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Cancer Cell Growth Inhibition of Lanostane-type Triterpenoids Isolated
from Ganoderma gibbosum
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Abstract — The CHCI, fraction of the MeOH extract of Ganoderma gibbosum (Ganodermataceae) exhibited cytotoxic activity
on five cancer cell lines (MDA-MB-231, SK-hepl, A549, HCT116, and SNU638). Six highly oxygenated lanostane-type tri-
terpenoids (lanostanoids) were isolated by column chromatography to test cytotoxicity on cancer cells. The five known lanos-
tanoids were identified as gibbosic acids A, B, D, G, and H by comparison of molecular ion peaks with the literature data. The
structure of a new lanostanoid, gibbosic acids I, was identified to be 3[3,853,15p,20S-tetrahydroxy-7,12,23-trioxolanost-9(11)-
en-26-oic acid on the basis of NMR and MS spectroscopy. The three lanostanoids of gibbosic acids A, H, and I of the six iso-
lates significantly suppressed the growth of cancer cells. In particular, the IC;, of gibbosic acid H was prominently low ranging

from 2.64-6.56 uM.
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Agppplomie g FE3E52 42 F 2822 A
xste] O FEE EE0 U Alxsd 243s 73
g A3 CHCLy w8ollA & &go] Yeptou® o] &
g2 dHazrnEadvE o8l =2 EelE 848 A
& Pske dde st A EYT Asidd 2

SRB assay o2 552 YA EF2 MDA-MB-231(breast),
SK-hepl(liver), A549(lung), HCT116(colon) 2 SNU638
(stomach)E ©]-8-3t =43

HeH
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7171 % Al —Mass spectrum®] =H & Agilent
technologiesA}2] Single quadrupole LCMS spectrometer S
0]-83}9 socondary ion mass spectrometry(SIMS) ¥ 2 =
=749t} 'H-, PC-nuclear magnetic resonance(NMR)-<
Bruker AM-600 spectrometer(Bruker, Rheinstetten, Germany)
< ARSI W ETEE 2 TMS(tetramethylsilane) 0 2
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sle] S5 S5 HEE 9% ZH O E YamazenA}
9] prepacked column(30 pm, Japan)yS ARSIt
AEME - 75% 73R AR Ao &) YRS
3 o] & )l Auigt HFHAUG gibbosum)®] AHIAE
TRkt o] MALE AT o273 et A w)
ozl AgwMA o FHEUL ol Axs T MHst
FE=Z S AEE ARESIolTh & o] Agusle] B2
(natchem-# 127)& At ehw A58tz HAE3 S A9
dof] Bt Folrt.
FEI 28 - AP 840 g& SekTel Wi 519
& 7 gk stell Al ¥ RkEste] &SRt
FZ9S o738t - rotatory evaporators ©]-&310] FE3H
o7 XF QF0= 71Fsld MeOH F== 92.0¢

Aok H,0 #8& v5 1.0Le CHCLE #¥sh= HAS

33] WHEsled CHCL 7H-F-5 AUt CHCL 7H-5-5 &
A3 WP o7 Axsle] CHCL 8 28 g& Atk @
H,0 Zo ti3}e] BtOACE 33] £33} EtOAc 7H--&
7A%3le] EtOAc 8 6.8 g2 AT} mpx|gto g Jo &
Zol W8] BuOHZ #3333, BuOH 7H-H5 42 &

71z3te] BuOH +9 13 g& A3ATH

Lanostanoid| £2| — CHCl, #3025 H 33HEs &
23171 9138k silica gel column(30 pm, ® 5 cm*20 cm,
Yamazen, Japan)S AH8-5FITH Z7H-8-w 2 CHCL,-MeOH-
H,0(8:1:1, lower phase) &vI& AH&-3FaL, o] X7H-8u)
09LE AH&-3 & 0.9Le CHCl,-MeOH-H,0(8:2:1, lower
phase)® W7Zdste] A7RSkATh oF 50 mL¥ EF A 54
Mol AR #1-54y DolA Z2HE TLCE Al =8t 70
o] ZFOE IR/ F F53 GG-1(#9-12), GG-2(#23-
30), GG-3(#42-44), GG-4(#46-47), GG-5(#50-51), GG-6
(#52-54)2 AJt}.

