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Fig. 3.
gum bases used as natural food additives
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GC/MS TIC profiles of trimethylsilylated alcohols obtained by hydrolysis and trimethylsilylation of ester-type

A) carnauba wax, B) montan wax, C) rice bran wax, D) shellac wax, E) jojoba wax, F) lanolin, G) bees wax, H)

candelilla wax

* The abbreviation Cus.p means the trimethylsilylated normal chain alcohol with 28 carbons and no (0)

unsaturated bond.
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Comparison of Conventional Antioxidants Assays for Evaluating Potencies of
Natural Antioxidants as Food Additives by Collaborative Study

Tomoko Shimamura*'#, Ritaro Matsuura*', Takashi Tokuda*', Naocki Sugimoto*?,
Takeshi Yamazaki*’, Hiroshi Matsufuji*®, Toshiro Matsui*,
Kiyoshi Matsumoto*! and Hiroyuki Ukeda*'

*! Department of Bioresources Science, Faculty of Agriculture, Kochi University,
200 Monobe:B, Nankoku, Kochi 783-8502
*?National Institute of Health Sciences, 1-18-1 Kamiyoga, Setagaya-ku, Tokyo 158-8501
*3Department of Food Science and Technology, College of Bioresource Sciences,
Nihon University, 1866 Kameino, Fujisawa, Kanagawa 252-8510
*! Division of Bioscience and Biotechnology, Faculty of Agriculture, Graduate School
Kyusyu University, 6-10-1 Hakozaki, Higashi-ku, Fukuoka 812-8581

In recent years, there has been a need for a new quality criterion for antioxidants based on its anti-
oxidative activity in Japan. In particular, novel official methods of evaluating the antioxidative activities of
food additives are required. In order to investigate the possibility of developing official methods, the
reproducibilities of three simple conventional antioxidant assays (DPPH assay, ABTS assay, and WST-1
assay) based on spectrophotometric detection were evaluated by collaborative study between three
laboratories. DPPH and ABTS assays were performed to evaluate the antioxidant activity (TEAC, Trolox
equivalent activity) of all nine antioxidants used in this study, whereas the WST-1 assay was suitabie for
evaluating the superoxide dismutase (SOD)-equivalent activity of seven antioxidants (excepting D-a-
tocopherol and p-6-tocopherol). The HorRat values from the collaboratjve study revealed that the DPPH and
ABTS assays showed higher reproducibility than the WST-1 assay. It was assumed that the lower
reproducibility would be due to the measuring principle, because the WST-1 assay, unlike the DPPH and the
ABTS assays, is a competitive enzyme assay. Based on the results, we concluded that the DPPH and ABTS
assays would be candidates in validation studies of methods for the purpose of developing an official
methodology. (Received Jun. 20, 2007 ; Accepted Aug. 9, 2007)

Keywords : antioxidant, food additive, antioxidative aclivity, radical scavenging activity. superoxide anion radical
scavenging activity
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BOUSEGHEELTVS., ChoicoVTiE, 9K, HiE
HEELRET I EEENE LT, BRENLEASHMDE
Z, AN ORE BLUERBEORE.XT-TWS
A BIROBBAMTTHEROETH BI85 LFZ V. {iE-
T, BROHARICE SO BRI MSRTE T & X O EIFRMYIC
WLT, —EORKEEERT 1.0, FiouiflEs
BigEgEk s LTERT A2 LENHS2EELONS. 0
56, BLBALEIDBEEIE, ToBFDHE, T4bbL, Il
{LBEICEO K i N REFBEORE, K OoUVRATEE
~DOFAMSRFABIAL L > T3,

ABUEHFMmCL TIE, ChETIKEDOFEPER
B E BESHRNUAEVHESh TV 5. 20K
HLbDELT, 5V VORHBFOBFRLE v ICEERT
ARREEREN, £33V b5 THOERIIC & DISHE
FUCRIET 2 BFA L 408 (ESR) &®, 5 UVhvigEkiE
HESEEMICRET S 1,1-diphenyl-2-picrylhydrazyl
(DPPH) #"®, 22’-azinobis (3-ethylbenzothiazoline-6-
sulphonic acid) (ABTS) &%, I6HEB{LORE L HNE
FHCRIET 3 0 & 8B, FA /50y —EE (TBA)
&, g- o7 vBEEY, HEVIIHNAEREEEES L
THW 5 oxygen radical absorption capacity (ORAC)
EruEMngrons, 4, BEMHEREHEEEOME
HELT, R="N—F*vF7=4v35IhLHEEETSE
SREVNCRIET 3 ¥ b7 0o 4 c &Y, 2,3-bis (2-methoxy-
4-nitro-5-sulfophenyl)-5-{ (phenylamino) -carbonyl]-2H-
tetrazolium hydroxide (XTT) &Y, 2-(4-iodophenyl)-
3-(4-nitrophenyl)-5-(2, 4-disulfophenyl)-2H-tetrazolium,
monosodium salt (WST-1) &', Wi vy =vis
EDLERKT o - T7EFIRATIHES bBREShTY
3. &ofth, EUKERBREEO—ETHIE FoFr 5
IhNVOEEERESLEICUET ZFAF v K-
EPRESMOhTVS,

KRATIE, BFERNYORBILESEFBOAEEDR
WELT, WBEOHARICEVWTHASNTELERID
3, QVESEITORIEMTIFETSH 5, () FFFkiLAlE#SE %
LELLEVWAREOBVLENMEETHE L ER
HeEL, SYMNBEREERNEEZODT,» 5 DPPHE LS
ABTS th %, EHBERHEEHRAEEDODL» S WST-1
HEERE L. WST-1 4L 1999 FEICIRE & h /- LI
LWR=_—F XY FT =435 IhVIHEBERRAIEET
H5M MOBROBBEELRE* Y P BEETE LM
5, HRERBGHTOMEMEATHWEY, Lo 3kt
WTEEFRIDMO 5 b 8B—(L&Wh S 15 2 BB LEBIDIA
BeLiEH M £ HFE A, B, C D 3 #EFTRI—HE, [l—
FRICLDTY, BAUEETEOMLEBRORIEEZTSC
sk, DEEC~OTHEM ZRITL 1.

