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( L. SEPATT g bR/ ST LA BE B 252738, StR 550003; 2. StMNBERIRE SME
PR R SR, BEM ST 5611135 3. SUNBERL R 25240, SN 5tk 561113 )

B, N TSR ZE (Potentilla kleiniana) FIAL2E 5 BT R TEME % SCRIH D-101 KL AR REAE
2 Toyopearl HW-40F 254 545 AR X i & Z2 5 3% 60% L B3R U AT/ B 4li4k , i 7 NMR 1 HR-ESI-MS i 1%
BOR S EAL SIS, %/ NRUE W2 ( RAW 264.7) (RN S8 SERERITEMN AL S W BT 2 G P, 45 K1,
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12,13-=83-10,15-+ /\BR —HIR (2) \9,12,13- =8 3-10,15-+/\Bk IR EE (3) .2,2" - &0 (1,4- 8
TH) (4) KREZHR(5) KEM(6) ((6R,9R) -3-M-o- 5% 2 BE-9-0-B-D-ML I ZIHEH (7) BT DN (8) |
L -o-D-WR I SR (9) | 1-0-B-D- L I SR Wi -c-D- ML W ) 38 (10) X 7 BLR (11) | cesternosides A (12) |
koaburaside(13) ZEHLE (14) FLEHE (15) , W RNZ R REMY P BE 8, (2) PR LA R IR,
AP 1-3 8 11-15 HAT — NO ROl s o, Horhfb &4 8 78 25 wmol « LWREE N IDHIHN 72.5%, %
R FEE TS BRI Y A5 S W TR AW B i B — s o J& bt RGP L,
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Chemical constituents from Potentilla kleiniana
and their anti-inflammatory activities
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Abstract; The purpose of this paper was to investigate the chemical constituents of Potentilla kleiniana and their anti-

inflammatory activities. The 60% ethanol extract of P. kleiniana were isolated by D-101 macroporous adsorptive resins,
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silica gel, Toyopearl HW-40F and other methods, and their chemical structures were elucidated on the spectral data of
NMR and HR-ESI-MS analysis. Meanwhile, the anti-inflammatory activities of compounds were evaluated by mouse
macrophage (RAW 264.7) inflammatory model induced by lipopolysaccharide (LPS) in wvitro. The results were as
follows ; (1) Fifteen compounds were isolated and identified from P. kleiniana as 2-( heptadecanoyloxy ) propane-1,3-diyl
distearate (1), 9,12,13-trihydroxy-10, 15-octadecadienoic acid (2) , methyl-9,12,13-trihydroxy-10, 15-octadecadienoic
acid (3), 2,2"-oxybis(1,4-di-tert-butylbenzene) (4), emodin (5), chrysophanol (6), (6R,9R)-3-oxo-a-ionol-9-0-
B-D-glucopyranoside (7), neo-andrographolide (8), methyl-a-D-fructofuranosides (9), 1-O-8-D-fructofuranosyl-a-D-
allopyranos (10), p-coumaric acid (11), cesternosides A (12), koaburaside (13), orientin (14), isoorientin
(15). Compounds 1-15 were obtained from Potentilla genus for the first time. (2) The anti-inflammatory test results
showed that compounds 1-3, 8, and 11-15 had moderate inhibitory activities on NO production, and the inhibition rate
of compound 8 was 72.5% at the concentrations of 25 wmol + L. In conclusion, the study enriches the phytochemical
information of P. kleiniana, and clarifies that fatty acid derivatives, phenolic components and diterpenoids are anti-
inflammatory active components, which provides a theoretical basis for further exploitation of P. kleiniana.

Key words: Potentilla kleiniana, chemical constituents, isolation and purification, structural identification, anti-
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inflammatory activity

W £ 2% 9 32 ( Potentilla kleiniana ) N % % Bl &
Bk Im —ApAE | AR AR S B AR AR AR A W, X
S AVE R R T T O 45 TR 3R
SRR TP BN e O A (b R B
EMY & M2 2, 1985, BN R b Rk
ZyRE TR bR U T 2 B4 ,2003) W B SRR
i PERE  HIF 2 B R KR % A8 XU |
B AR TR, 78 SN B R A B AR R S
BB b DR T TR T I A KB G T R R
PRGOS (30 MK SC,2013) , H AT e 22
%Ak 2% B A B A ) R A R, COIRGE Y
b2 0 A B ARG O R B 2R (S &
2008 ; ZFPEAESE 2011 ) , AR P 3 14 0 B T 2 B 1Y
U BT | BRSO 3 (2 AR 45 20145 5K R
Y645 2018 Liu et al., 2019) , Hopi & ¥ i 5L al A
BIRf, N T2 3 2 R 0 Ak o
B, BB 4 T M B, AR LT E R AT
FULE e & B AR AT 4, R AR
ik B R R Gk s T B S 2 g T PR
T (1) M & 2038 60% £ W53 BV (14 4k 2 i 40
(2) 53 B AR B AL & W RSN RGP