GG-1= sephadex LH-20 columnl*] MeOHZ 8&3}]
A A 8te] compound 15 AATE GG-29F GG-3, GG-42]
MeOH € F A ZAA3te] compound 2, compound 3,
compound 45 77t LAATh GG-7, GG-8° WA=
Sephadex LH-20 column®|*] B “d#| 3} compound 5,
6= ZH7F AUt 7t shetEol dhsk 2l&e 8-S S8 2
FAAEHS S5

i

Compound 1(gibbosic acid A): White powder, ESI-MS
m/z 549.1 [M + Na]'.

Compound 2(gibbosic acid B): White powder, ESI-MS
m/z 5512 [M + Na]".
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Compound 3(gibbosic acid D): White powder, ESI-MS
m/z 5532 [M + Na]'.

Compound 4 (gibbosic acid E): White powder, ESI-MS
m/z 567.2 [M + Na]'.

Compound 5(gibbosic acid I): White powder, ESI-MS
m/z 5712 [M + Na]'.

Compound 6(gibbosic acid H): White powder, ESI-MS
m/z 569.2 [M + Na]'.

Compound 52| NMR S8 - A&kl 23l 3l3hs
5¢] 3}e}Eo0] py Fo]" WHE3S lanostanoid 33HE Fo ¢l
RomE o] FFE F2E 43| flste] CDCL &
m} o4 'H-NMR spectrum? “C-NMR spectrum =74
st

Compound 5

White powder, 'H-NMR (600 MHz, CDClL;) &: 1.05-
226 (3Hx8), 3.15 (1H, dd-like, H-3), 6.10 (1H, s); “C-
NMR (150 MHz, CDCl,) &: 37.0 (C-1), 27.2 (C-2), 76.2
(C-3), 39.7 (C-4), 47.0 (C-5), 354 (C-6), 206.3 (C-7),
812 (C-8), 165.0 (C-9), 39.5 (C-10), 124.0 (C-11), 204.6
(C-12), 66.0 (C-13), 47.0 (C-14), 752 (C-15), 344 (C-
16), 48.5 (C-17), 28.5 (C-18), 19.8 (C-19), 72.1 (C-20),
28.5 (C-21), 50.8 (C-22), 210.5 (C-23), 46.9 (C-24), 34.4
(C-25), 16.8 (C-26), 179.0 (C-27), 27.2 (C-28), 14.3 (C-
28), 25.6 (C-30).

MIZHHQE — 1A A|2ET I M|2E(AS49), T Al
(HCT116), 54 Al Z(MDA-MB-231), 7+t Al 3£ (SK-
HEP-1) & 4%< UM ZFE American Type Culture
Collection(ATCC, VA, USA)ZH-E A ¥ekar, vp=] g
%9l 99k A EF(SNU-638)= Korean Cell Line Bank
(KCLB)=5H Algol ARGt Al EFE2 10% heat-
inactivated fetal bovine serum(FBS) and antibiotics-
antimycotics(PSF; 100 units/mL penicillin G sodium, 100 ng/
mL streptomycin, and 250 ng/mL amphotericin B)E 7}
g A5 ARg-ate] wiFeiTh. o17141 SK-HEP-1 Al 25
o thaiAwr DMEM iR & v FatdaL, VA 45 Al
T AS549, HCT116, SNU-638, MDA-MB-231¢] tisl|*1+=
RPMI 1640 vl wiFsidict. 2 AIZE 5% COE &
ek 8 371 FolA 37°C =2 FA ST

M=ZSA A8 - A2 S e A Fe] A aH=
5%52] Aol tidiA] % sulforhodamine B(SRB) assay
2 7Pt o sE] AEE ¥ 96-well platedl]
AES HEAL 5% COE s &8 371 F9llA 37°C
o A 72417 QIFw| ] A3t SRB assayol Al 10%
trichloroacetic acid® 273} t}. Al E Thla& 1% acetic
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Table I. Cytotoxic activity (IC;,, png/ml) of the MeOH extract of G gibbosum and its fractions on five cancer cell growth in vitro

Sample MDA-MB-231 SKhep1 A549 HCTI116 SNU638
MeOH ext. > 50 > 50 > 50 > 50 > 50
Hexane fr. > 50 47.55 > 50 > 50 47.59
CHCI, fr. 19.02 32.60 46.51 24.57 36.62
EtOAc ft. > 50 > 50 > 50 > 50 > 50
BuOH fr. > 50 > 50 > 50 > 50 > 50

1) Cancer cell line: MDA-MB-231 (breast), SK-hepl (liver), A549 (lung), HCT116 (colon), SNU638 (stomach).
2) This alue (unit: pM) represents the mean of three independent experiments.