X B A&

L = E

KRR T, LT 9 ERAOELE LA RIES & L
THWE 27 % v, SteF U, trans- 7 = V3B, IRE
T €Y v, ¥4 E -V (REUKLER), pa- F3 72
o — ) (MP Biochemical &), p6- b3 7 20—, 5
78 (Sigma$y). £/, DPPH 3fOsiET#8Y, -
Nt F Y FIR4ay -+ (SOD;EC. L1511, ¥ Y3l
BRI %) {2 Sigma B, 6-hydroxy-2, 5, 7, 8-tetramethyl-
chroman-2-carboxylic acid (Trolox) (& Aldrich &, ABTS
{2 Roche Diagnostics ), SOD Assay-Kit WST 3E)1{Z
{LERTEABIEERL 2. TothoHEZ, FROFERR
Erzo AV, i, 2TOERICBVWTERKE
Auto Pure WQ501 (Millipore 34) 1@ L THIEL #, Lt
B 18MQ -cm DBBEIKE(ERL /2.

2. H[FEEHER

H#RE A, B, C D 3 #Fr TOHREIRER IS, B{LphIEHIR
ooy b+, REFHRE AEFE BEARRECAL
3BE0HEHE, BRFIE - 7R AEXLTIEEL,
Bl—7o b 2ICHE-> TIT- 12,

3. DPPH %"

SHEHAIK 20001 42 0.1 M Tris-HCl &% (pH 7.4) 800
nl, 995% = 9 / — A THBL/ 0.2mM DPPH /A# 1 ml
EIARGFIOL, EE TEFIC TERIC 30 SRRIC S &1,
D%, 517nm OWRAE (As) ZRIE L 7. HEHERDH»
HDIC995% 85/ —NEFRML ILBROBRKESE 2~ b
o—N (Ac) &L T, HHOHEER (%) 2UTORTK
Wiz, &1, S0%BEESL 2HARERDOBEE ICH& L
1. EHEME L LAV Trolox bEHEDHET ICx %
Kb 1.

PAER (%) =(Ac— As)/AcX 100

DPPH £ Tid, 2 TCOB(LBIILAI% 995% = 7 / —vic
iBREL 1z

4. ABTS %Y

7mM ABTS/&#K Sml i< 140 mM ~av A + v ZHiEE»
)b 88pl BMA LK EREEAT12-16 BREIRIG S ¢
fo. TOFE, T3MnomicHBid AREEL 0720021085 &
512, 995% x5/ — VTHRRL, Ih% ABTS * work-
ing solution & L7, T® ABTS'* working solution 1
mlicx LT, 10pl OoRkhFgERMDL, 10 #HRMELL
fo. ZD%, 30CTA ¥4 2 ~—a v EFTO, BREGE
DFEMM SIEFEIC 4 1418 734 nm I B 3IREE (As)
ZRE L. BEBBEoMbYIC, 995% =5/ — VAR
MLEOBRKESA3 v bo— (Ac) & LT, BEomil
ER (%) #LUTOXTRD . 1, 0% BEXE5Z 3
HEEROBELIC & L1 EBYMEE LTHW:
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£ 1 BHEMLBHLEAO DPPH 5 S hLigEiEY

Trolox &

B (Ll 1A " 5 RSD, (%) RSDk (%)  HorRat
R 2.66 2.45 1.86 3.29 18.10 1.32
2L 7 3.28 2.82 2.66 8.63 13.45 0.95
et E—N 1.88 1.47 1.72 3.13 12.29 0.94
7= 5K 1.03 0.87 0.87 1.80 9.89 0.83
IXRTE 4.52 3.66 3.70 3.69 12.62 0.85
€Y 1.10 0.90 0.90 5.12 12.60 1.05
508 3.13 3.63 3.63 4.74 9.16 0.63
pa-t37:0-—n 1.10 0.54 0.57 3.81 42.85 3.72
pd-F37 20— 0.7 0.58 0.58 5.08 12.48 1.1

Trolox bERDAHET ICs Kb 1.
PHER (%) = (Ac—As)/AcX 100

ABTS & T, 2 TOBEIHIEEI% 995% =5 / — iz
BRRL 1.

5. WST-1% '

TERD SOD Assay-Kit WST 2B L, kffw=a7 1
2—BEREL TRHMEET 7. B RIA 707 1L — iR
¥HE#E 20p), WST-working solution 200pl, Enzyme
working solution 20pl 2/AR&EML, =4 2o 7L -+
¥z —7#— (800rpm) TERIZT 10 SRMEIEL:. 20
# w4207~ ) — 5 —T450nm OB % AIE
L7, BRI OBRAESE Acnpe REBERO»DYIC
HBRK, HB\NE995% x5/ —VERIL 7B ORI
% Avianx1, Enzyme working solution @b 9 i Dilution
buffer % W /- BB O R FE % Avuanke, Enzyme working
solution @4 b iZ Dilution buffer 2iNZ, »->REE
BODPHY IBRIK, H5013995% x5/ —LERML
1R ORAEE Avans & L, UITORD S BB OIEER
(%) 2RD1:. £/, 0% BREES5X 2RBBKOBRES:
ICoh & L7:. BFDFIET, SOD D ICs bR 7.

(Abiank 1 — Ablanks) (Asample = Apiank2)
ER(%)= X100
Bﬂ x( 0) (Ablnnk 1= Ablnnk.’i)

WST-1ETR, #7+ v, 72058 BRFEOER
ICEBROKERY, ToMOBLB IEHIL 95% 25/ — 0
TBEREL -

6. ICwn, TEAC, SOD HiEEH OB A%

SRR (x) KX LTHER v) 70y b L, D2
(&L A SESUERERES IV, FORREZORTE
REM 0B LILETHB I L EFERL -, 50% HE% 4k
U2m58U0HL, T2 S L THIcEREGE 23]
Wi, 2 THONLERRAD vy i2 50 AL, 1CH DR
BHRREE (x) 23R/, CoiR2E23EIEVERL, BEITK
5t 1Cs, DIEDFIGE % REALBA LRI, Trolox, 115

CICSOD D ICs & L 7o,

DPPH &, #X U ABTS & Tid, Trolox @ ICs & Bk}
DICoMEMTHZ EAUWL, BRKD S U HvilEitit
% Trolox Hli/EtE (TEAC) T#&L7:. TEACUIT@ED
K1 TR, Ff, WST-1&Tid, SOD D ICs, & ¥
DICBEMTHAEANLL, EBHEBPDOR——F % F
T4V JANHEEE®E SODEMmERTEL 1-.
SOD EffiiEoBE it 3 TieoRk 2 £HV . :

