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Fig. 3. Mass spectra of major constituents in grapefruit seed extract (GSE) products
a) Peak X in sample S$12. b) Peaks A-F in sample S1.
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BEERAGRER (45 8RB 055, GSE 2 HURKS &

AEEASR 255 S30,31 £ o BZT skatia . &
fo, ERGHEGS321, v—poy —Huki & LT
RENTVEEDTH 50, FRIERE D BZT 25K H:

ahfe, hid, TONEYERIC, GSEHAREMD 1
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BZT 8 LU BZK i3, BEERF ISR s N, EEHH
BB [ B2 L LI hid B S R WEESAROR
ROFNBFTO>VT] PR EITNIRSROETLEE-
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ME@E»HonTwisvw, BZT-Cl & U BZK-Cl O &
#*6i%, BZT-CL 5 » F&EIT LDsy 368 mg/kg, = 7 AL
LDso 338 mg/kg, BZK-CL: 5 v k%L1 LDso 240 mg/kg,
EENTVEY, FOLSVWoOROBZT £7213 BZK 2 &
HY5GSEHGBAADI—M@EHIATLE 00K
BiTh 2%, ThoGSEBRMBAKICSEZ 2 WD
WTRARHETH S, L L, EFSA (Furop(,an Food
Safety Authority: BN ERE L) BERMESBHNOR
mORLHHENEO—~EE LT, ARK Utakhic B89 2 i
HEBMAEMERBMT S v 274 LTHELLEU/
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ff 3 A 7 ©(2007).

* MDL Information Systems, Inc., Registry of Toxic
Effects of Chemical Substances (RTECS).

*" EU/RASFF (Europian Union/Rapid Alert System for
Food and Feed. http://ec.europa.eu/food /food / rapid-
alert/index_en.htm (Accessed on 29 June 2007).
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Analysis of Constituents of Ester-Type Gum Bases Used as Natural Food Additives
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The differences in the constituents of ten ester-type gum bases used as natural food additives
in Japan (urushi wax, carnauba wax, candelilla wax, rice bran wax, shellac wax, jojoba wax, bees
wax, Japan wax, montan wax, and lanolin) were investigated. Several kinds of gum bases showed
characteristic TLC patterns of lipids. In addition, compositions of fatty acid and alcohol moieties
of esters in the gum bases were analyzed by GC/MS after methanolysis and hydrolysis, respective-
ly. The results indicated that the varieties of fatty acids and alcohols and their compositions were
characteristic for each gum base. These results will be useful for identification and discrimination
of the ester-type gum bases.

(Received March 19, 2007)
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Fig. 1.
Solvent: hexane-diethyl ether-acetic acid=80:20:1

TLC profiles of various kinds of ester-type gum bases used as natural food additives and the standards

A} Spots were visualized with 109 H.SO, followed by heating; B) Spots were visualized with iodine vapor
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Fig. 2. GC/MS TIC profiles of fatty acid methyl esters obtained hy methanolysis of ester-type gum bases used as natural

food additives

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

candelilla wax, 1) urushi wax, J) Japan wax

* The abbreviation Ci5.p means of the methyl ester of the normal chain fatty acid with 18 carbons and no (0)

unsaturated bond.
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Fig. 3.
gum bases used as natural food additives

GC/MS TIC profiles of trimethylsilylated alcohols obtained by hydrolysis and trimethylsilylation of ester-type

A) carnauba wax, B) montan wax, C) rice hran wax, D) shellac wax, E) jojoha 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*', Naoki Sugimoto*?,
Takeshi Yamazaki*}, Hiroshi Matsufuji*’, Toshiro Matsui**,
Kiyoshi Matsumoto*! and Hiroyuki Ukeda*

*! Department of Bioresources Science, Facully 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 suitable for
evaluating the superoxide dismutase (SOD)-equivalent activity of seven antioxidants (excepting p-a-
tocopherol and p-d-tocopherol). The HorRat values from the collaborative 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 activity, radical scavenging aclivity, superoxide anion radical
scavenging activity

F—0— ¥ BLPAILE, RIJNNY, GIBHLEE, S OANHERE A-S—AFLFT 2405 UnLiHEER

B, BEEANTERSIATO2BEHERIR, 88K AR T 2E8EBE L TERMEH ATV L
o & BEERMIcRMNE NG, BERIY &1L, KT DTH5 SRR TR, KAEEF - dMMICET<
FORSBEFOWEICHEY, RMLSFERSATVLAR BRBREBEXSETEIhTVLE, 20—F, BERINMR X

