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Special Report

B D R & GMP
AT HE
Pharmaceutical Product Quality Control and Good Manufacturing Practices

Yukio Hiyama

This report describes the roles of Good Manufacturing Practices (GMP) in pharmaceutical product
quality control. There are three keys to pharmaceutical product quality control. They are specifications,
thorough product characterization during development, and adherence to GMP as the ICH Q6A
guideline on specifications provides the most important principles in its background section. Impacts of
the revised Pharmaceutical Affairs Law (rPAL) which became effective in 2005 on product quality
control are discussed. Progress of ICH discussion for Pharmaceutical Development (Q8), Quality Risk
Management (Q9) and Pharmaceutical Quality System (Q10) are reviewed. In order to reconstruct

GMP guidelines and GMP inspection system in the regulatory agencies under the new paradigm by -

rPAL and the ICH, a series of Health Science studies were conducted. For GMP guidelines, product
GMP guideline, technology transfer guideline, laboratory control guideline and change control system
guideline were written. For the GMP inspection system, inspection check list, inspection memo and
inspection scenario were proposed also by. the Health Science study groups. Because pharmaceutical
products and their raw materials are manufactured and distributed internationally, collaborations with
other national authorities are highly desired. In order to enhance the international collaborations,
consistent establishment of GMP inspection quality system throughout Japan will be essential.

Keywords: GMP, ICH, Pharmaceutical Affairs Law, Pharmaceutical Development, Risk Management,
Quality System, Guideline, Inspection ’
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ENRZBEN LECRUTEEOEENTDLL
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ICH Q6ADKFICIIHE L LTUTORRYH 5.
“Hig ik, RBE TORBRICHV L MECHE
THERR 25T ZOFETRBRLIL EOFTOH
EIEE (REME FEHADZVIZEOMOEE) 2o
AHVAMLERENDS, FETALGEASEHLZA
FEHE LWL OTHE-DIEEGTRE—HADIkiE
Tdha. HBCHEETS] &, BEShAFEICLHE
S>TRETHLE, RERPHABIAMHETTD
HEREIERT A L 2T . Hisig, BEERo
BLEEANTORSE LR TR LRI LCHEL, 17
BUBICE Y CORERTEETH D054 E LTK
RENTHFTRE (critical) MEDEKHETHA.”

(GMP) .
EmbIcRERMELERT 2 B TLEORIEIZE
DCRERBRET) S EIHOEENRObRTE L.
L2 L, RERBOACELMEREZTSTIERL,
BEHoZF AL S, HE S LERAR BRES
DHFFICVZ A 2T b2 HBN TR TLEY
NEL oLV EnRHMOET ) 2o 8lE - WEEHOK
F & LTGMP (Good Manufacturing Practices) #%1963
FEIKRE T TEERLEN, BERZEDZELD
E4 T, ThZho3Fis LGMPEER s hTw
5. GMPORRICIR B L Z, ST L ICHMEAN %2 H
FEWCT 5, EEMNREEFRISBNELEL 5, S1EE
TETHEENELFRT S, FETHBABTERT
5, BEROBkEZITH, BULRERABREZT), EEF
JEoEREOREE T LI EMNEGITNS, Tz, HHEER
HTI LB L ERE oI 2L, Fho ik
CABRIZEY 28R, BEEBICHTAERLE
LT, B2 RiETshReiityasoi
BERLTWA.

2005 F MITEBARIED A > /N7 b

200241 AR EN20054F 4 B IChifT S BB
TARELWESIISHN L HEERENER LR
FEREGIEIC o ZETHD, SFXKILEIVERE
TUAHEEST DI LIS Y ERESEITEELL, BFDH
PEMRBEV) HREELVWIETRHS. —FTEL
ZREUBERUBHOTFLHENREREHL Lo
oo EFERICEEL T, BEEORIHANOERHIHE
Blesh, GMPYXRHBERZEDEFIZRo/. ThIET
ABRFCRRENTOERIFRBUGHLTHo 2D

0, BiREEEE,OHEREINLI L o7 X
GMPAMERI &M B DRBEMFIC LD I LI L Y, KEZH
ICGMPEZMTbI 5 ¥ LT, RAFHLLCMPRE
DR A RS (AN

2003ELIRDICHICEH (T D8R

20034£ 7 BDICH-GMP7 —2 Y a v 7IZB VT,
EEMMEAREOBIR L ROHHRELEER, HE
WAL RS54 v ELTAMBLETHLO»MEREEN
7o, LEBORBEERICIE, OGMPIER3IFITHID
BIEBEIDTELD, HAEE0LDONEFEMEFEITE
B HE - AEBEFERICEASRIICWRREZE-
TWBDTikhwd, OFERE ZEEEDITHTS
X2 AYNY B BiROEEEWEZ LTWAD TR
ZWwho 2 ZAgThic. EEFGEEIL, 2005FE/1T T
EOWEEFETICBIT amEAHERMOBRIL T L
LI, BEETME BHBELREOHLWIHHEZIY
ARAVREREOBELRE L. &3 "HeEL Y
IRATVAY MEEDSOREEROIA 7427V (B
B oHRE) SRR #M S - RERES
% : A harmonised pharmaceutical quality system
applicable across the lifecycle of the product emphasizing
an integrated approach to risk management and science”
EDETa vEFRLE ChicETERARRQS:
Pharmaceutical Development) BBV A7 AT R
¥ ; (Q9 : Qaulity Risk Management) % ¥i/7=% b ¥
v HITFLILEREL, REMIZEY 3 VEK
DS TI Lo