TEAC=Trolox®DICs(ug/m1)/E¥} DICs(pg/mi)
i(“ 1

SODZEHiE i = SODDICs(units/ml)
/2R DICH(mg/ml) - 2

7. sREHARAT

BFETRDSNIHAIEE GEH) O& iR LKEE RSD,
(%), ZHBEEE RSDr (%), BLUEHEREBEOF
RfEE Ok, J7b 5 HorRat {4k 7™,

X B B2

1. DPPH &

BIEMALPH LK D DPPH HEFEHARIEL - EREE 1
WRL, SEIAIEICH L 7 9 EEOB LB IE RIS Tic >
WT, TEACZRKWBI &EMNTRETH ~7:. $12, 3 1R
DL TTHAFEHRICR 65\ DPPH iSEESHSED o 1,
BWT, 2598, rreFy, A5+, €+ E—LH
PREMEENERL.. FO—AKT, 72058, €Y Y,
D-a-b 37 20—, p-6-F 7 20— NIZHESHEWE
LIRS M1, HVT, 3HERTERD SN TEAC
D# DR LR RSD, (%), ZRIBBUSE RSDr (%), B
L U HorRat %2k, F1icff¥THEL/. HorRat (@
BEOEM2LUTTHNE, ZNERRESESHENT
HBLHNEND, REDKR, pa-b3720-L%R
C SHEHOBMLBIILF ORIEICH T, HorRat fEins 2 Ll
TOEEE -7 EMS, DPPH B MBS WRIEEE
EFELTVL3EEX SN,
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% 2 EZWE{LHLFD ABTS 5 U hIVEEEY
Trolox g
B (LB kA 5 RSD, (%) RSDg (%) HorRat
’ A
bk 3 2.14 0.98 0.50 3.16 52.06 3.72
rweF v 1.88 2.45 1.37 3.34 27.74 1.88
24 E-I 3.33 3.80 3.70 2.01 7.10 0.44
7258 1.90 0.36 0.69 8.90 82.68 6.19
RFE 3.97 3.63 3.49 4.12 7.44 0.46
R 4 0.80 0.82 0.80 3.44 3.40 0.26
578 2.88 2.25 2.25 7.53 15.99 1.04
pD-a-b37zx0—N 0.50 0.61 0.58 2.84 9.96 0.8t
p6-t27 20— 0.60 0.73 0.67 2.84 10.13 0.80
R 3 BHEBKLEROR—/—FFL K745 THhNEEEYE

SOD H{lhiEt:

L3451 " 5 RSD, (%) RSDr (%) HorRat
hs+v 54.80 40.80 31.60 14.34 29.91 3.01
FneF v 16.30 8.90 20.00 16.25 45.16 5.31
4 E-I 0.18 0.08 0.20 13.81 44.32 10.39
7258 3.83 N.D. 4.66 11.68 16.86 2.40
BRBRFE 1072 324 916 15.87 57.32 3.59
®Y v 5.60 N.D. 3.96 27.43 33.03 4.61
x5 8 55.30 133.40 186.60 18.59 54.93 4.70

2. ABTS & BOREICS>WTRASH TR, 348, H5W0d2F

BEM{LHILH D ABTS iHEEUERAIE L - ERERX
24k L7, SEIAIEICHE L 1 9 OB LRSIEHI2 Tic
2SWT, TEACARHDBZZ EhalfkTh 1. £/, £0D
M EEM OW%F5:2 DPPH 5 U h Vil EiEH & B LER %
Rl §VT, 3T KkD O TEACOEZHELEE
BE RSD, (%), EMIBIRMEE RSDr (%), XU HorRat
BERY, T22IHETRLI.. RIEDER, 157+,
T2 A3BERCTERORILIERORMEICE T
HorRat {ds 2 LI T &t » -2 &, 5, ABTS &b DPPH
FEEEBICHEBENSVRAIEREEELTWAEEL SN,

3. WST-1i

BEB{LHIERID R — Y- % FT =% v 35 I h it
EUHDOREHERERICRLL XMETH, pa-t 3
720—NED-O-F 37 20— VORRHEKERIGRIC
ML BICABEE Lo, RAIEEEETT A EMT
Efiot, Thid, WST-1 BEORIGIERO s/ — Vi
EEMDPPH &, HBLU ABTSHEELHEL TEL, l5iat
D37 20— WHRIGBEICER LIS - 1 2 EHER
Thote, £, WREB TORETIE, 7= V5BL®
Y oM 50%RETICES S, 0 SODEMEME KD B
ENTELMot., ZO—KFT, MREALCTHI, 7=
W5RRER ) vOFEHRERWE ZEMAHETH -1, Th
S 2 BEOB{ LR LB ORERRIC B ZAREROLR—

FROWEETERERD B EMNTELBALFHIEFIDS
b, &BFHO SOD FHEFHSEDTEL, Thilso
BRALBAIERIDEH R B FERLIEET 2 LBEVHDTH-
fo. WST-1ETRDShc#ERICDOWT b %D DPPH
&, LS5 ABTS & &R, 80 R UK RSD, (%),
EHIBBRBE RSDr (%), BLU HorRat xRk, %3
IRL7, L Lass, 2TOBRLRIERIORIES R
HWT HorRatfini2 LIk &y, ENEREEICEZ L
WORREN o1, F£1:, 257 - MTHERL TRIEICH
L7 ASiateBe Bl (r Ve F v, tHE—A, Y v,
x5 7B O HorRat {BAs/kiatkB{bBAILFIE HEIL TR
WHEEICH o1z, CODIErS, RIGEBEMBKETHS
WST-1 T, K~DILEHAEETH 2558 MHEL R
FICAWIEE, TOEMMERDLLETEETHZ D
D, RICEHEADE— LI KBHYE & ks
5 EEMBEREEICHESC EHRBIL 1,

