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Their Anti-inflammatory Activity
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Abstract — Phytochemical study of Ganoderma lucidum (Polyporaceae) let to the isolation of five lanostane triterpenoid (1-5),
along with two nitrogen derived phenolic compounds, N-phenylethylformamide (6) and N-acetylphenethylamine (7). The struc-
tures of the compounds were determined by 1D and 2D NMR, and MS experiments, as well as by comparison of their data
with published values. Compounds 6 and 7 were isolated for the first time from the genus Ganoderma and this species. All
the compounds were evaluated for cancer chemopreventive potential based on their ability to inhibit nitric oxide (NO) pro-
duction induced by lipopolysaccharide (LPS) in mouse macrophage RAW 264.7 cells in vitro. Among the isolates, compounds
2 and 3 showed moderate inhibitory activity against NO production.
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T4 AL Ao BEH A
Alef H 717] —1D ¥ 2D NMR< Bruker AVANCE
(600 MHz) spectrometerE AF8-3F1Tth. Mass spectrat™
BioTOF II ESI mass spectrometerS ©]-83}%th. TLC=
Merck precoated silica gel F254 platesE AMS-31510H, &
2} TLCEE RP-C18 F254s plates7} ©]-25 AT}, UV light
£ o]&3te] 254 nme} 365 nm FFAIA 1A 0= SIE}
3 10% sulfuric acidE ©]-§3te] TS gRl&tATh
Column chromatography®l| ©]-8&3F Z%1#] = silica gel 60
(230-400 mesh, Merck, Germany), RP-C18 silica gel
(YMC GEL ODS-A, 12 nm, S-75 um, Japan)3} Sephadex
LH-20(Pharmacia Co. Japan)’} ©]-€-%|3{t}. Semi-preparative
HPLC+ YL9100 HPLC system(Young Lin, South Korea)
S o]8319 3, column®ZE= Alltech reversed-phase YMC-
PakC-18 column(10 pm, 20250 mm, Japan)yS- AR&-3}53 T},

F& 4 22| - AFHE G lucidum 1.5 kg& *42(25°C)
ol|X] methanol(MeOH) 3 LE AM&-3t] 1Y, 33] wHE-3)
of FZ3IUL, AUEF7E AHESt 276¢0 FEES
AALE FEELS SHSH,0, 500 mhE HEAZ 3, A4
o w2} Hex(hexane), EtOAc(ethylacetate), BuOH(butanol)
E£OF 7H 05 L, 331 AR &5l Hex £2E(4 g),
EtOAc(7.4 g), BUOH(1.8 g) & H,0 3 =(8.56 gyS A
. o] % EtOAc &8 E(7.0g) silica gel column
chromatograph¥ © 2 CHCl;:MeOH(39:1-1:1) ©]-57 &)
Z7o2 BE 3 A 17719 BYEES AATKES.
1-ES. 17). 8% & ES. 1< silica gel columns} 0|57
2 CHCl;:MeOH(39:1-3:2) SvllE ARg-3lo] 187]19] Ak
Z(ES. 1.1-ES. 1.18)5-2 AY, 1 FolM ES. 1.4(675 mg)
< sephadex-LH-20 gel column3} ©]57¢ &7, H,O:
MeOH(60:40-0:100)5 ©]-8-std 1170¢] 42 (ES. 1.4.1-
ES. 141D)ES ¥eH, 2 F & ES. 1.4.1(675 mg)
< semi-preparative HPLC, ©]-57¢ -84 (H,0:MeOH, 70:30-
100%MeOH)Z A&31o] 315HE 2(1 mg), 3(1 mg), 4(3 mg),
6(1 mg)S F AT 8 E ES. 9= CHClL:MeOH
(39:1-4:1)9] &mZ7dA] silica gel columne A3}
7ol AR E(ES. 9.1-ES. 9.8) 5% AV, 2RI EE
% Fr. 9.6¥1-2 semi-preparative HPLC(H,0:MeOH-70:30-
100%MeOH)AH-&-5Fe] 3}3& 1(2.5 mg), 5(1.5 mg), 7(1.0
mg)yS w8l

