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Abstract: Ganoderma applanatum is one of the important medicinal fungi found in China, with a
long history of medicinal and clinical application in China and East Asia. Ganoderma triterpenes
are tetracyclic derivatives of lanostane, and they have been considered to be the main secondary
metabolites and functional components of G. applanatum. Ganoder ma triterpenoids have various
chemical structures, and 7,8-epoxy-9(11)-ene-12-oxo-ganoderma triterpenoid is one of the
characteristic secondary metabolites that distinguish G. applanatum from other species in this
genus. With the recent continued discovery of various types of meroterpenoids, it has been shown
that these compounds are another important kind of secondary metabolites in G. applanatum.
They possess novel and diverse structures, including 10-carbon-chain, lactone-containing,
pentacyclic/hexacyclic/heptacyclic, bridged, nitrogen-containing and dimeric meroterpenoids.
Their different structural features determine the diverse pharmacological activities of G.
applanatum. In addition, these compounds have been reported to have liver-protecting, angiogenesis-
promoting, neuroprotective, anti-adipogenic, anti-inflammatory as well as antibacterial
pharmacological activities. This article summarizes the structures and pharmacological activities
of 98 naturally occurring triterpenoids and 67 meroterpenoids reported in the literature, aiming at
providing a reference for further studies and development of G. applanatum.
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Fig. 1 The typical carbon skeleton of ganoderic
triterpenoid.
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Table 1  7,8-epoxy-9(11)-ene-12-ox0-ganoderic triterpenoids in Ganoder ma applanatum
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No. Compound names Formulas Molecular weight References

1 Applanoxidic acid A C30H4007 512.64 Chairul & Hayash 1994
2 Applanoxidic acid B C30H4007 512.64 Chairul & Hayash 1994
3 Applanoxidic acid E C30H4007 512.64 Chairul & Hayash 1994
4 Applanoxidic acid F C30H3507 510.63 Chairul & Hayash 1994
5 Applanoxidic acid C C30H350g 526.63 Chairul & Hayash 1994
6 Applanoxidic acid D C30H400g 528.64 Chairul & Hayash 1994
7 Applanoxidic acid G C3oH400g 528.64 Chairul & Hayash 1994
8 Applanoxidic acid H C3oH4,0g 530.66 Chairul & Hayash 1994
9 Ganoapplin B C50H3404 506.59 Peng et al. 2023a