I RN

1.1 ##4

W SR R A SN A S BH T 4B X &
Y2 25N BERL R 2 X AL Bl B 5 5E 0y % 1k
BHHE W) e 5 22 B2 32 (Potentilla kleiniana) 4= % (&

1) o FRASPRARE T 50 M0 B2 BF R 2 5 N 45 245 4 4l )
MR SEUES O NO.20210416
1.2 4§

1753 B 1% {3 ( Theemo Fisher Q Exactive-Plus
VU2 FT — B 8. 3% 8138 JF, Theemo Fisher Scientific 2%
Al 36 ) 5 A% G 3k 4R I 1% AL ( Bruker AV-600 Y,
Bruker 72 7], 5[ ; JEOL-ECS-400 MHz %!, JEOL, H
A ;e 7% & A% ( BUCHIR-300 %4, BUCHI /A A, %if
+) s AR L (KZ-20L B, | R BRI & A PR
N s MCI( CHP20/P120, =250 d), HA) ; D-101
KALBHE (KRBT T A BRA A b2 ik i
FHERE GF,s, T A (75 51 FE AL 1)) ; Sephadex
LH-20 ( Pharmacia Biotech 723 H], #ij + ) ; Toyopearl
HW 40F (JEOL, HAS) ; B3 $AfE i % 57 46 ( DHP-9052
R B fER AR A PR AT o
1.3 i F

DMEM =5 B 8% 3% 3 G 24 L% (fetal bovine
serum, FBS) ( Gibco 2A #], 3£ [H ) ; CCK-8 i H &
(GlpBio A ], 3 H) ;NO IXH & (m sl @AY T
FEWFFE T ) 5 BE 28 (lipopolysaccharide, LPS) (b %L
FHRFEFPHLABRATD) M ZEKA (G E A R
HABRATD) ;/NRE VS RAW 264.7 (3£ E R
WA ) o Hoa b2z ian 4 e 4l

2 Rk

2.1 #RBELE
Bk & R T2 15 kg, G H
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1 & BEFRA

Fig. 1 Sample of Potentilla kleiniana

FE-7K (60 = 40, V/V) M4 H 3 I (2.1.5.1.5
h) BREBUR A IR R4 225 (2.1 kg) . 2H
TG 2 28 18K, B8 A 4R3% 3 1, 48 D-101 KA
g, HZ B -7K (0 : 100,50 : 50,95 : 5,V/V) %
JBE | WA 45 5 43 R L, D vk i . b, 50% &
BB (428 ¢) ZIEAHEE A 2B (R 200 ~ 300
H., Yelim. & 05-HEEs0: 1~1:1,V/V) 8,
53 9 NSy (Fr.A~Fr.d)

Fr. B ¥ H 9 40 5 i 28 2 1R 5 B 1 20 5ok i 1
W ARARDUVE , 1L UE DLVE & F, DB R 28 TE AR ik I A )2
Br (¢ - 300 ~ 400 H ¥k i . — 50 H e - 1
100 : 1,V/V)433] Fr.B1 ~ Fr.B3, Fr.B3 & 1F fHiE
JEEAE M (R :300~400 H , SRR . A1 k-7
i 20 : 1,V/V)453] Fr.B3.1~Fr.3.6, Fr.B3.6 {&
K25t Sephadex LH-20 ( 4 H ke - EE 1 ¢ 1,
V/V) JEAERE R (BE B . 300 ~400 H, PR —
AW BE-HEL 100 - 1, V/V) HE 24tk SBaw
1(10.4 mg) .6(15.1 mg)

Fr.C 28 1F AHRE A 2 B (R . 200 ~ 300 H .
VELH) . A - R CTR 20 = 1~1 2 1, V/V) BRI
VEWi4E 3] Fr.C1 ~Fr.C4, Fr.C2~Fr.C4 )5 1F
AHAE L . Sephadex LH-20 ( @A W be-HEE 1 : 1,
V/V) .Toyopearl HW-40F ( A W bt -HBE 1 : 1,
V/V) .ODS( HIEE-7K 80 : 20~95 : 5, V/V) ¥ ZHr
aifl mAEAL G 2(11.8 mg) 3(13.2 mg) .4
(2.9 mg) 5(11.3 mg) .8(6.3 mg) 11(5.3 mg) .