Gibbosic acid G (4)

Gibboesic acid I (5)

Gibbosic acid H (6)

Fig. 1. Structure of lanostane-type triterpenoids (1 — 6) isolated from G gibbosum.

acid solutionE ¥ 38}3l= 0.4% SRBE A3 & 10mM
Tris buffer(pH 10.0)0l] =T} S8 =% 515mm IO
=8Itk A2 WIEE(%)2 cell proliferation(%) =
100 % [(AgeqiedAero day)(Aeonror Arcro day)]g] APFAE ol-83l
A Atk A71A, Ae Hit FEEE et IC A=
TableCurve 2D v5.01(Systat Software Inc., San Jose, CA,
USA)E ©]-&ste] HIHA 3N S Fste] AlLtsisln.
28], HolHe 33] HEAFES HHAE 715313t

A S (SNU638)YE AR5t

Table Io] YERHIRo]l, MeOH &£ EtOAc 8 ¥
BuOH #-2o|X= 50 pg/ml oJ5ellM e &3t YepfA] ¢
O} CHCL, 92 5% YAZFol tiell &2 AlE54S
YeRHSITE. CHCI, #3& MDA-MB-231 3t Al £50)
el ICs7F 19.02 pg/ml= ERIEo] 71 =& x5 &
FE b S & F AUATh Hexane &> SKhepl
SNU638 Al ZFONA 1 1C,,7} 47.55 pg/ml, 47.59 pg/ml=
Az54 235 Jepiu UmA] 35 Aol tisir=
50 pg/ml ©]slellA G35 YeRlA] ko).

ololl W} CHCL, #-89l] A 215 Alske stdt=
o] EAY HoE HJAFHYLEZ silica gel column
chromatography@. 313 H2|& A|=sIt). 2 23 659
shetEo] e HAT. AEHA S ZRE highly oxygenated
lanostane-type triterpenoid’} Pu 5ol oja] &elxl7] &
of & A= A& 54 flal SIMSHOE mass
spectrumS AojA F4 524} 31 TE Mass spectrumel| A
-8 pseudomolecular ion([M + Na]' )2 £ %] 2} H] wa}o]

=
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Table II. Identification of gibbosic acids isolated from
Ganoderma gibbosum by SIMS-MS

Compound m/z N Molecular Exact

[M + Na]j formula mass

1 (Gibbosic acid A) 549.1 C;H3404 526.27
2 (Gibbosic acid B) 551.2 C;0H4004 528.27
3 (Gibbosic acid D) 553.2 C;0H,,04 530.29
4 (Gibbosic acid G) 567.2 C;0H400, 544.27
5 (Gibbosic acid I) 571.2 C,0H,,0, 548.30
6 (Gibbosic acid H) 569.2 C;H,,0, 546.28

7} BIFHES ST ¢ ANeu 7 I BAEES Table I
YRR, 2 3= Fig. 19 YRS #29 6% s}
SHELS  tetracyclic triterpenoid$! side chaing ZtE
lanostane-type triterpenoid2A] ketone groups 2 -4HE 7}
A, hydroxyl groupE 1-470& 7HA|3L ot 22, 3h
& 5= Fig. 200 YERA B} 73] pseudomolecular ion®]
m/z 5712911 YERY vX]9] lanostanoid®] AT},