' T783-8502 BRIERETMERZ 200 REROEHLUBREYMTHIRBELEL, AYHS, B
f?g&w”fzﬁgiﬁgégﬁkwﬂ URSARORENSERTSH 570, BIRIERS3
) F252-8510 02/ I1E % ¥ 1866 : i e »

“ T812-858) EFELIEEHEX S 6-10-1 RATHAR ST E L BB B OREMNEN TV S, &

* g% (Corresponding author), tomokos@kochi-u.ac.jp SIT, B, BLURDHBESRIIBESHEIATH

—208—



(21)

S5 - i : BALBA LRI NBIFMEICRAT SHTR 483

BVSHLEELTVA, ChoiionwTR, B3R s
BEE#LRFETALEBME LT, BREALKNHERDIE
P, EURNORE BLUEREDHMRBEIT-TVS
M09, BIROBBAMTTCRATETHIHELB V. -
T, ROHKICE ST W BUSHIRE T & 2 WEEERINIC
MLTIE, —EORHEEERT L0, FroudHik:
FisEEEE L TERTA LENHSLEEA NS CO
55.&%M¢ﬂ®%éu,%Oﬁ%ﬁ,fﬁbﬁ.ﬁ&
LI E D C N REFEEDRTE, ST AERE
~OBAMSRTFHE L » TV 3.

HEBALESFBIcRAL TR, ChETIcenFEPER
FHERBJESEERNAENREShTVWE. Z0oREK
MRbDELT, FYNNVOTRKHBFOBF AL v ICEERAT
AHEREEEN, LRIV L5 THIOERIC & h R
BHCRIET 2BF A £ K18 (ESR) &Y, 5 YW ViEERE
HESRENICAET S 1,1-diphenyl-2-picrylhydrazyl
(DPPH) #"®, 2,2’-azinobis (3-ethylbenzothiazoline-6-
sulphonic acid) (ABTS) &%, [§HBB(LOERBELH{EF
HHCRIET 20 ¥ v 8E'D, FA/50E Y — vl (TBA)
®0, B- Ao F VBEE', b5 WITHEMEEIEIEL L
THA\' 5 oxygen radical absorption capacity (ORAC)
EPREMNBONE, $1, BHBEEENEEEHOAE
HELT, A——d* v FT7T=4 V5 IhNilEiElLE
DHEFNZRIET S ~ b 7 0 L c P, 2,3-bis (2-methoxy-
4-nitro-5-sulfophenyl)-5-[(phenylamino)-carbonyl)-2H-
tetrazolium hydroxide (XTT) &', 2-(4-iodophenyl)-
3-(4-nitrophenyl)-5-(2, 4-disulfophenyl)-2H-tetrazolium,
monosodium salt (WST-1) &%, s5wnwi@rvyr=vig
EDLERKTo - 7EMBTIHED bHEshTY
5. xofth, BUEHEAEDO—RETHIE FoFv 5
IhNVOREEREDIAFINTAET E 74+ ) K2
ENnEbEshTL 3,

FHR TR, HERMYOREILEEFED AEEOR
BWELT, NAEOFRBVWTHERSNTELEHENS
5, 2VERNETORENMSTEETSH 5, Q) IFEERIERES %
LEELLBVARAGOS WA RENNIEETH I L ESR
HEL, VM NVBEBERREELEDODDS S DPPHEE L
ABTS &%, EHEEBHEEERRIEEDO P, S WST-I
HEEEH L. WST-1ikid 1999 G & h- ks
LWR=—»=F Vv FT7=2 V35 INNEEEHRIEET
H 50, MOJOWHESTREF v P BHEETZ &M
5, BAURBTORRAMNEATVES, Lto3ktA
WTBEERIY O 5 b B—{LaYh & 15 5 B LB LR DR
B {LIEHATM £ THAE A, B, C D 3 #AFTRE—HE, B—
FHECEDTY, BUBETEONIBRORIEETSC
Eitkb, DEF~DOTTHEMEERETL 12,

£ 8 7 &

. K E

ARRTIE, LT IEBHEOBLHERIZRIER &L
THW W5+, YL F v, trans- 7 = V5B, IR8
T €V v, e - (ERLKTER, pa- F 372
o — L (MP Biochemical &), p-6- b3 7x0-1, =5
78 (Sigma$). * 7, DPPH IZFOAMETERN, -