Fr.D 2 MCI #F 2 #Hr, & B - 7K (30 : 70,
40 : 60.50 : 50.60 : 40,70 : 30,80 : 20,90 : 10,
100 = 0, V/V) B BE VEMLAS 2] Fr.D1 ~ Fr.D8, Fr.D2
U8 VA 40 ik 28 3 S BT 2 A T A AR DT
VS IR DUTE 25 , TR VR 2 1E AR R M R 2 AT (RE G
300~400 H., Wi, — & W k- B 20 ¢ 1,
V/V)i5 6 N4y, Hith Fr.D2.3~Fr.D2.4 &5
Sephadex LH-20( H i) . ODS ( H -7k 30 : 70 ~
60 : 40, V/V) . Toyopearl HW-40F ( /! i) 4ii 1k, , 15
&Y 7(7.2 mg) 12(12.3 mg) ., Fr.D4 ZIFMHfE
AT E AT (FEIE :300~400 H , VEBEH] . — 58 b
FHEE 10 : 1~2: 1,V/V)18 9 N4 4 Fr.D4. 1 ~
Fr.D4.9, H:f Fr.D4.5 KK 4 Sephadex LH-20 ( !
fit) 28 HPLC (22% - /Kis ) TR, 516
A1 14(3.8 mg) \15(4.1 mg) .

Fr.F £ Sephadex LH-20 #E B A (533 ( HI B ) 15
F| Fr.F1 ~Fr.F6, H:rp Fr.F2 4 Sephadex LH-20 #¢ /i
RO (B PERAS Fr.F2.1 ~Fr.F2.2, Fr.F2.2 48
F 5 TEMREIR (FEIE 1300~ 400 H , Ve — 4 H
Fi-FHEE 10 : 1~2: 1,V/V)  Sephadex LH-20 (
fi) \Toyopearl HW-40F ( H i) 41 )2 Hr4ifb , 4516 &
% 9(19.0 mg) .10(95.9 mg) .13(5.5 mg) .

2.2 IREMENIR

G %5 R CCK-8 Ik B KA E&W
()% AR B, 0 il 45 1 AN [a) ok B8 B b A 0 35 W AE
FHT RAW 264.7 400,24 h J5 K600 40 3% 7, i ik
0 A7 1 SR A B W R AR FE

BOWBUAE K RAW 264.7 40 i ( 4 %% 20 ity v
B RRZETE 3x10°4) HeFh T 96 FLAR T, &AL 100
WL, ST B 2SO IR BT b FEOR WA (FH
PEZIAH ) LG A (L&) , Ak E 3 F
oL, TR FRAA P R 5% 24 he 40 M [a] ik A 0.25
g - mL™ LPS FUAS [] Ve B8 A B 1 7 0 Ak 45 R
24 h & WRCHE LB, e BE TR A 1 B A A I O ik
E NO 1y & &=, 3 NO BEUm il 5,
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3 X599

3.1 BFHEE

k&1 AT ERBm A, 5T i
WE . DMSO, X% T W B N B, HR-ESI-MS m/z:
899.8035 [ M+ Na]* ( Cy H,p O, Na, F i .
899.803 8) , 454 H-NMR Fi1" C-NMR £ 4> 7 2
H CyoH 050, ' H-NMR (400 MHz, CDCl,) % i/~
108 Ml F59 , MR E & XK 1 A~ H
HEFRTES [6: 5.24 (1H, m, H-2) ] .49 PDIH
HFTE5 [6. 4.27 (2H, dd, J=12.0, 4.8 Hz,
H-la, 3a), 4.12 (2H, dd, J=12.0, 6.0 Hz, H-
1b, 3b), 2.29 (6H, m, H-2', 2", 2"), 1.58
(6H, m, H-3", 3", 3"), 1.24 (82H, overlap, H-
4'-17', 4''-16", 4"-17") ] 3 MBI T(E S [6:
0.85 (9H, t, J=6.8 Hz, H-18', 17", 18") ],
H " C-NMR Fl HMQC &4l i 2544 b & 3 4
WIS S [8: 173.3 (C-1', 1) , 172.9 (C-
") ]2 AMEAW P REKRES [8: 62.1 (C-1,
3) 1 AEERH G (8. 68.8 (C-2)]1.3
AHEERR(E S [6: 14.1 (C-18", 17", 18") ] AR}
s 5 o W H A5 5, kA YR H-NMR #I
P C-NMR% s 5 ik ( Abdulmumeen et al.,2017) i
EREEY) 1,2,3-propanetriyl tris ( hexadecanoate )
AL, XA TE TGP 1 S X £ 5 A~-CH,-F
Z, Zi4 HR-ESI-MS,'H-NMR F1"°C-NMR ##& 453
B, HEMAL A9 4 2-( heptadecanoyloxy ) propane-1 ,
3-diyl R kB R OR kOB 2-
( heptadecanoyloxy ) propane-1, 3-diyl distearate Y #%
WERUE W at HMQC F1 HMBC #F— B #fiE %1k &
I gE ke, LR L3 1 FNE 2, HMBC 3% 7%, H-
1b/C-1' \H-3b/C-1" H-1a/C-1' \H-3a/C-1" .H-1b/
C-2 1 H-3b/C-2 7] B Uk 1 19 J& H ol = A A i
e, H-2' 2" 2"Ay S C-1 17 1R G HA3Y 37
3RS G- 17 1R C-47 4" 4" HA18
177 18" 43515 C-17" (16" 17" F1 C-16" (15" 16" #f
KK 3), AT e be k2 7 B i o 42 01 05 J A%
Bl

distearate .

ka2 EWARY ., HR-ESI-MS m/z:
327. 217 7 [M-H]™ ( C, H, O,, B i {4.