Lucidone A (1) : white amorphous powder; 'H-NMR
(600 MHz, CD,0D): 6 4.88 (1H, overlapping, H-7), 3.55
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(1H, t, J=8.9 Hz, H-17), 321 (1H, d, J/~16.5 Hz, H-12a),
3.18 (1H, dd, J=13.3, 4.5 Hz, H-3), 2.94 (I1H, dd, J=19.8,
9.5 Hz, H-16a), 2.82 (1H, m, H-1b), 2.72 (14, d, /16.5
Hz, H-12b), 2.58 (1H, dd, J=19.8, 9.5 Hz, H-16b), 2.22
(H, s, CH,21), 2.21 (1H, m, H-6b), 1.62 (2H, m, H-2),
1.57 (1H, m, H-6a), 1.44 (3H, s, CH;-24), 1.23 (3H, s,
CH;-19), 1.06 (1H, m, H-1a), 1.05 (3H, s, CH;-22), 0.97
(1H, dd, /~13.3, 1.4 Hz, H-5), 0.86 (3H, s, CH;-23), 0.86
(3H, s, CH;-18); "C-NMR (150 MHz, CD,0D): § 216.8
(C-15), 208.4 (C-20), 199.3 (C-11), 158.4 (C-8), 144.2 (C-
9), 78.9 (C-3), 67.8 (C-7), 59.9 (C-14), 54.7 (C-17), 50.4
(C-3), 50.0 (C-12), 46.2 (C-13), 40.1 (C-10), 39.8 (C-4),
37.0 (C-16), 36.0 (C-1), 314 (C-21), 28.7 (C-22), 28.3
(C-2), 28.1 (C-6), 25.3 (C-24), 19.6 (C-18), 18.8 (C-19),
16.2 (C-23); (H)ESI-MS: m/z 403 [M+H] .

Lucidone B (2) : white amorphous powder; 'H-NMR
(600 MHz, CDCl,): 6 4.89 (1H, ddd, J=9.5, 7.7, 4.7 Hz,
H-7), 3.33 (1H, t, /=8.9 Hz, H-17), 3.11 (1H, dd, J=20.1,
9.3 Hz, H-16a), 3.04 (1H, d, J/=16.8 Hz, H-12a), 2.96
(1H, ddd, J=13.2, 7.5, 5.1 Hz, H-1a), 2.83 (1H, d, /~16.8
Hz, H-12b), 2.56 (1H, m, overlapping, H-2a), 2.55 (1H,
m, overlapping, H-16b), 2.49 (1H, m, H-2b), 2.25 (3H, s,
H-21), 2.15 (1H, m, H-6a), 1.71 (1H, m, H-6b), 1.6 (1H,
br d, J=1.6 Hz, H-5), 149 (1H, m, H-1), 143 (3H, s,
CH;-24), 1.29 (3H, s, CH;-19), 1.16 (3H, s, CH;-23), 1.13
(3H, s, CH;-22), 0.93 (3H, s, CH;-18), 4.01 (1H, d, J=4.7
Hz, 7-OH); "C-NMR (150 MHz, CDCL): & 217.9 (C-3),
217.7 (C-15), 206.4 (C-20), 197.8 (C-11), 158.8 (C-8),
142.8 (C-9), 67.7 (C-7), 60.3 (C-14), 55.6 (C-17), 50.4
(C-3), 50.4 (C-12), 48.3 (C-4), 46.1 (C-13), 39.8 (C-10),
374 (C-16), 37.1 (C-1), 35.7 (C-2), 32.7 (C-21), 29.1 (C-
6), 284 (C-23), 223 (C-22), 26.4 (C-24), 20.9 (C-18),
19.6 (C-19); (H)ESI-MS: m/z 401 [M+H]".