2EEMTIQS8, QINDZODH A K54 U HIERE
h, BVETIXERISEI BICEEFBHE L EMEH
7. O, UWTok) LERMH S WERLERH?T
b ok (A

1) Bife, HAMICITREAEOMIZIIHENEND S
DT> LEWD. THEBRTLLDICICHR L DT
PRI 2=y —va v 2RBREE Z0ER
DR—RAFVRAIIFTAY PERETH S,

2) EEGOEET ot AIMBOEFZEO TN E LB LE
W EMD. COEAIE, AFICXAHT, FHER
Y— FOERIZE W AENL “RH BBLE,Ch
ol EZ LIS,

3) RETHREEOERLARES T ERTA I LMFELHE
ThbH SFEFTCCGMPTIREHBHOZDL EIZEE
HEE, REHICHT Bspecial cause?FiFANEME S
Bl Asd o 2h%, FEBXZidspecial causell X B3%Bii
BEALRL, RARMREPTRT G- 0BEOEHE
W (normal cause) {ZX T ARITHBBEAENHED
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4) SFSELFANERZIBHALLTF—SE 1
- 2ETIThb. F0OHE HELTWZBLIE,
SEITORBETIRIIBIATI v 7 Ky 2 ANERE
hn, k& IZEDfsrVWTOLRERESREIhoD
HbhH, ZOL)EEEBHMIZTRTRETHA.

Q8, QIDEFTDHE, ISONRETFTY AV O
SEECEELAE VAT A (QL0) L FS54 Ut
20084E 6 BIcREAEESh, BETIIFR224E2 Bl
mEhiz. ICHTIR, ThHDZED20H L Fo4 itk
DBV AT AOEE 2HET S 7-DIWG (Imple-
mentation Working Group) #320084E 6 BiZ&EEK & 1,
Q&A, BEBEFMER LA L. 2010F I IWGERE
DQ8, Q9. QUICHT A HFHEEVA—~T0r I
AEH, B, KE, BIUCHBRTHEINS.

ICH Q8 HHBRENA ¥4 VIZAN, FHEH
BHFRS, B, RETROMBEE BRRUKR
%, BUEMFHIBLES O R, BRRRHERBOA
B/BRLOBEEY, FMELVWIBETREIER-TVL
iRz LHONTVS,

BHEREMEL I BELRE2E TR E&ET
A22t] BIU [EHL-BREA T »HEME—BLT
I TELRETHERETAIL] EHEL TS,
B4 ¥4 0ERIR, HFEEHEHO [RABRROZ
¥l OHICED L) REBRETEIPERTIELETHo
A, EBEICHVEHEITIR%RL, GMPEREE~HT 2
HHt b BmE oz ko,

Q8 CRBEMFELREAVAIATA Y FO#EA
EE HERL, [RAMRMARPHERREZELTES
NAEMRMEIC L VR ENEBNRT D, M7y
4V AR=R, B, RUBELEEHEOMEMNIIHELD],
[BRL-GHEOBAZHEICERETATREOENICH
THIMRERERTIENTE S, TROBERMEINT
LZEMALNE, VAZFHEYVAZEBRICEHATS
h, FRoBELTROWE, FICVAIIRFTALE
FHEPHOLEUBICRILTAILENTED.] EWHEE
oAb s,

HAFEDOS Y F L LCRERERILELHIFLE
ey EE) FHEE S, RERTw5, BIFELLTIH
I, BF, FERUHEER BETHRCHEDLIEHRD
ILHEROKEILL o TERELDOEHEL, Tho %
EETAIRBOBRUMEEZRT. —RIZ, FORFLED
BHL IR A—FHEETHL2IE, TOEEHHIH
FOBBIZRIZLEIZEOREZHEL THET 5.1
ZEHIFEShTwA, —F, HEE RS A%

OFE, HWETENRS A—F 2 ORGMEIZET M
BELDEVHEICD > TELHITRD 72D
FEERFIEIEE © Process analytical Technology : sE Y A
IRAVAY FOBBTFA VAR—ADERL Y, B
BELHENERORTR.] ThHs. BMBFEHRLRLA
BEWR O eH] ST sELTwA. &
nCix, YA ICEDSWHBILFOHE (FERVE
#2), BEMoFEEE2ZIILZ2 L, RPFIHRSh
22T VAR-ANTHETRZRETLHI L, KR
BHFOER, REOBMBMITRAR () oRPIico
BB [VTNVEA L] OREEEZRTTNS,

FLYBESE LTEAZNRL [QDD (Quality by
Design)] &, TRGOHER, HETHECTEYATH
55D TH-T, REX (Quality by Testing) 12L& -T
HEONLDBOTIIRWV.] LWwWHEZHTHA.

Q8F IR SN HEOHELIHAOER L E LS
P HHEL LTOQSRIAMER S, 2008%E11HIC
BEREEIN:, ZOhTEHEROREICKEEE
525 [EEMmEE (CQA : critical quality attrib-
ute) ] DFFEVEREN, WICCQALHETRELDOH
FROBFRLEDD M ERSIhTwD. X, 8
RROMmBEDLIZ, YAIRT AV MEEMIHEN
ZHo, HEFEARVGEAETHOEAEDLETHD [F
HERES | FERETHCEFHMEIR TV,

B OWNEHEORER, 1’8 LAKHET 5 FR X
DULRVIZE-THT B E W) FERIZHRIRLZZ L
DERIIKEL, COFEINZHY, RBEZEOEEFHRE
WWYRZOBEICE Y 2N DL X HIZICHDO &4
KBV THEREF T TS,

ICHQY9 MHEVRISATIAVIFLAESL O
BadRe3C, WHEEHE, FER, —RmkTatx, YA
IATRAY POFY, BEMERARUBRMNUBIIBITS
HEH~NOHE, X BRABMTHS. VAIOERE
LT [EEOREOHRL ZNSRBELLL EOEANY
DMAEHLRE]|ZHRAL, fiEOERL [BEANDOHE.
BAREOFARNEERE/BORMILI2BELEL. ]
ELEROERRMDEDO TS, .