N—tF v FIRALY—+H (SOD;EC. L1511, & vl -

Bk %) 4 Sigma 8, 6-hydroxy-2, 5, 7, 8-tetramethyl-
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(%) 2Rtz i, 0% REBEEXEX 3R BROBE%:
ICso & L7z, BHEDFNET, SOD D IC bk 7z,

(Ahln k1~ Abtank 3) (Asnm le Ablank 2)
%: 5 0/ = ul P X 100
ﬁﬁ x( 0) (Abl:-nk 1= Ablnnks)

WST 1 &ETR, A7+, 7258, BAFHBOBR
ISk Z AV, TOMOBEBhIEENL 995% x5/ —
TiafEL 1.

6. ICs, TEAC, SOD EMiEHdnE LA E

SUHBE (x) KHLTHER (y) 2705 b L, i
CLHAQEBUERERES IV, £ORREZORE
FHH09BLULETHB & TR L 118, 50% PHES 3k
285 BUHL, 2o 28 L THicEREES3]
Wiz, 2CTRONAERRD v 12 50 2RA L, IC, DR
R (x) 2R01:. CO%EL3E®RDEL, BETK
b oNT ICx, DIEDFES BBEALBHIER), Trolox, 18 5

TICSOD D ICi & L 72,

DPPH &, # XU ABTS & T3, Trolox @ ICs & &}
DICoBEMTH LB, EBRED 5 Uh LihEiEH
% Trolox Z{HiEH (TEAC) THEL71. TEACWRTF=RRo
K 1Tkt £/, WST-17 T2, SOD D ICs & 55¥
DICoMEMTHBEAML, BRKIDR—1N—FF o F
T3 PANiEEEH.E SODEMEHTEL 2.
SOD &Mt oI I FRoK 2 2 H W 1.

TEAC=Trolox®DICsx(g/m1)/E¥DICs(ug/ml)
w1

SODZE{&EiEM = SODDICs(units/ml)
/FRDICs(mg/ml) 12

7. MREHRRYT

BFETRD SN RIEE GEH) OB 0iELBE RSD,
(%), ZETHRGE RSDr (%), BLUZEMBERIEEDY
AifEL bk, F 7 b HorRat % RH 19,

X R # R

1. DPPH %

SHERALBS IR0 DPPH iHEER 2 AIE L - BE%E R 1
R L7, SERIEICHL 7 9 BEOBILBHILEI2 Tic>
WT, TEACZKRHZZ EMTETH -7/, 1, 31
DLTTRRTERICKR S\ DPPH iEEHHSED o1,
BEWT, 2508 rreFy, hidy, vHT—
PEELERER L. #O—HT, 72058 €Y,
D-a-tF 37 20—, p-5-F 37 10— NIFHEMEWE
LRSS hot, HWT, 3HFRFTRDSh- TEAC
D& LEE RSD, (%), ZRIBBEE RSDr (%), &
& U HorRat %3k, F1IIT#ETHRL%. HorRat {@
REDEM 2LUTTHNI, EHBEREESTHEIGENT
HHEHEREINE. RIDER, pa-t37:0-A%
< 8IEROBILBHIL B DRIEIZ BT, HorRat flids 2 LI
TOEEL > &b 5, DPPH G HBMNE VRIEREE
2ELTVBEER Sh,
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(23) BF - {th: BbBmEA DG ICEET AR 485
R 2 RWEEILBAIEFID ABTS 5 U hIVEEFY
Trolox FhE#E
E{Lh LA RSD, (%) RSDg (%) HorRat
A B
hFF v 2.14 0.98 0.90 3.16 52.06 3.72
hwed v 1.88 2.45 1.37 3.34 27.74 1.88
tHE-—N 3.33 3.80 3.70 2.01 7.10 0.44
72 V58 1.90 0.36 0.69 8.90 82.68 6.19
TR T 3.97 3.63 3.49 4.12 7.44 0.46
€Y 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
pa-F37z0—n 0.50 0.61 0.58 2.84 9.96 0.81
po-+3 70— 0.60 0.73 0.67 2.84 10.13 0.80
£ 3 BHEBEHLEROR—/I—FF L K7 2F U5 ShIVEREY
SOD Z{liistE