Lucidone F (3) : white amorphous powder; 'H-NMR
(600 MHz, CD,0OD): 6 4.82 (1H, dd, /9.5, 74 Hz, H-
15), 4.62 (1H, dd, /=104, 6.7 Hz, H-7), 3.28 (1H, dd,
J=10.6, 6.7 Hz, H-17), 3.11 (1H, d, J=15.6 Hz, H-12a),
2.78 (1H, ddd, J=13.7, 8.0, 5.6 Hz, H-2a), 2.71 (1H, ddd,
J=14.1, 9.5, 6.9 Hz, H-16a), 2.60 (1H, ddd, J=15.2, 8.9,
5.6 Hz, H-1a), 2.55 (1H, d, J=15.6 Hz, H-12b), 2.44 (1H,
ddd, J=13.7, 8.0, 74 Hz, H-2b), 2.14 (3H, s, CH;-21),
2.08 (1H, ddd, /~12.9,6.7,1.8 Hz, H-6a), 1.82 (1H, dd,
J=129, 1.8 Hz, H-5), 1.68 (1H, m, overlapping, H-6b),
1.69 (1H, m, overlapping, H-16b), 1.58 (1H, m, H-1b),
1.35 (3H, s, CH;-24), 1.27 (3H, s, CH;-19), 1.15 (3H, s,
CH,;-23), 1.11 (3H, s, CH,-22), 0.85 (3H, s, CH,-18); "C-
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NMR (150 MHz, CD;0D): & 220.1 (C-3), 210.5 (C-20),
200.8 (C-11), 161.1 (C-8), 141.3 (C-9), 73.3 (C-15), 69.3
(C-7), 572 (C-17), 55.5 (C-14), 51.7 (C-12), 49.6 (C-5),
479 (C-13), 47.8 (C-4), 39.3 (C-10), 36.7 (C-1), 35.2 (C-
2), 31.4 (C-21), 30.7 (C-16), 29.9 (C-6), 27.8 (C-23), 21.1
(C-22), 20.3 (C-24), 19.9 (C-19), 19.4 (C-18); (H)ESI-MS:
m/z 403 [M+H]'.

Lucidadiol (4) : white amorphous powder; 'H-NMR
(600 MHz, CDCL,): & 540 (1H, t, /=6.6 Hz, H-24), 4.01
(2H, s, H-26), 3.28 (1H, br d, J/=12.0 Hz, H-3), 2.44 (1H,
overlapping, H-6b), 2.41 (1H, overlapping, H-6a), 2.28
(1H, overlapping, H-11b), 2.24 (1H, overlapping, H-11a),
2.09 (1H, overlapping, H-23a), 2.06 (2H, m, H-15), 1.95
(1H, m, H-16a), 1.95 (1H, overlapping H-23b), 1.86 (1H,
dt, /~12.6, 3.6 Hz, H-1b), 1.79 (1H, m, H-2a), 1.75 (1H,
m, H-2b), 1.72 (1H, overlapping, H-12a), 1.69 (1H,
overlapping, H-12b), 1.67 (3H, s, CH;-27), 1.63 (1H, dd,
J=132, 42 Hz, H-5), 143 (1H, m, H-17), 141 (1H,
overlapping, H-la), 1.41 (1H, overlapping, H-20), 1.35
(1H, m, H-16b), 1.17 (3H, s, CH;-19), 1.00 (3H, s, CH;-
29), 093 (3H, d, /~6.0 Hz, CH;-21), 0.92 (3H, s, CH;-
30), 0.89 (3H, s, CH,-28), 0.66 (3H, s, CH,-18); “C-
NMR (150 MHz, CDCL): & 199.0 (C-7), 164.7 (C-9),
138.9 (C-8), 134.3 (C-25), 126.9 (C-24), 77.9 (C-3), 69.0
(C-26), 49.8 (C-5), 48.9 (C-17), 47.7 (C-14), 449 (C-13),
39.7 (C-10), 38.9 (C-4), 36.6 (C-6), 36.1 (C-20), 35.9 (C-
22), 34.7 (C-1), 319 (C-15), 30.1 (C-12), 28.7 (C-16).
274 (C-29), 249 (C-28), 274 (C-2), 244 (C-23), 23.6
(C-11), 18.6 (C-21), 18.3 (C-19), 15.7 (C-18), 15.2 (C-30),
13.6 (C-27); (HESI-MS: m/z 457 [M+H]".