BXioBwT, “YAZ<Ax YA/ R VAZD
FTEAAVE, avibu—), A3as—¥arv, b
a—-0OZELIIHL, RERFIVXAY FOKSH, F
MH, ERi2RHALCTHEATAIL] TH), L DE
HEBRTEIEE, RUIh oo ARSET 1
BIZBWTHMIEA S TWwA, BEAEIIBVWTD
MEYATFLAORERIIZRINTETEY, YRI<

CAYRAY M, BRMLRREY AT LB EELE

REFTHLEV) ZEFHLENIIEYODHE. L
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BFHINLTWRY, 20k, RELGEDOZDDY R — T e P I IR
- ] ™~  ERKERE O HABE >  BRZE > HEOHR

IRATVAVIOER, BEMETOLLRAERL, &HE m— e TR S ety T

VAIRATVAY FOKRW LT 70—F 2 752
ETHHT LAREBBIUTS FI4 vOBER
NTW5,

B LIRS, BA, SR, a¥b iU
AR EA REMREE A, EWefdkEE
B, RUOARL X727 7uy—SHEERMCBITHHE
Bk, KX, EER, KB/ FEEvolti4 794
INVIIhRAREMMEDH LW AL TN TWA.

BEYRAIRATY AV MOREAE LTI, SEICHT
3 R 7 OFEITFHEHMRICIETE, I oREHIZE
FREBEIRETDHILRUYRIAT A Y POEREIC
BUABEERTIIV A7 OREIIHIETARETHAH T
LOZONRFEITHENTWA.

¥, TREZHELT, VARV AV IOBRE - F
EVSHAIEbh, MoOREBEEDOT AL K54
ZVIRITERASORBEL 25 L) REEFA P4 L
A EMHFEINA.

ICH Q10 EERGHAIAFAHFL FS5L 0TI E
FERBHEVATALIE [REICHLIHFUIOWTRE
CEFFEEETICATAV I ATL] THY,
QIOF A FS A4 YIREEMMBHI AT LD—D2DET I
FRLTWA. BWOICE 2L, BEELOUMHERTES
SELE - MEEHESRTAITEL, B il
TEHIODIT4 VT4 THD. X, GMPIZREEE
NTWZRWEEBEOIME, BakREE AEILOMOM
WBORBELEDPANELLZ> TS,

B-EILEAEATRAEL, FHEE LTARSEEEY
BV RIRATV AV MERL, AT AR LO%E
MEZHEL, SHYAFLEFLOLEEERLTY
A, CThicHeE, REHOIE, ot AREMERRY
B E OB, REHDE Y A T L ORI
HBEHENDEYTELTWS, X, [HERFYAZIC
O ER LO7 70— F 2 EEEL5HRAATNE
BE& SfEEFLICRSR, ICHQS, Q9, LTI
QIO FERLAYE, HIRIE [TukanyF—a v
NOFFH TR MAZUELTH] T & EMFIEES
NTna.

EEMMEI AT AETNVORBET A7 DILT
DEARENT VS,

EX2RR
[ ~ATFLEX

RO
DFE

&1

Ko LBIRTEB D, BEEMMAR, g mx
BEERVEMOREOETORR T4 794 7 VB
rEAHAL LTS EEGmBEY AT AR, KR
T EHIIICHEHOGMP 2 #isti$ 5. T/, £EO
GMPSEHEICLBEBINE T LZRL TV,

ROFHL, BEEOIESEMNTA 747 VDE
TOBRBICH LTRETHLILZRLTWS, ZOTF
ORI, EERREVATACBWTHEZ L TES
ZHIFELTWS., —FEToHMKE, S4A 7347 00%
BEREHEUCGEHENS, EROOOFEE, Tibdb
MBERAEREIVAIRA VAV FPEBRLTWAS, &
NoDEEDDOFHIL, MAEDIOER, FHTE
7oRIEOREN I OISHER, RURERNHUEDREL W
5, EERRAVAFLAOBWNEXBRT2LD0TH 5.

[ICHQLOX BT OMBM BN 2B TH A L&A
By aEHREV. 0T, BUTOGMPEAIZ M
ZICH QUOOANFIRMERTH 2. LOKAHSHS. 3l
ORI 7B 2 A 2 EWI M> & & I3FER
THHHLO0, THFENBVTIREELYE, oF ) 8L
BIEEREANNT 2 M HEHEE (GQP) &ML EM
Lo TVELDQIOOAENDE { B HEIZBWTIE,
TTICERNEHREZoTVWA I EERRLTHLE
Vb,

EEMDBESRAFATL K54 Vi, 20034 DGMP
T—23vavy TR [EEBZZIOWTEWERIVR
SNEWEOTHRERAF ) OSFIME LTHF ST
7o TRCHIZ, BESDOZ )ty v, ~~y v EED
5, ¥T75A4F x4 YOBILANEFLARL T P LI 2
DR, F4 FI4 AEROBREBICBVT, S¥H
DI [EBRME VAT AR, REcihshtn
AREEOTEL &Y, Wk 2R HEERUEA
UM OTOEBRULY 2— 12 TRA. BRI,
NEEHEERUBABHOHOEBE 2 RIET L7200
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TULAREBEINTVWLIERHEEETS, RRYE
FHEZHES.] Lv)mianein - ks hi.

QU TRBEHMOPEDDIZTHFTIAY P L2 —
OBENEHAEATVSE, TOIFIAYILVE2L—D
eI ENN R REBELEBICT LI ESEELR
Twa, BEEREBVYTIREAGMPIESHICIIEBE ST
TWBLOO, ENEGE EHE A4, BE) iR
DRERENEIN TRV, Lo T, HERHED
Lt o iciEREREY FRETAZEIAERHH LR
bh, SHMEBREOENMLEMNIEEE 2 5.