% B

ARE T, BERNMO S B, BLHIERIcAEEN
3 RE OB LERICE S H L RERIBORELRE
HegE L, ZOEMLE L 3RBEESHmEONE IcH
TAERAMORTEIT- /. TOERXYD, DPPHE, 15
U'ic ABTS i 13 BE—{L & YBR{LBA 1L Bl o B LBt 3T
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KEWT, HERISVHEEERT I &AL/, DPPH
B & ABTS &(2 Single Electron Transfer ORI & -
(T VANBERER-RIEETH D, BEORARICEVT
b, BORBPABEERTEMSMEShTVLAY, Bl
LRI AROBLEHIL, BROKR BHE, HOU
CEEOELEMEdT s L2 BME LTERahs, £
DREDTOEELIZENS, TEMISHBOBILHIETS
%. Rivero-Pérez 53, R 7 4 v ORELIEY % DPPH
#& ABTS B2 SUHEHMORBLEHMNEETHEML 12
HRICEBWT, DPPH i, 55U ABTS i DR &
7w MFi 7 0v - ADlEEBRELOEEL TBA T
ILAEREOBICEELERAXED ONI-E0HEL
ToTWV3®, ZOWREIL, in vivo TOYREZEELL D
DTH-1ch, BEIPTEL BPEEBBLIC >V T bEHE
DODBFRMEYII>SDLERE NS DI &b,
DPPH &, 735 UNC ABTS I3 B{LBS LR DB LiEH
FHcHLTERATHZEEL SN, oD 2EHD
SEICOVWTE, 4%, RAMBROEHRSERERE->
BFiimic st o 2 BAEE A2 & & bic, RIS
EORYUMUIERETI ik, ATELTE BT
MMNH2LbDEELZ SN, HREODEICHEIT-E
WUUERFEDHA FS 4 i3V OITEET 3 M,
AOAC, ISO, IUPAC 0=FMA4E L /- Harmonized pro-
tocol BREMITH 3. COBE, EBETIZS ¥FILLL,
EUETIR 10 yERLL L ORERBRS NI & 3 HER
BOBHUF - s 8B TAENRSTVWEZINTLED,
ZD—HT, FWETIL, WST-1 ZDHEEH DPPH &,
ABTSEEHEIL TEB L WHFERE L -1, Thid, YL
TERTAEREOREVWHSRERERTH I EER Sht,
WST-15843, eRF4vFrv2BBLI23FH V507
F Y- ¥OBRIGCBWTERLIcR— -2 F U
T=Ar5Vh0(0;7)ickB WST-1 0B sFIBLE
bDTH3. MBILMELSAERICHEET S &, BERIE
KK OERLZ O OHEMBEL B, WST-1DH
THUANOBITORLT S, TubE, WST-1 &iiE LY
HoBRA&HMHE T 5, DPPH & & ABTS &id, HIERK—E
BHEETILEES VHINVOBEERERET2d0THY,
WST-1 & 3FEBMNEL 3. COREBEORWY, BED
ZOREEE - O[S FVWEELI SN F 11,
WST-1 &% v MLah THE D BERMSE WV EFS
TH B0, RIGEDOLSEH 240pt &1V &b o, HIE
BEBELPTVI L HFVRBRENB ALY - LEET
bpEEEINL, Thit, SERALEYA 707 L -
D S Ukeda SOME LNy FEP LEEFT L&
IK&b, HEAIRETH 2 LRI N, #-T, WST-15
DRFEAERID B 1D RAEFIRORBELETH S L
ZX bhi:,

SEOHRI BV THBENSVRIERELE TS &

FIBBL /- DPPH &, 72 S5 UC ABTS i3RI E o 5
VANBEREHOREIX L THATH 24, BiclamHn
FEHCZCETNB S0D P 9 5 —¥ZEORBILEBED
TEHREI B L TOREY, 5 LABEHEORE B
MEDRNEEILIC DV T, fthOBRBEARL L TRh&RT
TEMNEBHLELDEEZEZL SN,

B #

BERm0 5 5, BILIERICAEE 1 2 REOHEE
LEHICBE S N RERBRELRKENLL, z0
Hig L 0 2 MBI LEHFEEONEICH T 2 BRALOR
HET-. FHATR, RENLEDLFOFELISER
EETHS DPPH ik, ABTS &, WST-1 iz & 38—k
SMBRBALER 95 DORBLEHAES 3 HErOH
RETHEHBRL, BoNABROZHBEBEORITE
fT-7:. TO#E, DPPH &, 715U ABTS &3 B—({k
SYBALBS LB OB LEHRIEIC B VT, HBHEVE)
EFEEERT CEMKEFL . 2D—HT, WST-1 &idk
D2ELHBTHEMEREICLEIEVIZBENELN
7z. DPPH &, 85U ABTS R TEICIIZEHA DL
THRREMLRERBRZITY, SNEORUMEZEITS C
Eickh, AFELEEDBEMOEETHZEEZ SN
7.
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Four new lanostane triterpene lactones (colossolactone I, colossolactone II, colossolactone III and colosso-
lactone IV) were isolated from the Vietnamese mushroom Ganoderma colossum (Fr.) C. F. Bakzr along with five
known compounds. The structures of the new compounds were determined on the basis of MS, NMR and circu-

lar dichroism.
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The fungal family Ganodermataceae is represented by
more than 200 species, which mostly occur in subtropical
and tropical regions. The fruiting bodies of Ganoderma
species have been widely used in traditional Chinese, Japan-
ese and Korean medicine to treat a variety of conditions from
ancient time." Interesting biological activities have been
observed in these mushrooms; Ganoderma lucidum KAarsT.
showed cytotoxic? and antiviral activities,”® Ganoderma
colossum (Fr.) C. F. BAKER showed anti-inflammatory, cyto-
toxic' and antimicrobial activities,*® Ganoderma applana-
tum (Levss. ex FrR.) Karst.”® revealed antibacterial and
aldose reductase inhibitory activities, Ganoderma concinna
Ryv. Nov. sp. induced apoptosis in human promyelocytic
leukemia HL-60 cells,” and Ganoderma pfeifferi BREs.
showed antimicrobial activity.!” These basidiomycetes are
known to be prolific producers of lanostane type triter-
penoids, and over 130 such compounds have been recognized
from the genus Ganoderma. Colossolactones were isolated
previously from the Vietnamese mushroom G. colossum,
such triterpenoids being characterized by the presence of a
six-membered a,B-unsaturated §-lactone group in their side
chain with or without a seven menbered lactone ring as the
ring A, and this type of triterpenoids has not yet been
reported previously from fungal metabolites. However, repre-
sentatives of this structural type such as schisanlactones,
kadsulactone A and lancilactones were isolated previously
from the stems and roots of plants such as Schisandra
species,'? Kadsura heteroclita Roxs.'"® and Kadsura lancil-
imba How'? which are used as folk medicines for the treat-
ment of rheumatism, stomachache and enterogastritis.'>'® In
a hope to isolate new secondary metabolites from the Viet-
namese mushroom, which are effective for inhibiting viral
protease from human immunodeficiency virus (HIV) and
hepatitis C virus (HCV), we investigated phytochemically a
triterpene fraction from the fruiting bodies of the cultivated
G. colossum.

