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Triterpenoids of Ganoderma sessile and Their Hepatoprotective Activities
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Abstract ; Sixteen lanostane triterpenoids were isolated from the ethanol extract of Ganodermasessile by means of prepara-
tive HPLC, column chromatography over sephadex LH-20,silica gel, ODS and were identified as ganoderic acid LM,
(1), ganosporeric acid A (2) , ganoderic acid J (3), ganoderic acid C (4) , ganoderic acid A (5) , ganoderic acid B
(6) ,ganoderic acid M (7) , ganoderic acid C, (8) , ganoderic acid AM, (9) , ganoderic acid G(10) , ganoderic acid I
(11) , ganolucidic acid A (12) ,ganoderic acid £(13) , ganoderic acid H(14) ,ganolucidic acid E (15) , ganoderic acid
D (16). Compounds 1-16 were isolated from this Species for the first time. Compounds 2,5,6,11,15 and 16 exhibited
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hepatoprotective activities. The survival rate were 60% ,45% ,56% ,44% ,47% and 47% in HL-7702 cells respective-

ly, all higher than 42% of bicyclol.
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3 HEWERE

RZ g LM2 ( ganoderic acid LM2,1) ESI-
MS m/z: 515. 2 [ M + H]",'"H NMR ( C;D,N,
400MHz) :5 1. 10 (3H,s,H-29),1. 10 (3H, s, H-
18),1.13 (3H,s,H-28),1.60 (3H,d,J =5.2 Hz,
H-21),1.33 (3H,s,H-30),1.38 (3H,s,H-19),
2.15 (3H,s,H-27),5.01 (1H,dd,J=5.6,12.8 Hz,
H-23),5.12 (1H,dd,J =6.8,7.6 Hz, HT),7.38
(1H,d,J =8.5 Hz,H-24);"” C NMR ( C,D,N, 150
MHz) B3 1, LA bS5 55 3wk i i 78, 236-di-
hydroxy-3, 11, 15-trioxo-Sa-lanosta-8, 24-dien-26-oic
acid( ganoderic acid LM2) —3{,

1 AW1~8H"C NMR iR

Table 1 "“C NMR data for compounds 1-8
No. 1 2 3 4 5 6 7 8
1 36.2 37.4 36.2 36.0 36.0 35.8 35.6 35.1
2 34.7 34.1 34.0 34.4 34.6 28.8 29.2 34.0
3 216.0 214.9 215.0 216.7 217.1 77.7 216.7 215.0
4 47.2 46.9 46.7 46.7 46.8 39.0 39.3 46.6
5 48.9 50.9 49.2 48.8 48.9 49.8 49.4 49.2
6 29.0 33.7 27.4 29.0 29.2 26.6 26.7 36.9
7 66.2 198.6 201.0 66.3 68.9 66.5 65.8 204.6
8 159.8 149.9 152.5 157.8 159.1 156.8 160.0 152.5
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No 1 2 3 4 5 6 7 8

9 141.1 149.0 150.8 141.2 140.3 142.6 141.0 150.8
10 38.6 39.3 39.2 38.2 38.0 38.8 38.3 39.2
11 198.3 196.0 200. 1 197.7 199.7 197.9 201.2 201.0
12 51.1 194.1 51.8 50.0 51.9 52.0 79.4 51.8
13 45.4 58.6 46.6 44.9 46.7 46.8 21.2 47.6
14 59.2 61.0 52.7 59.3 53.9 59.4 60.0 52.7
15 217.1 205.6 72.1 217.6 72.4 217.5 215.4 72.1
16 42.2 39.0 36.9 41.7 36.7 39.4 35.7 36.2
17 47.0 37.8 47.9 45.6 47.8 45.4 49.1 47.9
18 18.0 12.1 17.0 17.7 16.9 17.4 18.5 17.4
19 18.4 18.7 19.4 18. 1 19.5 18.4 17.8 17.7
20 34.0 32.2 32.3 31.9 32.6 32.0 32.3 32.3
21 20.0 23.3 20.3 19.6 19.7 19.6 21.2 19.4
22 44.0 48.4 49.3 48.9 49.7 49.1 51.9 49.3
23 66.7 207.5 208.8 207.6 208.8 207.7 209.2 208.2
24 145.1 46.5 47.6 46.5 46.8 47.0 47.0 46.7
25 129.0 34.0 35.1 34.2 35.6 35.2 34.7 34.7
26 170.9 170.2 178.0 180.6 180.3 180.4 178.4 176.1
27 13.6 16.9 17.4 16.9 17.3 16.9 17.0 17.0
28 27.2 27.6 27.3 27.0 27.2 29.1 29.1 27.4
29 21.0 20.9 20.5 20.7 20.7 15.4 22.0 20.4
30 25.3 20.4 17.7 24.7 19.3 23.7 23.7 21.7
REM-FHE A (ganosporeric acid A,2) ESI- (3H,s,H-28),1.12 (3H,s,H-29),1.22 (3H,d,J =