Methyl lucidenate C (5) : white amorphous powder;
'H-NMR (600 MHz, CDCL,): & 4.78 (1H, ddd, J/=9.0, 9.4,
3.0 Hz, H-7), 437 (1H, d, J=3.0 Hz, H-12), 3.18 (1H, t,
J=1.8 Hz, H-3), 2.67 (IH, m, H-1b), 2.61 (IH, dd,
J=13.8, 3.0 Hz, H-16a), 2.48 (1H, m, H-17), 2.42 (1H, m,
H-23b), 2.31 (1H, m, H-23a), 2.27 (1H, m, H-16b), 2.23
(1H, m, H-6a), 1.94 (1H, m, H-20), 1.85 (1H, m, H-22b),
1.67 (1H, overlapping, H-6b), 1.62 (2H, m, overlapping,
H-2), 145 (3H, s, CH;-27), 1.31 (3H, s, CH;-19), 1.24
(1H, m, H-22a), 1.12 (3H, d, J~6.6 Hz, CH;-21), 1.02
(3H, s, CH;-25), 0.98 (1H, m, H-1a), 0.89 (1H, m, H-5),
0.86 (3H, s, CH;-26), 0.79 (3H, s, CH;-18), 3.68 (3H, s,
COOCH,); "C-NMR (150 MHz, CDCL,): § 217.3 (C-15),
199.3 (C-11), 174.3 (C-24), 156.8 (C-8), 141.9 (C9), 77.9
(C-3), 77.8 (C-12), 66.1 (C-7), 60.0 (C-14), 51.5 (C-13),
49.8 (C-5), 46.3 (C-17), 38.3 (C-4), 38.0 (C-10), 37.2 (C-
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16), 343 (C-1), 31.8 (C-23), 313 (C-20), 29.5 (C-22),
27.8 (C-27), 269 (C-2), 26.4 (C-6), 22.9 (C-25), 203 (C-
26), 185 (C-21), 15.1 (C-19), 11.7 (C-18), 51.6
(COOCH,); (H)ESI-MS: m/z 491 [M+H]'".

N-(Phenethyl)formamide (6) : white amorphous powder;
'H-NMR (600 MHz, CDCL): § 8.02 (1H, s, H-9), 7.30-
722 (5H, m, H2 to H-6), 3.47 (2H, t, /~7.5 Hz, H-7),
2.83 (2H, t, J=7.5 Hz, H-8); “"C-NMR (150 MHz,
CDCL,): & 163.8 (C-9), 140.3 (C-1), 129.9 (C-2 and C-6),
129.6 (C-3 and C-5), 127.5 (C-4), 42.6 (C-7), 37.5 (C-8);
(H)ESI-MS: m/z 150 [M+H] .

N-Acetylphenethylamine (7) : white amorphous powder;
"H-NMR (600 MHz, CDCLy): & 7.34-7.22 (SH, m, H-2 to
H-6), 3.55 2H, t, J=7.5 Hz, H-8), 2.85 (2H, t, /7.5 Hz,
H-7), 197 (3H, s, COCH,); "CNMR (150 MHz,
CDCL): & 171.53 (C-9), 130.2 (C-2 and C-6), 130.2 (C-3
and C-5), 1404 (C-1), 128.0 (C-4), 42.1 (C-7), 37.1 (C-
8), 24.9 (COCH,); (HESI-MS: m/z 164 [M+H]".