327.2177), 5 F & N C, Hy, O,  H-NMR (400
MHz, CD,0D) §: 5.57 (2H, m, H-10, 11), 5.41

£1 &% 18'H-NMR (400 MHz, CDCI,) #n

“C-NMR (100 MHz, CDCl,) ##&
Table 1 'H-NMR (400 MHz, CDCL,) and “C-NMR
(100 MHz, CDCI,) data of Compound 1

i

Position ol %
1,3 4.27 (2H, dd, 62.1x2
J=12.0, 4.8 Hz)
4.12 (2H, dd, —
J=12.0, 6.0 Hz)
2 5.24 (1H, m) 68.8
1,1 — 173.3x2
1" — 172.9
2", 2", 2 2.29 (6H, m) 34.2, 34.0x2
3", 3", 3" 1.58 (6H, m) 24.9, 24.8x2
4", 4" 4 1.24 (82H, overlap) 29.1x3
5, 5", 5" — 29.4x3
6', 6", 6" — 29.3x3
7,7, 1" — 29.7x3
8, 8", 8" — 29.5%3
9'-15", 9"-14", 9"-15" — 29.7%x20
16", 15",16" — 31.9x3
17", 16",17" — 22.7x3
18", 17",18" 0.85 (9H, t, J=6.8 Hz) 14.1x3

(1H, m, H-16), 5.35 (1H, m, H-15), 3.89
(1H, dd, J=10.8, 6.0 Hz, H-9), 3.79 (1H, t,
J=4.8 Hz, H-13), 3.27 (1H, m, H-12), 2.19
(1H, m, H-14a), 1.97 (2H, m, H-17), 1.92
(1H, m, H-14b), 1.88 (2H, m, H-2), 1.39
(2H, m, H4), 1.32 (2H, m, H-8), 1.25 (2H,
m, H-3), 1.21 (6H, m, H-5, 6, 7), 0.90 (3H,
t, J =7.8 Hz, H-18); "“C-NMR ( 100 MHz,
CD,0D) &: 177.1 (C-1), 134.5 (C-10), 131.8
(C-15), 129.8 (C-11), 126.7 (C-16), 74.0 (C-
12), 73.7 (C-13), 70.7 (C-9), 38.0 (C-2),
37.4 (C-8), 30.2 (C-14), 29.2 (C-5), 29.1 (C-
6,7), 26.3 (C-4), 24.9 (C-3), 20.2 (C-17),
14.2 (C-18) . VA L%l 5 SClk (220l 45,2003 ) i
WA W% EN9,12,13-=#FE-10,15-1+
J\BR R

5 3 R K K, HR-ESI-MS m/z;
341.233 1 [M-H] (C, Hy O, ¥ & fH.

341.232 3), 4+ F= N C,H,,0,, "H-NMR (400
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B2 EW1-15 hEEMR

Fig. 2 Chemical structures of compounds 1-15

@)
1}/'\3’ 5! 7r 9r llr 131 15! 17r
1Cc:\ \-{J,\‘ 4\18’
0 4/ 6' 8 o 127 14 16—~
AP, 1 r\:;’”\ " 70 9" 11" 13" 15/{)17!7
J " 6” 8N 10!! 12!/ 14!/ 16,,
1” e 5,” 7/;; 9!” 11'” 13!!! 15111 17'”

2!!
i(y\—\-/‘ 4'"" 6'" Q! 10" 12" 14'"" 16!17\_/18'”

B3 &% 1EEMN HMBC HX
Fig. 3 Key HMBC correlations of Compound 1
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MHz, CD,0D) &;: 5.69 (2H, m, H-10, 11), 5.45
(2H, m, H-15, 16), 4.06 (1H, m, H-9), 3.95
(1IH, m, H-12), 3.64 (3H, s, -OCH,), 3.45
(1H, m, H-13), 2.31 (3H, m, H-2, 14a), 2.08
(3H, m, H-14b, 17), 1.59 (2H, m, H-3), 1.49
(2H, m, H-8), 1.32 (8H, s, H-4, 5, 6, 7),
0.96 (3H, t, J = 7.6 Hz, H-18); “C-NMR (100
MHz, CD,0D) 6: 176.0 (C-1), 136.5 (C-10),
134.3 (C-15), 131.1 (C-11), 126.4 (C-16),
75.9 (C-12), 75.8 (C-13), 73.0 (C-9), 52.0
(-OCH,), 38.3 (C-8), 34.8 (C-2), 31.5 (C-
14), 30.6 (C-7), 30.4 (C-6), 30.2 (C-5), 26.5
(C-4), 26.0 (C-3), 21.7 (C-17), 14.6 (C-18)
VI 5048 5 SCHR (AR A 55,2017 ) il AR — 3L,
WS E 9,12, 13- = 5 56-10, 15-1 /i — 0 IR
g