MS m/z:527. 1 [M + H]*,'"H NMR ( CDCI,, 400
MHz) .80. 85 (3H,s,H-29),0.99 (3H,d,J=6.4
Hz,H-21),1.12 (3H,s,H-18),1.14(3H,s,H-28) ,
1.23 (3H,d,J=7.2 Hz,H-27),1.33 (3H,s, H-
30),1.80 (3H,s, H-19);" C NMR ( CDCl,, 150
MHz) JL3 1o LA bl 55 30mk™ i i 3,7, 11,
12,15 ,23-hexaoxo-5a-lanosta-8-en-26-oic acid ( ganos-
poreric acid A) —ZF{,

REf J(ganoderic acid J,3) ESI-MS m/z:
515.2[M +H]*,'"H NMR( CDCI, ,400 MHz) :80. 86
(3H,d,J=6.4 Hz,H-21),0.90 (3H,s,H-18),1.12
(3H,s,H-28),1.14 (3H,s,H-29),1.18 (3H,s, H-
19),1.22 (3H,d,J =6.8 Hz,H-27),1.27 (3H,s,
H-30),4.29 (1H,t,J =6.8 Hz, H-15) ;" C NMR
(CDCly,150 MHz) .3 1, DI_E%oda 5 Scmk' i
B 15a-hydroxy-3, 7, 11, 23-tetraoxo-5a-lanosta-8-en-
26-oic acid( ganoderic acid J) —%{

REf C(ganoderic acid C,4) ESI-MS m/z:
515.2[M+H] " ,'"H NMR ( CDCL, ,400 MHz) :50. 99
(3H,d,J=6.0 Hz,H-21),1.03 (3H,s,H-18),1.10

7.2 Hz,H27),1.25 (3H,s,H-19) ,1.33 (3H,s,H-
30),4.84 (1H,dd,J=7.6,9.2 Hz,H-7) ;" C NMR
(CDCL,,100 MHz) B35 1, DL %0 5 ek izai
#Y 78-hydroxy-3, 11, 15, 23-tetraoxo-5a-lanosta-8-en-
26-oic acid ( ganoderic acidC)—%§

RE A(ganoderic acid A,5) ESI-MS m/z:
517.3[M +H]*,"H NMR( CDCL, 400 MHz) :50. 90
(3H,d,J=6.4 Hz,H-21),0.97 (3H,s,H-18),1.10
(3H,s,H-28) ,1.11 (3H,s,H-29) ,1.22 (3H,d,J =
7.2 Hz,H27),1.25 (3H,s,H-19) ,1.28 (3H,s, H-
30),4.62 (1H,dd,J =6.4,9.6 Hz,H-15),4.78
(1H,dd,J =7.6,9.2 Hz, H-7) ;" C NMR (CDCL,
150 MHz) WL 1. LA 1808 5 30k 4238 1 78,
15-dihydroxy-3, 11, 23-trioxo-5a-lanosta-8-en-26-oic
acid ( ganoderic acid A) —3{,

REf B(ganoderic acid B,6) ESI-MS m/z:
517.2[M + H]*,"H NMR ( C.D;N, 400 MHz):
80.84 (3H,s,H-29),0.97 (3H,d,J =6. 6Hz, H-
21),1.00 (3H,s,H-18),1.02 (3H,s,H-28),1.21
(3H,s,H-19),1.22 (3H,d,J =7.8 Hz,H-27) ,1.34
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(3H,s,H-30),3.21 (1H,dd,J=9.9,3.6 Hz,H-3) ,
4.79 (1H,t,J =8.7 Hz,H-7);”C NMR (C;D;N,
150 MHz) WL 1. LA LA 530k 4Rt i 38,78-
dihydroxy-11,15,23-trioxo-5a-lanosta-8-en-26-oic acid
( ganoderic acid B) —3F{,

