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A phytochemical mvestigation of the methanol extract of Ganoderma lucidum fruiting bodies led to the isolation d 
ergosterol (1) and ei^sterol peroxide (2). Their structures were identified by means of spectroscopic methods including 
ESI-MS and NMR. Compound 2 showed strong cytotoxicity against EGFR-TKI-resistant human lung cancer A549 and 
H1975 cell lines at 100 |iM. In addition, Compound 2 significantly inhibited the nitric oxide production in LPS-induccd 
RAW264.7 cells. This pape is the first report on die effect of G. lucidum extract, ergosterol and ergosterol peroxidt 
against EGFR-TKI-resistant human lung cancers. 
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1. MdDAU 

Nam lich chi cd ten khoa hgc la Garujderma 
lucidum (Leyss Ex. Fr.) Karst, thufc hp nim Um 
(Ganodermataceae). N ^ linh chi phin bo nhilu 
noi d nude ta nhu: Tuyfiu Quang, Bic Cgn, TMi 
NguySn. TSy Nguyen, Lim Ding vi phin bl khip 
noi tren the gidi, nli tllng nhu nim Unh chi Hin 
QuIc. Diy li Iogi dugc Ufu di dugc nghiSn cuu 
nliieu vi Uiinh phin hda hpc vi n6 co tic d^g tit 
nhu giip Idii huylt luu thdng, lim ting sl̂ c cho tl 
bio gi^p hap th^ oxy tit hon, lim ting sg mien dich 
cda CO thl va k ^ dii qui trinh 13o h6a cua co 
thl...[11. Thinh phin h6a hpc cua nam lmh chi thl 
chd nhieu steroid, triteipenoid. ngoai m c&n cd cic 
acid amin. protein, saponin, diu b ^ vi nhilu men 
[1, 2]. Day ti nhthig thinh pbin quan trgng ddng 
gdp vio cic hogt tinh sinh hgc cua nim Hmh chi nhu 
khing viSm, khing khuin, oxy hda, dift khii u vi 
giim md miu [21. 

D\t& theo ket qui sing Igc tic d^g giy dfc t l 
b^o ung thu vi iic che s\r san sinh nitric oxide (NO), 
cao chiet tong MeOH ci^ thl qui nam linh chi thl 
hifn hogt tinh khi [5 rft. Budc dau nghiSn cuu 
thinh pfain hoa hgc chdng tdi di phin Ifp dupc hai 
hgp chit ergosterol (1) va ergosterol peroxide (2) 
(KBnh 1). Bii bao nay md t i qui trinh phin Ifp, xic 

dinh ciu true va tic dyng giy dgc te bio, kh& n 
dc chl san sinh NO cua hai hgp chit 1 vi 2. 

Hinh 1: Ciu trie hoi hgc cda hgp chit 1 vi 2 

2. NGUYEN LISU VA PHUONG PHAP 

2.1. Thilt b| 

Dilm ndng chiy dugc do trSn miy Mel-Ten? 
3.0 (ThennoScientific). Phi cfng hudng tir b? 
nhan ghi b ^ g miy Bruker AM 500 FT-NM^ 
spectrometer vdi chat nfi chuin li TMS. Phi kb̂  
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I phun nm difn td do trSn hf miy Agilent 1260 
s Single Quadrupole LC/MS Systems (Agilent 
nolo^es, USA). 

ViSa nghiin cftii 

Thl qui nim linh chi Ganoderma lucidum 
tiiu hii tgi Vudn Quoc gia Chu Mom Ray tinh 
um vio thing 6/2014. Mau dugc TS. Nguyin 
nog Dgi Nguyen, tmdng DH Tay NguySn giim 
tSn Idioa hpc. y^ tiSu bin (M-186.2014) 
luu trCt tgi Bf mdn Sinh hgc, Khoa Khoa hpc 

ihien vi cdng nghf, Trudng Dgi hgc Tay 

^hiltvi phin Ifp chit 

Mau nim sau khi thu h^ vl dugc phoi khd 
; bdng ram, xay nhd (850 g) vi ngam chilt vdi 
1 mdi metanol (1,5 L x 3 lan) d nhift df phdng. 
% dich chiet sau dd dugc cat Iogi dung mdi dudi 
i^t giim thu dugc 40 g cgn chilt metanol. C$n 
• niy dugc hda tan vdi nude (600 ml) rli chilt 
' do^n lan lugt vdi n-hexan vi etyl axetat thu 
cic c$n chilt n-hexan (3,34 g) vk etyl axetat 

r4 g). Tiln hanh sic k^ c$n etyl axetat trSn cft 
I gel vi Ida giai vdi hf dung mdi gradient (0% 
00% metanol trong diclometan) thu dugc 6 

dogn (GEB2.1 -* GEB2.6). Phin dogn 
2.1 xuit hifn cbit kit tinh, dem rda giii bing 
tan thu dugc hpp chit sgch 1 (200 g). Tiep t^c 
:^ phin dogn GEB2.4 trSn cft siUca gel vdi hf 
; mdi R-hexan-axeton (5/1 v/v) thu dugc phan 
GEB11.4, tir phin dogn niy sic k^ trSn cft 

I gel vdi hf dung mdi rda giii n-hexan-etyl 
U (3/1 v/v) thu dugc hpp chit sgch 2 (13,0 mg). 

