, J = 7.6 Hz, H-1"), 4.87(1H, dd,
J=11.4,4.6 Hz, H-6"), 4.81(1H, t, J = 7.9
Hz, H-6"), 4.46 (1H, d, J = 2.6 Hz, H-5"),
437(1H, m, H-4"), 4.34(1H, m, H-2"), 3.81
(3H, s, -OCH,), 3.63(1H, m, H-3") ;" C-NMR
(101 MHz, Pyridine-d;)8:179.1(C-4), 166.6( C-
7"), 166.1(C-7), 162.5(C-5), 162.1(C-4"),
158.2(C-2), 157.5(C-9), 135.3(C-3), 133.4(C-
4"y, 132.2(C-2", 6'), 130.9(C-1"), 130.0( C-
2", C-6"), 128.9(C-3", C-5"), 122.0(C-1"),
116.4(C-3", 5'), 106.4(C-10), 104.4(C-1"),
98.9(C-6), 92.7(C-8), 75.3(C-5"), 74.8(C-
3"y, 73.2(C-2"), 70.1(C-4"), 65.2(C-6"), 56.3
(-OCH;) . DA% 5 SCHk (Li et al.,2013) #iziH
PR3, MO EL A Y 8 O 3-0-R B &R -
6-0-7 H I ik -B-D- Mt e 7 2

&Y 9. #OK A, ESI-MS m/z:463 [ M+
H]", > TR N C,H,0,. HNMR (400 MHz,
DMSO0-d,)6:5.95(1H, d, J = 2.2 Hz, H-6) , 6.31
(1H, d, J = 2.3 Hz, H-8), 7.70(2H, d, J = 9.5
Hz, H-2', 6'), 6.47(2H, d, J = 9.1 Hz, H-3',
5'), 4.99(1H, d, J = 7.1 Hz, H-1"), 2.78(1H,
s, H-6"), 2.12(1H, s, H-6"), 4.21 (3H, s, 7-
OCH,) ;" C-NMR ( 101 MHz, DMSO-d,) §:178.2
(C-4), 165.7(C-7), 161.4(C-9), 160.6(C-5),
157.4(C-4"), 156.9(C-2), 134.1(C-3), 131.7
(C-2", 6'), 121.3(C-1"), 115.7(C-3", 5'),
105.5(C-10), 102.2(C-1"), 98.5(C-6), 92.8(C-
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8), 76.3(C-3"), 73.7(C-2"), 71.8(C-5"), 68.5
(C-4"), 60.8(C-6"), 56.7(-0CH,) , L -%¥ 5
SCHR () A S5 2016) Hir 18 A FE A — B, M s e
EW 9 REFEER-3-06-D-LELHE

AW 10, EAK K, ESI-MS m/z:465 [ M+
H]", %> 73 N C, Hy 0, H-NMR (400 MHz,
DMSO-d,)8:12.54(1H, s, 5-OH), 7.49(2H, m,
H-2",6'),6.74(1H, d, J = 9.8 Hz, H-5"), 6.31
(1H, d, J = 2.1 Hz, H-8), 6.11(1H, d, J = 2.1
Hz, H-6) ; "C-NMR( 101 MHz, DMSO-d,)&8:177.5
(C-4), 164.2(C-7), 161.3(C-5), 156.4(C-2),
156.2(C-9), 148.5(C-4"), 144.9(C-3"), 133.4
(C-3), 121.7(C-6"), 121.2(C-1"), 116.3 (C-
5y, 115.3(C-2"), 104.0(C-10), 100.9(C-1"),
98.7(C-6), 93.6(C-8), 77.6(C-5"), 76.6( C-
3"y, 74.2(C-2"), 70.0(C-4"), 61.0(C-6"), L) I
Bl 5 SCHk (B4, 2008) HE B9 REAR — 2, )
YA ) 10 S S R AT

& 11, EEFE AR, ESI-MS m/z:501 [ M+
Nal*, 4+ F 3~ C, H,, 0,,,' H-NMR (400 MHz,
DMS0-d()8:6.36(1H, d, J = 2.3 Hz, H-6), 6.69
(1H,d, J = 2.2 Hz, H-8), 7.68(1H, dd, J = 8.2,
2.3 Hz, H-6'), 7.59(1H, d, J = 2.3 Hz, H-2'),
6.85(1H, d, J = 8.7 Hz, H-5'), 3.85(3H, s, 7-
OCH,) ;"C-NMR (101 MHz, DMSO-d,)8:177.7(C-
4),165.2(C-7), 161.0(C-5), 156.7(C-2), 156.3
(C-9), 148.7(C-4"), 144.9(C-3"), 133.8(C-3),
122.1(C-6"), 121.1(C-1"), 116.2(C-2"), 115.2(C-
5'), 105.0(C-10), 101.8(C-1"), 97.9(C-6), 92.2
(C-8), 75.9(C-5"), 73.3(C-3"), 71.3(C-2"), 68.0
(C-4"), 60.2(C-6"), 56.2(-OCH,) ., LI %5
BROTETESE, 2024) 38 M 3EA — 30, S 2 &9
11 9 AR -3-0-B-D-FFUBE T