R Z & M ( ganoderic acid M,7) ESI-MS m/
2:531.1[M + H]","H NMR ( CDCl,, 400 MHz) :
81.08 (3H, s, H-18),1.15 (3H, s, H28),1.21
(3H,s,H-29),1.34 (3H,d,J=5.6 Hz,H-21) ,1. 39
(3H,d,J=5.2 Hz,H-27),1.43 (3H,s,H-19),1.47
(3H,s,H-30) ,4.69 (1H,s,H-12) ,5. 15 (1H,t,J =
6.8 Hz,H-7) ;" C NMR (CDCl,, 100 MHz) W, 3% 1,
DA B 5 Sk Ron iy 78, 12a-dihydroxy-3,11,
15,23 -tetraoxo-5a-lanosta-8-en-26-oic acid ( ganoderic
acid M) —%{,

R E B C6( ganoderic acid C6,8) ESI-MS m/
2:531.2[M + H]*,'"H NMR ( CDCl,, 400 MHz) .
80.86(3H,d,J =6.4 Hz, H-21),0.90 (3H, s, H-
18),1.12 (3H,s,H-29),1.14 (3H,s,H-28),1.18
(3H,s,H-30),1.22 (3H,d,J=6.8 Hz,H-27) ,1.27
(3H,s,H-19),4.29 (1H,t,J =6.8 Hz,H-15);"C
NMR (CDCL,,100MHz) W35 1, Lk b4 5 ek
B A 15a-hydroxy-3,7,11,23-tetraoxo-5a-lanosta-8-
en-26-oic acid( ganoderic acid C6) —%{

RZE g AMI ( ganoderic acid AM1,9) ESI-
MS m/z:515.2[M + H]*,'"H NMR ( CDCl,, 400
MHz) :80.94 (3H,s,H-29),1.02 (3H,d,J =4.8
Hz,H-21),1.04 (3H,s,H-18),1.13 (3H,s,H-28),
1.35 (3H,s,H-19),1.36 (3H,d,J =5.6 Hz, H-
27),1.71 (3H,s,H-30),3.27 (1H,dd,J =5.6,
11.0 Hz,H-3);"C NMR (CDCL,,100 MHz) I, 3 2,
VI EERES if‘ﬁjﬁ“o] B 3B-hydroxy-7,11,15,23-

tetraoxo-Sa-lanosta-8-en-26-oic acid ( ganoderic acid
AMI) —2,

REZHs G(ganoderic acid G,10) ESI-MS m/
2:533.1[M +H]*,"H NMR (C,D,N,400 MHz) :6
0.80 (3H,s,H-29),1.02 (3H,s,H-18),1.04 (3H,
s,H28),1.14 (3H,d,J =6.0 Hz, H21),1.19
(3H,d,J=5.6 Hz,H-27) ,1.32 (3H,s,H-19),1.43
(3H,s,H-30),3.22 (1H,dd,J =6.0,10.0 Hz, H-
3),4.38 (1H,d,J =2.5 Hz,H-12) ,4.80 (1H,td,J
=4.5,8.5 Hz,H-7) ;" C NMR (C,D,N,100 MHz) i,
*=2, UJ:@%EEI@([I]]?&@E@ 38,78, 123-trihy-

droxy-11, 15, 23-trioxo-5a-lanosta-8-en-26-oic acid
( ganoderic acid G) —Z{,
RZf I( ganoderic acid I,11) ESI-MS m/z:

533.2[M + H]*,'"H NMR ( C;D,N,400 MHz):§
1.09 (3H,s,H29),1.24 (3H,s,H28),1.31 (3H,
d,J =7.2 Hz, H-18), 1.45 (3H, s, H27), 1. 46
(3H,s,H-19) ,1.56 (3H,s,H-21),1.70 (3H,s, H-
30),3.46 (1H,dd,J =4.8,11.2 Hz, H3),5.16
(1H,t,J = 8.8Hz, H-7);"” C NMR ( C,D,N, 100
MHz) U3 2, LLEBOHE 5 Scilk'™ 4iE i 38,78,
20£-trihydroxy-11, 15,23 -trioxo-5a-lanosta-8-en-26-oic
acid ( ganoderic acid 1) —%§,