10 Ganoapplanoid Q C3,Hy04 526.67 Su et al. 2020

11 Applanlactone B C30H4007 512.64 Peng et al. 2019

12 Applanlactone C C39H4007 512.64 Peng et al. 2019

13 Ganoapplanoid G C30H4009 544.64 Su et al. 2020

14 Ganoapplanoid H C3oH3309 542.63 Su et al. 2020

15 Ganoapplanoid I C30H4009 544.64 Su et al. 2020

16 Elfvingic acid C C30H420g 530.66 Su et al. 2020

17 Ganoapplanoid C C30H4009 544.64 Su et al. 2020

18 Methyl ganoapplanoid C C3,H4,09 558.67 Su et al. 2020

19 Ganoapplanoid B C30H4009 544.64 Su et al. 2020

20 Applanoid I C30H4209 546.66 Su et al. 2022

21 Methyl ganoapplaniate D C31Hy4O0g 544.68 Lietal. 2018

22 Methyl ganoapplaniate E C31HaOg 542.67 Lietal. 2018

23 Ganoapplanic acid F C30H;350g 526.63 Lietal. 2018

24 Applanoxidic acid G methyl ester C3,H4,0g 542.67 Lietal. 2018

25 Elfvingic acid B C3oH400g 528.64 Lietal. 2018

26 Methyl applaniate B C3HynOg 542.67 Luo et al. 2020

27 Gibbosic acid A C;3oH330g 526.63 Luo et al. 2020

28 Ganoapplanoid J C31H3509 554.64 Su et al. 2020

29 Gibbosic acid E C30H3609 540.61 Su et al. 2020

30 Ganoapplanoid F Cy9H3309 530.61 Su et al. 2020

31 Ganoapplanoid E C3oH;3305 526.63 Su et al. 2020

32 Applanoic acid C C3oH3304 510.63 Peng et al. 2019

33 Applanoic acid E C59H1330g¢ 526.63 Luo et al. 2020

34 Ganoapplanilactone C C30H3507 510.63 Lietal. 2018

35 Ganoapplanoid K C,4H3005 398.49 Su et al. 2020

36 Ganoapplanoid L Cy4Hy505 396.48 Su et al. 2020

37 Applanone D C,4H3,405 402.52 Su et al. 2020

38 16,17-dehydroapplanone E C,4Hy505 396.45 Luo et al. 2020

39 Applanone E C,4H3,05 400.51 Peng et al. 2019
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21 R,=p-OH, R,=p-OH, R,=OCH,
22 R,=0, R,=a-OH, R=0OCH,

23 R,=0, R,=0, R,=OH
24 R,=0, R,=B-OH, R,=OCH;
25 R,=0, R,=B-OH, R,.=OH

=0, R,=p-OH, A, Al
R,=-OH, R,=p-OH

38 R,=0, R,=0, A"

39 R,=0, R,=p-OH

B2 78-FF&E-9(11)-45-12-B1-R = =REL &R0 EEH
Fig. 2 Chemical structures of 7,8-epoxy-9(11)-ene-12-o0xo-ganoderic triterpenoids.
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Table 2 7-oxo (hydroxy)-8(9)-ene-11-oxo-ganoderic triterpenoids in Ganoder ma applanatum

s ALEMBIK 5K ik = BTN

No.  Compound names Formulas ~ Molecular weight References

40 Ganodericacid AP3 C;0Hy4 05 530.65 Wang & Liu 2008
41 Applandiketone A C30Hy9O9  544.63 Gao et al. 2021
42 Applanaic acid C Cs0H4005  528.63 Chen et al. 2021
43 Applandiketone B C30H4207  514.65 Gao et al. 2021
44 Ganoapplanoid A C30H4005  528.63 Su et al. 2020

45 Ganoapplanoid B C;30Hy490g  528.63 Su et al. 2020

46 Ganoapplanilactone A C30H33053  526.62 Su et al. 2020

47 Austrolactone C;30Hy9Og  528.63 Su et al. 2020

48 Ganoderenicfy A C31Hy4Og  544.68 Jiang et al. 2022
49 Ganoderenicfy B C30Hp0g3  530.65 Jiang et al. 2022
50 Ganoderenic acid G C30HgyoO;  512.63 Wang & Liu 2008
51 Applanaic acid A C30HgOg  528.63 Chen et al. 2021
52 Applanoid H C30HyOg  528.64 Su et al. 2022

53 Applanaic acid B C30H3305  526.62 Chen et al. 2021
54 Applanoid F C30Hp09  546.65 Su et al. 2022

55 Applanoid G C30H3605  524.61 Su et al. 2022

56 Applanhydride A C50H330;0  558.62 Gao et al. 2021
57 Applanhydride B CyyHygO;  428.47 Gao et al. 2021
58 3B-acetyloxy-lucidone H CyH3s0  444.56 Shi et al. 2022

59 25-methoxy-11-oxo-ganoderiol D C;Hy06  516.71 Shi et al. 2022

60 Ganoderic acid A Cy0HyyO;  516.67 Jiang et al. 2022
61 3B,7B,20,23-tetrahydroxy-11,15-dioxolanosta-8-en-26-oic acid C30H4605  534.68 Shim et al. 2004
62 7B,20,23-trihydroxy-3,11,15-trioxolanosta-8-en-26-oic acid C30Hs607  518.68 Shim et al. 2004
63 Ganoderenic acid A C30H40;  514.65 Wang & Liu 2008
64 Ganoderenic acid B C;0HypO;  514.65 Wang & Liu 2008
65 Ganoderenic acid D Cs0Hz00;  512.63 Wang & Liu 2008
66 7B,23-dihydroxy-3,11,15-trioxolanosta-8,20E(22)-dien-26-oic acid ~ C;30H4,0;  514.65 Shim et al. 2004
67 7B-hydroxy-3,11,15,23-tetraoxolanosta-8,20E(22)-dien-26-oic acid  C3;H4p,0;  526.66 Shim et al. 2004
68 Ganoapplanilactone B Cs30H3305  526.62 Lietal. 2018
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48 R,=B-OH. R,=a-OH. R,;=B-OH. R,=CH,
44 R;=-OH, R,=B-OH, R,=0 49 R,=B-OH, R,=a-OH. R,;=p-OH. R,=H
45 R,=0, R,=p-OH, R.=p-OH 50 R;=0, R,=H, Ry=a-OH, R,=H
46 R=0. R,=0, R,=p-OH HOOC
47 R;=p-OLL R,=0, R;=p-Ol1

