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ARENULFERS XERENEERR
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B A, owa', #EAMA, x| FEMT
(L 7R BE2EBE, BT 530004; 2. L‘F‘V‘gk ;ﬁﬁ;gﬁ PR TR, PR e
W) A U R P B SR A TG AR 541006 )

i E: NIRILMRA (Salvia prionitis) B AT B HLHUEAGTR PE , 050 R H] MCIL RERZ ,ODS \HW-40F K
1 RO (33 (HPLC) XETAR B £ B8 S b AT o B 24k, I 25 5 a2 7 7 % (1D-/2D-NMR \HR-MS |
CD) Kbt S e AL G At dl i 1, 1- 405 2- =38 ( DPPH) H B BV BR AT L& B it Bt Ak
REST . BEAREW] . (1) NLLARFh 4r 573 3] 17 MEE, 43 % %€} 3-hydroxysalvinolone (1) (FHZ WM (2) |
salviadesertin J(3) .5a, 11, 12-trihydroxy-6-oxaabieta-8, 11, 13-trien-7-one (4) AXEE(S) \perovskin C(6) 4-F2FL4L
FREC YR (7) | prineoparaquinone(8) , miltiolactone (9) .2a, 3a-dihydroxyursolic acid 28-0-8-D-glucopyranosyl ester
(10) 19a- BT R (11) SFECRIR (12) MR (13) S B 1 (14) 7T (15) (128 1-3-0-8-D-4 4
B (16) FNLIZS B -3-0- S WE T (17) . b LB 1 8k &9, L& 9 4.6.10 11 13 A1 17 SHE R
REEMAY B2 G 3 M9 A ERMZAEY P B432] . (2) DPPH H i JE3E BRillilas R %W, 1k
A4 14[1C4, = (0.009 2+0.000 06) mmol - L' JF1 15[ IC4,=(0.013 2+0.000 06) mmol - 1" ] By 75 PE 58 T FH XS
MR PR INAR , 1C,, = (0.044 2+0.000 46) mmol - L' ], A58 45 5 T g 1R Bfre S0 PR G 7= it ) o i 42 1 38
Wk
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Abstract: To study the constituents from Salvia prionitis and their antioxidant activities, the ethyl acetate fraction of
S. prionitis was separated and purified using MCI, silica gel, ODS, HW-40F, and high-performance liquid
chromatography ( HPLC) in this study. The structures of obtained compounds were determined comprehensively
employing spectroscopic data (1D-/2D-NMR, HR-MS, CD) and chemical calculations. The antioxidant capacities
were evaluated using the 1, 1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging assay. The results were as
follows: (1) Seventeen compounds were identified as 3-hydroxysalvinolone (1), salvinolone (2), salviadesertin J
(3), Sa, 11, 12-trihydroxy-6-oxaabieta-8, 11, 13-trien-7-one ( 4 ), hinokiol (5), perovskin C (6), 4-
hydroxysapriparaquinone (7), prineoparaquinone (8), miltiolactone (9), 2a,3a-dihydroxyursolic acid 28-0-8-D-
glucopyranosyl ester (10), 19a-hydroxyasiatic acid (11), oleanolic acid (12), hesperidin (13), isoquercitrin
(14), rutin (15), kaempferol-3-0-B-D-glucoside (16), and kaempferol-3-O-rutinoside (17). Compound 1 was
identified as a new compound. The compounds 4, 6, 10, 11, 13, and 17 were isolated for the first time from the genus
Salvia plants, while compounds 3 and 9 were obtained for the first time from S. prionitis. (2) The results of the DPPH
free radical scavenging assay showed that compounds 14 [IC,, = (0.009 2+0.000 06) mmol - L' ] and 15 [IC,, =
(0.013 2+0.000 06) mmol + L] exhibited stronger antioxidant activities than the positive control [ ascorbic acid,
IC,, = (0.044 2+0.000 46) mmol - L' ]. This study provides a theoretical basis for development of anti-oxidant-related
products from S. prionitis.

Key words: Salvia prionitis, chemical constituents, separation and identification, terpenoids, antioxidant activity

ZIAR KL ( Salvia prionitis ) M J&IEFl (Lamiaceae )
o R R X (BT RS, 2015) , R 2 F i
RGICHE T PUAR R RS ) ()7 PR A6 X iy
LT AT,1974) 4k THEYIEDS #2501
FARIr &R AIERN ], (R RS AMg s T
Vi A2y, BIREE ETE W R (b
BB I 5 5 2, 1977) . BLATHISE 26
IR EBO A iR (Y], 2023) =SS (BR
26)T,2021) (BRI (H KA, 2015) (RS (R
2,2018) ZE4L 22 LAY (Wu et al., 2012; 8% K IF %,
2024) o Heorp, SCHR T8 55 2 19 il 2 7820 45 4
FZFEIT BAT Z2 0 24 BRIGPE , IRA 7 e B il 3 R
AL BT R (FLPCHT AR, 2018) LM (K E AR,
2013) FHL AL ( Kabouche et al., 2007) 3G 14, 76 &
Bl ik B BUR iR SR ER (R B
45,2016) , 4t ke B s 2 PR (Esquivel et
al., 2017) Fi# (Li et al., 2019) % ( Xia et al.,
2022) SEAEHT, Wi R 2 A 0 R AR A AR AT
PR AIPUITYR (Lang et al., 2005) AUPEH

CLARF G FHA (8 m , (H 2 PR BT 2 9 IR A s R
VT T I 5 A oy F) [m) AT, ) I R O 20 AR 5 5
Z:[6) Ja 7 A5 e LA ) A 25 5 T 2655 BRI T