Results and Discussion

Repeated column chromatography (CC) of a methanol-sol-
uble fraction of the chloroform extract of the fruiting bodies
of G. colossum after defatting led to the isolation of four new
lanostane triterpene lactones called colossolactone I (1),
colossolactone 1I (2), colossolactone III (3) and colossolac-

* To whom correspondence should be addressed.

e-mail: saibo421@inm.u-toyama.ac.jp

tone 1V (4) in addition to five known compounds, ergosterol
(5),'” colossolactone B (6), colossolactone C (7), colossolac-
tone G (8)" and schisanlactone A (9).'"” The known com-
pounds were identified by comparaison of the spectroscopic
data with their reported ones and structures of new com-
pounds were determined as follows.

Compound 1 was obtained as colorless needles (hexane—
acetone), mp 266—268 °C with a positively optical rotation
({a]F? +23.8°) (CHCIL,). A molecular formula of CyyH,0,
was estimated from the high resolution electron impact mass
(HR-EI-MS) spectrum. The 'H-NMR spectrum showed sig-
nals for seven methyls with the most characteristic peaks in-
cluding a doublet at §,; 1.02 (J=6.3 Hz) and an allylic methyl
at 8y 1.90, one oxymethine at 8 3.20 (dd, J=4.0, 11.5 Hz),
one methine at d;; 4.50 (dd, J=4.0, 13.5Hz) and an olefinic
methine at &, 6.59 (m). The *C-NMR spectrum displayed
30 carbon signals, in which signals characteristic for seven
methyls, six methines (including two oxymethines at &, 78.8
and 80.2) and eight quaternary carbons (including one car-
bonyl at §; 166.6) and four olefinic carbons at & 128.1,
134.1, 134.4 and 139.7 were assigned from the distortionless
enhancement by polarization transfer (DEPT) spectra. These
findings suggested that compound 1 was an oxygenated
lanostane-type triterpene. The UV absorbance at 245nm
indicated the presence of an ¢,f-unsaturated lactone,'” and
the IR spectrum showed the presence of a hydroxyl group at
3530cm™" and one conjugated S-lactone group at 1708
cm™!. Comparison of the 'H-NMR spectrum of 1 with the
closely related compound colossolactone BY resulted in the
assignments for signals at §;; 4.50 as H-22, §,; 6.59 as H-24,
Oy 1.52 as H-20 and &,; 1.90 as H-27 as well as 3C-NMR
signals at §; 166.6 as C-26 and & 80.2 as C-22. The pres-
ence of mass spectral fragment ions at m/z 111'¥ and 314
[M~—side chain—H]'® indicated that this lanostane type
triterpene contained an o-methyl, a,fB-unsaturated &-lactone
group as a side chain. The main difference between 1 and
colossolactone B was the presence of a methyl group as C-19
instead of an acetylated primary alcohol as in colossolactone
B. In the 'H~'H-correlation spectroscopy (COSY) spectrum,
the following correlations were found: H-23 (6, 2.56, 1.98)
with H-22 (6, 4.50) and H-24 (6, 6.59), H;-27 (6, 1.90)
with H-24 (8, 6.59), H;-21 (8, 1.02) with H-20 (6, 1.52)
and H-20 (8 1.52) with H-22 (§,, 4.50). In the heteronuclear
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Table 1. 'H-NMR Data of Compounds 1—4 (CDCl, Except 2 in C,D;N)

643

Position 1 2 3 4
1 1.70,1.24 m, 2H 3.70dd, tH (4.5, 11.1) 0.95,2.18 m, 2H 1.99 m, 2H
2 1.56, 1.65 m, 2H 2.35,2.39m, 2H 1.80, 1.98 m, 2H 2.56 m, 2H
3 3.20dd, 1H (4.0, 11.5) 346dd, 1H(5.7,12.3) 3.29dd,1H (2.7, 5.4) —
5 1.21 dd, 1H (4.4, 12.0) 1.19m, IH 1.30 m, 1H 1.80 m, 1H
6 1.70 m, 2H 1.78 m, 2H 1.54 m, 2H 2.40 m, 2H
7 2.08 m, 2H 2.05m,2H 2.08 m, 2H 2.08 m, 2H
I 2.12m,2H 2.11 m, 2H 2.02m,2H 241 m,2H
12 1.80, 1.66 m, 2H 1.90 m, 2H 1.28 m, 2H 1.79,2.46 m, 2H
15 1.26,1.62 m, 2H 1.68 m, 2H 1.25,1.58 m, 2H 1.25,1.64 m, 2H
16 1.28,2.03 m, 2H 1.80 m, 2H 1.28,2.03 m, 2H 2,2.5m,2H
17 2.06 m, IH 2.50m, 1H 2.10m, 1H 2.11m,1H
18 0.68 s, 3H 0.68 s, 3H 0.69 s, 3H 0.74s, 3H
19 0.97s,3H 1.22s,3H 4.60s, 1H 1.60m, 3.18, d, (14.4)
20 1.52m, 1H 1.47 m, 1H 1.52m, 1H 1.58 m, 1H
21 1.02d, 3H (6.3) 0.94 d, 3H (6.3) 1.03 4, 3H (6.5) 1.01 d, 3H (6.5)
22 4.50dd, 1H (4.0, 13.5) 4.42 dd, 1H (4.0, 13.5) 4.50dd, 1H (4.0, 13.5) 4.52,dd, 1H (2.5, 13)
23 1.98,2.56 m, 2H 241 m,2H 2.00,2.58 m, 2H 1.96,2.55 m, 2H
24 6.59m, 1H 6.60 m, 1H 6.53m, 1H 6.61 m, 1H
27 1.90s, 3H 1.87 s, 3H 1.91s,3H 1.92s, 3H
28 0.99s, 3H 1.13s,3H 0.97s,3H 1.28s, 3H
29 0.80s, 3H 1.00 s, 3H 1.02s, 3H 1.32s,3H
30 0.90 s, 3H 0.815s,3H 0.94 s, 3H 0.94 s, 3H
OMe 3.40s,3H