REFRZME A(ganolucidic acid A,12) ESI-
MS m/z:501.2[M + H]*,'"H NMR ( CDCL,, 400
MHz) :6 0.86 (3H,d,J=6.0 Hz,H-21),0.91 (3H,
s,H-18),1.08 (3H,s,H-28),1.12 (3H,s,H-19),
1.12 (3H,s,H29) ,1.18 (3H,s,H-30),1. 18 (3H,
d,J/=6.8 Hz,H-27) ,4.41 (1H,dd,J=5.5,9.0 Hz,
H-15) ;" C NMR (CDCL,,150 MHz) L% 2, VI %K
P53k HR 15a-hydroxy-3,11,23-trioxo-5a-
lanosta-8-en-26-oic acid ( ganolucidic acid A) —ZF{,

F®2 HEWI~16 897 C NMR K
Table 2 "C NMR data for compounds 9-16

No. 9 10 11 12 13 14 15 16
1 37.1 35.6 35.6 35.0 35.7 36.6 37.3 37.9
2 28.4 28.6 28.6 34.2 28.8 27.2 34.4 34.3
3 76.9 77.7 77.6 218.5 77.8 77.4 215.1 215.5
4 39.9 39.4 39.2 46.9 39.7 40.4 47.0 47.0
5 51.8 49.8 48.5 51.6 49.9 51.3 51.5 49.6
6 34.3 28.2 27.9 18.6 28.2 33.2 33.8 28.8
7 199.9 66.4 67.0 29.5 67.0 198.9 199.3 65.8
8 151.9 158.9 158.0 163.8 158.6 151.7 149.8 140.6
9 147.3 142.6 142.6 138.4 145.0 145.7 146.9 158.4
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No 9 10 1 12 13 14 15 16
10 40.5 39.0 39.2 37.0 39.4 39.1 39.4 38.5
11 200.3 200.9 198.4 198.5 198.5 194.0 199.2 199.6
12 49.9 79.3 51.4 51.4 51.3 79.1 49.0 51.7
13 4.9 52.3 46.3 46.7 45.9 47.9 44.0 45.0
14 57.5 60.3 59.9 53.5 59.4 58.5 57.2 60.4
15 207.8 216.8 217.7 72.8 217.3 205.9 206.7 216.8
16 41.2 38.9 37.0 38.4 42.0 37.9 39.8 41.0
17 45.4 46.8 49.7 48.4 47.0 4.6 44.4 45.9
18 17.8 12.9 19.6 17.2 17.7 12.1 16.1 16.9
19 18.2 19.2 18.8 18.8 19.0 17.9 18.6 18.3
20 32.5 29.1 72.8 32.5 34.0 29.3 32.1 34.2
21 19.9 2.1 27.3 19.3 20.1 21.6 19.8 21.2
22 49.5 49.0 55.6 49.6 44.0 48.3 48.9 48.4
23 208.7 209. 1 209.4 208.7 66.8 207.5 207.5 208. 1
24 47.2 47.0 48.4 46.4 144.2 46.3 46.5 46.3
25 35.8 35.7 35.5 34.5 129.6 34.5 34.6 35.2
26 178.3 178.3 178.2 180.9 170.8 180.4 179.2 178.3
27 16.4 17.8 17.5 16.9 13.5 16.9 16.9 12.1
28 28.5 28.8 28.7 27.7 28.9 27.8 27.6 27.9
29 16.4 16.4 16.3 19.0 16.5 15.5 20.3 21.3
30 21.7 23.7 25.1 20.5 24.9 21.2 21.2 26.3
31 170.3
32 20.9
R E B «( ganoderic acid £,13) ESI-MS m/z: 0.88 (3H,s,H-18),0.98 (3H,d,J =6.4 Hz, H-

517.2[M + H]*,'"H NMR ( C;D;N,400 MHz): 6
1.09 (3H,s,H=29),1.10 (3H,s,H-18),1. 15 (3H,
d,/ =6.0 Hz, H21),1.25 (3H, s, H28),1.40
(3H,s,H-19),1.43 (3H,s,H30),2. 14 (3H,s,H-
27),3.22 (1H,dt, J =3.6,13.6 Hz, H3),5.15
(3H,t,J =8.8 Hz,H-7),7.37 (3H,dd,J =8.8,1.2
Hz,H-24);”C NMR (C,D;N,100 MHz) i3 2, Lk
R S Sk R Y 38,78, 23&-trihydroxy-11,
15-dioxo-5a-lanosta-8 , 24-dien-26-oic acid ( ganoderic
acid &) —2,