BEFBHEMAIEE

20054E FEAT DEESESHES & UICH % & EIBRFAMIEE)
PET 2, GMPH A Fo4 Ve - EEMME Y A
F AT ARFEHS B X UCMPEETE: - GMPEE
YAF AT ATEIT OREEE - REZUTIC
B5,

GMPH A FZ 1 1B - EERMREY AT AIKHETS
e

SERIAEREICI,

[EEROMEHERD 2D, BFCGMPEIENEARES
LLTRENTWS, LAL, ZONBRABN BN
wweEh, BANLERBHRGEY AT LAOERD
HFRIVBEE o TRV, 0, ERDERE, W%
P, ITBOHBISEZID & MR RIHIS Lo mE
VAFADHYFH - FHEET LY, Fu—OVHERT
Lt E LCRBETILENDS.] L LT, HEVR
Fh, WU - H4 FS400bYE, HlisE - %
HEE, ABRZOEH - TREREERBO4DODT —
~EL)BIF, WEFLEBLL REVATAICHETS
BEtcid “REREIATFLAZHXEL, EHTAZL
kb, EEMGR) BEERICRLIETOMELEH
TEHIERPETL S22 &0EF2MBL
7o, BEEAROWETIR, EHRREZLIYIRLTTL
HAHZE, MEISMOKE L HAEEHEE - METHERE
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Special Report

HE - FRUEB LURATONGIBEEANE L TOER

UESESSE

Yoko Kawamura

A number of endocrine disruptors have been reported in food contact articles and baby toys mainly
during the second half of the 1990s. Bisphenol A, nonylphenol, phthalates, styrene dimers and trimers,
and their transision are described in this article. Bisphenol A was found in polycarbonate tableware,
nursing bottles and the epoxy resin coating of cans, therefore, it was also found in the canned foods
and drinks. Polycarbonate is now only slightly used for tableware or nursing bottles in Japan because
consumers refused them. The can manufacturers changed their coating material to the low bisphenol
A resin or PET films and voluntarily regulate its migration limit to under 5 or 10 ng/ml. Nonylphenol
was found in most PVC wrapping films and gloves. It was generated from an oxidant, tris
(nonylphenyl) phosphite. PVC wrapping film was extensively used in markets, thus many kinds of
foods were contaminated. Among them, fillet or minced fish and meat contained it at high levels. In
2000, manufacturers voluntarily changed their composition and all wrapping films in Japan no longer
contain nonylphenol. Di(2-ethylhexyl) phthalate (DEHP) was found in PVC gloves, which contaminated
packed lunches and hospital meals at high levels. The government prohibited these gloves for all food
contact use in 2000, moreover, other PVC food contact articles containing DEHP were prohibited for
contact use with fatty foods in 2002. DEHP was also found in PVC toys which was prohibited in 2002.
Styrene dimers and trimers were found in PS products, which migrated into cupped noodles after
cooking. No changes have been made in them. In Japan, the exposure to bisphenol A, nonylphenol and
DEHP have been significantly reduced and people also have more concerns with the safety of food
contact articles.

Keywords: bisphenol A, nonylphenol, phthalate, food contact article, baby toy

The Endocrine Disruptors in Food Contact Articles and Baby Toys with Their Transition
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RIRFVEIEOREE/ - LTHERESNS, 20
E»7 =/ —VElE TEERY ATV, KYHFuk
v, BYTYL—-LOEH, HILE-VvoRER, BIL
Bib# R LR END, BE - AREERIATH
BENWBEXT72/7—VAD, EIZRYA—FEr—- &
IHRFHIETHS.

cH
o O£
CH;,
1 EXZ71/-)VA

1.2 RUBH—Kzx—P
RYH—FEx—1bt (K2) &, FX¥EAT7x2/—-NVA
LA N RN OEGFEICL Y RE I 2B EEH
Fac, EHTHRREZLE, Wal @aticsOh, 8
HTHBIZLH. Z07k0, 1990FE/RIZIIITIIE %
WBHER WMEHAER ~7hv 7, a—e—FYon
—, BFVyVHBE, 7—F7utyy—, H$I535F
=, FEHIYS, DAL= —RKEIIDPADEBLYL
A IR T,
HRFEAEETIZI93EICHE Y h—Fr— FEBE - &

GHs
D
CH; o
n

K2 RUH—-Kzx—F

®1 #E - FHARRUGEHL SBRH SN ARSRREGHENE

Ry b iR (B AL VRN
EA7x/—IVA PCELUrE: - (37U, &€RiEI—7 1 v, PVCEIKHE
J=NVT7x )= PVCES v I74 VA« TR Y
TINVEEARQ-ZFAFIN) PVCEIFERE - N7 - BEFx v TV =YV 7 TR Y
TEINBETTFN PVCELF4E - It
TINERYINTF N PVCHFLE
TIEYBEY2-TFNAFINL) PVCEIS v S 7 4 VA&, F45
AFLY (£)<7-) PSHL
AFVIVFLR— FYT— PSELE, ’

plertTFNT 2 ) —
Ry T2 )
PYTFVARX

§h

T3AF o - TaBam (AR LK 5 H)

TIAF v, K- RS (4 7%, RIMUBUIRH])
PVCEIFR:, 2 v ¥ 7 v— b+ (REH, mEHEH)
PORES: (ROZE), SWHMAE - Ut (ife#l), Y¥a—o—2IRes

PC: KU A —FKFZ—F, PVC: HYIELE =N, PS: KYRFL
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BEABEIZOVWTY R T2 ) — VA (72 /) —VBLIDY
ptert TFNT = ) —NVieElL) OEHE0ug/glh
T, BHE25.g/mIUTORKEZRELTVS,

TRERICBITLER 7/ —IVADRERIE, YR
HESFT5~80ug/g, 1ZFLIET 18~37ug/gThH o7z,
L2L, RV A—FRE—FOEAEIEVZ L2 HEH
B DIZC L, K2HWRST 05 MoBHRERIC
BUTHHEBALT ND~39 ng/ml, {33 T ND~
05 ng/ml GEEMHR05ng/ml) THhHot: (F2)2.