Nitric Oxide(NO) A& x| &M &X' — Raw 264.7
A 2= Sk A2 230A Y8 THhttp://cellbank.
snu.ac.kr). 1% Penicillin/streptomycin3 10% FBS7} &
¥ DMEM HIA& ARE-3td 37°C, 5% CO, incubatorel] 4]
HjFatlem, 3ol g A Al uidS Attt LPS
2] E RAW 264.7 A4 NO A4d¢] z+ Al 23]
AAEE AL 2457 e g AEE 4x10° cells/
well 22 F 24 well plateol] 1 ml¥ w gk vl 24817k
B wigslar, 24417 ¥ mediume A ASH ¥ RPMI1640
o7 FAE 7t v 8 As AT F LPS(1 pg/mhE A=
a1o] 2447 T A ZoIM medium©E FH]E o] L& NO2]
2 Griess A 2H0.1% (w/v) N-(1-naphathyl)-ethylenediamine
and 1%(w/v) sulfanilamide in 5%(v/v) phosphoric acid]<
A18-31e] RES3IATE. WS- & ELISA microplate reader(Bio
Rad Laboratories Inc., California, USA)E A}-&3}<
540 nmellA =4 sIATHFig. 3).
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FAHA L] EtOAc FEES UL column

chromatography 2 %38 ¥ semi-preparative HPLCE 2 A]
st 7 F9| o|AtARIEES el st thFig. 1).
31¢HE 18 ESIMS #2400 M mz 403 [M+H] ol A
molecular jong =3It} o] 351E2] 'H-NMR spectrum
298 lanostane-type triterpenoidZ 8 FEEH C,-
nortriterpenoid T-320lA 6711¢] 54 AQ1 singlet methyl 2}
& 718, 2.22(H-21), 1.44(H-24), 1.23(H-19), 1.05(H-22),
0.86(H-23), 0.86(H-18)|52 HAom, 5§, 3.18(H-3)%}
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Fig. 1. Chemical structures of 1-7.

4.88(H-7)°14 2711€] oxygenated methine groups SR1SIA
7, PC-NMR spectrume 8. 216.8(C-15), 208.4(C-20),
199.3(C-11)°141 3702 ketone group2] A& B AL, §
158.4(C-8)9F 144.2(C-9)°llA 4 X3tE olefinic carbon
signal &, 2231 §. 78.9(C-3)¢F 67.8(C-7)oll A 271 €]
oxygenated methine 2 67112] methyl carbonSS X35}
% 24709 'AE UEHTh mepA SHE 12 Gy
nortriterpenoid 2= &21315tt. 'H-"C HMBC 2 #A
H-7(5,; 4.86) C-6(5. 28.0)/C-9(5, 144.2)/C-14(3, 59.9),
8, 3.18(H-31 C-4(3, 39.8)/C-5(5, 50.4)/C-1(3, 36.0y57
o ARBAES BPOH, E7hE H2IE, 222 C-
17(54.7)/C-20208.4), H-24(5, 1.44)= C-8/C-15, H-12%
C-113}e] FHIAES ERISIATHFig. 2). SIRHE 19] NMR
dole 9 #& 3} vlaste] o] st FA A A
B3 ¥ lucidone A, (347fdihydroxy-4,4,140-trimethyl-11,
15,20-trioxo-5 a-pregn-8-en)e] X2 golaigict. M

3}8HE 29] NMR spectra= 3FE 1 ¥19] chemical shift
E3 fA1E A8 g Bl o, PC-NMR 2404 1=
22 StE 19 31 491X 9] oxygenated methine
group [y 3.18/ 8. 78.9(C-3)] thAl €] carbonyl carbon
(8¢ 217.9)°] B &2 = o™, HMBC 48< &3 H-1/
H-22/H239] C-3(5. 217.9)% AAUAE Folgto=n C-
3¢ ketone groupe] X|¥k=|o] 3-SRl it wet
A, setE 292 3HghE 1949 NMR data}e] BlaL B
2D-NMR analysis®} &7 lucidone B(7Bhydroxy-4,4,140-
trimethyl-3,11,15,20-tetraoxo-5a-pregn-8-en B)2] +Z=2 &
4 skt

TS lucidone B2] 'H- 2 PC-NMR datal= £ SA7LolA]
2D A& Fate] Aeo® AA eI

3IHE 39] NMR spectrac 315 29F fARE HiElS B
DA, &y, 4.82/8. 73.3(C-15) XA oxygenated methine
group< Btk 'H-"C HMBC A&l A 5, 4.82/5.73.3
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LY

'H-3C HMBC : —

Fig. 2. The key HMBC correlations of 1 and 6.

