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Diterpenoids from Tinosporae Radix and their anti-inflammatory activity
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Abstract: This study aims to investigate the diterpenoids of Tinosporae Radix and their anti-inflammatory activity. Various
chromatographic techniques were used for isolation of the ethanol exiract of Tinosporae Radix. The structures of the com-
pounds were identified using MS,NMR,CD, and single X-ray crystal diffraction. The Griess method was used to determine the
inhibitory activity of the compounds on the production of nitric oxide (NO) in lipopolysaccharide-induced BV2 cells. Seven
clerodane diterpenoids were isolated from the EtOAc part of the ethanol extract of Tinosporae Radix, including tinocapill A
(1) ,tinocapill B (2) ,crispene A (3) ,floridolide B (4) ,columbin (5) ,tinosporol B (6) and borapetol A (7). Compounds
1 and 2 were new compounds, while the activity results indicated that compounds 2 and 6 could significantly inhibit LPS-in-
duced NO release in murine BV2 cells (with ICy, values of 9.6 and 5.8 wmol/L, respectively) , showing potential anti-in-
flammatory activity.
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1 #MR57E%
1.1 Z5#fskiR

SRBT 2020 ARG T LB M M T g, &
HIpl T v B B S AE 2 A P 25l 48 5 Ry Tinospora
capillipes Gagnep. [FRZE A4S JGL S 47 T Wk i3 v
B e rh 24 i 550 o
1.2 F5HF

Xcalibur Nova X-ray B {5 7 5 ( 25 [# Agilent
N 5 Autopol T H 3 i€ 364X ( 35 [ Rudolph Re-
search Analytical 2\ 7] ) ; Micromass Q-TOF Electros-
pray JE 54X ( 35 [E Waters /¥ 5] ) ; Applied Photophys-
ics [ — 6% % (F [E Applied Photophysics /3 #] ) ;
Avancelll-600 MHz #Z% 5 23R4 (Fi 1 Bruker A F]) 5
Agilent1260 i £ WAH (35X (2[5 Agilent 22 7] ) 5
4% H B GHO0525010C18A & #% 4+ (9. 4 mm x 250
mm , 5T T FRHEUR A TRA T s A i Rk AN
GF254 WJZ (g kI (75 B AL 1)) ;s Sephadex
LH20( 3¢ [ GE A wl) 3 S AHAE L (18 Merck 2>
7)) ; CHP-20 MCI( H 7% Mitsubishi 22 5)) ;7 1Bk 5
5 ZEW . CTR SR PR TP 2B (4 b
&y, KRB G0 ) 5 /I BRI 28 M ( BV2
) CrhRHBE LA LA ) s DMEM 15 336 (L5
6123147, 3 [& Gibco 24w ); M 4+ ML 1E (#t 5.
SV30208, 3% [ Hyclone /4 H] ) ; BEME #E (MTT) (4
98% At B+ T1SFOS8 , 1t 502 it BHAE A7 LA )
g 20 (lipopolysaccharide, LPS) ( 4l & 98% , it %5 .
1248031, L W FZ K ERHARA A s — AL Ak
MR & (4752 S0021S, 58 = RAEW H AR A R

Al o
1.3 SBH=*
1.3.1 #RERE55 3B

B 2.5 kg 1SS B G RAMAR 250047 453 e 4k 2
5 H95% CFEve EARI = (5.0 L x3) ¥k 4i )5
PR OB REHIERE (160 g) o FFHRUZH SKIRS
FrRFFIE BUKAR R A il BE A 1R SR AT 0 )2
A= (AhEE3.0 Lx3; 4R AR 3.0 L x3),
T3 85 A AR AR R B TR B0 2R &

RIREUCERAL (75 @) #EAT T RG 0 & T R T A
MCI A2 4T ( H s 7K = 40% —100% ) Pl 9 7 4
W (Fr. A ~Fr. G) o Jorp Fr. D BEZ SOMBE A (&
TEREAT A6 BE VR (R UK ,50% —70% ) 153 8 N4
43(D1 ~D8), D1 £ HPLC (3 ml/min,56% H &)
2L G 4 (1, =10.0 min, 1.5 mg) Al 1 (1, =

13.5 min,0.8 mg) , D4 %4 HPLC(3 mL/min,58% H!
1) itk A5 A1) 6 (1, =15.5 min, 1. 1 mg) Fl 2 (1,
=15.5 min,4.4 mg) , D7 4 HPLC(3 mL/min,60%
H ) ik 1364 3 (1, =19.5 min,5. 4 mg) Fl 7
(ty =25.0 min,3.0 mg) , D8 £ Sephadex LH-20 %§
WA (A5 53 B8 e e E 45 S 2L A 5(60.0 mg) .
1.3.2 feddh 1 422 69326 ECD 3+ 54