W A TENAE, BT LA 51T AR Z A58 515G
H A, N A% 20 AR 5 0 A 5 22 o ) Jo ik v Y
T S L3 B HE AT e R 3 P, R £ AR R G At 2 Y
I AR GG ERF T b . 2w R R
Ty UARF R FIE W 58, TR 25 B 0 3R T, %
iE S 5 A AR N I DD R O, T P 4 (reactive
oxygen species, ROS) it 1t FR 8 5| & i & AL 41 1 &
GRE S M S SR AL 2 — (B 4255 ,2014)
SRS T 21 AR e 70 S A 5 T A T 5 B AT 4Rl .
PE— 20 R LU AR B W ol S AR 5 AR T
PR AHIE ST LLVLVE 1Y 20 AR B R 0 58 0 42, R T ik
Ji& .ODS K 5 850 W AH 43 ( high-performance liquid
chromatography , HPLC ) 45 {2, 1% 43 55 £ AR X H 2 iR
CBRFEIY) HEAT 73 B alidk, IF 45 & A Bt A AL s
PEVEA A2 0 BT 154k & W 9 47 3% PR O 3, LR 5T
DU ) (1) Z0AR = Ak 22 iy 5 (2) 3 B 45 3
LA ) IR AT M S ROC R

1 #MHE 57 &
1.1 b SR F0i

BHRE S AR R B VI s (GRS R
2016 4 11 H) , &) P AR X P E B AT
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VYR DI 5 T K ST 5% 5L 46 8 S IR R B LR
JRLIARE , FRA (45 20161114-2) fE7 T P94l
W) 1 RE W S 5% 5 W U S R E A SR

X #§ . Bruker Advance 500 MHz #8 5 4% g 4R
WA (TR A1 8 B 2 ) ) 5 R e R €815 — F
% - %I X UPLC-ESI-MS( H A B2 HA ) 5 6
F WA IS [ FEEHUE (b)) BHECARA A T
Agilent ZORBAX SB-C , 2 i £ (9.4 mm x 250
mm, 5 pm, ZHAFHEARAF) ; LC-20AT F5K
WAH 5 (B A 5 2 7] ) 5 SP-Max 3500FL 74
Z U REDIEREbR A (_ I INS A YR AW o

7 : Diaion HP 20SS ( H A& =22 b2tk &

FE) 5 RO N Jot BE Ak ot 4 B RE S ODS ( H A YMC
N #)) ; Toyopearl HW-40F ( H 4% TOSOH /A ] ) ; ik it
(200~300 H, & BFHEAATT ) ; Fo, i B ZE R
(TEE R A s PR MR (PP L T A R
Al) 32, 2-HROR - 1 BRI (i 2 bR AR AR
IRt A5 BN T ) 5 e S8BT R R 20 (95 [ 9%
BRCBHE A F]) FaligoK (e IS R RA R 5 H
b i R4 Ry o3 Bl (PE B B2 A A R A F) .
1.2 77i&
1.2.1 #R A8 B TEIZMRE (25 10 ke
HEATRY R, F 95% £ T i IR R L 3 Ik, BFIR S
d, AR BOR R 4 15 2R 5 315.6 ¢, R
INACE TR I 2R S BR 2R B 3 WK, 2 B v 4 1%
B 28 LHEFEIBR Ay 213.2 g, ¥ TR 2 TG A WG
Gyt — 2 28 R AL W AR i J2 BT A 43 5, 30%
50% .80% 1 95% £, T — 7K V5 T o 38 Ve 8, 4% ok ik
TR 2806 Ve 4 J5 A5 2 4 AR EB 4> A (6.5 ¢) B
(4.7 g) .C(122.4 g) .D(72.8 g) .

D #B4r 22 MCI A {535 53 85, Wi - K (0—
100% ,V/V,10% K5 55, [F]) A6 BE R I, 25 A6 B2 Ve it
WAy MR AR G158 11 AF4Y Fr.l-Fr.11, Fr.l
(3.1 g) & ODS 3% 73 25, H - 7K (0—100% ) #
FEVE R , i B 3 2 {61 ( thin-layer chromatography,
TLC ) Kl J5 & A0 [ 2H 73 e 4545 21 7 A543 Fr.1-1-
Fr.1-7, Fr.1-5(0.75 g) % Diaion HP 20SS (%% /)
B 7K (5% —100% ) B B PR, TLC Rl 4 3
We4i5 135 Fr.1-5-1-Fr.1-5-9, Fr.1-5-6(0.344 g) &
ODS FE (a3 73 85, HiE - 7K (0—100% ) 6 Ji Bk i,
TLC Kzl A I 45 J5 15 %) Fr. 1-5-6-1-Fr. 1-5-6-3,
Fr.1-5-6-2( 100 mg) Z& HW-40F #4373 55 4l {15
LAY 14(27 mg) G 15(6.7 mg) AL G

17(25 mg) . Fr.1-5-7(0.229 g) Z 5 45 A Hi 15 51
LAY 13(7 mg) . Fr.1-5-7(0.229 g) 4 ODS H:{f
T B AR RS 16(43 mg) .