Ergosterol (1): tinh thl hinh kim miu t^ng; 
166-168 "C. 'H NMR (500 MHz, CDCb): 5H 
(3H, s, H-l 8), 0.82 (3H, d, 7 = 6.7 Hz, H-27), 
(3H. d, y = 6.7 Hz, H-26), 0.91 (3H, d, / = 6.8 
a-28), 0.94 (3H, s, H-19), 1.03 ( 3 ^ d. / = 6.5 
H-21), 3.63 (IH. m. H-3), 5.15-5.24 (2H, m, 
23), 5.38 (IH. dd, J = 2.5.10.5 Hz, H-7), 5.56 
dd, J = 2.5, 10.5 Hz, H-6). "C NMR (125 

; CDCI3): xem Bing 1. ESI-MS (positive): m/z 
M-HT. 
Ei^sterol peroxide (2): Chit kit tinh hlnh ndn 
tring; dnc. 180-182 ^ . 'H NMR (500 MHz, 
Ij): 6 0.81 (3H, s, H-18). 0.82 (6H. d, H-26). 
(3H. d, H-27), 0.88 (3H, s, H-19). 0.91 (3H, d, 
!.5 Hz, H-28). 1.00 (3H, d. / = 6.5 Hz, H-21), 
(2H, m. H-l lb. 17). 1.32 (IH, m, H-12b), 1.36 
m. H-16b), 1.40 (IH, m, H-15b), 1.46 (IH, m, 
). 1.48 (IH, m. H-9), 1.50 (IH, m, H-lla). 
(IH, m, H-2b), 1.55 (IH, m. H-14). 1.59 (IH, 

m, H-15a), 1.69 (IH, m, H-lb), 1.76 (IH. m. H-
16a), 1.84 (IH, m, H-2a), 1.91 (IH, m, H4b). 1.93 
(IH, m, H-la). 1.94 (IH, m, H-12a), 2.02 (IH, m, 
H-20), 2.11 (IH, m, H-4a). 3.96 (IH, m, H-3). 5.15 
(IH, dd, J'= 7.5, 15.0 Hz, H-22), 5.21 (IH, dd, / = 
7.5, 15.0 Hz; H-23), 6.24 (IH. d, J= 8.5Hz, H-6), 
6.50 (IH. d, 7 = 8.5H2. H-7). "C NMR (125 MHz. 
0X33): xem Bing 1. ESI-MS (positive): m/z 427 
[M-H]~ 

2.4. Danh gia tic d^ng giy dfc te bao ung thu 

Cic ddng tl bao ung thu phii khang thulc gIm 
EGFR-TKI-A549 vi EGFR-TKI-H1975 dugc nudi 
ciy trong mdi trudng RMPI 1640 cd bl sung 10% 
huylt thanh bS (FBS), 100 U/ml penicilUn, vi 100 
pg/ml streptomycin d 37 "C trong tii im 5% CO2. 
Cic ts bio dugc cay chuyin vio trong philn 96 
gieng (mft df tl bio 2x10** tl bio/gj^g) vdi vi 
dugc xd I;̂  vdi cic ning df khic nhau cia miu thd. 
Sau 48h ii, them 10 pL MTT ning df S mg/mL vio 
cac giing vi u tilp 4h. Sau dd ggn bd mdi tnidng vi 
hda tan, tinh thl foimazan dugc hda tan trong 100 
pL isopropanol va gii tri nift df quang (OD) dupc 
do bing miy microplate reader (Molecular Devices 
Co., Menio Park, CA) dbudc sdng 570 nm [3]. 

2.5. Dinb gii tic dyng dc chl s\f sin sinh NO 

T I bio RAW264.7 dugc ciy vio mft philn 96 
gieng vdi mft df Idioing 2x10^ tl bio/gilng vi u 
trong 3h, sau dd dugc xu 1̂  trudc vdi cic mau thii 
cd nong df khic nhau tiong 30 phdt Tilp t^c bd 
sung chit kfch hogt Upopolysaccharide (LPS) ning 
dp 1 pg/mL vio mft so giing, cdn mft so giing 
Ididng bl sung dl lam mau doi chdng rli u troug 
24h. Sau 24h liy 100 pL dich u tl bao trong moi 
giing chuyin sang mft philn 96 giing khic vi 
thSm vao 100 pL thuoc thd Griess. M|t df quang 
cua dung dich niy dugc do tren miy microplate 
(Molecular Devices Co., Menlo Park, CA) d budc 
sdng 570 nm [4]. 