MEAERICOVWTR, BERTClREE, tY-—7
MW, A—=T% L 2EHRABRTHREB IR d o228,
BMERTIRMEABAOEREHWAL 2 A1~67 ng/ml
DEMAA SN, HIKEHTIX03~1204 ng/ml (FEE
115) LMESATVD,

72, LS, BFIEOFRICBIABHEIIZIZ
ZEBR (03 ng/ml) UFTHo73%, H#piEFEL360
EIZHELEZDDTH04~05 ng/ml, HETHEVEL
TEREMFALLZDDTH03~25 ng/mIThH b, EH
BRENBEHML R o b HELTWS Y,

F7z, 1974 ICRAELAWEHA Y SIRARROEX
Tl —WVA, /)=, ptert-TFNT ) —=NVD
BETEHENS00ug/g A, ERFAEBERE LTH
HEOEHEFERSNIFHETE, EXA72/—NVAD
EAHEIX379~59ug/gIilE LD, FOHHEIXL29
~190 ng/ml& ZHIZEBE b ot (#2)2.

R A —FKA— FREORKBEGPICREFOLERT
=/ —IVAIRIETHIENIZ, BYI—FF— MIEL
IRV —BHOEE,L 10T OFELTERA T =
J—=WARERTHEV) MDY, ERLIZERTY
=/ —VALBEBPICERET S, BbaRE B K
&, TVHY, BILEROKELETRESNS D,
BALEE 2 ECHMOMBBRETE, ERLLEOTVS
Y et L INBEER L EIC X S RN 5.

Fold, AaERBOELT ¥ Y2 RNEh&
BoOHFRNEHLZLINDEIYVER T ) —VAEEENE
v, 7z, RKEDRRFEDRZVER LAKEHAESR
TRPEBWERAR LN, 7h ) EERIMEAE
BICE DRI —RE— FOFHEMEES N2 LI
HEhsz T BEFOFETHICBHEN S
Y, REEL LT B30I L7285 AN SR

RRETH I EAPHLEES N E51C, RBDH.

HFIA D SR AR ORI D EF RS OB LE S
PEALS A HM AR Lz it o 227,

RYH—KA—=FIMEPICER 72/ —VAZEF
5 ~200pg/eBEEHT LA, BHHEIF—#IZ5 ng/ml
UT LB,

%®2 RUD—AKRZ— b MIRBOEXTz/-IVARE
BHLUBHEY

- " EHR e

X% R (pg/g)  (ng/ml)
<*7 AT -1 B 43 <05
RTAhvT-2 Hf 49 <05
25 AhvS-3 EH 5 <05
-1 B 47 26
g HFi- 2 =T 80 39
o 3R - 1 & 20 05
13308 - 2 EH 20 <05
137 - 3 EH 18 <05
37l - 4 ZEH 37 <05
127 -5 EH 12 <05
NES Bfs 319 155
ﬁ RTAvT Hf 599 159
5\ A=ThyT Bt 596 129
il Hf 431 190

BRSBEAT2 /) —=WVA, Fx/)—=N, ptert-TFNVNT x
J—VORHEHRIS0,g/gEBANEERLDD
B RER S : K95C 3041

1.3 IXRFIHEE

IRFVBERIIEA 72— VA sune Y
YOEMEEMTHY, BEaGHFTRIEEONTI—T 41
YIZRIES AL RDED, HHREORE, SR/
NWADEEREIERShS, -

IREFVBIRICDRIEDEA T =/ — VADRET
B, TRFVBEISRETEREIMEN ORI
BHLIZSW, LEL, ZRIFIBROT S AEBET
HBHIUCTZBLAE, RI)—#HIBRABREDIEES
WKEHT S 20720, BARZREL-oLMEmS %
THEERPV MV IERTIIERA 72 ) —VADOBITH
Rohs.

19904EMRUTIIIEA D 22— —T213 ng/g, #LZET
ng/g®, I ¥ —7T602 ng/g, A4—ha—rkE
T ng/gh ¥, BEEODERX 72/ — VAL
fn, fEEEL LRV VAR SR XA, Fhb
OEFERT, ARRRETIRIZEALKRHBBRUT TH
5729 (£3). Thbh, ¥AT72/)—NWAILLBE
ERIREICEI =T 4 TRV IV IR ST I R

FOBEEFICHER SRR U ERR L HRIE R
7.