Fr.3(53 g) ZRERCHE 15502, A k-2 1R &
B (20« 1—1 = 1) BEBEBEN , TLC &I & - Mk 4 s
53 18 N#R4> Fr.3-1-Fr.3-18, Fr.3-9(0.826 g)
LR AT (i AR AER,20 1 11 : 1)
BB Ve LA 2] 15 1843 (Fr.3-9-1-Fr.3-9-15)
Fr.3-9-7(142 mg) &R AR 254 C i fbf5 2L &
Y 6(1.4mg), Fr.3-13(1.074 g) X AHHI 54 C,
(50% ZH5-7K) 7 B AR B4 A 2(8 mg) .4(30
mg) F17(17 mg) . Fr.3-15(2.003 g) £ 5 M 1 4%
H C5(50% I -K) 25 846 &%) 5(5 mg) |
8(33 mg) M1 9(48 mg), Fr.3-16(0.726 g) & tH
il & HE C g (5% —55% L NE-7K) ditb 15 2L &9
3(7 mg), Fr.3-18(32.3 g) £ Diaion HP 20SS #: {7,
T (5% —100% Wit =K ) 6 B2 VR IR 43 2545 3] Fr. 3-
18-1-Fr.3-18-15, Fr.3-18-5(1.255 g) % ODS #k
60% M g - 7K JE A5 246 5 %) 1(201 mg) . Fr.3-
18-6(1.752 g) £ ODS H: (A 73 2, 65% H - 7K Bk
Wif5 2] Fr.3-18-6-1-Fr.3-18-6-7, Fr.3-18-6-7( 440
mg) 2 Toyopearl HW-40F {0 3% 44 43 25 4li fb 15 2] 1k
A 10(1.2 mg) M 11(1.7 mg) , Fr.3-18-7(1.830
g) % ODS K335, 70% W - K Ve A5 34k &
Y12(7 mg) . VA LAEEWEEEARILE 1,
1.2.2 1,1-= ) 3EK-2-=Z A X B (1, 1-diphenyl-2-
picrylhydrazyl, DPPH) & ¥ & &tk &2 m 2 DPPH
H ST BR A A A TS S5 E R 2016)
FrEAL MAF (2021) B 7%, X0 FLaE AT Y
DABUIR IR Ay BE Pk o B A, €233 Y Bk i 50 R 48
# DPPH Bl i 0.15 mmol - L' MERRFREAL S, 1A
T R PO A [R) O VA B VS R, SRR
EREM KHRAIFNZS (I, R 1 RN AR Rk
PG HEMN, BARAE RN, #e3R 1 IR IR B Rk
] 96 FLAR HFOIAAH R, W , 25 3 k56 30 min
Je AR AT 517 nm P W0 52 4L B IO B
H(A), WM T AXTEEFRRIERFE (%) =
[1-(A,-A,)/A,]1x100, HH A AR A5 B A
a2 X RERAE RS LA BB BE(E BRI
3ANEALIATEATINGE , B SEde B phar A 3 UK
i H Excel 2016 #k{4F-2: K Lk & GraphPad Prism 8.0.2
AR IEA T B 2 T 22 0 B DA DTAG 4 18] 22 S5 %) B 3
PEo MRS IR LV Y AR 22 201
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B1 &% 1-17 &8

Fig. 1 Structures of compounds 1-17

#* 1 DPPH HHEFRNR KK R
Table 1 DPPH free radical scavenging

test reaction system

Ly FE 28 POPIEE| A
5% )
Reagent Sample group Control group Blank group
# (pL) (pL) (kL)
FE &b Sample 100 100 —
DPPH 100 — 100
FA . Methanol — 100 100

2 R E M

21 LEVHEHERE

K& 1 204 @ [ &, HR-ESI-MS m/z:
329.175 6 [ M=H ] ( caled for C,,H,,0,, 329.175 8) ,
HEMIL 73730 R CpoHy O, , RFIEEN 8, [a]}
~470.0(¢ 0.1 MeOH) , UV (MeOH) X\ (loge) :

229 (2.86),305 (2.45), IR*™ cm™,3 426 (%
H),2930 (W L), 1638 (2K H), 1006,
"H-NMRZE R R &P h & A K3 [5, 7.61
(1H, s, H-14) ] J#H [6,6.44 (1H, s, H-6) ] 3
AL [6,1.67 (3H, s, H-20), 1.34 (3H, s, H-
18), 1.29 (3H, s, H-19) ] .1 W% [5,1.26
(3H, d, J = 6.9 Hz, H-17),1.23 (3H, d, J =
6.9 Hz, H-16),3.26 (1H, sept, J = 6.9 Hz, H-
15) 1, "C-NMR 253 &% 20 MR15 5, 45 1 4
PRI (5. 187.9) 1 Mtk (5, 124.6) .5 P H
B 2 A B 3 AU 3 K 8 SR (5 AN
k) . 455 AR K ARG H-NMR F1" C-NMR
KA EA = E 84N, M50 aks
%) 2(Dang et al., 2018) BYEHE X b 20 #1, — & &
A—3, R EY 1 [FR 6/6/6 FaThe il B 42
(£2), ZEARFZREED 1(5.,78.0) Eefb
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G 2085 41.6) t2z i #e m k7 88 3, RIL &
Y11 C-3EA-OH, Hmiffhe Tib&w 1 Wik
ZER (K 2) , it NOESY %+ H-3/H-18 \H-19/
H-20 AH2C, #fE & FAR XS #4924 2 (3R, 10S) B (38,
10R) , J& & H % JE 1z oK 318 ( density functional
theory, DFT) E B3LYP/6-31G (d, p) 34 /K F
T, T (38, 10R) 5 (3R, 10S) I i 44 75
TEH BE 50) g L F B — {4 (electronic circular
dischroism, ECD) ., 58 (&l 3) .7, i@ if (3R,
10S) #3153 ECD 3% K 5 5550 ECD % Kl & B
Wi, RO B AL A W 1 B 57 AR Bl (3R,
10S) ; 34 HAw 44 4 3-hydroxysalvinolone ,

k&% 2 # 8 K, HR-ESI-MS m/z:
313.181 0 [ M - H] ™ (caled for C,H,0,,
313.1809) ,4r F A C, H, 0,,' H-NMR F1" C-
NMR %ds WL 3% 2, #H S E 4 5 SCHR ( Dang et al.,
2018) B A A — 3, B B B 2 B P S
Biiil ( salvinolone ) .