multiple-bond correlations (HMBC) spectrum, H,-27 protons
were correlated with C-24 (6 139.7), C-25 (8. 128.1) and
C-26 (8. 166.6) and H;-21 protons were correlated with C-
17 (8¢ 45.7) , C-20 (6 40.4) and C-22 (& 80.2). Based on
these correlations, an o-methyl, a,f-unsaturated §-lactone
ring was concluded to be linked to ring D at the § position.

The presence of a hydroxyl group at C-3 was confirmed
from the '*C-NMR spectrum and was supported by the
HMBC correlations observed between C-3 (. 78.8) and sig-
nals of H-28 (84 0.99)/H-29 (Jy 0.80) of a gem-dimethyl.
The remaining of the structure had the same pattern of the
basic lanostane triterpene nucleus.” By COSY and 'H-
detected multiple quantum coherence (HMQC) experiments,
all protons and carbons were finally assigned as shown in
Tables 1 and 2, respectively.'¥ The B-orientation of the hy-
droxyl group at C-3 was deduced from the multiplicities of
H-3 (§,; 3.20, dd, J=4.0, 11.5Hz).? The configurations of H-
20, H-13 and H-14, H-5 were found to be B and «, respec-
tively, by comparing with reported data, in which authors
carried NOESY experiments for similar lanostene core.'”
For the determination of the absolute configuration at C-22
in compound 1, circular dichroic (CD) measurement was car-
ried out. Since a strong negative cotton effect at 259 nm
(Agy5y —1.498, CHCI;) was observed, the absolute configura-
tion at C-22 in 1 was consequently assigned as S-configura-
tion.'>'3!'" Accordingly compound 1 was determined to be
(225)-3-B-hydroxylanosta-8,24-dien-26,22-olide and called
colossolactone I.

Compound 2 was obtained as white amorphous powder
with a positively optical rotation ([a* +7.9°) (CHCL), and
assigned a molecular formula of C;;H,,O, by HR-EI-MS.
The UV absorption at 245 nm and IR spectra showed charac-
teristic bands at 3434cm™' (OH group) and 1708 cm™" (6-
lactone moiety). The 'H- and '*C-NMR spectra of 2 showed
the presence of seven methyl groups including a secondary
methyl (J;; 0.94, d, J=6.3 Hz) and six tertiary methyl groups
(8, 0.68, 0.81, 1.00, 1.13, 1.22, 1.87). The 'H-NMR spectra

Table 2. '>C-NMR Data of Compounds 1—4 (CDCI, Except 2 in C;D,N)

Carbon 1 2 3 4

1 35.4 73.8 29.7 27.5

2 27.7 39.8 22.8 27.1

3 78.8 75.5 71.5 1773

4 388 40.2 36.4 74.5

5 50.2 49.1 47.7 55.1

6 18.2 17.6 20.4 338

7 26.4 26.0 25.7 27.1

8 134.1 134.1 137.6 139.2

9 1344 137.0 128.3 121.7
10 36.9 44.1 39.4 91.5
11 209 25.1 22.5 33.0
12 30.7 32.0 31.0 30.7
13 44.4 . 443 443 44.5
14 49.8 50.4 50.4 50.5
15 30.7 316 31.1 30.1
16 27.7 28.7 27.6 27.1
17 45.7 46.6 45.7 455
18 155 16.2 15.7 155
19 19.1 15.5 104.0 41.5
20 40.4 40.7 40.4 40.3
21 133 13.8 133 13.3
22 80.2 80.5 80.1 80.1
23 27.7 28.7 279 27.9
24 139.7 140.5 139.0 139.7
25 128.1 127.8 128.0 128.0
26 166.6 166.2 166.5 166.5
27 17.1 18.7 17.2 1714
28 279 28.2 23.8 32.0
29 154 15.4 25.7 25.2
30 243 249 232 245

OMe 552

showed two protons on oxygenated carbons at 6 3.70 and
3.46. The *C-NMR spectra showed four olefinic carbons (6
134.1, 137.0, 140.5, 127.8) and one carbony! (5. 166.2). The
NMR spectral data resembled those of compound 1 except
for the presence of an additional hydroxyl group (8;; 3.70, &8
73.8). In the 'H-NMR and 'H-'H COSY spectra, the lower
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field shift of H-2 [6y 2.35 and 2.39, 6 39.8 and the correla-
tions of H-2 with H-1 (;; 3.70) and H-3 (8, 3.46)] in com-
paraison to those of 1 showed that a hydroxyl
group was attached to C-1. Also we attempted the HMBC
to confirm that the location of the hydroxyl group was
at C-1 by detection of cross peaks between H-1 with C-
2, C-3, C-5 and C-19. The B-orientation of the hydroxyl
group at C-1 was deduced from the J-constants of H-1 (8,
3.70, dd, J=4.5, 11.1 Hz).? Also the S configuration of C-22
was confirmed from the CD measurement (Ag,5, —1.680,
CHCI,). Accordingly 2 was determined to be (225)-1,3-§-
dihydroxylanosta-8,24-dien-26,22-olide and called colosso-
lactone II.