K Maestro 10. 2 H i+ 2 48 R IIRE, R
MMFFs J337 it B g e &, Yok g & WEE 2.5
kecal/mol DN IR G AT i T U Ak . SR 5
¥ H Gaussian 09 7F B3LYP-6-311G(2d,q) %1531
¥ % 4T T LA LL K TD-DFT J7 v 348 5 A 3
GBI RS o B R SpecDis HAFHIA 1L &8
(1) ECD &4 , I 5 52 g ik Lext
1.3.3 R EEEMZ
1.3.3.1 4z

JNERVINBE S BV2 41 BE 5 T B 37 CL5%
CO, W4T, i F§ DMEM 3% 52 3 ik 4735 5% (&%
10% I3 ) -
1.3.3.2  MTT izt

YRR LA WX T BV2 40 i Y 1k S i
i MTT SEEGIRY o HUAL T 852k R 0 0% 4, 77
b, B0, B P AEFL 100 L, AFLANA AL 5 x 10°
ANERDT 96 FLAH, 1555 24 h 5 WIS RS IR, 1
100 L FY 20 Fd 3% 3% W b % 52 1K1k 5 9 Bd B 40
pmol/L (¥ B, 25 {6 BEZH FL 100 WL 1 400 ffa 4%
FW o INZ524 h 5, A 20 wL B MTT %, S0
H 4 hja, ZBRFLPERINA 150 pL ) DMSO,, il
1 EEAN I EETHAE 490 nm X WSAE #HE A
(1) TGN FEAM 2 (1) .

I=[1-(A, -A,)/(A, -A,) ] x100% (1)

K, Ay Sz HAWOGEE A, IO
A, X BRI RS
1.3.3.3  Griess 3K HFRLAPIH9 NO #i]2R

BH R )5k, 5 Griess OB AE NO, #6
k1 &Y%t LPS 531 BV2 4iijfd 5= 4= NO 11y
THIVER . SE9650 A as IR IRZE BRRIZH (LPS 4H) |
SZUGZH . BV2 4L 3.0 x 10° 4~/mL %5 B 2 T
96 FLAR T, K5 97 24 ho 25 P BT 20 A A5k B
LPS ERIZH A 1 g/ mL 14 LPS Hli#% 24 h, %
Y524 21 43 ) 25 N IR vk B (40.,20,10.,5.,2.5.1.25
pmol/L) [ 3Z AL & 1 h, S8R5 A 1 pg/mL
[ LPS Jil3# 24 h, Hu50 wL 40 F3E W, Se)q A
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50 wL Griess i5 A K Griess i #] B, #2528 9& % %
WALV e TR A G 38 285 oot B it
£ 540 nm MW BUEFEHRA (1) 315 NO il
F(D) o VL L SEm sty i =k, B X B 25 4 2 At
&

2 KBWHER
2.1 ZHHERE
&1 KA (o] §-58.1(c0.1,

MeOH) ;IR (KBr) v, 2 927 .1 7251 691 .1 4501
224 cm™ ;HR-ESI-MS:m/z 389. 159 O[ M + H] * (it
B C, Hys0, ,389.159 5) , 1mHAFXHh C, H,,
0, KR 10 A FIRE . il it £r 4METE 1 725 em”
Ab ) W A s L A R A B, dE e A ' H
NMR (600 MHz,CDCI,) &3zt WA 2 Mails
S18,7.14(br s)#16.90(t,J=3.5 Hz) ],3 P&
WHHAES[8,5.82(t,]=1.4 Hz) 5.31(dd, J =
12.4,4.4 Hz) f14.57(dd,J=10.6,7.0 Hz) ] ,1 4~
FHAEIE[ 5, 3.62(s) | DL 2 ARG LAE 5[5, 1.
26(s),1.07 (s)]. #ad 47 H'H NMR L K&
DEPT135 & Al ML AW 1 A 21 A5 5 WA AE AL
B3 AERERIE 2 X = OB 3 SRR (AR 1A
L) 4 A4S sp’ 24k it i B JE 5 A sp® Z=1b itk
L (A4 3 SR IR LK 2 4 sp” Zo Mk 2