k&% 3 B @K, HR-ESI-MS m/z:
345. 170 8 [ M - H]  ( caled for C,H,O;,
345.170 7) , 4r ¥ 3~ €,y Hyg O5,' H-NMR (500
MHz, CD,0D) &: 7.62 (1H, s, H-14), 4.14
(1H, d, J = 10.8 Hz, H_-19), 3.67 (1H, d, J =
10.8 Hz, H,-19), 3.26 (2H, m, Hy-1, H-15),
2.33 (1H, m, Hy-3), 1.96 (1H, m, H;-2), 1.76
(1H, m, H,-2), 1.68 (3H, s, H-20), 1.53 (1H,
m, H,-1), 1.39 (3H, s, H-18), 1.31 (1H, m,
H_-3), 1.26 (3H, d, J = 7.9 Hz, H-17), 1.24
(3H, d, J = 6.9 Hz, H-16); “C-NMR (125
MHz, CD,0D) 8;: 29.6 (C-1), 17.4 (C-2), 31.3
(C-3), 43.7 (C-4), 142.1 (C-5), 143.9 (C-6),
181.8 (C-7), 121.8 (C-8), 140.1 (C-9), 41.8
(C-10), 144.4 (C-11), 149.3 (C-12), 135.8 (C-
13), 116.7 (C-14), 27.9 (C-15), 23.1 (C-16),
23.2 (C-17), 69.4 (C-18), 22.4 (C-19), 26.2
(C-20) , DL L#dE 5 CHk (Kadir et al., 2021) )
TR —3, L E S 3 4 salviadesertin [,

k&% 4 B @8 K, HR-ESI-MS m/z:
333.171 5 [ M - H]  ( caled for C,H,O;,
333.170 7) , 4 ¥ XA C,, Hy O,,' H-NMR (500
MHz, CD,0D) &: 7.23 (1H, s, H-14), 3.28
(1H, m, H-15), 2.41 (1H, dd, J = 12.4, 3.1

Hz, Hy-1), 1.62 (2H, m, H-2), 1.57 (3H, s,
H-20), 1.44 (1H, m, H_-1), 1.37 (2H, m, H-
3), 1.26 (3H, s, H-19), 1.22 (3H, d, J = 7.1
Hz, H-16), 1.20 (3H, d, J = 7.1 Hz, H-17),
1.18 (3H, s, H-18); "“C-NMR ( 125 MHz,
CD,0D) &: 39.9 (C-1), 18.8 (C-2), 39.1 (C-
3), 39.0 (C-4), 115.3 (C-5), 171.0 (C-7),
120.2 (C-8), 139.1 (C-9), 51.8 (C-10), 145.2
(C-11), 144.2 (C-12), 135.3 (C-13), 122.3 (C-
14), 28.0 (C-15), 23.0 (C-16), 22.9 (C-17),
25.1 (C-18), 26.9 (C-19), 17.9 (C-20), I E
BPE 5 SCHk ( Wahab et al., 2011) #2389 & AR —
B,k e EY 4 N Sa, 11, 12-trihydroxy-6-
oxaabieta-8,11, 13-trien-7-one ,

k&% 5 BB K, HR-ESI-MS m/z:
303.232 7 [ M + H]" (caled for C,H,O0,,
303.2319), 4+ F Xk C, Hy 0, H-NMR (500
MHz, CD,0D) &; 6.75 (1H, s, H-14), 6.62
(1H, s, H-11), 3.23 (1H, dd, J = 11.3, 4.9
Hz, H-3), 3.16 (1H, m, H-15), 2.82 (1H, dd,
J =16.5,6.1 Hz, Hy-7), 2.72 (1H, m, H,-7),
2.24 (1H, dt, J = 12.9, 3.5 Hz, Hg-1), 1.73
(2H, m, H-2), 1.47(1H, m, H_-1), 1.17 (3H,
d, J=5.8Hz, H-17), 1.16 (3H, s, H-20), 1.16
(3H, d, J = 5.8 Hz, H-16), 1.05 (3H, s, H-
19), 0.87 (3H, s, H-18); "C-NMR (125 MHg,
CD,0D) 6. 38.5 (C-1), 28.8 (C-2), 79.6 (C-
3), 40.0 (C-4), 51.7 (C-5), 20.3 (C-6), 31.2
(C-7), 133.5 (C-8), 144.5 (C-9), 39.2 (C-10),
111.7 (C-11), 156.9 (C-12), 126.7 (C-13),
127.2 (C-14), 27.7 (C-15), 23.2 (C-16), 23.1
(C-17), 28.8 (C-18), 25.3 (C-19), 16.1 (C-
20) . DL LEEHE 5 SCHR (Ryu et al., 2010) i35 1)
BEAR 2 WO EACBY) 5 AR (hinokiol) .

&% 6 B {4 B K, HR-ESI-MS m/z:
309. 146 0 [ M + Na]" (caled for C,H,,0,Na,
309.146 1), 4+ F X~ C,H,, 0,,' H-NMR (500
MHz, CD,0D) &; 7.71 (1H, d, J = 1.2 Hz, H-
14),7.52 (1H, d, J = 8.2 Hz, H-7), 7.39 (1H,
d, J = 82Hz, H6), 5.28 (1H, t, J = 3.4 Hz,
H-1), 3.05 (1H, m, H-15), 1.99 (2H, m, H-
2),2.15 (1H, m, H-3a), 1.56 (1H, dt, J =
13.3, 3.4 Hz, H-3b), 1.41 (3H, s, H-18), 1.28
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k2 E&®W1F024H '"H-NMR #1 “C-NMR(500/125 MHz,CD,OD) &
Table 2 'H-NMR and “"C-NMR (500/125 MHz, CD,0D) data of compounds 1 and 2