& 12, FHEK AR, ESI-MS m/z:463 [ M+
H]", %+ F:x N C,Hy, O, H-NMR (400 MHz,
DMSO0-d, ) 6:12.60 (1H, s, 5-OH), 8.07 (2H, d,
J =88 Hz, H2', 6'), 6.91(2H, d, J = 8.6 Hz,
H-3',5'), 6.36(1H, s, H-6), 6.72(1H, s, H-8),
5.50(1H, d, J = 7.6 Hz, H-1"), 3.85(3H, s, 7-
OCH,) ;"C-NMR (101 MHz, DMSO-d,)6:177.5(C-
4), 165.0(C-7), 160.8(C-9), 159.9(C-5), 156.4
(C-4"), 156.2(C-2), 133.3(C-3), 130.8(C-2',
6'), 120.7(C-1"), 115.0(C-3", 5'), 104.8(C-10),

100.7(C-1"), 97.7(C-6), 92.1(C-8), 77.4(C-3"),
76.3(C-2"), 74.1(C-5"), 69.7(C-4"), 60.7(C-6") ,
56.0(-OCH,) . LA L%l 5 3CHk (Zhou et al., 2009)
FRAE ) FEA— B, O B 12 R R -
3-0-B-D-HE WY,

L&Y 1-12 BfL2 A S5 ILE 2,
22 MEANXKER

&Y 3.4.6.7 10-12 % Bl Bt A 1k 16 1
(£2), Hi fbEY 6,10 111 X} DPPH H A&
THBRIY 1C,, (H 53 %M (4.90£0.35) . (0.80+0.06) .
(1.07£0.02) pg - mL' IHEBRBCRET Ve, k&
Y3 F0 11 XF ABTS F 538 Br 19 1C,, 53 91 R
(0.72+0.05) .(0.32+0.05) wg - mL", HIE R BUR
5 Ve MY, XRUELB T IR HE
AR R PUARATE I

3 WihkE4E#

AHIESE N B AL R b o B AR 3 12 R
Yy, 045 10 D EEEZSE S [ ochrocephalamine
A (4). 5-hydroxy-2-( 4-
hydroxyphenyl ) -7-methoxy-3-[ 6-O-( 1-oxohexadecyl )-a-
D-altropyranosyl ]-4H-1-benzopyran-4-one ( 5) | i 2% #7
BHR(6).3,5,7-=Fehk-4'- I AL A (7) (3-0-
BRAR A5 25 -6-0- % H Tk 8- D - N I 4 26 17 (8)
AT R -3-0-B-D-FFLBEH (9) St H (10) |
2R -3-0-8-D-FFUHH Y (11) | =PI E-3-0-8-
D-HAREH (12) ], 1 DrEEkRieay (3,7 -—
FEHE-2! 4TS B S Bk (3) ] A 1 A S e
& & ¥ [ ( 6aR, 11aR )-10-hydroxy-3, O-
dimethoxypterocarpan(2) |, L& 1 Jhy i i) 25 Il i
KB LB 2.4 A1 S IR E AL RS oy B
(G

i3 DPPH H1 ABTS H [ Hi 251 B 52 56007 fr
e 1-12 PR, LEa 3.4.6.7,
10-12 R A h AL G BRI, Kbk a9 6,
10 F1 11 7 DPPH [ i 2 3% BR 52 56 19 1C,, {50 51
H(4.90£0.35) . (0.80+0.06) Al (1.07+0.02)
pg - mL7 T BHPEXT B Ve [IC AR (5.72+
0.52) mg - mL' ], 76 ABTS [ i L 4 B 52 56 v
5 11 IR 3 H 550 B9 BT SR T P, 3 1C, 1
$7(0.32+0.05) wg - mL”,

59 1 BRI XT DPPH Al ABTS 9 H i

(1), bosenegaloside
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OMe

FEIEBRIGME R AL 25 0 &, LR NG IR
5 R R -3-0-8-D-H i HE C-6" 1P A7
E(eEw 1 e HE ke s emeh g,
G 4 X AT 2R SR AL W) K i@ 1 (soluble epoxide
hydrolase , sEH ) . # il /& H, 7 il & % Ki M
(7.6+3.2) pmol + L' ( Morgan et al., 2014), sEH
(A T LA 20 4 15 P IR PR AR O = R K
- BEAR R T R IR KT R A | R AR R

OH OH
11

B2 &wi1-12 ik EEmK

Fig. 2 Chemical structural formulas of compounds 1-12

22 22 40 FAR I 0 H A IR 97 7 (Sun et al.,
2021) . SR ALEW 1 2&& BAIRYT O A8 PR
AR 2 Ve RO VE A 1 T ik — 2B T

g LR AR G AR TR E R A A e
Jr B 288 Ak 2 g3 3 B0 AR A P AR AR TR P
AW — 20 B T B P R Ly,
HAETRE B il DR i i B A e it 55 S5 388 1) 1o ) 42
HET AR BB TE R
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x2 HAYHWBEBREBRIBER
Table 2 Radical scavenging experiment

results for compounds

o DPPH ABTS
Compound IC4, (pg - mL™) IC, (pg » mL™)
3 39.40+4.06 0.72+0.05
4 83.01+4.47 5.48+0.30
6 4.90+0.35 2.80+0.29
7 10.71+0.58 1.01+£0.69
10 0.80+0.06 5.14+0.66
11 1.07+0.02 0.32+0.05
12 — 51.95+3.11
Ve = 5.72+£0.52 0.24+0.07
TE: = R X R —RR W RRAE
Note: * indicates positive control; — indicates no clearing effect.
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