Compound 3 was obtained as colorless needles, mp 245—
250°C with a positively optical rotation ([a]F +54.9°)
(CHCI,). A molecular formula C;,H,,O, was estimated from
the HR-EI-MS spectrum. The UV absorbance at 243 nm and
a characteristic IR band at 1706 cm ™' suggested the presence
of a conjugated carbonyl group. The '*C-NMR spectrum dis-
played 31 carbon signals. Similarities in the spectra indicated
that 3 was related in structure to compound 1. Comparison of
the 'H- and '>C-NMR spectral data suggested that the most
prominent differences were the absence of H,;-19 and the
lower field shift of H-19 (8, 4.60, s), appearance of a
methoxy group at Jy 3.40 and an acetal carbon at & 104.
The HMBC experiment showed that a signal of the acetal
carbon at 8. 104 was correlated with protons of OCH; and
H-5 and a signal due to the oxygenated tertiary carbon atom
at 8. 77.5 was correlated with those of H-19 (5, 4.60), H-28
(64 0.97) and H-29 (8,; 1.02). These findings suggested that
the acetal carbon at C-19 was connected with C-3 through an
oxygen atom.'® Thus, the connection of the A ring and the
acetal ring (F ring) became clear as shown in structure 3
(Fig. 1). A nuclear Overhauser effect spectroscopy (NOESY)
experiment was carried out to determine the relative configu-
ration at C-19 (Fig. 3). The NOESY correlations observed
between (H-19 and H;-29) showed that an ether linkage
between C-3 and C-19 was formed in the f side.'® CD meas-
urements were used for the assignment of the absolute con-
figuration at C-22. The CD spectrum showing the same pat-
tern of the negative Cotton effect (Ag,5, —1.284, CHCL,) at
the same wavelength as in compound 1, revealed the S con-
figuration at C-22. The remaining of the structure had the
same pattern as in compound 1. Accordingly compound
3 was assigned as (225)-3f,19-epoxy-lanosta-8,24-dien-
26,22-olide and called colossolactone 1.

Compound 4 was obtained as white amorphous powder,
with a positively optical rotation ([a]Z*® +94.3°) and
assigned the molecular formula C;;H,,0, by HR-EI-MS. The
UV spectrum showed A,,,, at 243 nm. The IR spectrum indi-
cated the presence of a hydroxyl group (3449 cm™!) and car-
bonyl groups (1763, 1717cm™'). The *C-NMR spectrum
displayed 30 carbon signals, in which nine low-field signals
corresponded to two carbonyl (5. 166.5, 177.3), four olefinic
(6¢ 121.7, 128.0, 139.2, 139.7) and three oxygenated carbons
(8¢ 74.5, 80.1, 91.5 ) and high-field signals were assigned to
six methyl, ten methylene, three methine and two quaternary
carbons. The 'H-NMR data were similar to those of com-
pound colossolactone D" showing signals for one secondary
(8y 1.01) and five tertiary (5 1.92, 1.32, 1.28, 0.94, 0.74)
methyls. These findings were consistent with the molecular

Vol. 56, No. 5

Fig. 1. Structures of Compounds Isolated from the Fruiting Bodies of
Ganoderma colossum

Fig. 2. HMBC Correlations of Compounds 1, 3 and 4

formula determined by HR-EI-MS and suggested the struc-
ture of 4 in Fig. 1.

The seven membered lactone ring of 4 was assigned as the
ring A based on the biogenetic and NMR spectral considera-
tion but differ from colossolactone D in lacking the conju-
gated system shared between ring A and ring B and also the
absence of a hydroxyl group at C-15. This assignment was
supported by the downfield shifts at &,; 1.28 and 1.32 for
gem-dimethyl proton signals (H;-28 and H;-29) and, the
downfield shifts of C-4 (8¢ 74.5) and C-3 (S 177.3) carbon
signals.'” A significant peak at m/z 111 in the mass spectrum
as well as the '"H-NMR signals at §;; 1.92 (s), 6.61 (m) and
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Fig. 3. NOESY Correlations of Compounds 3, 4 and 8

4.52 (dd, J=2.5, 13.0Hz) indicated the presence of a six
membered ¢, B-unsaturated lactone ring substituted at the &
position. The HMBC experiment showed that H-1 was corre-
lated with a carbonyl carbon (8.177.3) and H-5 was corre-
lated with C-28, C-29 and the low field C-4 (6 74.5). In the
'H- and *C-NMR spectra, 4 had only six methyl groups and
no cyclopropane ring, which confirmed the presence of a
seven membered B ring.!® The presence of a hydroxyl group
at C-10 was confirmed from the HMBC correlation between
C-10 (8¢ 91.5) and down field shifted H,-19 (dy 3.18) and
the correlation between C-9 (. 121.7) and the same proton.
The stereochemistry of this compound was determined from
the CD spectrum to confirm the S-configuration of C-22
(Ag,5y —1.349, CHCI;) and also from the NOESY spectrum
to indicate the configuration of a hydroxy! group at C-10; the
proton of the OH group (8 2.05) had a NOE correlation
with H;-29 (8, 1.32) indicating that the hydroxyl group was
projected with S-orientation. Also the a-orientation of H-5
(8, 1.80) was determined from the NOESY spectrum (Fig.
3) through the correlation with H,;-28 (8;; 1.29) leading to
the trans-fusion between ring A and ring B, in which ring A
is a seven-membered ring. Accordingly compound 4 was de-
termined to be (225)-A,B-dihomo-19-nor-4-oxalanosta-8,24-
dien-26,22-olide, and called colossolactone 1V. The absolute
configuration of a hydroxyl group at C-5 in 8 was not yet de-
termined by Kleinwachter et al.," but the a-orientation of
this hydroxyl group was established from a clear correlation
of proton signals between the hydroxyl group (8, 1.82, brs)
and H;-28 in the NOESY experiments.

Experimental

General Experimental Procedures Melting points were measured on a
Yanagimoto micro hot stage melting point apparatus. Optical rotations were
measured with a DIP-360 automatic polarimeter (Jasco Co., Tokyo, Japan).
UV spectra were measured with a UV2200/UV-VIS recording spectropho-
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tometer (Shimadzu Co., Kyoto, Japan). 'H- and C-NMR spectra were
measured with Varian UNITY 500 (‘H, 500 MHz; '*C, 125 MHz) spectrom-
eter and Jeol INA-LAA 400WB-FT ('H, 400 MHz; "*C, 100 MHz). HR-EI-
MS and EI-MS were measured with a JMX-AX 505 HAD mass spectrome-
ter (Jeol Co., Tokyo) at an ionization voltage of 70 ¢V. IR spectra were meas-
ured with a fourier transform (FT)/IR-460 infrared spectrometer (Jasco Co.,
Tokyo). CD spectra were recorded in CHCI, on a Jasco J-805 spectrometer.
Column chromatography was carried out on silica gel (Kieselgel 60, 70—
230 mesh, Merck). Medium pressure liquid chromatography (MPLC) was
carried out on a LiChroprep Si 60 (Merck Co., Darmstadt). Thin layer chro-
matography (TLC) was carried out on pre-coated Silica gel 60 F254 plates
(0.25mm, Merck) and Rp-18 F254S (0.25 mm, Merck) and spots were
detected under a UV light and by spraying with p-anisaldehyde/H,SO, fol-
lowed by heating.