4% 1 Compound 1 L&Y 2 Compound 2
o7 &
Position oy, Ty py py,
H {400 % C AL R8 H 100 % C AL ik
8y (ppm) o, (ppm) 8y (ppm) d. (ppm)
1 3.55 (1H, di, J = 13.9, 3.5 Hz) 32.0 3.47 (1H, dt, J = 13.7, 3.6 Hz) 35.4
1.32 (1H, m) 1.37 (1H, m)
2 2.03 (1H, br. dd, J = 13.6, 4.2 Hz) 27.9 2.02 (1H, m) 19.6
1.82 (1H,ddd, J = 13.6, 3.5 Hz) 1.62 (1H, dt, J = 14.2, 4.5 Hz)
3 3.32 (1H, m) 78.0 1.78 (1H, dt, J = 13.4, 3.7 Hz) 41.6
1.47 (1H, dd, J = 12.7, 3.5 Hz)
4 — 45.3 — 39.1
5 — 176.4 — 178.3
6 6.44 (1H, s) 124.6 6.39 (1H, s) 124.0
7 — 187.9 — 187.9
8 — 123.8 — 123.9
9 — 139.0 — 139.7
10 — 43.4 — 43.8
11 — 144.0 — 143.9
12 — 149.0 — 148.9
13 — 135.8 — 135.7
14 7.61 (1H, s) 116.4 7.62 (1H, s) 116.4
15 3.26 (1H, sept, J = 6.9 Hz) 27.9 3.26 (1H, sept, J = 6.9 Hz) 25.3
16 1.23 (3H, d, J = 6.9 Hz) 23.2 1.25 (3H, d, J = 6.9 Hz) 23.2
17 1.26 (3H, d, J = 6.9 Hz) 23.0 1.25 (3H, d, J = 6.9 Hz) 23.1
18 1.34 (3H, s) 23.2 1.39 (3H, s) 27.9
19 1.29 (3H, s) 28.7 1.28 (3H, s) 29.9
20 1.67 (3H, s) 24.6 1.69 (3H, s) 33.6
OH
6 — Exp. ECD of Compound 1

= — Cal. ECD of 1 Compound 1 (3R, 10S)

-.; 4=l o~ Cal. ECD of 1 Compound 1 (35, 10R)

87

+H

gl 0 ] R R R R - cTTr et

1o

=

&

P 4

HO\

B2 &EW1KXE'H-'H

6 1 ] 1 1 ]
200 240 280 320 360 400

P Wavelength (nm)

COSY (=) and HMBC () B3 LAY 1 MERAES ECD Kk E
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(3H, d, J = 1.8 Hz, H-16), 1.26 (3H, d, J =
1.8 Hz, H-17), 1.25 (3H, s, H-19); “C-NMR
(125 MHz, CD,0D) & 61.6 (C-1), 28.5 (C-2),
33.4 (C-3),37.3 (C-4), 151.1 (C-5), 123.9 (C-
6), 128.2 (C-7), 120.4 (C-8), 151.2 (C-9),
142.3 (C-10), 162.4 (C-12), 131.2 (C-13),
138.4 (C-14), 29.9 (C-15), 21.7 (2C, C-16, C-
17), 31.0 (C-18), 31.5 (C-19) ., DI F%dE 5
Mk (Sadeghi et al., 2023) 3B 1 3EAR — 2, B @
e 6 N perovskin C,

&% 7 B H K, HR-ESI-MS m/z:
329.175 4 [M-H] (caled for C,,H,,0,, 329.1758) ,
¥k C,H,0,, ' H-NMR (500 MHz, CD,0D)
8:7.83 (1H, d, J = 7.8 Hz, H-7), 7.51 (1H, d,
J =7.9 Hz, H-6), 3.33 (1H, m, H-15), 3.12
(2H, t, J = 8.0 Hz, H-1), 2.42 (3H, s, H-20),
1.67 (2H, m, H-3), 1.56 (2H, m, H-2), 1.27
(6H, d, J = 7.2 Hz, H-16, H-17), 1.19 (6H, s,
H-18, H-19); “C-NMR (125 MHz, CD,0D) &:
313 (C-1), 25.4 (C-2), 45.2 (C-3), 71.4 (C-4),
144.6 (C-5), 136.9 (C-6), 125.9 (C-7), 134.4 (C-
8), 127.2 (C-9), 145.6 (C-10), 184.4 (C-11), 156.5
(C-12), 128.1 (C-13), 186.3 (C-14), 25.6 (C-15),
20.2 (2C, C-16, C-17), 29.2 (2C, C-18, C-19), 20.3
(C-20), DL s 530 (Lin et al., 1989) 23 5k
AR—3, WG T A 45 L LT MR B X (4-
hydroxysapriparaquinone ) .

k&% 8 B M K, HR-ESI-MS m/z:
341.139 1 [ M - H]  ( caled for C,H,O;,
341.139 4) , 7> 7 N C, H,, O,," H-NMR (500
MHz, CD,0D) &: 8.03 (1H, d, J = 7.8 Hz, H-
7),7.68 (1H, d, J = 7.9 Hz, H-6), 6.52 (1H,
d, J = 16.2 Hz, H-2), 6.43 (1H, d, J = 16.2
Hz, H-3), 3.39 (1H, m, H-15), 2.26 (3H, s,
H-20), 1.29 (3H, d, J = 7.0 Hz, H-17), 1.28
(3H, d, J = 7.0 Hz, H-16), 1.27 (3H, s, H-
18), 1.25 (3H, s, H-19); “C-NMR (125 MHz,
CD,0D) §: 200.7 (C-1), 128.6 (C-2), 157.4 (C-
3), 71.0 (C-4), 140.6 (C-5), 137.4 (C-6),
129.4 (C-7), 132.7 (C-8), 128.5 (C-9), 141.4
(C-10), 182.4 (C-11), 156.1 (C-12), 128.0 (C-
13), 185.5 (C-14), 25.8 (C-15), 20.2 (2C, C-
16, C-17), 29.0 (2C, C-18, C-19), 19.0 (C-