0

63 R,=0.R,=a-OH
64 R~p-OH, R,~0 66 R,=OH, R,=H
65 R=0,R,~0 67 R,=0, R,=CH,

E 3 7-Hi(#)-8(9)-1%-11-HE-R = =fE X &8I &

Fig. 3 Chemical structures of 7-oxo(hydroxyl)-8(9)-ene-11-oxo-ganoderic triterpenoids.
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Table 3 Chemical structures of other ganoderic triterpenoids in Ganoderma applanatum

G5 AWK 5313 s fat % 3R

No. Compound names Formulas ~ Molecular weight ~ References

69 Ganoapplanoid M C30H4409 548.67 Su et al. 2020
70 Ganoapplanoid N C30H4019  562.65 Su et al. 2020
71 Methyl applaniate A C31HasOy9  576.67 Peng et al. 2019
72 Ganoapplanoid P CsoH330;9  558.62 Su et al. 2020
73 Applanlactone A Ci30HpOg  530.65 Peng et al. 2019
74 Ganoapplanoid O C3oH4,0g 530.65 Su et al. 2020
75 Applanoic acid B C30H400g 528.63 Peng et al. 2019
76 Applanone A C4H3406 418.52 Peng et al. 2019
77 Applanone B C4H3,06 416.51 Peng et al. 2019
78 Applanone C Cy4H300¢ 414.49 Peng et al. 2019
79 Applanoic acid D C3oH;3305 526.62 Peng et al. 2019
80 Applanoic acid F C3oH;330¢ 526.62 Luo et al. 2020
81 Applanoic acid G C30H400g 528.63 Luo et al. 2020
82 Ganoapplin A C3,H3504 534.64 Peng et al. 2023a
83 Applanoid A C30H4006  498.65 Suetal. 2022
84 Applanoid B C30HyoOg  498.65 Su et al. 2022
85 Applanoid C C30H4O;  512.63 Suetal. 2022
86 Applanoid D C30H4O7;  512.63 Suetal. 2022
87 Applanoid E C30HppO;  514.65 Su et al. 2022
88 Ganoapplanic acid A C30H400¢ 496.64 Lietal. 2018
89 Ganoapplanic acid B C31Hy05 494.66 Lietal. 2018
90 Ganoapplanic acid C C30HgO7;  512.63 Lietal. 2018
91 Ganoderic acid AP2 C34H500g 586.76 Wang & Liu 2008
92 3a-carboxyacetoxy-24-methylen-23-oxolanost-8-en-26-oic acid C34H5004 570.76 Silva et al. 2006
93 3a-carboxyacetoxy-24-methyl-23-oxolanost-8-en-26-oic acid C34H5,04 572.77 Silva et al. 2006
94 3a,16a-dihydroxylanosta-7,9(11),24-trien-21-oic acid C39Hy4604 470.68 Silva et al. 2006
95 30,160,26-trihydroxylanosta-7,9(11),24-trien-21-oic acid C39Hy6Os5 486.68 Silva et al. 2006
96 16a-hydroxy-3-oxolanosta-7,9(11),24-trien-21-oic acid C30H4404 468.67 Silva et al. 2006
97 3-0x0-25-methoxy-24,26-dihydroxy-lanosta-7,9(11)-diene C3;Hs5004 486.73 Shi et al. 2022
98 24-methyl-5a-lanosta-25-one C50H5,0 428.73 Gan et al. 1998