ke 4 FAAMARY ., HR-ESI-MS m/z:
395.331 6 [ M+H]"( C,H,,0, Bl :395.330 8) ,
43 F N CxH,, 0, ' H-NMR (400 MHz, CD,0D)
8:7.45 (2H, d, J=8.8 Hz, H-6, 6'), 7.45 (2H,
d, J=2.4 Hz, H-3, 3'), 7.21 (2H, dd, J=8.8,
2.4 Hz, H-5, 5'), 1.33 (18H, s, H-12-14, H-
12'-14"), 1.30 (18H, s, H-8-10, H-8’-10"); “C-
NMR (100 MHz, CD,0D) &; 149.1 (C-2, 2"),
148.8 (C-1, 1'), 139.9 (C-4), 139.8 (C-4'),
125.9 (C-3, 3'), 125.2 (C-5, 5'), 120.0 (C-6,
6'), 359 (C-7,7),355(C-11, 11'), 31.8 (C-
8-10, 8’-10"), 30.8 (C-12-14, 12'-14") ., DI %k
I 5 SCHR (Cao et al., 2020) il HA —5, M % E
Jg 2,2 AR (1, 4- AT )

k&YW 5 B MK K, HR-ESI-MS m/z:
269.045 5 [ M-H] (C,sH,04, Fit1H :269.045 6) ,
¥Rk C H,0,.,' H-NMR (400 MHz, DMSO-
dy) 6:12.03 (1H, s, 1-OH), 11.96 (1H, s, 8-
OH), 11.27 (1H, s, 6-OH), 7.46 (1H, s, H-4) ,
7.13 (1H, s, H-2), 7.10 (1H, d, J = 2.4 Hz, H-
5), 6.57 (1H, d, J = 2.4 Hz, H-7), 2.40 (3H,
s, -CH,); "C-NMR (100 MHz, DMSO-d,) §:
189.6 (C-9), 181.2 (C-10), 165.5 (C-6), 164.4
(C-8), 161.4 (C-1), 148.2 (C-3), 135.0 (C-
10a), 132.7 (C-4a), 124.1 (C-2), 120.4 (C-4),
113.3 (C-9a), 108.9 (C-8a), 108.7 (C-5),
107.9 (C-7), 21.5 (-CH;) ., LA E%#E 5 SCik

( Kharlamova, 2007 ) #z i & 48 — 2, 46 E I K
R,

k&% 6 Bk K, HR-ESI-MS m/z:
253.050 6 [ M-H] (C,sH,0,, Fit{H :253.049 5) ,
¥R K C H,,0,,' H-NMR (400 MHz, DMSO-
dg) 6:7.79 (1H, dd, J=8.4, 7.6 Hz, H-6) , 7.69
(1H, dd, J=7.6, 1.2 Hz, H-5), 7.53 (1H, d,
J=12Hz, H-4),7.37 (1H, dd, J=8.4, 1.2 Hz,
H-7), 7.20 (1H, d, J=1.2 Hz, H-2); “C-NMR
(100 MHz, DMSO-d,) &: 191.6 (C-9), 181.4 (C-
10), 161.5 (C-8), 161.3 (C-1), 149.1 (C-3),
137.3 (C-6), 133.3 (C-10a), 133.0 (C-4a),
124.4 (C-2), 124.0 (C-7), 120.5 (C-4), 119.3
(C-5), 115.8 (C-8a), 113.7 (C9a), 21.6
(-CH;) . LAE%dE 5 SCHk (Zhou et al., 2006)
T A WO KT

& W7 BB K, HR-ESI-MS m/z:
393.187 9 [M+Na]" (C, H,, O, Na, B it {H.
393.188 4), 4+ F X A C,, H,, 0,,' H-NMR (400
MHz, CD,0D) 6. 5.87 (1H, s, H-4), 5.77 (1H,
dd, J=15.2, 6.4 Hz, H-8), 5.63 (1H, dd, J=
15.2, 9.2 Hz, H-7), 4.38 (1H, m, H-9), 3.81
(1H, dd, J=11.6, 2.0 Hz, H-6'a), 3.65 (1H,
dd, J=11.6, 5.2 Hz, H-6'8), 2.67 (1H, d, J=
9.2, H-6), 2.42 (1H, d, J=16.8, H-2a), 2.04
(1H, d, J=16.8, H-2B), 1.93 (3H, d, J=0.8,
H-13), 1.28 (3H, d, J=6.4, H-10), 1.00 (3H,
s, H-11), 1.02 (3H, s, H-12); “C-NMR (100
MHz, CD,0D) &: 202.0 (C-3), 165.8 (C-5),
138.2 (C-8), 128.8 (C-7), 126.1 (C-4), 102.4
(C-1"), 78.1 (C-5"), 78.0 (C-3"), 77.0 (C-9),
75.2 (C-2"), 71.5 (C-4"), 62.7 (C-6), 56.7 (C-
6), 37.1 (C-1), 28.0 (C-12), 27.6 (C-16),
23.8 (C-13), 21.0 (C-10), P - %¥ 5 3cik (%
VKA ,2014) #38 Fe A — 2, % E i (6R,9R) -3-
il -ou- 5 B > 182290 -B-D - Wit Wil 3 28 W