3. KfiT QUA vA T H A O 1X5^ 

Hgp chat 1 thu dupc dudi dgng chit kit tinh 
hinh kim miu tring. trSn phi khii lugng phun mii 
difn tii xuit hifn thi hifu tgi m/z 395 [M - HJ-. Tren 
phi 'H-NMR trSn vdng trudng mgnh xuit hifn tin 
hifu d$c trmig ciia 6 nhdm metyl tgi 5H 0,63 (3H, s, 
H-18), 0.82 (3H. d, / = 6,7 Hz, H-27), 0,84 (3H, d, 
J= 6.7 Hz, H-26), 0,91 (3H, d, / = 6,8 Hz, H-28), 
0.94 (3H, s, H-19). 1,03 (3H, d, / = 6,5 Hz, H-21). 
Ngoii ra cdn xuit hifn tin hifu ciia 4 proton olefin 
tgi 5H 5,15-5,24 (2H. m, H22,23), 5,38 (IH, dd, J= 
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2,5, 10,5 Hz, H-7). 5.56 (IH, dd, / = 2.5, 10,5 Hz, 
H-6), mft proton nhdm metin cbiu inh hudng cua 
hifu ling thufn tii nSn cfng hudng d vimg trucmg 
thip hon so vdi cic nhdm metin thdng thudng khic 
tgi 5H 3,63 (H-3) do nd gin trvc tilp vdi nhdm hut 
difn td mgnh nhu nhdm (-0H). TrSn phd '̂ C-NMR 
vi DEPT xuit hifn thi hifu cia 28 nguySn tii 
cacbon bao gIm 6 nhdm metyl, 7 nhdm metylen, 11 
nhdm metm vi 4 nhdm nguySn td cacbon khdng 
chda hidro. Trong dd tgi vung trudng thip xuit hifn 
tin hifu 4 nguyen td cacbon trong hai noi ddi dgng 
(-CH=C<) tgi 6c 139,9 (C-6)/119,6 (C-7) va 116,4 
(C-7)/141,2 (C-8), mpt lien kit ddi khac dgng 
(>HC=CH<) tgi 6c 135,6 fC-8)/132,2 (C-9). TrSn 
vimg trudng tmng blnh xuat hifn mft tin hifu cua 
nhdm oxi metin tgi 5c 70,5 (C-3) vi viing trudng 
mgnh xuit hifn ciia 6 tin hifu ciia cic nhdm metyl 
tgi 6c 12.1 (C-18), 16,3 (C-19), 21,1 (C-21), 19,9 
(C-26). 19,6 (C-27), 17.5 (C-28). Tir nhiing dii kifn 
phin tfch trSn vi so sinh vdi tii Ufu tham khio cho 
thiy sl lifu phi bpp chit 1 phd hgp hoin toin tit ci 
cic vi tri vdi hpp chit ergosterol [5], 
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Hpp ch^ 2 thu dugc dudi dgng chit kit tinh 
hinh ndn miu tring. Tren phi 'H-NMR tren vimg 
tmdng mgnh xuit hifn tin hifu dfc tnmg ciia 6 
nhdm metyl tgi 5H 0,81 (3H. s. H-18), 0,82 (6H, d, 
H-26), 0,84 (3H, d. H-27). 0,88 (3H, s, H-19), 0,91 
(3H, d, / = 6,5 Hz, H-28) vi 1,00 (3H. d, J = 6,5 
Hz, H-21). Ngoii ra cdn xuit hifn tin hifu cua hai 
c$p proton olefin dia USn kit ddi dgng -CH=CH-
tgi 6H 5,15 (IH, dd, / = 7,5, 15,0 Hz, H-22)/5,21 
(IH, dd, J= 7,5,15,0 Hz, H-23) vi 5H 6,24 (IH, d, J 
= 8,5Hz, H-6), 6,50 (IH, d, J = 8,5 Hz, H-7), mgt 
proton nhdm metin ciing diiu inh hudng cda hifu 
dug thufn td nSn cfng hudng d viing trudng thip 
hon so vdi cic nhdm metin tiidng thudng khic tgi 