2000 FFHFTEHE N IRR 2 G. pfeifferi HiE
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RFRWEE—ADGERB B 17 TR0 24l
43 F lingzhiol, J R R 2 24 AR T 8 4,
MNTTHES) T R 2 24l A s AR (E K FE 2022).
2013-2022 FWF5EH IR R 2 G. cochlear . R
G. lucidum 255 R 2 G. theaecolum, 4572 G. sinense.
BERE G. applanatum %552 2 43 B 15 5] 4
350 Ak e, KWz R R 28 R
AT Z W 5 (Peng & Qiu 2018; Peng et al.
2023b), HETMWH R Z 253 51535] 67 -2

i RACE W), AR IERE IS 3 A P LLST LA
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100 52 2 AF LR (GPP) R &
AL, B &A 10 MRJET R EER S, B
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g, AT R AR AR RN, i — 2D TR A y-
AN IER01, 102), FEFR(103-106). 5T
/6 JTEIR(107-117), BAR(E B0 W3R 5, fh2E
S5F4 530 WLIE 6.
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76 R=p-OH
77 R=0
78 R:O. AI(J(I?]

69 R,=R.,=H
70 R,=OH. R,=H, A'?
71 R,=H, R,=CH,, A'617

HOOC

? 0
2 H
“ 85 R=0,20R
86 R=0, 205
87 R=B-OH, 208

92 R==CH,
93 R=CH,

H 94 R =a-0H, R=H
95 R,=a-OH, R,=OH
96 R,=0, R,=H

4 HitbRZ=FEUEVINNLEH

Fig. 4 Chemical structures of other ganoderic triterpenoids.
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Table 4 Ganoderma meroterpenoids (GMs) with 10-carbon side chain in Ganoderma applanatum

G G # K Vit T 275 3k
No. Compound names Formulas Molecular weight References
99 Applanatumol S C16H006 308.33 Luo et al. 2016¢
100 Applanatumol T Ci16H 1307 32231 Luo et al. 2016¢
O.__OH '
OH 0 X7 8 OH

;10

OH 99

Bl5 WERZHIKERIELESVRIGEH

»/ —~COOH

OH 100

Fig. 5 Chemical structures of GMs with side chain in Ganoderma applanatum.

*®5 WERZHRIRRIELEY

Table 5 GMs with single ring in Ganoder ma applanatum

G (aE R/ 77 s 225 30k

No. Compound names Formulas Molecular weight References

101 Applanatumol U Ci6H 1505 290.31 Luo et al. 2016¢
102 Lucidulactone B C7H;30¢ 318.32 Luo et al. 2017a
103 Applanatumol P Ci6H 1307 322.31 Luo et al. 2016¢
104 Applanatumol Q C7H»,04 338.35 Luo etal. 2016¢
105 Applanatumol R Ci6H007 324.33 Luo et al. 2016¢
106 Applanatumol Z1 C3H;,05 248.23 Luo et al. 2016¢
107 Applanatumol Z C14H;60¢ 280.27 Luo et al. 2016¢
108 Applanatumol V Ci16H60¢ 304.29 Luo et al. 2016¢
109 Applanatumol W C7H,30¢ 318.32 Luo et al. 2016¢
110 Applanatumol X C3H,,05 248.23 Luo et al. 2016¢
111 Applanatumol Y C4H 405 262.26 Luo et al. 2016¢
112 Applanatumol Z2 C4H;,05 260.24 Luo et al. 2016¢
113 Applanatumol K Ci6H 307 322.31 Luo et al. 2016¢
114 Applanatumol L C,7H,,04 336.34 Luo et al. 2016¢
115 Applanatumol M Ci6H 606 304.29 Luo et al. 2016¢
116 Applanatumol N Ci6H 307 322.31 Luo et al. 2016¢
117 Applanatumol O Ci6H160¢ 304.29 Luo et al. 2016¢
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G 139-148 & A A ICLEDF[CIHR IR - 1-H BE A% 45
., LAY 149, 150 HATE 104, Hik
FEWE T, 2R ILE 8,

(5) R A% . WEIEER A BR >+ N ILSP,
WAFTE T RIERE, TR Rk . H i A& R
Z e 7 AR AR E Y 151157,
HIRFEILE 8, fh2rgst il 9,
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Fig. 6 Chemical structures of GMs with single ring chain in Ganoderma applanatum.