R (L BA 1L %) " B RSD, (%) RSDr (%) HorRat
nNFE v 54.80 40.80 31.60 14.34 29.91 3.01
FLkF 16.30 8.90 20.00 16.25 45.16 5.31
Y E—N 0.18 0.08 0.20 13.81 44.32 10.39
7 2S5 3.83 N.D. 4.66 11.68 16.86 2.40
FRFH 1072 324 916 15.87 57.32 3.59
) v 5.60 N.D. 3.96 27.43 33.03 4.61
578 55.30 133.40  186.60 18.59 54.93 4.70

2. ABTS & HoBEERIc>WTIERIBSMATH, 3HhER HB30E24

BIEB(LRAIERID ABTS i EBHLAE L L ERER
2R Lt SEEIEICHE L7 9 B OB BIEAZ TIc
2WT, TEACR2KHDD I EMOBETH -1, 12, D
BEEHDOMHSFIE DPPH 5 U A vilEiEH EF LA %
ALt B80T, 3AFRTRYB SN TEACDEDR L
B RSD, (%), EHFEHIEE RSD: (%), & XU HorRat
[EAKRD, R2ICHEHTRLL., RIEDOER, 757+,
725 BERS TREREOKRILMERIORAELLE VT
HorRat {EAS 2 AT &8 » 22 & s, ABTS iEd DPPH
ELABICHENSVRAIERELELTVWAEEL SN,

3. WST-1i%

BEBE{LFIERIDOR —/v =2 F ¥ P =F v 5 VH L
EHOREFERERIICRLE FAIETHR, pa-+ 3
Z7:209—-0Epb-F37 2 a—-VOREHFEERERIC
WML 2B c B E U, MEERITTEIENT
EliMmaots, I, WST-1 ORIy / — Vil
B2 DPPH i, HXLU ABTSE &L TIEL, Mgt
D37 20— AMNRICHEEICERLED 120 EMER
Thote, T, MIREBTORMETIE, 7158+ %
Y M S0%FREICES S, FTD SOD FEMiFs kb3 C
EMTEUD I, EDO—HT, MEEALCTIH, 7=
WSBEEEY v DEMERHD B EMAEETH 7. h
o 2 EHOBABAIERORERLRICB T 3HAREMOR—

FROMBRETCEMERDEENTELBLBHIEHDS
b, RAFE®D SOD FHiFHSEHTEHL, +hlilso
BR{LBAIE R DM IR R TEEE T 3 LBV LD TEH »
fo. WST-1&ETRO SN cERICD VT b5%ED DPPH
&, BSUIZ ABTS 5 &[EHR, 80 ULHEE RSD. (%),
EMIBIREE RSDr (%), BLU HorRat %K, &3
iRLE. L Lads, 2TORBEHERDRIEERIC
BV T HorRat {EiAs 28l be iy, ENERBEIcE2L
WHR LIt 72, 297 - NICERLTRIEICH
U7 NEiBHERe LRI R (A veF v, £ E—0, Y 2,
x5 7B @ HorRat {(EAVKEHBILIIERIE L TH
WERICH ~F. TDIELDS, RIGERNKERETH S
WST-1i:Ti3, KDILEMBR#TH 2I5EdtmE R
EICHWIIRS, ZOiEMHERDELBOJETHEHO
0, RIGIEFE~OE—ILEAEIRES KIEHEMHE & ekt
3 EERMBIREEICE S5 C EAMHBHL 1.

5 &=

RFR T}, BERIIO S B, BRI LERICSHEash
2 SEHOMB LI ESCH- L QEBIROEELBE
BoyE L, zoEBE 23 UERFHEOAE LicH
T ABMALORIT%IT>1:. TOERELD, DPPHE, 155
NS ABTS i3 B— (L &SRR (LB 1L B D i B LB 4 30
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486 BEARMET¥LE

5 54 %

EBNE 2000F 11 8 (24)