ko BILAFEY 1 B —dEA%mEE R (W3R 1) 7]
IS ARM S o B8 20454 3 19 A/B/C/D
IR = BEARARL, 22 57 TR &9 3 h C-12 ik
IIATE 1 AR T TIRER ISR . A A H-12(5, 5.
31) %] C-13(8. 137.4) ,C-14 (5, 143.3) il C-16 (8,
168.3) LI % M\ H-15 (8, 5. 82) % C-13 FI C-16 (¥
HMBC {IE3E T LA _E#EiS . Bbah, N H-15 #] 5, 57.9
) HMBC #4678 T C-15 4 T — A B A L
Ml o 40 09 — 4k 8% w3 4k 53 #r ( HSQC . HMBC
F'H-"H COSY) #ft—HiA T &9 1 19°F- i 4544
(WK 1), #Eak kb G911 fik &9 3 1) A/B/
C/D A — ARG UL S NOESY A5G a2 fb &
YW1 A/B/C/D ¥ EF M A X RS b 5
3 AL 1 020 X ) 750 230 o B (R AR ) 2
B3 pR PRI (TDDFT ) A5 400 H: AT 6 %) 48 X+ 8 iE A 7
LT R o 38 3ok HAF A8 2 T DA AL 54 1 /0 2
Nk E AT e JE SR,6R,8R,95,10S,12S @ # 585,65,
8S,9R,10R,12R, fb&% 1 (52 ECD [E ke 211
nm 78 11 Cotton R M AE 256 nm 7~ 1IE Cotton i
M, X5 5R,6R,8R,95,10S,125-1 ¥ Cotton %X
MNEEARWIA (211 nm @7 £t Cotton R ,249 nm i
/N IE Cotton 2500 (WLEI2A) o I, &9 1 4
Xl Fa B S SR, 6R,8R,95,10S, 128, H ¥k i 44
A tinocapill A,

x1 {L&¥1F2MEIL(600 MHz) FnfeiZ (150 MHz) 3% ( CDCL, )

Table I 'H NMR(600 MHz) and “C NMR(150 MHz) data of compounds 1 and 2( CDCI,)
1 2
No.
Sy (J in Hz) 8¢ 8y (J in Hz) ¢
1 2.13,m 17.7 2.01,m 17.5
1.96,m - 1.79,m -
2 2.48 ,m 24.0 2.45,m 24.0
2.40,m - 2.40,m -
3 6.90,1(3.5) 136.2 6.88,br s 136.2
4 - 133.0 - 132.7
5 - 38.8 - 39.0
6 4.57,dd(10.6,7.0) 81.4 4.96,dd(10.3,7.5) 81.2
7 2.81,m 26.6 2.60,m 26.3
1.51,m - 1.50,m -
8 2.41,m 47.7 2.62,m 45.1
9 - 36.5 - 36.6
10 1.98,d(6.6) 37.5 1.62,d(6.2) 46.0
11 2.62,dd(14.8,4.4) 39.1 2.36,dd(14.5,3.4) 45.0
1.55,dd(14.8,12.4) - 1.72,dd(14.5,10.3) -
12 5.31,dd(12.4,4.4) 71.3 5.12,m 70.5
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%245 1( Continued Tab. 1)
1 2
No.
8y (J in Hz) Sc 8y (J in Hz) 8¢
13 - 137.4 - 136. 1
14 7.14 brs 143.3 7.23 brs 144.1
15 5.82,1(1.4) 103.0 5.83 brs 103. 1
16 - 168.3 - 168.4
17 - 170.0 - 172.3
18 - 169.2 - 169.3
19 1.26,s 30.0 1.20,s 29.7
20 1.07,s 24.1 1.25,s 24.4
15-OMe 3.62,s 57.9 3.64,s 57.9

—
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Fig. 1
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Fig.2 ECD spectra of the compounds

wEw2 KEBARY; [a]F-11.0(c0.1,
MeOH) ;IR(KBr) v, 2 972.2 929 .1 7221 692 .1
446 1 247 em™ ;3 3:f HR-ESI-MS:m/z 389. 159 7,1t
BHAH C, H,50,,389.159 5) Kt s (W& 1) #
EHATREGMEY 1 HE, BN ZEE 11
[l SEpiR . LA 2 B —4E R Bt ffe 59 1
o4z (R AE C-8 ,C-10 [C-11 . C-12 i A7 3¢ B i
2250, 8 ot = 4E % #g 3L 4R 43 Bt (HSQC . HMBC
F'H-"H COSY ) i %2 1 W 4~k A5 4 °F 1l 485 K 4 T
74T NOESY AH (55 T LIE 24k 54 2  H-
6/H-8 L)} H-8/H-12 fy#HC (UL 3) , Uil H-8 5