*x6 WHERZHBIRRIEUEY

Table 6 GMs with spiro ring in Ganoderma applanatum

T &2 5315 Vi 27 3CHR

No. Compound names Formulas Molecular weight References

118 Spiroapplanatumine K C7H 306 318.30 Luo et al. 2016b
119 Spiroapplanatumine L Ci6H60¢ 304.29 Luo et al. 2016b
120 Spiroapplanatumine M Ci6H1606 304.29 Luo et al. 2016b
121 Spiroapplanatumine N Ci6H1606 304.29 Luo et al. 2016b
122 Spiroapplanatumine O Ci16H 1606 304.29 Luo et al. 2016b
123 Spiroapplanatumine P C7H 306 318.32 Luo et al. 2016b
124 Spiroapplanatumine Q C6H ;306 306.31 Luo et al. 2016b
125 Spirolingzhine D C7H,0O0¢ 320.34 Luo et al. 2016b
126 Spirolingzhine A Ci6H 1306 306.31 Luo et al. 2016b
127 Spirolingzhine B C14H140¢ 278.26 Luo et al. 2016b
128 Spiroapplanatumine A Ci6H 1407 318.28 Luo et al. 2016b
129 Spiroapplanatumine C C6H 1407 318.28 Luo et al. 2016b
130 Spiroapplanatumine E C7H,607 332.30 Luo et al. 2016b
131 Spiroapplanatumine G C7H;604 332.30 Luo et al. 2016b
132 Spiroapplanatumine [ C7H607 332.30 Luo et al. 2016b
133 Spiroapplanatumine B C7H607 332.30 Luo et al. 2016b
134 Spiroapplanatumine D Ci6H 1406 302.28 Luo et al. 2016b
135 Spiroapplanatumine F C6H 1406 302.28 Luo et al. 2016b
136 Spiroapplanatumine H C7H,60¢ 316.30 Luo et al. 2016b
137 Spiroapplanatumine J C7H,304 334.32 Luo et al. 2016b
138 Applanatumol A Ci16H 1606 304.29 Luo et al. 2016a
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Fig. 7 Chemical structures of GMs with spiro ring in Ganoder ma applanatum.

x7T WERZHHURIELEY
Table 7 GMs with bridged ring in Ganoder ma applanatum

%' (LaEr/E N 73 Fa Wiy Z75 3k

No. Compound names Formulas Molecular weight References

139 Applanatumol D Cy7H,60g 348.30 Luo et al. 2016¢
140 Applanatumol E C,gH,,04 366.36 Luo et al. 2016¢
141 Applanatumol F CyoHy604 394.42 Luo et al. 2016¢
142 Applanatumol G CsH»,04 366.36 Luo et al. 2016¢
143 Applanatumol H Ci6H 1307 322.31 Luo et al. 2016¢
144 Applanatumol | Ci6H;60g 336.29 Luoetal. 2016¢
145 Applanatumol J Cy5H;5ClOq 326.73 Luo et al. 2016¢
146 Lingzhilactone B Ci6H 607 320.29 Luo etal. 2017a
147 Applanatumol Z3/Z4 C9H5,09 394.37 Luo etal. 2017a
148 Applanatumol B C6H30¢ 306.31 Luo et al. 2016a
149 Lingzhiol CisH 406 290.27 Luo et al. 2020
150 Applanatumol C Cy5H 406 290.27 Luo et al. 2016¢

O)&F A% . HATE AR E RZPreifs  BI2RMIMER G A AR — E JuE, X PRy
2 8 AN, Hih 158-160 A S A MLNELSHNy SRR —E R LIE T EMTEYE TN Z
2 A, 161-165 N HA 2,3,4,5-WUAMMESTHY Ko MAN, EEHGER R Z M58 H, HF5EH
iz, BUAMEREIAR 9, fraitliliE 10, R IR TFR A P AR = LA A I S A
Li LRTR, WA RZ s alizemife MBS, BRIP AR se et i, X5 HFEK
BUAEFIRTIZ R, WL SRS R NIRRT E AL G R R A R DL R A 2R
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B E FE) LAY ) 1 Bl 5 EL AT R R A9 05 P
DR BRIV (EAKSE 2022),