ZIT, ROYBEOREER TIX1990EREEI SEH D
—F 4 VY TORREED, RYLFLYFLTZV—}
74 NAZIPGHYELLY, ZRKFIBBFOERA T =
J—=NVARFELTKIBIZERT A LICLD), HIOHD
¥RA7x/)—-VABHEZ KBRS ESR®RT. 18
L, 579 Y FOBAFIZDOWTIRIZE A EXRIBHYT
bh§, EAT7z2/—-WVASEERI¥A L TRV,
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%£3 BARPOEXT7r/—-ILASEE

gl frsh BlE RXEHF X

fit(ng/g)

EkE o—ve— 11/13 213 5)
¥ 4/9 90
B v—ar¥ 5/8 22
E—, Uh— 0/9 -
R, Va—2A 0/7 -

i a—-r¥—-7 8/8 602 6)
Al 171 212
A4—ba—vKH 99 75
¥4 Xk# 1/1 2
AT A7 1/1 73

L Rt 1/1 11 6)

il b= b=} 171 86

E8Efdh W 1/5 22 6)

k s s 2/27 6.2
Ny—, Ny 0/6 -

LIE 3 0/13 -
RE 0/3 -

ERBE a—-r¥—7, W, Bt P b=}

10 ng/g, #Dfk : 05 ng/g

1.4 EX7z/—IVAORZBHIIER

YA7z/)—NVAORFBKRELERIIOWTIE, 1938

#£1ZDodds 5 ® APPEAHH T v b EHVWLEEZA b O
V2 VDAY ==y FRBIZBWTZA ba Yz Vi
BAEETHIEXMELTVWS., Z0%be MY H
FAMCF-7% 5 v P FEMIREESICE 22X badx
YLt T I =L DESEL EDimn vitroRBRDIEH, F
BEEOHM HRABORE, WMERLRORD, EHF
¥, EFFRO¥D, F1 (IP) CToffiiaE, H4AEF
BORLLEEBSE L OHENRHY, KX 72/ — VAR
WY AW RAFEHEF O LRIWLITH
5% 1L, HRHOEHRRS TREFRLHEFIZE
ERTEIEI L) BEARMEZEIZHEHIA T
T,

1.5 EX7x/—IVADRK

A H—FF— PREBRRIIILEIZOWTIR, &kHE
TIHRO L S ICEEHIMEREZHBLDIFLAY
HBLTBELT, REFABRIRIZFLYF 75—
b, FU7u¥Ly, @{tREHRLE, BILERIF IR,
R T2V NF AL EEoTwS, F,
EEOEHHPEHESRFIIRZERA 7 2 /7 — IV ARG ER
SN, TS RBAMERASICEHAEAETIZI0 ng/
mlElF, SBEHETIZS ng/mIFE v D TERVAE
HENREINTVS,

19904E%, BEADE A7 =/ — IV ARZITERH,
BiEa—e—»o0RBrRLKEL, BEMIZED

—b—2RATVIAR—HIL Y Bt pg0Rfr %
FTwikENEhs, LarL, HI—74 77N E
Eha S HRANORBRIZKIBBICRA L.
BRHE G Tk, WS EELo I % 1) T20024E 12
TDI 005 mg/kg bw* 5 ETDI 001 mg/kg bwil%

HL, A7z /= VAOBEHBEMED3 pg/mir506 -

pg/mll5l & Fif7:. Z®#20074 2 TDIIZ 005 mg/
kg bwiZR S N7zh, BHHEEHEZEESA TV,
—%, ZOMOETIZIZE A LHEHEIZTDRT, RY
H—Fih— PEERVYA T2 /- VAR BEBEICEHT
LEREVFOTIMAENTEL. F0720, 20074F
ARSWCRERRHERSFME 2754 (NTP) ©
EA7x2/)—VARKRFS 7 FOBREREICIIEE
FPESIRBEETELRVWEV) AEILHBEORENE
Th, UK LEAMEL ko Z2LT, 237,
KREDOYHIH, IAVIM, axFhy PHEETEH
YA —REF— FEUZAIRDIRIEA S & h, 20104 1
H., KREFDARIIAESCERGICBIDIERA T/ —
WABBALOE) & 23 5T5 E R L. BE, RPE
DEGREFAS, BKMES, RECTHE LIRS N,
1A CIIWHODSHESHEA FE STV 5.

2. /JZih7x/—=lb

2.1 =7z /=i

JZNT 2 ) =Nk S NVEDOGENRR IS HOR
HHhoREWTHD (K3). BrEFL LTHASRS
A F VREEEH =V 72 ) -V 3V L— D
SEmTH Y, W EoFY, AEOMBLHEL 2
27, TITRAF v 7 BERIIOBRIFNA LI,

HOOCQH19

3 /=71 /—-)

2.2 HE - -ARIEHO/ZNVT /=)

B = VRS hoRFED R 2HRELLRIZ ) =
V7= VHARHERLY. 2ok RYRAFLY,
RYG—FKE— o EORE - FHUEILD /=N T
/=N ENREY, ST —VEHRYE
Doz RIIEAEZWVES Yy T T4 WAREST
530~5500ug/gE L TCEY, RYXFLUHOMBN
BTy 7RFEY A —F3— MR ORTEFAONR:
(#4). 37, TnoD ) =N7x ) — VHEALR LR
ELTIRMENLZIIR (V=72 =V) 74R7 7
A (K4) OFEYTHHZ L HHEZLEY.
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J=N7 x /- NvikEEIE WD, BiitEE LR
WEHERRYE, ILEETTOESICERICBITT .
JENT ) —NeEGRTHT VT TANAETEELT
GHRECTURMGRET A &, BERPRETIIHYS, ~7
OOFH X HLEEA TIIR0%HBEMIBITLLE (£
5). MROM, W, TE, RERESOEMDPS/
ZN7 =) =R SN, SRS IINSENTIET
RCDA—=N—=—F v bR/PFETHEH I TV,
RYEAY VS v T2 oV AICHRT S LR SR
7=. :

2.3 =7 x/—IORFBHEEIER
o7z /=g, b FILATAHIBBMCE-7 % 354
SE-Y, BEBRS Yy FOFEABELTEEESEL LY

®*4 TIXFyIHBE  BRIBKRD/=ZNT )/
—VERR"