3 HEWM2XBTHEHEXRES
Fig. 3 Key 2D correlations of 2

H-6 Il H-12 40 T [RMIED o 51, N iefe &9 2 8E
HEEY 1B 8 (LR, a2 B i Hy B[]
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FEiE ot TDDFT $EA7 44, &I 5 SR,6R,8S,98,
10S,125-2 #&74 f1%) BRIS {H EL A AL Cotton R (L
KI2B) . L&) 2 #itfin 45 4 tinocapill B, {54 1
T2 TR0 235 4 56 7 B3 L s L 1 o DA ) B )
R 2 (www. trew. ac. cn)

wEWM3 LOJORBAR(HEE) , X-ray JT2 50
an T AR Flack 25080 1(3) (WK 4) , 1 51
175 ~177 C, [a] 7 (29.1(¢ 0.1,MeOH) ,ESI-MS;
m/z343.1 [M+H]" 773k C,yH,0,,'H NMR
(600 MHz, CDCL,)§,,:7. 41 (1H,br s, H-16),7. 36
(1H,m,H-15) ,6.82(1H,t,J =3.5 Hz,H-3) ,6.38
(1H,br s,H-14) ,5.46(1H,dd,J =11.7,4. 5 Hz, H-
12),4.51 (1H,dd, J =10.5,7.0 Hz, H6),2.70
(1H,ddd,J =13.8,6.8,3.4 Hz, H-7b) ,2. 42 (1H,
m,H-8),2.36, (1H, m, H-2a) ,2.30 (1H, dd, J =
14.8,4.5 Hz,H-11a) ,2.06(2H,m,H-1) ,1.99( 1H,
d,J=6.7 Hz,H-10),1.87(1H,d,J =15.4,7.7 Hz,
H-2b),1.79(1H,d,J =14.6,11.8 Hz,H-11b) ,1.43
(1H,m,H-7a),1.17(3H,s,H-19),1.02(3H, s, H-
20);"” C NMR (150 MHz, CDCl,) §.:17.7 (C-1),
24.1(C-2),136.2(C-3),133.1(C4),38.9(C-5),
81.7(C-6),26.6(C-7),47.2(C-8),36.4(C9),
37.9(C-10),40.9(C-11),71.1(C-12),124.9 (C-
13),108.5 (C-14),139.7 (C-15),143.9 (C-16),
170.9(C-17) ,169.3 (C-18),30.0( C-19) ,24. 3 ( C-
20) o ZALA WIS B T ek R B —
B, S E R crispene A

B4 {La¥3maRTHE
Fig. 4 Drawing of X-ray single crystal

diffraction of compound3

EWm4 HETEIEH K, ESI-MS: m/z
349.1 [M+H]" 4373k CyHy O, ,'H NMR (600
MHz,CDCL,)8,:7. 14 (1H, m,H-13) ,6.76 (1H,t, ]
=3.8 Hz,H-3),4.78 (2H, q,J = 1.9 Hz, H-14),
3.75(1H,dd, J =10.9,3.7 Hz,H-17a) ,3.28 (1H,

dd,J=10.9,8.3 Hz,H-17b) ,2.77(1H,m,H-12a) ,
2.26(3H,m,H-12b,H-11),2.04(1H,m,H-8) ,1. 84
(1H,dd,J =15.3,8.8 Hz,H-la),1.74 (2H, m, H-
2),1.59(2H, m,H-5),1.47(1H,dd, J =6.3,1.5
Hz,H-10),1.10(3H,m,H-1b,H-6) ,1. 24 (3H, s, H-
19),0.80(3H,s,H-20) ;°C NMR (150 MHz,CDCI,)
5::19.4(C-1),24.4(C-2),144.3(C-3),137.7(C-
4),39.9(C-5),36.3(C-6),23.5(C-7),46.0(C-8),
36.2(C-9),45.4(C-10),35.8(C-11),19.5(C-12),
134.8(C-13),141.6(C-14) ,70.5(C-15) ,174.9(C-16) ,
63.9(C-17),172.3(C-18),33.1(C-19),16.6 (C-20) ,
AL A 5 Sk R RO — Bk,
B A floridolide B,