5H 3,96 (H-3) do nd ^ ti\rc tilp vdi nhdm hdt di^ 
td mgnh nhu nhdm (-OH). So sinh vdi hpp chit l, 
trSn phi '̂ C-NMR vi DEPT cua hgp chit 2 cSug 
xuit nhfeg hifn thi hifu ciia 28 nguySn td cacbon 
vdi gii tri ciing gin tuong duong vdi hgp ch t̂ i, 
bao gIm 6 nh6m metyl, 7 nhdm metylen, 11 nhdm 
metm vi 4 nhdm nguySn td cacbon khdng ch6a 
hidro. Trong dd tgi vung frudng tbip cQng xuit hî n 
tin hifu cacbon olefin: tfn hifu 2 c§p nguySn tii 
cacbon nli ddi dgng (-CH^Cil-) tgi 5c 135,4 (C-
6)/130,7 (C-7) vi 135,2 (C-22)/132.3 (C-23). Tren 
vdng tnifmg trung binh xuit hifn mft tin hifu ciia 
oxi metin tgi 6c 66,4 (C-3) vi hai tin hifu cacbon 
gin bing ciu peroxit tgi 5c 82,1 (C-5), 79,4 (C-8) 
vi ving trudng mgnh xuit hifn ciia 6 tui hifu cia 
cac nhdm metyl tgi 5c 12.8 (C-18), 18,1 (C-19), 
20.8 (C-21). 19,6 (C-26), 19,9 (C-27), 17,5(C-28). 
Tren phi HMBC cd nhftng tuong tic chlnli: H-3 
hrong tic vdi C-2, 4 vi 5; Ha-4 vdi C-5 vi 6; H-6 
vdi C-5; H-7 vdi C-8; H-19 vdi C-l, 5, 9 vi 10; H-
18 vdi C-12,13,14 vi 17; H-21 vdi C-17,20 vi 22; 
H-26 vdi C-25 vi 27. Td nhdng dft kifn phan tich 
trSn vi so sinh vdi tii Ufu tham khao cho th4y s5 
lifu phi hpp chit 2 phd hpp hoin toin tit ca cic vj 
tri vdi hpp chit ergosterol peroxide [6]. 

Cao chilt tong nim linh chi Ganoderma 
lucidum vi cic hgp cbit 1 vi 2 dugc dinh gi& kĥ  
ning giy dfc tl bio trSn hai ddng ddng tl bio ung 
thu phdi khing thulc gIm EGFR-TKI-A549 vi 
EGFR-TKI-H197S. Kit qui chl ra trong ffinh 2 cho 
thiy hpp chit 1 khong cd tic dymg dli vdi ci 2 d6ng 
tl bio trong khi hgp chit 2 cd tic d\uig mgnh d 
ning df 100 pM. Ding chii jf dli vdi ddng A549, 
hgp chit 2 dc chl din 86% (EUnh 2). 

Hinh 2: Tic d^ng giy dfc tl bio cua miu cao chiet 
MeOH vi chat 1-2 (Etoposide dugc sd dfvig lim 

chit so sinh). 

Kit qui niy ciing phii hpp vdi nhfn rfjnTi tni^ 
dd ring ergosterol peroxide li mft hogt chit i^ 
tilm i ^ g trong v i ^ tiSu dift cic tl bio ung thu 
khing thulc [7]. D3y cung Ii nghiSn cdu diu tieo 
vl inh hudng cia cao chilt nim linh chl cQng tiSi 
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•rgosterol peroxide din cic ddng ung thu phii 
thing fliulc EGFR-TKI. 

Ngoii ra khi nang iic chl s\i sin sinh NO Uen 
jjgn dSn CO chl giy viSm cua hai hgp chit 1 vi 2 
âng dupc thd nghifm frSn dgi thuc bio RAM^64.7 

jupc kich fliich bdi LPS. Hgp chit 1 cd tic dyng 
îu trong khi hgp chit 2 cd hogt tinh dc chl r5 rft d 

ning df 10 vi 30 pM (EBnh 3). 

• ̂m 
///y y y y 

fBnh 3: Tic dyng dc chl sin sinh NO cia miu cao 
' chilt MeOH vi chit 1-2 (Cardamonin dupc sd 

dyng lim chit so sinh). 

i l C ^ T L U ^ 

Hai hgp chit ergosterol (1) vi ergosterol 
peroxide (2) dugc phan Ifp tii thl qui nim linh chi 
Qanodeima lucidum thu hii tgi Vudn QuIc gia Chu 
Mom Ray. Hpp chit 2 till hifn khi ning dift 2 
ibng te bio ung tiiu phii khing thulc EGFR-T!a-
b49 vi EGFR-TKI-H1975 d ning df 100 uM. Ci 
^ng df 10 vi 30 pM, hpp chit 2 cung dc che r5 rft 
^ sin sinh NO. 

IM c&m an: Nghien cthi ndy dugc Vifn Hdn ldm 
SSoa hgc vd Cdng nghf Vift nam tdi trg (de tdi md 
t^ VAST.UDCN.02/14-15). Nhom nghiSn cmi cdm 

Vifn Hod hgc dd gidp do phS c^ng huang tu hgt 

nhdn vd GS. Jeong-Hyung Lee. trudng BHQG 
Kangwon, Han QuSc dd cung cdp cdc ddng tebdo. 
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