20) . VA EKCHE 5 3CHk (Li et al., 2000) 38 Y 3
AR—F, ML EEY) 8 4 prineoparaquinone

k&% 9 B [E K, HR-ESI-MS m/z:
313. 144 4 [ M - H] (caled for C,H,0,,
313.144 5) , 7> T X N C, H,, 0,.,' H-NMR (500
MHz, CD,0D) & 7.50 (2H, s, H-6, H-7), 7.16
(1H, s, H-14), 5.25 (1H, dd, J = 11.7, 5.3
Hz, H-1), 2.78 (1H, m, H-15), 2.35 (1H, m,
H-2a), 1.92 (2H, m, H-3), 1.58 (1H, dd, J =
10.5, 6.0 Hz, H-2b), 1.42 (3H, s, H-19), 1.22
(3H, d, J = 6.7 Hz, H-17), 1.21 (3H, d, J =
6.7 Hz, H-16), 1.18 (3H, s, H-18); “"C-NMR
(125 MHz, CD,0D) &: 79.6 (C-1), 27.3 (C-2),
38.1 (C-3), 35.5 (C-4), 149.4 (C-5), 131.7 (C-
6), 130.1 (C-7), 135.1 (C-8), 123.5 (C-9),
143.5 (C-10), 172.2 (C-11), 173.4 (C-12),
145.8 (C-13), 122.1 (C-14), 34.5 (C-15), 21.7
(C-16), 21.8 (C-17), 31.8 (C-18), 31.0 (C-
19) , LS5 SCHk (Li et al., 2016) 413 A9 5
AR—F A Y 9 4 miltiolactone

k& W 10 % 4k K, HR-ESI-MS m/z:
635.414 8 [ M + H]" (caled for C,Hs,0,,
635.4154) , 0 F XK C, Hy, 0,,' H-NMR (500
MHz, CD,OD) &: 5.34 (1H, d, J = 8.1 Hz, H-
1), 5.26 (1H, m, H-12), 3.81 (1H, m, H-2),
3.68 (2H, m, H-6"), 3.50 (1H, d, J = 11.0 Hz,
H-3),2.23 (1H, d, J = 10.8 Hz, H-18), 1.29
(3H, d, J = 3.5 Hz, H-27), 1.12 (3H, s, H-
25), 1.04 (3H, s, H-23), 0.96 (3H, d, J = 4.4
Hz, H-30), 0.89 (3H, d, J = 6.4 Hz, H-29),
0.83 (3H, s, H-24), 0.69 (3H, s, H-26); “C-
NMR (125 MHz, CD,0D) &: 43.4 (C-1), 66.4
(C-2), 78.5 (C-3), 40.2 (C-4), 48.2 (C-5),
17.9 (C-6), 33.6 (C-7), 42.6 (C-8), 48.1 (C-
9), 38.9 (C-10), 24.5 (C-11), 127.0 (C-12),
139.3 (C-13), 44.1 (C-14), 29.2 (C-15), 25.2
(C-16), 49.4 (C-17), 54.2 (C-18), 40.9 (C-
19), 40.4 (C-20), 31.7 (C-21), 37.5 (C-22),
26.4 (C-23), 21.5 (C-24), 13.9 (C-25), 17.8
(C-26), 24.0 (C-27), 177.9 (C-28), 17.6 (C-
29), 19.1 (C-30), 95.7 (C-1"), 71.1 (C-2"),
78.2 (C-3"), 69.7 (C-4"), 73.9 (C-5"), 62.5 (C-
6') . VA EEE S CHR ( Yuan et al., 2019) i3 (1)
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EAR -, MEEMLEY 10 K 20, 3a
dihydroxyursolic acid 28-0-B-D-glucopyranosyl ester,

k&YW 11 ¥ Ak K, HR-ESI-MS m/z.
503.338 1 [ M=H] ( caled for CyH,,0,, 503.337 8) ,
TN CyyHy O, H-NMR (500 MHz, CD,0D)
8:529 (1H, t, J = 3.8 Hz, H-12), 3.69 (1H, m,
H-2), 3.50 (1H, d, J = 11.0 Hz, H_-23), 3.36
(1H, d, J = 9.5 Hz, H-3), 3.27 (1H, d, J = 11.0
Hz, H,-23), 2.50 (1H, s, H-18), 1.35 (3H, s, H-
27), 1.20 (3H, s, H-29), 1.03 (3H, s, H-25),
0.93 (3H, d, J = 6.7 Hz, H-30), 0.80 (3H, s, H-
26), 0.70 (3H, s, H-24); “"C-NMR (125 MHz,
CD,0D) &: 47.9 (C-1), 69.7 (C-2), 78.3 (C-3),
44.1 (C-4), 48.2 (C-5), 19.2 (C-6), 33.5 (C-7),
41.1 (C-8), 48.7 (C-9), 39.0 (C-10), 24.7 (C-11),
129.2 (C-12), 140.1 (C-13), 42.7 (C-14), 29.6 (C-
15), 26.6 (C-16), 48.8 (C-17), 55.1 (C-18), 73.6
(C-19), 43.0 (C-20), 27.3 (C-21), 39.0 (C-22),
66.4 (C-23), 13.8 (C-24), 17.5 (C-25), 17.5 (C-
26), 24.9 (C-27), 182.3 (C-28), 27.1 (C-29), 16.6
(C-30), VA 5 SCHR (Zebiri et al., 2017) 4iziE
(FEA B, MU B G 11 Oy 19a-F2 5L R 5 iR
(19a-hydroxyasiatic acid) .

k& W 12 A6k K, HR-ESI-MS m/z.
455.353 9 [ M=H ] ( caled for C,,H,,0,, 455.353 1) ,
¥R N €y H, 0, ' H-NMR (500 MHz, DMSO-d,)
8:5.14 (1H, br. s, H-12), 4.28 (1H, d, J = 5.0
Hz, 3-OH), 2.98 (1H, m, H-3), 2.72 (1H, d,
J = 11.5 Hz, H-18), 1.09 (3H, s, H-27), 0.89
(3H, s, H-30), 0.87 (6H, s, H-26, H-29), 0.85
(3H, s, H-25), 0.71 (3H, s, H-24), 0.67 (3H, s,
H-23) ; “C-NMR (125 MHz, DMSO-d,) &: 38.0 (C-
1), 26.9 (C-2), 76.8 (C-3), 38.4 (C-4), 54.8 (C-
5), 18.0 (C-6), 32.8 (C-7), 38.9 (C-8), 47.1 (C-
9), 36.6 (C-10), 23.3 (C-11), 121.5 (C-12),
143.8 (C-13), 40.8 (C-14), 27.2 (C-15), 22.9 (C-
16), 45.7 (C-17), 41.3 (C-18), 45.4 (C-19),
30.3 (C-20), 33.3 (C-21), 32.4 (C-22), 28.2 (C-
23), 16.0 (C-24), 15.1 (C-25), 16.8 (C-26),
25.6 (C-27), 178.5 (C-28), 32.1 (C-29), 22.6 (C-
30) . DA EEE S S0k (B H £, 2016) 4k 1) Fe A
— 3, WA 12 R FELR R (oleanolic
acid) .