KBWT, KBOSCEEERYT I EHHBAL /. DPPH
# & ABTS ki1 Single Electron Transfer ORIBICE D
(3 PANVBEBRATETHD, BEOMRKLEVT
b, WL RTCLHBREINTOVLSY. Bk
BRI B S0BLEME L, AROER, BB, LoV
CENOZELAMEIT 2 &2 BE LTHERENS, £
OARSPTOEELREN, TEaMEEBROBRLETS
%. Rivero-Pérez &3, 774 v OAEILEE % DPPH
H & ABTS B2 SUEHBONMBILEMRELTERE L
WEicHB T, DPPH&E, Lo U ABTS BEOFHEER &
59 MFI2 0y - LaDiEHBB{LDOEES TBA K TH
BLARRLOBIBEELHBEIED St ofiE%:
F-TW3® ZOWR, invivo TOHEEZEELLS
DTH - 1ebs, BRPTE L ZIEEBELIc >\ T HEHK
DRAFRME DI bDOLEE SN, DI Eh D,
DPPH i, 755 UFic ABTS 3B LR IE B DT BR{LiEHE
FECH L TERTHAEEL SN, ChoHD 2BHED
SIFEICOWTIR, Stk RAYBROERSHRE R
BEFS ot 9 2 EAR LTS & & biz, FBILS
MEOBZUMEEETICLICL, AFEFLTE 394
EhHBELDEEZ M. ANEOLEICEIF IR
WMEERFEDHF A F 34 Y BV DOEET 35,
AOAC, IS0, IUPAC 0 =#&M&E L #- Harmonized pro-
tocol MRXFNTH 2, C0IEE, EBETIL8 ¥ERLIL,
B T2 10 y LI E o HE RS I X 3 HEH
BOBHLF— s BRGHEE BV EEATNAED,
ZO—AT, FHFETIL, WST-1 EDFEE L DPPH &,
ABTSEEHBILTE B L WIEREE -1z, T, L
TiRTAEREORVWVAFRRTH 2 B LM
WST-1&:4t, e RF¥FY v F v 2BELT YV F VA
VY- YORBERIGIKBOWTER LIRS+ F
T=4v3Yhn(0;7) Ik B WST-1 OBITEFAEL
bOTH5. NB{MESUERICHFET S &, BERG
L DAL O OEEMEL B8, WST-1 D+
TFVADOBIEMBELDT B, THbb, WST-1 &iREL
BoOBAMBET 5. DPPH & & ABTS &, RAIERIC—E
BEATAITES VI VOBHERLRETSHDTHY,
WST-1 & 3BEMICRL 3, COFRBORVWDY, BED
ZORRAE - LAEESBVEEL S W &1,
WST-1%i+ v MEEShTE Y BEHESEVC SRS
ThHoH, RIGHEOLEBM 240p] EB VT Eho, RIE
BERELPTVILLBVEENEONIS - LRET
HrHrEEEIN, L, SEEALIA4 2707 L—
b S Ukeda SOMEL 128y FEDKEET L&
kb, ABEETH B LEEE N #-T, WST-1 &
DRFEALERD Z 1 BICRBMEFIROUBRSLETH S &
Ziohit,

SBOREC BV THENEVAEREESRE TS LN

$|BA L 7- DPPH &, 755U ABTS £RIABILYED 5
SHNBEEERORIEICH LTERTH M, Ficlam%k
HEHCBCEENB SOD$H ¥ 5 —¥ZEDHELBRD
FEMAEICRB LTV, 5 LABERORE LS
RISEDONEE{LICo VT, ho@ElEERE L ThldiRet
TANENSLLELDEEZ SN,

B #

BERmo 5> 5, BERcsBah s RE ok
{LEHCESCFnRERIERELREBMNEL, 0
Hig s 1 2 AL fEo AT/ LI 2 A OHK
HEIT- 1. BRRTE, KRNI AENREILEER
EETHS DPPH &, ABTS#, WST-1ikic Xk 28—1k
AYRs{EBAIEE (9 R DORBLBEHRIEZ 3 »Ar O
RETHERRL, BohERoERERBEORIIE
fT-1. DR, DPPH &, 735U ABTS HidB—(b
SYBILALF OB LIBMRIE I BV T, LIRS VR
EREERT I EMNEIBAL .. £D—HT, WST-1 &35
D2EEHET I LAERECEZ LV IBRENESN
7-. DPPH &, 725 U¥iC ABTS B3 FICIHIEZEHZ S L
THEREMIFRBRE T, STEOBRMEER LTSS
LTk, DREFELEEDI I LWTEETHIEELI SN
1.

AR, AL 17 ERE, Tk 18 EEEEHHENFED
REMHE (RRORL « KLEFREENFTEE) kb
Tt

X 2
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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. BAxEr along with five
known compounds. The structures of the new compounds were determined on the basis of MS, NMR and circu-

lar dichroism.