2 WERZRAHEWmEEER

2.1 FRF4RaiRIFIE M

M RZ o3I R 2 ganoapplanic
acid F (23). applanoic acid B (75)H1 ganoapplanic
acid C (90), FHER 2R ganoapplanic acid A (88).
REZBRHE methyl applaniate A (71)F1 methyl
ganoapplaniate D (21) 2 R Z R N5 applanlactone
A (42)X%F TGF-B1 75519 [ AL IR A1 34 78 A 0 il
TEH, Hh k&9 90 A 71 RCR s . ek IE
4 10 pmol/L i, 547 90 Fi 71 Ay 2533

OR
OH O - 0—
O (8]
OH 140 R=H
141 R=Et

B8 WERZPHIMATENSYIRILEH

M 27.1%H1 20.1%, FRUIX 2 MEEWRA T
L YEfL AT 71 (Li et al. 2018; Peng et al. 2019),
2.2 RIMEHERIEM

PANSBH Rl fENBIMEXT R, (471 PTK787
3 9O BE i 45 5 5 A5 AL DAl AR T R
SRR 7-B-8(9)-4-11-- R 2 g2k
&%) ganoderenicfy A (48)F1R 2 b &4
ganoderenicfy B (49)X] I 20, 453 B R1k
EW) 48, 49 TEHRE 20, 50, 100 pg/mL B3
i 25 1 ) AR A Il A A BT PR (Jiang et al.
2022), B2 KAGE R 2 =AY R A R
FARMIEN, FHRE =AW O
EPIREIE Y e RIS 1 (BREAZR A 2024).

OH
OH OH O : R
OH O 0—
L O O
0“0
OH 143 R=CH,OH
OH 142 144 R=COOH

145 R=Cl

OH

Fig. 8 Chemical structures of GMs with bridged ring in Ganoder ma applanatum.

*8 WERZH_RAMELEY

Table 8 Dimeric GMs in Ganoder ma applanatum

% G # TR ¥ ST 275 30k

No. Compound names Formulas Molecular weight References

151 Applanatumin A C3,H3001, 606.57 Luo etal. 2015
152 Ganoapplanin Cy4H50010 468.41 Lietal. 2016
153 (+)-spiroganoapplanin A C;35H30012 642.60 Peng et al. 2022
154 Applanmerotic acid A C3,Hy501, 604.56 Peng et al. 2021
155 Applanmerotic acid B C31H401; 572.52 Peng et al. 2021
156 Applanatumine B C3,H30043 622.57 Luo et al. 2017b
157 Applanatumines C/D C3,H3005 606.57 Luo etal. 2017b
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Fig. 9 Chemical structures of dimeric GMs in Ganoderma applanatum.

x99 WERZHIENEELED
Table 9 Nitrogen-containing GMs in Ganoderma applanatum

i oy /RN 731 Iy Th 27 3CHk

No. Compound names Formulas Molecular weight References

158 Ganoapplanatumine A CsH;sNO; 257.28 Luo et al. 2016¢
159 Ganoapplanatumine B Ci6HsNOy 286.89 Luo et al. 2016¢
160 Epi-ganoapplanatumine B Ci6HsNOy, 286.29 Luo et al. 2016¢
161 Meroapplanin A C7HoNO¢ 333.33 Peng et al. 2020
162 Meroapplanin B C7HoNO¢ 333.33 Peng et al. 2020
163 Meroapplanin C C3sH,1NOg 347.36 Peng et al. 2020
164 Meroapplanin D C7HoNOg¢ 333.33 Peng et al. 2020
165 Meroapplanin E CsH, 1 NOg 347.36 Peng et al. 2020
2.3 mRIEEMN G2 I A LR R R 18 R P 7, An g SR AR P 1

JINIE S5 200 D 3 5 8 Al 28 98 R T R 7 o T R

o A ML F o T8 B LAY A L i BETR ARG/
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165 R=Me

Fig. 10 Chemical structures of nitrogen-containing GMs in Ganoder ma applanatum.