a2 2 3FE 55 Pu 50| G gibbosumolX E2] 3k
lanostanoidt AP A Q1 Elfvingia applanata X 313 %
elfvingic acids A—HS] 8% lanostanoid” = Ganoderma
orbiforme?) A & A triterpenoidol &Y sl @atA] ke
lanostanoid$At}. ©]E lanostanoidE- 16-Y1X|7} 0|5 A%
T2 TIAZ e oz vehdt) sRME 5= pseudomol-
ecular ion®] m/z 5712241 compound 6°1] H]3] &EA}o]
damustE T ZER 16 9]X)7}F 22548 3B.8P,15B,20S-
tetrahydroxy-7,12,23-trioxolanost-9(11)-en-26-oic acid (5)
TEE GFEAT. 2B o] sletEe] 725 s
91ate] 'H-NMR 2 “C-NMR spectrum =4 3t41t} 2
A3}, 'H-NMR spectrumell A& 8712 methyl7]7} § 1.05 —
226014 &2l¥ ™, o,B-unsaturated ketone -3l 7]213t
H-119] 327} singlet2 WePtS ¥ opuz} H-39] ¥=7}
8 3.15014 JERITE %, "C-NMR spectrumel|x] VRS 1]
FES FAHERE] gibossic acid D(3)2} gibbosic acid H(6)
o} v)wsto] 2 assignmentd = AATHH 47)2] Fak7)7)
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Fig. 2. Mass spectrum of compound 5.

8. 76.2(C-3), 81.2(C-8), 75.2(C-15), 72.1(C-20014 E215]
3, o]F AT w4 9 =A7} 165.03 124.00014] 1 E]H,
5 27-COOH7} 179.09014 Wyt a2z, o] 31gt=
2 3B,8B,15B,20S-tetrahydroxy-7,12,23-trioxolanost-9(11)-en-
26-oic acid (gibbosic acid I)TZE 7}A]= lanostanoidd
< ¢ F A}k ol FH 2ol compound 1-69] 6
lanostanoid 33ES G gibbosumolA] E2]3FH o %
E 1T T AUATh

o] 65 sietEel gt Mx5Ad A3 A3E Table IO
e 2ATh o] ZF gibbosic acid A, gibbosic acid H,
gibbosic acid 1 &0l &S eI 53] 78 7

Table III. Cytotoxic activity (ICy,) of the six compounds on five cancer cell growth in vitro

Compound MDA-MB-231" SKhepl A549 HCT116 SNU638
Gibbosic acid A (1) > 507 30.07 35.05 33.36 46.54
Gibbosic acid B (2) > 50 > 50 > 50 > 50 > 50
Gibbosic acid D (3) > 50 > 50 > 50 > 50 > 50
Gibbosic acid G (4) > 50 > 50 > 50 > 50 > 50
Gibbosic acid 1 (5) 7.92 5.36 9.42 7.12 18.09
Gibbosic acid H (6) 5.13 2.64 4.40 6.56 6.14

3) Cancer cell line: MDA-MB-231 (breast), SK-hepl (liver), A549 (lung), HCT116 (colon), SNU638 (stomach).
4) This alue (unit: uM) represents the mean of three independent experiments.
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g @35 YeEME gibbosic acid Hie 1C X7} 2.64 —
6.56 uM 7] BHE HERfo] AT A7l tigk &
A A gaE dehll= 2e G 5 30T o] gt
=9 Azl gt E3h= 7k AT Skheploll ek
Aol 7P =ol L 1C, 7t 2.64 yMZ BR1E]o] {rgs]T).

4 =

[ —

A 2= 2 B0l gk SIEdE Asia
o] 3t H3S 3] lanostanoidE F-fshk= CHCL, w38
o] 2 &3}E A e 7150 AR ntE ¢
WS o] 8-3le] CHCL, 8225 E 652 gibbosic acid
£ FEstal SIMSH O o8 AFEHEYDS 574 5t
pseudomolecular ion®.ZHE 1 F2E 4143 AT &
AT}, ©] F gibbosic acid = 2 NMR spectrume- 3}|49
3t 3B,8B,15B,20S-tetrahydroxy-7,12,23-trioxolanost-9(11)-
en-26-oic acid 722 eSO o] 3FEL o}7] Uw
A QA &L lanostanoid 3}3HEO|A T 6F ITE F
gibbosic acid A, H, I} A S dA3] Alsk= &
TS Houg olE sighEoe] Al Fetaste] 7
oA Zlo = o=} 53], gibbosic acid He = IC*
7} 2.64—6.56 uM R 9]0l A LR ke AFE S
A= frrgeict
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