k&% 8 K, HR-ESI-MS m/z:
503.260 7 [ M+ Na]* (C, H,, O, Na, ¥ if {H.
503.261 5) , 7+ T X N C,e Hyy Oy ' H-NMR (400
MHz, C,D;N) &:7.15 (1H, t, J=1.6 Hz, H-14) ,
4.90 (1H, s, H-17b), 4.83 (1H, d, J=7.6 Hz,
H-1'), 4.72 (1H, s, H-17a), 4.33 (1H, d, J=
9.6 Hz, H-19b), 3.49 (1H, d, J=9.6 Hz, H-
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19a), 1.19 (3H, s, 18-CH,), 0.64 (3H, s, 20-
CH,); “C-NMR (100 MHz, C,D.N) &; 174.6 (C-
16), 148.2 (C-8), 145.4 (C-14), 134.2 (C-13),
107.0 (C-17), 105.5 (C-1"), 78.8 (C-3"), 78.4
(C-5"), 75.4 (C-2"), 72.6 (C-19), 71.8 (C-
4'y,70.6 (C-15), 62.9 (C-6"), 56.7 (C-9),
56.2 (C-5), 39.8 (C-4), 39.1 (C-1), 38.8 (C-
7), 38.7 (C-10), 36.4 (C-3), 28.2 (C-18),
25.0 (C-12), 24.7 (C-6), 22.1 (C-11), 19.4 (C-
12), 15.5 (C-20) ., DL L %#E 5 SCHR (Sun et al.,
2019) izl FEA — 20, B R o DN TR

&9 MO KK, HR-ESI-MS m/z:
217.068 0 [ M +Na]* (C, H,, O, Na, ¥ i .
217.068 3), 4+ F Xk C,H, O,,' H-NMR (400
MHz, CD,0D) &: 4.02 (1H, d, J=4.0 Hz, H-3),
3.88 (1H, dd, J=6.4, 4.4 Hz, H-4), 3.83 (1H,
m, H-5), 3.73 (1H, t, J=3.2 Hz, H-la), 3.69
(1H, s, H-1b), 3.62 (2H, m, H-6), 3.30 (3H,
s, -OCH,); "C-NMR (100 MHz, CD, OD) §:
109.2 (C-2), 84.6 (C-5), 82.5 (C-3), 78.9 (C-
4),62.8 (C-6), 60.5 (C-1), 48.9 (-OCH,), LI
B S SR (P EALAE 2006 ) HiE FEAR— 3, K
W g B - D - IR R Y

&% 10 [ @& &, HR-ESI-MS m/z:
343.121 6 [M+H]* (C, Hy O,,, ¥ i {H:
343.123 5) ,4r F XA €, H,,0,,,' H-NMR (400
MHz, CD,0D) &: 4.87 (1H, overlap, H-1"), 4.13
(2H, overlap, H-4, 5), 4.01 (1H, overlap, H-
3), 3.90 (2H, overlap, H-2", 3'), 3.78 (2H,
overlap, H-6b, 6'b), 3.74 (2H, overlap, H-4',
5"), 3.63 (1H, overlap, H-1), 3.45 (2H,
overlap, H-6a, 6’ a); "“C-NMR ( 100 MHz,
CD,0D) &: 102.8 (C-2), 99.0 (C-1"), 82.5 (C-
5),77.1 (C-4),76.2 (C-3), 71.3 (C-2"), 70.8
(C-5"), 69.0 (C-3"), 65.5 (C-4"), 64.2 (C-1,
6'), 63.8 (C-6), L LS CHK (Ye et al.,
2020) B FA — B, S E R 1-0-B-D- i A -
oc-D- N I BAT 95 A 4

k&% 11 H @A K, HR-ESI-MS m/z:
163.039 1 [M-H] (C,H,0,, HiE{H:163.040 1),
7y FR N C,H O, ' H-NMR (600 MHz, DMSO-d,)
8:7.49 (2H, d, J=8.4 Hz, H-3, 5), 7.47 (1H,

d, J=16.2 Hz, H-7), 6.79 (2H, d, J=8.4 Hz,
H-2, 6), 6.29 (1H, d, J=16.2 Hz, H-8); "C-
NMR (150 MHz, DMSO-d,) &: 168.4 (C-9),
159.6 (C-4), 143.7 (C-7), 132.0 (C-6), 130.0
(C-2), 125.4 (C-1), 115.8 (C-3, 5), 114.9 (C-
8) . LA LE¥E 5 Sk (Ji BRI, 2020) izl B A
— B MU AR TR