Fungal Material The fruiting bodies of Ganoderma colossum (Fr.) C.
F. Baker were obtained from Vietnam in September 2005, and a voucher
specimen is deposited at the Museum of Ethnomedicines in the University
of Toyama.

Extraction and Isolation The pulverized fruiting bodies of G. colos-
sum (3.5 kg) were extracted with CHCI, (8 1X4) at room temperature for 5d.
The combined extracts were filtered and concentrated to give a dark brown
residue of 582 g. The chloroform extract was dissolved in MeOH (1 1) and
defatted with hexane (21X3). The two were separately evaporated to give
dark orange and dark brown extracts of 98 g and 474 g, respectively. An or-
ange precipitate (10g) formed at the interface between the MeOH and
hexane layers was chromatographed over a silica gel column (5X55cm).
The elution was started with hexane (100%), then hexane-acetone mixtures
(9.5:0.5) with increasing the concentration of acetone till 20% to afford
compounds 1 (170 mg) and 5 (2.9 g). Two hundred grams of the MeOH ex-
tract was chromatographed on silica gel (2kg) with hexane-acetone mix-
tures (9: 1—1:1). Fractions (200ml each) were collected and their homo-
geneity was monitored by TLC with solvent systems increasing the solvent
polarity: (hexane-acetone 9:1, 4:1, 7:3 and 1:1). The spots were visual-
ized after spraying with p-anisaldehyde followed by heating. Those showing
similar TLC profiles were combined to give 8 pools (I—VIII). Pool V (frac-
tions 93—124, 5.5 g) was further subjected to silica gel column chromatog-
raphy (40 cmX4 cm) eluted with a hexane-acetone mixture (9:1—4:1) to
afford compounds 3 (67mg) and 4 (32mg), and two subfractions Al and
A2. Subfraction Al (2 g) was subjected to silica gel column chromatography
(20cmXx2.5cm) eluted with a hexane~EtOAc mixture (4:1 v/v) yielding
compounds 6 (31 mg), 7 (75 mg), and subfraction A2 (600 mg), which was
chromatographed over an MPLC Si gel 60 column (24 cmX1cm) using a
hexane—EtOAc mixture (7.5:2.5 v/v) affording compound 9 (25mg). Pool
VI (fractions 125—160, 60 g) was chromatographed over a silica gel column
(70 cm X8 cm) eluted with a CHCl,-MeOH mixture (9.9:0.1—9:1) to af-
ford compounds 2 (200 mg) and 8 (5.3 g).

(225)-3p-Hydroxylanosta-8,24-dien-26,22-olide (1, Colossolactone I)
Colorless needles (hexane-acetone), mp 266—268°C. [a)¥°+23.8° (c=
0.5, CHCl,). CD: (A, —1.498, CHCL,). UV (CHCL,) nm A, (log £): 245
(6.00). IR (KBr) em™} 3530, 2942, 1708, 1373, 1143. 'H- and "*C-NMR
(see Tables 1, 2, respectively). EI-MS m/z: 454 [M]" (52.4), 440 [M—Me]",
421 [M—Me—H,0]*, 314 [M—side chain]*, 299 [M—side chain—Me]*,
281 [M—side chain—Me—H,0]', 111 [c,f-unsaturated §-lactonc moiety]
and 55. HR-EI-MS m/z 454.34448 (Calcd for C,(H,;0,, 454.34470).

1,3p-Dihydroxylanosta-8,24-dien-26,22-olide (2, Colossolactone II)
White amorphous powder [a]¥*+7.9 (¢=0.3, CHCl,), CD: (Ag,, —1.680,
CHC,), UV (CHCly) nm 4, (log€): 245 (5.88). IR cn_x"‘ 3434, 2948,
2365, 1708, 1374, 1144. 'H- and '>)C-NMR (see Tables 1, 2, respectively).
EI-MS miz: 470 {M]*, 455 [M—Me]*, 452 [M—H,0]*, 434 [M—2H,0]",
419 [M—2H,0-CH,]*, 408 [M—2H,0~Me—J lactone moiety]*, 407
[M—2H,0—Me—3 lactone moiety—H]*, 295, 282.1, 174 and 55. HR-EI-
MS m/z 470.34413 (Caled for C,(H, 0, 470.33961).

(225)-3 B,19-Epoxylanosta-8,24-dien-26,22-olide (3, Colossolactone
1) Colorless needles (hexane-acetone), mp 245—250°C. [a]) +54.9°
(¢=0.5, CHCl,). CD: (A&,5, —1.284, CHCI,). UV (CHCly) nm 4, (log £):
243 (5.87). IR cm™! 2945, 2345, 1706, 1140. 'H- and '>)C-NMR (sce Tables
1, 2, respectively) EI-MS m/z: 482 [M]', 450 [M~OCH,]', 435 [M—
OCH,-H—CH,], 422, 407, 379, 314, 295, 281, 111 and 89. HR-FAB-MS
m/z 482.34052 (Caled for C,,H,O, 482.33961).

(225)-A,B-Dihomo-19-nor-4-oxalanosta-8,24-dien-26,22-olide (4,
Colossolactone IV) White amorphous powder, [a]¥*+94.3° (c=0.18,
CHCI,). CD: (A&, —1.349, CHCL). UV (CHCly) nm 4, (log€): 253
(5.81). IR cm™* 3449, 2963, 2345, 1763, 1717. 'H- and *C-NMR (sec Ta-
bles 1, 2, respectively). EI-MS m/z: 484 [M]*, 466 [M—H,0]", 451
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[M—H,0—Me]*, 408 [M—-H,0—CH,CO}*, 393 [M—H,0—CH,CO
—CH,]*, 327, 311, 285, 252, 175, 139, 111 and 55. HR-EI-MS m/z
484.32313 (Calcd for C,4H,,0,, 484.31887).
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