k&% 13 B @8 K, HR-ESI-MS m/z:
609. 182 1 [ M - H]  (caled for C,H40,5,
609.182 5) , 4+ F K C,H,, 0,5, H-NMR (500
MHz, DMSO-d,) 6: 12.02 (1H, s, 5-OH), 9.08
(1H, s, 3’-OH), 6.94 (1H, d, J = 4.6 Hz, H-
5'),6.93 (1H, d, J = 1.8 Hz, H-2'), 6.90 (1H,
dd, J = 8.4, 2.0 Hz, H-6"), 6.14 (1H, d, J =
2.1 Hz, H-8), 6.12 (1H, d, J = 2.1 Hz, H-6),
5.50 (1H, dd, J = 12.3, 3.1 Hz, H-2), 4.97
(1H, d, J = 7.5 Hz, H-1"), 4.52 (1H, d, J =
1.7 Hz, H-1"), 3.77 (3H, s, 4’-0CH,), 3.14
(1H, dd, J = 9.4, 5.6 Hz, H,-3), 2.77 (1H,
dd, J = 17.2, 3.3 Hz, H,-3), 1.08 (3H, d, J =
6.1 Hz, H-6"); “C-NMR (125 MHz, DMSO-d,)
5:78.3 (C-2), 42.0 (C-3), 196.9 (C-4), 165.1
(C-5),95.5 (C-6), 163.0 (C-7), 96.4 (C-8),
162.5 (C-9), 103.3 (C-10), 130.9 (C-1"), 112.1
(C-2'), 147.9 (C-3"), 146.4 (C-4'), 55.7 (4'-
OCH,), 114.1 (C-5'), 117.9 (C-6"), 99.4 (C-
1"y, 72.0 (C-2"), 75.5 (C-3"), 69.6 (C-4"),
76.2 (C-5"), 66.0 (C-6"), 100.6 (C-1"), 70.7
(C-2"), 70.2 (C-3"), 72.9 (C-4"), 68.3 (C-
5"), 17.8 (C-6"), VI %45 3CHk (Owis et al.,
2017 ) 3B M FEA — 300, BUE E eB W 13 AR R
1 (hesperidin)

&% 14 | A B K, HR-ESI-MS m/z.
463. 087 3 [ M - H] (caled for C,H,0,,,
463.088 2) , 4+ T 3L N C, H,, 0,,," H-NMR (500
MHz, CD,OD) &: 7.70 (1H, d, J = 2.3 Hz, H-
2'), 7.57 (1H, dd, J = 8.5, 2.2 Hz, H-6") , 6.89
(1H, d, J = 8.5 Hz, H-5'), 6.39 (1H, d, J =
2.1 Hz, H-8), 6.20 (1H, d, J = 2.1 Hz, H-6),
521 (1H, d, J = 7.6 Hz, H-1") ., DL F¥dR 5
Mk (R BTAF,2012) B B SE AR — B, s e ik A
Yy 14~ 54 K2 (isoquercitrin )

k& 15 ¥ 4 8 K, HR-ESI-MS m/z:
609. 145 8 [ M - H ] (caled for C,H,0,,
609.146 1) ,4> F X A C,, Hy 0,5,' H-NMR ( 500
MHz, CD,0D) &: 7.67 (1H, d, J = 2.2 Hz, H-
2'), 7.61 (1H, dd, J = 8.5, 2.2 Hz, H-6") , 6.91
(1H, d, J = 8.5 Hz, H-5'), 6.43 (1H, d, J =
2.0 Hz, H-8), 6.23 (1H, d, J = 2.0 Hz, H-6),
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5.07 (1H, d, J = 7.6 Hz, H-1"), 4.53 (1H, d,
J =1.6Hz, H-1"), 1.12 (3H, d, J = 6.3 Hz, H-
6") . VA5 Sk (£ 54, 2016) HiRiE (19 5
AR —F S EAE Y 15 55T (rutin)

&% 16 IR B (A8 K, HR-ESI-MS m/z;
447.093 5 [ M - H] (caled for C,H,0,,
447.093 3) , %> T XN C,, H, 0,,.' H-NMR (500
MHz, CD,0D) &: 8.04 (2H, d, J = 8.4 Hz, H-
2', H-6"), 6.88 (2H, d, J = 8.5 Hz, H-3', H-
5'), 6.37 (1H, d, J = 1.9 Hz, H-8), 6.18 (1H,
d, J = 1.9 Hz, H-6), 5.23 (1H, d, J = 7.0 Hz,
H-1"); “C-NMR (125 MHz, CD,0D) &: 159.1
(C-2), 135.4 (C-3), 179.4 (C-4), 162.8 (C-5),
99.9 (C-6), 165.8 (C-7), 94.8 (C-8), 158.4 (C-
9), 105.7 (C-10), 122.7 (C-1"), 132.3 (C-2'),
116.1 (C-3'), 161.5 (C-4"), 116.1 (C-5"),
132.3 (C-6"), 104.2 (C-1"), 75.7 (C-2"), 77.9
(C-3"), 71.3 (C-4"), 78.3 (C-5"), 62.6 (C-6")
DL EEE 5 SR (R ZR 45, 2013 ) il 1y A —
B, MO E LAY 16 Oy 1L 2% 9 -3-0-B-D-) 2 B T
( kaempferol-3-0-B-D-glucoside ) ,