k&% 12 [ F K, HR-ESI-MS m/z:
367.135 7 [M+ Na " (C, H,, O, Na, P it {H.
367.136 3) , 4r T\ b C, H,, O,.' H-NMR ( 400
MHz, CD,0D) &: 6.15 (1H, d, J=2.4 Hz, H-5),
6.13 (1H, d, J=2.4 Hz, H-3), 4.43 (1H, d, J=
7.8 Hz, H-1"), 3.83 (1H, dd, J=12.0, 2.4 Hz,
H-6'a), 3.78 (1H, dd, J=12.0, 4.2 Hz, H-6'b) ,
3.49 (2H, overlap, H-7, 4"), 3.47 (1H, overlap,
H-2'), 3.42 (1H, d, J=9.0 Hz, H-3"), 3.24
(1H, m, H-5"), 1.58 (1H, m, H-8a), 1.50
(1H, m, H-8b), 1.08 (3H, d, J=7.2 Hz, H-
10), 0.87 (3H, t, J=7.2 Hz, H-9); “C-NMR
(100 MHz, CD,0D) &: 156.1 (C-4), 151.5 (C-
6), 143.9 (C-2), 138.2 (C-1), 108.2 (C-1"),
104.7 (C-3), 102.1 (C-5), 78.4 (C-5"), 78.2
(C-3"),75.6 (C-2"),71.0 (C-4"), 62.2 (C-6"),
33.7 (C-7), 31.5 (C-8), 22.2 (C-10), 12.6 (C-
9) . DL %5 SCHk ( Wubshet et al., 2015) %18
FEAR —F K RE N cesternosides A

&Y 13 [ Ak K, HR-ESI-MS m/z:
355.099 0 [M+Na]*(C, H,, O, Na, B it {& .
355.099 9), 4 F X A C,, Hy O,.' H-NMR (400
MHz, DMSO-d,) &: 7.72 (1H, s, 4-OH), 6.38
(2H, s, H-2, 6), 4.67 (1H, d, J=7.2 Hz, H-
1), 3.71 (6H, s, 2x-OCH,); “C-NMR (100
MHz, DMSO-d,) &: 150.2 (C-4), 148.1 (C-2,
6), 130.5 (C-1), 101.6 (C-1"), 95.3 (C-3, 5),
77.0 (C-5"), 76.7 (C-3"), 73.2 (C-2"), 70.1 (C-
4"), 60.8 (C-6"), 55.8 (2x-OCH,) , VI L¥#E S
SCHK(Wu et al., 2013) #if FEA — 2, K E N
koaburaside

k&% 14 ¥ f K, HR-ESI-MS m/z:
471.089 0 [M+Na]"(C, H, O, Na, ¥ i {H.
471.089 8) , 4+ T\ A C,, H, 0,,,' H-NMR (600
MHz, DMSO-d,) 6: 13.18 (1H, s, 5-OH), 7.53
(1H, d, J=8.4 Hz, H-6"), 7.47 (1H, s, H-2'),
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6.85 (1H, d, J=8.4 Hz, H-5"), 6.63 (1H, s, H-
3),6.25 (1H, s, H-6), 4.68 (1H, d, J=10.2
Hz, H-1"); "C-NMR (150 MHz, DMSO-d,) §&:
182.0 (C-4), 164.0 (C-2), 162.2 (C-7), 160.4
(C-5), 156.0 (C-9), 149.9 (C-4'), 145.9 (C-
3'), 121.8 (C-1"), 119.4 (C-6"), 115.7 (C-5"),
114.0 (C-2"), 104.6 (C-8, 10), 102.4 (C-3),
98.2 (C-6), 82.0 (C-5"), 78.8 (C-3"), 73.4 (C-
1), 70.8 (C-2"), 70.7 (C-4"), 61.7 (C-6"), Lk
AR 5 SR (R BEHAE 2009 ) 4B HEA— B B
YRR R,

k& 15 % @B K, HR-ESI-MS m/z;
471.089 4 [M+Na]"(C, Hy, O, Na, ¥ i .
471.089 8) , 4+ F 3~ C, HyO,,,' H-NMR ( 600
MHz, DMSO-d,) &: 13.57 (1H, s, 5-OH), 7.42
(1H, dd, J=8.4, 2.4 Hz, H-6'), 7.40 (1H, d,
J=2.4 Hz, H-2'"), 6.89 (1H, d, J=8.4 Hz, H-
5'), 6.68 (1H, s, H-3), 6.48 (1H, s, H-8),
4.58 (1H, d, J=9.6 Hz, H-1"); "C-NMR (150
MHz, DMSO-d,) &: 181.9 (C-4), 163.7 (C-2),
163.3 (C-7), 160.7 (C-5), 156.2 (C-9), 149.7
(C-4"), 145.8 (C-3"), 121.4 (C-1"), 119.0 (C-
6'), 116.1 (C-5"), 113.3 (C-2"), 108.9 (C-6),
103.4 (C-10), 102.8 (C-3), 93.5 (C-8), 81.6
(C-5"), 79.0 (C-3"), 73.0 (C-1"), 70.6 (C-2"),
70.2 (C-4"), 61.5 (C-6"), VI %455 Clik (=
HEHTAE 2009 ) i B A — 30, U 8 2T R R
3.2 MRFEENRE R