R AT 3@ L AL A % NO - A B8 10 1 S5 R DA
AL RVE- . 7,8-FRE-9(11)-4i-12-- 7
2 =5 251k & ¥ applanoic acid E (33) .
16,17-dehydroapplanone E (38) M R = iR H Jig
methyl applaniate B (26)%} 5 2 ¥ (LPS)i55 5 1Y
BV-2 /N FTAEML NO (94 A fRIfER], Hrh
16,17-dehydroapplanone E (38)A91E %, 1Cso
1 8.95 umol/L, FEFRHMEXT IEHE £ (15.13 pmol/L)
(Luo et al. 2020); RZ ik N BE applandiketone B
(43) 7] LI RAW264.7 /)N B E LN LPS
WS NO AR, 1Cso M 20.65 pmol/L, SFHPE
X} B8 Ml ZE K Fy (ICso o 20.35 pumol/L) A 24 (Gao
etal. 2021),

MR R Z RSB Ry 2 Aok =l
25-methoxy-11-oxo-ganoderiol D (59)#1 3-oxo-
25-methoxy-24,26-dihydroxy-lanosta-7,9(11)-diene
(O7)XF 3 Bhd 22 [CRHME B (BRARAT I T25-17, 3%
WHERPE ATCC11827 . THAIRIRIAER A MB2-1) —
SE BB 15 P (Shi et al. 2022).,

24 MAETIRIPIER

FIFH H,0, #1455 PC-12 M on i, b
PE meroapplanin A (161)X} #1 2 T ML A PR3 4E
FH, 45 REHAE 20 pmol/L I 161 FYZI A= f3%
[(82.58+1.31)%] b AR Y 20 14 41 g A= 77 2R [(65.27+
1.48)%]f , R 161 BA M AT 1F H (Peng
et al. 2020),

BRT 7R % ik R = — R AT 1 0 e 22 IR

TN, AR KMy B-1E P& AR
B tau HASRLTYEgEZE . RIS EY
spiroganoapplanin A (153) AN ZEAMETER ) . A
TR (+) i 2 A2 HEAR (—) BT AT 98/ U251-APP 4 fifd
P7tE AB42, Jfilit BACEL. CDK5 il GSK3p
IS B FE AN tau 25 ARERR L, X R 153 A
YU IR P B 1498 71 (Peng et al. 2022).

TR B ZRETHSE, NaW
FLIME RS, TEMAITTEER . ATt
3R A 2 38 o ) R I A AR BRI g rh R R
ER . fEM Tt , W85 8 i A P REAK 40
MI26As P, YRR R N M A RS
PEIRA f o R FH A G MRS B A I — 2R il £k
A ganoapplanin (152)7MHHEMR(E) . ZETEMA(-) |
FBEARE)XT HEK293T AMRAGH 40X T-Hr
JE T 45 5% B 1l 18 (TTCCs) L i O 52, 4501
7N (£)-152 X TTCCs HLiA BEMHIVEM, 1Cs
;3 36.6 umol/L, (+)-152 Fl(—)-152 %} TTCCs Hi,
A EAIHAVEN, 1Cs 705124 51.5 pmol/L F
56.4 pmol/L (Li et al. 2016).

2.5 ISR 4BAE S L ANRE R R FRIE M

MR R 2 B AR R 7,8-PR4E-9(11)-45-
12-fifil- R 2 =% ganoapplanoid K (35). Q (10)7£
WeBE 20 wmol/L B4 AT LA 246 3T3-L1 A8
YRSk, TR A M P H Y = R (TG) A I [
(TC)/K-, AR5 T BT B S AL HE(20 mmol/L),
HXHZA R T i, S5 R R RZ =ik &
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AT LA A 4l A 177 40 A R i o AR 28 ) e 328
Zi%)(Su et al. 2020),
2.6 Rk