&Y 17 IR B8 K, HR-ESI-MS m/z:
593.150 8 [ M - H] (caled for C,;H, O,
593.1512),4r ¥ C,, H,, 0,5.' H-NMR (500

MHz, CD,0D) &; 8.06 (2H, d, J = 9.0 Hz, H-
2', H-6'), 6.89 (2H, d, J = 8.9 Hz, H-3', H-
5'), 6.38 (1H, s, H-8), 6.19 (1H, s, H-6),
5.12 (1H, d, J = 7.3 Hz, H-1"), 4.52 (1H, d,
J = 1.8 Hz, H-1"), 1.13 (3H, d, J = 6.3 Hz, H-
6"); “C-NMR (125 MHz, CD,0D) &; 159.4 ( C-
2), 135.5 (C-3), 179.4 (C-4), 163.0 (C-5),
100.0 (C-6), 166.0 (C-7), 94.9 (C-8), 158.5
(C-9), 105.6 (C-10), 122.7 (C-1"), 132.4 (C-
2'), 116.1 (C-3"), 161.5 (C-4"), 116.1 (C-5"),
132.4 (C-6"), 104.6 (C-1"), 75.8 (C-2"), 78.1
(C-3"), 71.4 (C-4"),77.2 (C-5"), 68.6 (C-6"),
102.4 (C-1"), 72.3 (C-2"), 72.1 (C-3"), 73.9
(C-4"), 69.7 (C-5"), 17.9 (C-6"), LI RS
SCHR (RS BTAE,2012) il iy FE AR — B, I e b
A 17 R LA B-3-0-25 75 5 1 ( kaempferol-3-0-
rutinoside) .
2.2 DPPH BE B EFRREE MK E R

DPPH H HEERRAE T IIAZE R R, (a9 14
15 B A B P AR IS Y, IC,, 1E 2 5 R
(0.009 2+0.000 06) mmol - L™ F1(0.013 2+0.000 06 )
mmol - L™, ¥4 T B P X B8 [ T 3K 10 iz, IC, =
(0.044 2+0.000 46) mmol - L], E ARG MM
aRNEK 3,

%3 DPPH HHEJBREHNMAER
Table 3 Results of DPPH free radical scavenging ability

e IG5, &Y IG5
Compound (mmol - L) Compound (mmol - L")
1 0.092 9+0.000 12 sk 13 >0.2
2 0.047 5+0.000 78 = 14 0.009 2+0.000 06 sk
4 0.103 1+£0.001 05 sk 15 0.013 2+0.000 06 =33
7 0.653 6+£0.002 15 sk 16 0.088 2+0.000 49 sk
8 0.431 3+£0.001 80 sk 17 0.108 4+0.000 80 s:x:k
9 3.2 ot i 0.044 20.000 46
Ascorbic acid®

12 >0.2

. RN XS IR S X R HE, s 3RIR P<0.01, sesx R P<0.0001

Note: “ indicates the positive control; compared with the positive control, #*#* indicates P<0.01, and ##:** indicates P<0.0001,

3 W54 #

ABIFTE R H 2 G800 (038 70 B B LT AR B 4

TR SR 17 MEAY A iR (1-9) |
SRS (10-12) R EIAE S (13-17) , Hd kS
Wk ke 4.6.10 11 13 F1 17 M E
KM BB R B h B E kG 3 M9 by
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WNZAEY o B8 3], 28 bR | ik s 28 L
— L E T AR R A iy, o B B S A
VIR Ab: ZRE A RS T ORI

YA TE P 45 R o, ¥R 2 AR i 3
T2 Ak G4, 3 W1 B R 25 ) o 2 20 AR R 4
PUEALVE B BTG R4 oy, x4 SR 5 B e Ak
B i L A5 10 T A 2R G5 R R B D AR O, B
PUAALHLI N BRSSP h B 3 LR B & i 2
J& R EIE T (0) I FEEE C RS B
WIE R K SR H R & b i TR BRSS9 2
PR i R AR E)RF(H) 25
H H 3 SR, DT A i B 28 1k B FR 35 R A
4 Ak B I, e 26 S8 B B AR AR T g (FE RO,
2011) , WeAh, BRSBTS A I T 5 55 Y Ry
14 > 15 > 16 > 17 XL &% 14 / 16 15 / 17,5
TR Z— MR PrE G R 2y 10 1%, 2R
RIAEEIN R B 24 iy 4B 7 Y 0k 5 48 B a3+
S RS E IR R, TR SRS 5 A S R
F (FEFTF,2011) , SR, 4 b A4 14 /15,
16 / 17, J5 & BCHT & 22— Wl Ak (R B A0 4
Ty, i PR RS SRR AR, IR, i ik & 1
B2 ZH| AR IR G R R, R, %A
RRWIBERFE X E 2 s 2Kk &Y B A FEIhUA
AIEPERVE R $ 00 AL B B 3 1 5 | ARRAR T
LAY AE 7K 53 B 2R %0 ( Rothwell et al., 2005) , fif
HOERRMEREAR ARl B R A S SRR T B

25 BT IR A BE ST AN ACERIIE T My 0 B A i )
P& T TE PR BRAAE T SR IT 45,2024 ) | T
Hik /R T 73t 5 iR e yr A e Ui e i 22
SEMETTHR , I JE T S 56 245 S0 L 7R AR H AL
7T aBEm, KL, AR MR TAOR AN
U PE b 24 TR A | A8 AR R IORE DGR (N
O ML PR 2R AT M0 ) 1 LB 5 i BT
YRR EEPE T EESH | [ I At 5 ATk
P 28 [ S PUA L T I M i AT AR AT
R T 5w,

SE R
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