CCK-8 Zi s i ik 45 R s, b5 1-4,
6-157£ 25 pmol - LB, DL Kb & ¥ 5 # 12.5
wmol + L™ B JC B S B M | ok 86 AH Vi B T AT
NO #IfliEPESE 5, R 2 Al ALt & 1-3 ()5
Wime XA EY) G 8( i) i 11-
15(Bp2E) Won i — & 1Y NO B il 1% 1 , 3= W
XA B —E BT R TG VE, AT RE 2 0 & & %
KPLRIE Y

4 WG ®

W 2 B i SN W I A 25 D B R T
2o, EEHI T IR ALY R FLIR S il 2 55 5
AT . F AT, e = R i A o ok SO R I
PERFFERD . A BT IE 5 Z2 2 5K 60% £ B4R L

®2 AW 1-15 1 NO BRI & =
(FHEIRHEE, n=3)
Table 2 NO production inhibition rates of
compounds 1-15(x+s, n=3)

el il

Ciﬁiﬁ d Concentratij)n Inhibition rate
(pmol - L) (%)

1 25 50.32.1
2 25 56.2+1.3
3 25 58.6+1.5
4 25 18.9+2.5
5 12.5 10.8+1.8
6 25 25.5%3.1
7 25 28.3+2.3
8 25 72.5+2.7
9 25 12.2+2.9
10 25 18.5+2.5
11 25 58.0+1.6
12 25 63.8+1.1
13 25 66.4+1.3
14 25 62.5+1.2
15 25 55.0+1.9

b FEK AR 25 81.5+1.2

Dexamethasone

Yrb oy e a2 15 MeS Y, Yo E I Z B R e i
Yoy e s B AFE IR TR AT A (1-3) | R R
EY(4) EBREILEY(5.6) 5KALEW (T,
8) ANREMAGY(11) BmiFiaw(12.13) |
WA (14 15) L HAR(9.10)

R M T 175 5 F W 41 i NF-xB 15 5 38 % 19 3
15, AT 2E 2 A PR F RS TBORT NO Y538, T NO
N 5 AMPK/ NF-kB . TLR/ NF-xB %5 % ()5 5 %
YA 6 (2T RPNA L ,2020) . K, A BF9E %
LPS 53 (/N EUE W 40 L ( RAW 264.7 ) 14 4b 5 i
BEARY S GE NO B ] 2R VA & W 4L
Rt PLREERFW LS 1-3(I5 iR X H:
e G 8( i) G 11-15( Mtk
) B — 8 BP0 48 6 1k, Hrh o 20 % N TR
(8) 7€ 25 wmol - L WREE FNHIZ Ny 72.5%, $H3C
BRI , T/ \ B BE R S HAT A= W) K 2 BA B
BRI PE (IR BRI 2021) 459 1-3 W] fgsE
Z: 5 NF-«B U 09 985 | 52 0 JEE i B 20 B A i Jo
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Tl K 3 Ty B 1 o872 ok 7 AR T R A, DR Ut s A
JEHY NO B (Allijn et al., 2019) 35 5803 M g
(8) X NO B HA W2 I /E A, HovT G o
THER NO H A&, BHLWT (5 = 1% 3 1 7 A Bt R AE
(XNIR AN F U4 ,2005) |, LI R A6 & ) 2 A Bt
R IARFER AR B A VERPLR e & Wik T
GBI TE N H, 2R R (14) MR 2E R
(15) BE 5 4 R0 /b LPS 5 3 1Y 4 P I 7 B ik
(NO TNF-a LUK IL-1B) , ¥4l MAPK 7% S it S
NF-kB 55 [ {5 5 38 B% A0 OC 8 1 06 Ak, B AR A &
PRI 38, DT ) 58 S B 0y (& A%, 20165 1
BRFSE,2018) , HUL AT UL, & 289 B T R AE H
BLEI AR R AH [, AT A8 38 5 2 653 B W) & 43 0 R
YEH,

ARG F W T 0 E TSR AR Y 2
TR AL G WSS S B T R TR AT A —
T S o P B A R FL W AE BT R W T, IR AR R
W ZE B SR 0 Ak 2 U3 BBt R AL BE E T it
W% 25 A ) /) i — 20 9F &R 4R R 2
WA

SE k.
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