wEWS LRGSR (HE), ESI-MS:m/
2359.1 [M +H]", 5T K CyH, 0,.'H NMR
(600 MHz,CDCI,)8,,:7.48(1H,dd,J=1.7,0.9 Hz,
H-16),7.43(1H,t,J =1.7 Hz,H-15) ,6.46(1H,dd,
J=7.9,5.2 Hz,H3),6.44 (1H,dd,J =1.7,0.9
Hz,H-14) ,6.36(1H,dd,/=7.9,1.8 Hz,H-2) ,5. 41
(1H,dd,J=11.9,4.4 Hz,H-12) ,5. 15(1H,dd, ] =
5.3,1.8 Hz,H-1),2.65(1H,m,H-7a) ,2. 41 (1H,d,
J=11.2 Hz,H-8),2.26 (1H,dd,J = 14.8,4.3 Hz,
H-11a),2.07(1H,m,H-6a) ,1.95(1H,dd,J =14. 4,
12.3 Hz, H-11b),1.75 (2H, m, H-6b, H-7b) , 1. 41
(1H,m,H-10),1.25(3H,s,H-19),1.07(3H, s, H-
20);"” C NMR (150 MHz, CDCl,) §.:74.1(C-1),
128.7(C-2),136.7(C-3),80.5(C4),37.1(C-5),
25.5(C6),17.3(C-7),44.4(C-8),35.2(C9),
47.5(C-10),41.8(C-11),70.6 (C-12),124.7 ( C-
13),108.4 (C-14),139.6 (C-15),143.9 (C-16),
173.4(C-17) ,175.5(C-18) ,24.3(C-19),28.3( C-
20) o ZALA YR S SR R B —
B E R

wEaEWw 6 HaJE KK, ESI-MS: m/z
465.1 [M +Cl] ™~ 4375k C,iHy Oy .'H NMR (600
MHz,CDCL, ) §,,:7.47 (1H,dd, J =1.7,1.0 Hz, H-
16),7.43(1H,t,J =1.7 Hz,H-15) ,6. 71 (1H,dd, J
=2.5,1.2 Hz,H-3) ,6.58 (1H,d,J =10 Hz,H-6),
6.54(1H,d,J =10 Hz,H-7) ,6.40(1H,dd,J=1.7,
1.0 Hz,H-14),5.59(1H,t,J =8.3 Hz,H-12) ,4.55
(1H,ddd,J=10.1,7.1,2.6 Hz,H-2),3.73(3H,s,
18-OMe) ,2.51(1H,d,J =4.7 Hz,H-10) ,2. 30(2H,
m,H-11a/1a) ,2. 11(3H,s,8-0Ac) ,2. 00 (2H,m, H-
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1b/11b),1.55(3H,s,H-19) ,0.94(3H,s,H-20) ;"C
NMR (150 MHz,CDCl, )8.:28.2(C-1),64.3(C-2),
139.4(C-3),136.4(C4),37.4(C-5),138.1(C-6),
120.8(C-7),78.1(C-8),39.4(C9),45.3(C-10),
39.2(C-11),71.0(C-12),125.7(C-13) ,108. 4 ( C-
14),139.8 (C-15),144.0 (C-16),167.3 (C-17),
166.7(C-18),30.3(C-19),23.1(C20),51.9 (18-
OMe) ,21.0,168.7(8-0Ac) , ZAk G Wy i i 35 A5 48
ScHk T A A B — 2, B 2 M tinosporol B,

wEmT TEERY),ESI-MS: m/z377.1 [M
+H]*, 47k CyH, 0,,'H NMR (600 MHz,
CDCL)8,:7.48(1H,s,H-16),7.42(1H,d,J =1.8
Hz,H-15),6.42 (1H,d,J = 1.8 Hz, H-14),5.67
(1H,dd,J =12.7,4.7 Hz,H-12) ,5.02(1H,dd, J =
12.5,4.1 Hz,H6) ,4.00 (1H, m, H-3) ,2.68 (1H,
dd,J=13.1,5.2 Hz,H-8) ,2.32(2H,m,H-1a/11a) ,
2.16(1H,q,J =12.6 Hz,H-7a),1.95(1H,dd, J =
15.4,12.7 Hz,H-11b) ,1.89 (1H,dd, J =12.4,5.3
Hz,H-1b),1.76 (1H, m, H-7b), 1.68 (1H, m, H-
10),1.19 (3H, s, H-19),1.11 (3H, s, H20) ;" C
NMR (150 MHz,CDCL,)8.:17.0(C-1) ,25.4(C-2),
76.2(C-3),81.4(C4),47.1(C-5),71.2(C-6),
28.3(C-7),46.1(C-8),35.1(C9),47.3(C-10),
44.1(C-11),71.0(C-12),124.3(C-13),108.5(C-
14),140.0 (C-15),144.0 (C-16),173.5 (C-17),
180.3(C-18),33.1(C-19),18.0(C-20) ., Zk&W
(R i A 0 5 Sk R T RO — B, O E
borapetol A,

EW L ~T S5 ILIE S

BS W&w1-~7mEl

Fig. 5 Structures of compounds 1-7

2.2 HREMER
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