REZfE H( ganoderic acid H,14) ESI-MS m/
2:573.2[M + H]*,"H NMR ( CDCl,,400 MHz) :8
0.81 (3H,s),0.88 (3H,s),0.97 (3H,d,J=6.0
Hz),1.02 (3H,s),1.20 (3H,d,J =7.2 Hz),1.32
(3H,s),1.72 (3H,s),2.23 (3H,s) ,3.26 (1H,dd,
J=4.8,10.8 Hz),5.62 (1H,s);”C NMR (CDCI,,
100 MHz) 4 2. B 1508 5 30k it i 36-
hydroxy-128-acetoxy-7, 11, 15, 23-tetraoxo-5a-lanosta-
8-en-26-oic acid ( ganoderic acid H) —3,

REZ E( ganoderic acid E,15) ESI-MS m/
2:513.2[M + H]*,"H NMR ( CDC,,400 MHz) :8

21),1.11 (3H,s,H29),1. 14 (3H,s,H28),1.22
(3H,d,J =7.2 Hz,H27) ,1.28 (3H,s,H-19) 1. 64
(3H,s,H-30) ;" C NMR (CDCl,, 125 MHz) U, 3 2,
DL E$ics 5 sk 4 3,7,11,15 ,23-pentaoxo-Sa-
lanosta-8-en-26-oic acid (ganolucidic acid E)—%{,

RZf8 D( ganoderic acid D,16) ESI-MS m/
2:515.2[M + H]*,"H NMR (CDCL,,400 MHz) : 5
0.84 (3H,s),1.13 (3H,s),1.15 (3H,d,J =6.8
Hz),1.23 (3H,d,J=7.2 Hz),1.25 (3H,s),1.44
(3H,s),1.44 (3H,s),4.83 (1H,t,/=8.8 Hz) ;"C
NMR (CDCl,,125MHz) L% 2. L F % 550k’
HE R 7B8-hydroxy-3,11,15,23-tetraoxo-5a-lanosta-8-
en-26-oic acid( ganoderic acid D) —%{

4 RSMRBFEE

MTT PSR R 2 A0 A Pr6r A4 e HL-7702
41 Y BT 23 B S )

HL-7702 4 ffifE 37°C . & 5% CO, ByMmE4a i
72, B335k RPMI1640 (2 10% J&2F 13 , 100 U/
mL HEZEM 100 wg/mL 455 %K ,pH7.2 ~7.4), L)
B RSB A0 M A3, (A A 1 x 107 4~/mL 1)
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AP, I LA AEFL 0.1 mL 270 96 fLtl, 5 25 mM)4kEEH 5,24 h J5 i A MTT(0. 5 mg/mL)
F% 24 h RS A 22 (AR BE T 1 x 107 M) 1 YFR 4 h WX i UITE L DMSO IR 5 i 7, I
BIRAE IS A2 T h A DL-2EZURE I (k) &BALOGTE,
xR3 HREDBISUESWHRPEENESER
Table 3  Hepatoprotective effects of 2,5,6,11,15 and 16 on the survival rate of HL-7702 cells injured by DL-GalN (10 uM)

Sk NI)}?% il ﬁi(ﬁﬁ
Name ole:cular Dose Xts Survival
weight rate
TFH %8 Normal control - - 0.520 +£0.031 100%
iR GalN - - 0.217 £0.012 359% *#*
KB Bicyclol 392 1x10°M 0.249 £0.016 42% *
2 526 1x10°M 0.331 +£0.009 60% " *
5 516 1x10°M 0.263 +0.023 45% *
6 516 1 x10°M 0.315 +0.034 56% *
11 532 1 x10°M 0.255 +0.019 44% *
15 512 1x10°M 0.272 +£0.004 47% = *
16 530 1x10°M 0.269 +0.024 47% *

WS IER A LR, ¥ P <0.001 ; SHEIEIZ L, * P <0.05;* * P<0.01,

Note : Compared with control ,**P <0. 001 ; Compared with model group, * P <0.05; * * P <0.01.

5 it

AHFFT M 2 2 B B S L 4 8 2
T 16 =iy bk aw2 5 6 1115 1 0
16 X+ A JF HL-7702 41 Mg (1) 1% % 2% 43 51 b 60%
45% 56% A44% 47% 1 47% , 35 T W BE 42%
BRI R, BT W DK I A4 1 7 P RT3
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