' BEEH
I 313!1= AL b2 38
FyiEfkr=n TGy TT4LIVA 10710 2,600
F45 4/4 2390
paes 0/10 -
AR 3/10 1,300
RKIAFVLY ffvigCcay 7/ 5/6 499
B 2/3 30
ZDf 0/21 -~
FYA—Kr—b+  HRHER 1/9 84
E&7R: 174 324
bl i = B < i 1/8 51
Z D1l 0/36 -
ABSHHiR A 2/6 143
SB# R o H 1/2 210
i) e L o g UL FREY 0/53 -
ASHHR fre, HEHFHLE 0/10 -

BVEE=)FY SoTT7a000E 07 -

ABSEfg : 7o7yu=tryn . 7¥Ixy - AFLUEIR
SB#lG : AF LY - T ¥ P UHHR
ASHIG : 77 ya=1FrYn - 5L U@k

CoHqg

o
[

P<

JOR S
CoHyg CoHyg

4 bPYXR (/ZWTIZI) 74XT74 b

®/E5 RUBLLEZNRF YT I IVLDPSRBEAD/
7z /- LD¥T

R BITE BITE

(ug/cm’) (%)
¥4 ar 0.09 32
AT 8% 017 6.2
HRF ¥ 0.26 93
Aary 0.31 114
Iy FLRREYD 0.20 7.2
KI5 044 158
ME AR 0.38 13.6
il 0.67 241
< /u sk 1.02 36.5
I—pv—2 026 92
INIIS—=T 0.35 125
aavy 043 156

BATSM © 5T 24BFRIRAF

I MYz VBERERT. £, HET v FOBESE
Y, BREEBSHTEROEY, SoIlHRFOHS5T
F~BOEFERET, F~UROBBOREL: S35 R
SR, WEBERLEN - REBML O LR LA
TwaY.

2.4 J=n7z/—IVOBR
BHPEORYBEAE=NVET v T 7 4 VADOFERIL,
000EFTIZ/ 2N T ) —VEERLEZVESIZTY
2 BETEA—-N—v—4ry NCHEBELLT Y
77 4 WAOEFIRYBELE =V DS OEMITRE
h, ERNTHRETIRIVEBME=LVES y T T7 104
JENT72 ) —NVEESHLTWERW, Zhiztkb, &b
EoRBHD ) = V7 o/ = VEFRIZER L.
—%, B CIIRE - AReEPO/ Vv T/ -
AT B BLEERIZEBE L dro 7208, 20084123
AMZETFE R EREE - AHRABICBITS /=
7)) —VORGFEBEARLBEL 20TV,

3. 7RIBIATIV
3.1 7HIEBIZFI

77 VBT AT VIR, TR T B LOICAK
BlgEnEhsTEAcd 2. hTedRYELAE=L
L IABEAROTRIFT, BHCIGLTZ 7 VEET R
FVEZ1%BUT2560%% TRl T4 R F#kiEr
bOMBEELZ LHTED.

RFEML T ZNVEZATVRTBHTH L7 7 VEY
@Q-xzF~*xv V) (DEHP), 7 ¥ VBT T F IV
(DBP), 7 ¥ VEBERVIYNTF NV (BBP), 7% VEEY
4v =N (DINP), 7% VEEY 4 V5 ¥ (DIDP)
BIXUTZ7YNEY w4 2F 0 (DNOP) OHEERXEN
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S5IT7Y. WBAICIRE L OHENH DA, —EAHRT
B77NVEBETQCZFUANFYN) PRETHRDORE
HEBEhTEY, TERAOHTO%U LD 27 % h
HTWA,

3.2 3RE - -FRAKPOIZIEIZTIV
AYEALE = VRGP OTHANI DWW THEZITo 1
(6)Y. BE -AEBAEOILI YT T4 NAIZDON
Tid, REM, £HHAL L 1 K25 5DBPA
R ENADOART, ELH2WMHARTIEVEYAY
J=n (DINA), 7YEYEY-n-+ 25 (DNOA)
LBETHol. T 774 NVAIZDVTIE, 1980EHIC
DEHPIZR & VORI 7T VE VBEn 27
FuEohl, I, FHRIEEFYIE{LE= VTS
% 1D WHARIZ P 5%, —HDEHPAHER S hTw
o, =%, AEAFRE BFOEVRERTLEFOLD
b EVHANIDEHP T b 24.0~380%, BITTHAI L L

i /\l//(i?‘/\
o) CH;
O\/E/\/CHa
o CH,

Di(2-ethylhexyl) phthalate(DEHP)

o) (o)

o.
CgHyg

o) o
Diisodecyl phthalate (DIDP)

Diisononyl phthalate (DINP)

o
o)

o

T7 VY UBEY @ F v~ )V) DEHAHT39~170
%afsh v, F-—# TIIDINPSBBPH R &
(G AY AN

I990EMR BRI Y =9 1) 5 346~11,800 ng/g,
HEEE A 510~4,400 ng/gk W) BiBEODEHPA
ShHEE oY, avVoRNORBSHRIE
1&8H7:953mge%Y), 1ETHAE—HENELZER
AEThol:. ThOLOFEREREZHARLEI S, AR
R DI SR YEE = VEEWIETTS
POBITLAZESHBALE ChbDFELIIDEHPE
INBRESHLTE), Wb IHMEERLZTTRLY
DFLARLZ EBHEREXZAEBCRVARIIOES
BT L. 3, BREOLDERINLTB%TY ) —
Vit o THER~NOBITHEE S e,

ZZC, EAEE (48F) 1320004 ICPVCEDEHPE A
FHREAMEBMLUTHERA LIS ICERMLE. &6
2, RYBLE=NVENL S, Fa—7, BEFY v T

o

0/v\CH3 0,CHz

0. _~_CHs

Dibutyl phthalate (DBP)

~CqoH24

“CqoHzy

O _~_CHs
o

Butylbenzyl phthalate (BBP)

o]

CgH
o~ “87

O.
CgHy7

o :
Di-n-octyl phthalate (DNOP)