Key words

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 KARsT.
showed cytotoxic? and antiviral activities>® Ganoderma
colossum (Fr.) C. F. BAker showed anti-inflammatory, cyto-
toxic” and antimicrobial activities,*® Ganoderma applana-
tum (Leyss. 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 «,f-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 (H1V) 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 1 (1),
colossolactone 11 (2), colossolactone 111 (3) and colossolac-

* To whom correspondence should be addressed.

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

Ganoderma colossum; Ganodermataceae; lanostane triterpene lactone; colossolactone

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)3® +23.8°) (CHCl,). A molecular formula of CyyH,0,
was estimated from the high resolution electron impact mass
(HR-E1-MS) spectrum. The 'H-NMR spectrum showed sig-
nals for seven methyls with the most characteristic peaks in-
cluding a doublet at 8y, 1.02 (J=6.3 Hz) and an allylic methyl
at 8, 1.90, one oxymethine at §, 3.20 (dd, /=4.0, 11.5Hz),
one methine at &,; 4.50 (dd, J=4.0, 13.5Hz) and an olefinic
methine at 8, 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 a,f-unsaturated lactone,'” and
the IR spectrum showed the presence of a hydroxyl group at
3530cm™' and one conjugated &-lactone group at 1708
cm™'. Comparison of the '"H-NMR spectrum of 1 with the
closely related compound colossolactone B resulted in the
assignments for signals at 8, 4.50 as H-22, §,, 6.59 as H-24,
Oy 1.52 as H-20 and 6, 1.90 as H-27 as well as '*C-NMR
signals at 8. 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 a-methyl, @,B-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 foliowing correlations were found: H-23 (§,, 2.56, 1.98)
with H-22 (8, 4.50) and H-24 (8, 6.59), H;-27 (8, 1.90)
with H-24 (8, 6.59), H;-21 (8, 1.02) with H-20 (J, 1.52)
and H-20 (6,, 1.52) with H-22 (8, 4.50). In the heteronuclear
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Table 1. "H-NMR Data of Compounds 1—4 (CDCI; Except 2 in C,D,N)

643

Position 1 2 3 4
1 1.70, 1.24 m, 2H 3.70dd, 1H (4.5, 11.1) 0.95,2.18m, 2H 1.99m, 2H
2 1.56, 1.65 m, 2H 2.35,2.39m,2H 1.80, 1.98 m, 2H 2.56 m, 2H
3 3.204dd, |H (4.0, 11.5) 346dd, IH(5.7,12.3) 3.29dd,1H (2.7, 54) —
5 1.21dd, IH (44, 12.0) 1.19m, IH 1.30 m, IH 1.80 m, IH
6 1.70 m, 2H 1.78 m, 2H 1.54 m, 2H 240 m, 2H
7 2.08m,2H 2.05m,2H 2.08 m,2H 2.08 m, 2H
11 2.12m, 2H 2.11m,2H 202 m,2H 241 m, 2H
12 1.80, 1.66 m, 2H 1.90 m, 2H 128 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, 1H 2.50m, 1H 2.10m, 1H 2.11m, 1H
18 0.68 s, 3H 0.68 s, 3H 0.69 s, 3H 0.74 s, 3H
19 0.97s,3H 1.225,3H 4.60s, 1H 1.60m, 3.18,d, (14.4)
20 1.52m, |H 147 m, I1H 1.52m, 1H 1.58 m, 1H
21 1.02d,3H(6.3) 0.94 d, 3H (6.3) 1.03d, 3H (6.5) 1.014,3H (6.5)
22 4.504dd, 1H (4.0, 13.5) 4.42 dd, 1H (4.0, 13.5) 4.50 dd, 1H (4.0, 13.5) 4.52,dd, lH(2.5, 13)
23 1.98,2.56 m, 2H 241 m,2H 2.00,2.58 m, 2H 1.96,2.55m, 2H
24 6.59m, 1H 6.60m, 1H 6.53m, 1H 6.6l m, 1H
27 1.90s, 3H 1.87s,3H 1.915s,3H 1.92s,3H
28 0.99s, 3H 1.135,3H 0.97s,3H 1.28s,3H
29 0.80 s, 3H 1.00s, 3H 1.02s,3H 1.32s,3H
30 0.90 s, 3H 0.815s,3H 094 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 (6 166.6) and H,-21 protons were correlated with C-
17 (8¢ 45.7) , C-20 (S 40.4) and C-22 (8 80.2). Based on
these correlations, an a-methyl, @,fB-unsaturated é-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 (6. 78.8) and sig-
nals of H-28 (8, 0.99)/H-29 (6, 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 (8, 3.20, dd, J=4.0, 11.5 Hz).? The configurations of H-
20, H-13 and H-14, H-5 were found to be  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
(Ag,59 —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 1.