COX X RN HIFI IR G nllt, A7 PR T
fitf COX-1 F COX-2, COX-1 KA #I, COX-2
R AL, Al A B RS IR R A
B, TEALHE I SEAE N Z R IR A S R
Ko COX-2 (it Rib o R e i x) Ay 7 2
PR ARG, RIS B0 S | B L S
WS 2 AP PR R 2y, S BURE TS A Rk
45 2019). FIFH COX-1 Al COX-2 i &xf 44
5 k&% applanatumol C-Z (150, 139-145.
113-117. 103-105. 99-101. 108-111. 107).
Z1(106). Z2 (112). ganoapplanatumine A (158).
B (159). epi-ganoapplanatumine B (160)i 777 M
ik, 455 8L applanatumol C (150)41 i
COX-2 IEME(ICso Ay 25.5 pmol/L) 5 BHAH: X} HE 2E 35
EAIG COX-2 B ICso & 1.83 nmol/L, il
COX-1 19 ICso A7 27.2 umol/L (Luo et al. 2016a).

F B e i 2 th TALARXS B B 4sg 4
Yo SN T B AU 055 | ) — R 2R o R
AR R P JAK) 2 F S 25 ik ) 38AH
FIFATTHE A5 DDR1 2 DUKEEUEE N FLAA ) RTK
(52 VA T R W ) X R L 51, &R S5 3R W]
DDRI 7EP T AL S LA | oA 3958 | Rk
TR | (R AL o 0 S e v OB Y (2
R 2023), 1 DDRI A 57 3 S0 8 W 5 SR
Kok R Yl & o M JAK3 Hl DDRI1 35
&2 mi k&%) applanatumol Z3/Z4 (147) .
spiroapplanatumine A—Q (128, 133, 129, 134,
130, 135, 131, 136. 132, 137. 118-124).
spirolingzhine A (126) . B (127). D (125).
applanatumine B (156). C/D (157)#E47 1% It 0
W, 5 E/R 131, 1364 156, 157 Xf JAK3
AMEER, HAp 131, 136 19 1Cs {H4 51 M
(7.0£3.2). (34.84+21.1) umol/L (Luo et al. 2016b),

156. 157 [# ICso fH¥/NF 10 pmol/L; 156 K& H
X A% DDR1 B & AmHIVEH, 1Cs A
43 5 4 (8.240.8) . (6.9+0.8) pumol/L (Luo et al.
2017b),

gi Lk, ] AR IR R 2 =S F et 1k
GYEA FE AR, AR 25 HE KR 56
G FAE R LI 11,

3 Wib5RE

FIHFTCRIE, CHERERE) hIfok T 78 Fi
RZ, (hEZH) Pk TR Z G, lucidum F1
%2 G.sinense T TS E ke heipt, H
RNZMMRZBEBENMERZ | IMERY G
tsugae 5 7E B [RILAT )32 24 FH g 8 A R v A o
SAEE ARG SCIR & B, B R 2 R 2R
FES A 25 0 =l A 24l 1 A 9 A5 A A
Yy, K= Y2 b6 4 09 B RE A1 2050
PRE, I 552 REA—FERRES, W
P RZ S FE Y 7,8- 5 -9(11)-4-12--
REZ =05 A=A L2 | RAKLE
F, BB EEET S MR EY, £
M RH RZAHERZ S BRI AW E IR
ZREE AR TR

AR R 2R A B PO LS WA B
RIL, IR B R el & it T T 2R 2
PR PRI , (ER X 25 B FH B 7 353 AN 1%
A, RZ RSN IESES, X A] G5 X 26 1
TR ) BB AT 2 v BT 22 v ], Hom)
ARAFE B Ay IR i I 252 24 BEAE FH R AR 53 (A9 251
[z — o B, 3 JLARSRBFSE N B G A ik
B B AT AR A R 2 2, AR 2-
ARAIERR TR &, & 8 RN, LI 7.8%
L= R E A AR 3 T (+)-lingzhiol (149), %
A BB SER AT , N4 5 ARSIt J 2 B4t
FEPRL T B AL R 4 o

RN R BA RN | 1R 1 D)
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Fig. 11 Selected pharmacological effects of triterpenoids and meroterpenoids isolated from Ganoderma
applanatum.
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