(C-15)& C-17 $1X19] methine groupzt M= A #AE
3] o zH IRME 20014 9] C-158 $IX]7| ketone group
4l hydroxy group® 2 x|$ke]o] Q155 & <+ ATt wh
2hA, skek= 39] NMR A3l &8 #hate] Hlalel] st
lucidone F(74,15 a~dihydroxy-4,4,14 o+trimethyl-3,11,20-trioxo
-Sa-pregn-8-ene)®] TE= I3t

3}3HE 49 'H-NMR spectrume &, 1.67(s, H-27),
1.17(s, H-19), 1.00(s, H-29), 0.92(s, H-30), 0.89(s, H-28),
0.66(s, H-18)°1%1 671<] singlet 2 §,; 0.93(d, J=Hz, H-21)
o ] 3lte] doublet methyl protonE2S H MO, §,
3.28(H-3)°1 41 1709] oxygen-bearing methine proton, J,
4.01(2H, H-26)°1 4 oxygenated methylene group —L2] 3L,
8y 5.40/5. 126.9(C-24)= ] 3 X8k olefinic group®] &
A& gelach "C-NMR spectruml A& 8. 199.0(C-7)
oA 1712] ketone group3} . 164.7(C-9)/138.9(C-8)<}
134.3(C-25)/126.9(C-24)014 5 4] olefinic groupS-< F
ek F 30719 ©AE ERIT < AT 39S 49 NMR
2 MS 4 Aol £ 7S v o Z lucidadiol(Sa-
lanosta-8,24-dien-3 3,26-dihydroxy-7-one)2] T2 574315
E]-.H’IS)

313 59] NMR spectra= 3}5HE 4 W9 signals3 Y]

A

M -NMMA
Compound 2
120- M Compound 3

-
o
o

80
60
40
20

Relative cell growth (%)

0 0 6.25 125 25
LPS (0.5 pg/mL)

50 (uM)
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aate] 28709 BAEE FAHNSH, 3= 52§,
3.68GH, s)ol 4 #Z=% chemical shifto] ©]3ke] 17]2]
methoxy group(COOCH,)Z} §,, 4.78(H-7), 4.37(H-12), 3.28
(H-3)1141 37112] oxygen-bearing methine protonE= 2512
™, PC-NMR spectrumS 8. 217.3(C-15)2} 199.3(C-11)
A 5 7€) carbonyl carbon, 8. 174.3(C-24)9ll A1 &t 7} €]
ester carbonyl carbon, 5. 156.8(C-8)<} 141.9(C9)oll A 171
o] A} X3 olefinic groupE HFTh 919 A A
chemical shiffE2 vlEo2 F3ld| By Az} vlws)
o] 3}3E 5= methyl lucidenate C2] NMR data} |3}
< Il 7xE FAHAL T

382 69 ESIMS EXolA mz 150 [M+H] oA
molecular ionS #Z313IT 'H-NMR 2404 §, 7.22%
E] 7.307F4] 5719] aromatic protonS©] =T 3L A
490l §, 2.83(2H, t, J = 7.5 Hz, H-8)7} 3.47(2H, t,
J =15 Hz, H-7)2] ¥=& ethyl(-CH,CH,-) 71¢] EA1E &
F39 2, §,; 8.02(1H, s, H-9)oll A aldehyde2] &7 % <l
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Fig. 3. Inhibition effect of compounds 2 and 3 against the NO production in LPS-stimulated RAW 264.7 cells (I-NMMA was used

as a positive control).
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