Compound 2 was obtained as white amorphous powder
with a positively optical rotation ([ay® +7.9°) (CHCl,), and
assigned a molecular formula of C,,H,,0, by HR-EI-MS.
The UV absorption at 245 nm and IR spectra showed charac-
teristic bands at 3434 cm™' (OH group) and 1708cm™' (5-
lactone moiety). The 'H- and *C-NMR spectra of 2 showed
the presence of seven methyl groups including a secondary
methyl (8, 0.94, d, J=6.3 Hz) and six tertiary methyl groups
(6, 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 (CDCl, Except 2 in C;D;N)

Carbon 1 2 3 4
1 354 73.8 29.7 27.5
2 27.7 39.8 22.8 27.1
3 78.8 75.5 71.5 177.3
4 38.8 40.2 36.4 74.5
5 50.2 49.1 47.7 55.1
6 18.2 17.6 204 33.8
7 26.4 26.0 25.7 27.1
8 134.1 134.1 137.6 139.2
9 134.4 137.0 128.3 121.7
10 36.9 44.1 394 91.5
11 20.9 25.1 225 330
12 30.7 32.0 31.0 30.7
13 444 443 443 44.5
14 49.8 504 504 50.5
15 30.7 31.6 31.1 30.1
16 27.7 28.7 27.6 27.1
17 45.7 46.6 45.7 45.5
18 15.5 16.2 15.7 15.5
19 19.1 15.5 104.0 41.5
20 40.4 40.7 404 40.3
21 133 13.8 133 133
22 80.2 80.5 80.1 80.1
23 27.7 28.7 279 279
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 17.1
28 279 28.2 238 32,0
29 15.4 154 25.7 25.2
30 243 249 232 24.5
OMe 55.2

showed two protons on oxygenated carbons at J, 3.70 and
3.46. The *C-NMR spectra showed four olefinic carbons (&
134.1, 137.0, 140.5, 127.8) and one carbonyl (. 166.2). The
NMR spectral data resembled those of compound 1 except
for the presence of an additional hydroxyl group (8 3.70, &
73.8). In the '"H-NMR and 'H-'H COSY spectra, the lower
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field shift of H-2 [8, 2.35 and 2.39, 8 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 f-orientation of the hydroxyl
group at C-1 was deduced from the J-constants of H-1 (§,,
3.70, dd, J=4.5, 11.1 Hz).? Also the S configuration of C-22
was confirmed from the CD measurement (Ag,;, —1.680,
CHCL,). Accordingly 2 was determined to be (225)-1,3-f-
dihydroxylanosta-8,24-dien-26,22-olide and called colosso-
lactone 11.

Compound 3 was obtained as colorless needles, mp 245—
250°C with a positively optical rotation ([a] +54.9°)
(CHCL,). 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 (6, 4.60, s), appearance of a
methoxy group at §,, 3.40 and an acetal carbon at d. 104.
The HMBC experiment showed that a signal of the acetal
carbon at 6. 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 (J,, 4.60), H-28
(8, 0.97) and H-29 (,; 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)-3,19-epoxy-lanosta-8,24-dien-
26,22-olide and called colossolactone 111.

Compound 4 was obtained as white amorphous powder,
with a positively optical rotation ([a}3° +94.3°) and
assigned the molecular formula C,,H,,0, by HR-E1-MS. The
UV spectrum showed A, at 243 nm. The 1R 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 (8¢ 166.5, 177.3), four olefinic
(8- 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 DV showing signals for one secondary
(8, 1.01) and five tertiary (8, 1.92, 1.32, 1.28, 0.94, 0.74)
methyls. These findings were consistent with the molecular
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Fig. 1. Structures of Compounds lsolated 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 8, 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 (8 177.3) 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 a,f-unsaturated lactone ring substituted at the &
position. The HMBC experiment showed that H-1 was corre-
lated with a carbonyl carbon (6.177.3) and H-5 was corre-
lated with C-28, C-29 and the low field C-4 (8 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 (6 91.5) and down field shifted H,-19 (8, 3.18) and
the correlation between C-9 (8 121.7) and the same proton.
The stereochemistry of this compound was determined from
the CD spectrum to confirm the S-configuration of C-22
(Ag,5, —1.349, CHCl,) and also from the NOESY spectrum
to indicate the configuration of a hydroxyl group at C-10; the
proton of the OH group (8, 2.05) had a NOE correlation
with H,;-29 (&, 1.32) indicating that the hydroxyl group was
projected with S-orientation. Also the @-orientation of H-5
(6, 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, fapan).
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; 13C, 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 eV. IR spectra were meas-
ured with a fourier transform (FT)/IR-460 infrared spectrometer (Jasco Co.,
Tokyo). CD spectra were recorded in CHC, 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 (0.25mm, 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 CHCl, (81X4) at room temperature for Sd.
The combined extracts were filtered and concentrated to give a dark brown
residue of 582 g. The chloroform extract was dissolved in MeOH (11) 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 (170mg) 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 (1—VIIl). Pool V (frac-
tions 93—124, 5.5 g) was further subjected to silica gel column chromatog-
raphy (40 cmX4cm) eluted with a hexane-acetone mixture (9: 1—4:1) to
afford compounds 3 (67 mg) and 4 (32mg), and two subfractions Al and
A2. Subfraction Al (2 g) was subjected to silica gel column chromatography
(20 cm<2.5cm) eluted with a hexane-EtOAc mixture (4:1 v/v) yielding
compounds 6 (3} mg), 7 (75 mg), and subfraction A2 (600mg), which was
chromatographed over an MPLC Si gel 60 column (24cmX 1 cm) using a
hexane-EtOAc mixture (7.5:2.5 v/v) affording compound 9 (25 mg). Pool
VI (fractions 125—160, 60 g) was chromatographed over a silica gel column
(70 cmX8cm) eluted with a CHCl,-MeOH mixture (9.9:0.1—9:1) to af-
ford compounds 2 (200mg) and 8 (5.3 g).

(225)-3 f-Hydroxylanosta-8,24-dien-26,22-olide (1, Colossolactone 1)
Colorless needles (hexane-acetone), mp 266—268°C. [a]5>+23.8° (c=
0.5, CHCl,). CD: (A¢€,59 —1.498, CHCL,). UV (CHCL,) nm A, (log €): 245
(6.00). IR (KBr) cm™' 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 [a,B-unsaturated §-lactone moiety]
and 55. HR-E]-MS m/z 454.34448 (Calcd for C, H,05, 454.34470).

1,3 $-Dihydroxylanosta-8,24-dien-26,22-olide (2, Colossolactone 1I)
White amorphous powder [a]5*+7.9 (¢=0.3, CHCL,), CD: (A€, —1.680,
CHCl;), UV (CHCL) nm A, (log £): 245 (5.88). IR cm™' 3434, 2948,
2365, 1708, 1374, 1144. 'H- and *C-NMR (see Tables 1, 2, respectively).
EI-MS m/z: 470 [M]*, 455 [M—Me]*, 452 [M—H,0]*, 434 [M—2H,01*,
419 [M—-2H,0—-CH,]*, 408 [M—2H,0—Me—§ lactone moiety]*, 407
[M-2H,0~-Me~- § lactone moiety—H]*, 295, 282.1, 174 and 55. HR-El-
MS m/z 470.34413 (Caled for C, H, 0, 470.33961). ’

(225)-35,19-Epoxylanosta-8,24-dien-26,22-olide (3, Colossolactone
H1) Colorless needles (hexane-acetone), mp 245—250°C. [a]¥ +54.9°
(¢=0.5, CHCL,). CD: (Ag,y —1.284, CHCL,). UV (CHCL,) nm A, (log €):
243 (5.87). IR cm™" 2945, 2345, 1706, 1140. 'H- and '*C-NMR (see 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
miz 482.34052 (Calcd for C4 H,,0, 482.33961).

(225)-A,B-Dihomo-19-nor-4-oxalanosta-8,24-dien-26,22-olide (4,
Colossolactone 1V) White amorphous powder, [a]3°+94.3° (c=0.18,
CHCL,). CD: (Agye —1.349, CHCL). UV (CHCLy) nm A, (log€): 253
(5.81). IR cm™' 3449, 2963, 2345, 1763, 1717. 'H- and *C-NMR (see Ta-
bles 1, 2, respectively). EI-MS m/z: 484 [M]*, 466 [M—H,0]*, 45!
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