H5 RKBMHLEI74MBIIFI

%£6 FUBEEZILRLhOF ]

o FOMT7 ¥ N Kl

ke DBP DEHP DINP K5 T % 5 b DEHA DINA S
REMS v 771404 0006 (1/8) - - - - 210 (8/8) 350 (8/8)
HHBHI v 774048 001 (1/8) - - - - 170 (8/8) 98 (6/8)
= - 0056 (4/10) - - - - -
T4 - 380 (474) 100 (1/4) 32 (1/4) 170 (4/4) - -
£ 13 0.03 (1710) 380 (5/710) 450 (6/10) 260 (1/10) - - 021 (1/10)

BANIBERERE (%), () WidkilE
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D=7 EICHDEHPHER STz &

5, 20024EIZIITHIRB S OB EREZEE T HIEMI

DEHPEA R LY =V aETL I L 289 L7,

ZD LS ZDEHPR2 AT ARYEALY VB OMR

RSN, AURHRAEZRILOERPODEHPEFH &£
RARIEICRA L.

3.3 EFOT7RIBIRTIV

WS ESRIE E 72 o TW219974E, RERE
itk Y E— AR EE DR VIEALY = V3R EIC
DINPR°DEHPR10~50%EH ShhZ & FHELI.
FAE DA T H DINPA 108tk 6 Btk 527~45
%, DEHP:5 Mk 5024~38% & S h, 1ZIZFEH
DRERTHo7z (%6)°.

AHROTEPSD T I NV AT VEBRLEET
5120, RBR2OICEATERNOEBEREZRIEL,
FAYROTHEENSOICL DR ANLEFHERE
L72®, Zho#zd izt LA B0 BlkD 7
SVBIAFIVEERIEZ TYFANVOETIIEY
148ug/kg bw/day, 9% % 4 )Vl 13 485.g/kg bw/
day, BL+AD2ED2 LOICANBERBEKIBRE
b, 2hEFN214B X U115,g/kg/day T o 7=.
TAEEETHVIREY F Y 4 Ti368.7xg/kg bw/
day, BLAEY Z&0 5 E177ug/kg bw/dayTh Y,
W% ZDEHP®, %% IIDINPORAE—HEBNEZB2
Twiz,

22T, BEHEEZII20024E 128 EHE~DODEHPO
PEIRL, FBLeR RO L2ERET
BZIMEIZOWTIIDINPD RS E L.

3.4 T7HINBIIFIORMBHEIERSLIUSH
77 VEEIATF VD) LDEHPIR, T Aad L

E7 5 — L ORAERFUR, Ty PRI T AOMRE

B, v by HRoZREL, BEEROELD, BHES
R, HEBOEE, PHIRELEDIZS, BEICERS L
2 EOEIEE, BFOETFRRLAREORD, FICBIT
ARETHOWME VS Twa, T4, DINP
IZoWTREFEEF— 7+ aTidh vy, FEBLIUF
Bicxt s ERPLEARETOREFEEFHES LTV
P, HEBIUCERFERZEDLA TR, EERR
20024E42, DEHPIC DWW CIHRENEDS STHMRBES
HE2 b LICHE— HERE %40~ 1404g/kg/day,
DINPIZOWTIRFRB I UFEHEERDOHEMZ D LI
150pg/kg/day & E 7. '

FRYUSN D7 I NVEBELAFNVIZOWTIE, DBPIX
DEHP & R0k N EN, AMBEHEL PR O,
BBPREHAEICBVTHBESN, SMRAEHER EH

HENTWwWA. 372, DIDPE X UDNOPIcDW Tk
W7 — 7 B+ TIdRwAs, FBE AEEREEDSh
THESHT, BHETRAFENZDOONS,

3.5 ZENBIZFIORE

WEICOWTE, EURIMEIC6HED T ¥ VR~
AT NEEGESRBIL, 2005FICIEBHE Lz, F74,
KEIF20085EICEU L IZIZE UHHI Z oo, TAEIL
R @ X 9 1220024E % 5 DEHP & DINP % # % LT & /-
A%, 20104ERK X b 6 HEE D 7 ¥ VEET A F VIZHE & I
AL7.

—%, BE - ABAEITOVTIE, HAETIZ20024E
oMt L EMT AR AL VRSGE - ARE
F~ODEHPOEH % #1E LT 525, 20074 121XEU
HDEHP & DBPOH il 2 JEihtE R dh L B3 5 2 BT
€L, ¥7/-BBP, DINP, DIDPHilitd ML BT AE
BEENOFEHEEIEL.

4, AFLHELT— PYT—
4.1 RE-FRAEDOIFLUEHELv—-PUT

BRARY 25V Y EGRICHFEET A RaLEW 5
ML CNMRICX DistRELZ LD, RYRFL Y
DERTHIAFVVIPRHELIZ2EBHE (F4<—) O
24-di-phenyl-1-butene, 1.2-diphenylcyclobutane, 3 &
(MY <—) »246triphenyl-1-hexene, 1-phenyl4-(1-
phenyl-ethyl) tetralinZs ¥ Cdh -7z (6)7. zhs
ALERIIEIAF LV OEETE, RIZBEATRED
RIRISIZ L D BT 5.

RYRF VL BmbiZiE, ¥4 -5 90~1,030pg/g
(E3H380ug/g), b Y —H720~20770pg/g (F35
9210ug/g) HIEL, ZO2/31F S5V VY REBD L
Y—Tholz. TNHLDOLEWIE K60T 307HMT
EHIZA SR wds, EHERoEEtE T 5 &
BHELWMLL 2y 7EICREZIEVWCTHET S
&, A I—RERM VY- XA TGN
FRoN o/, ¥Y— PREBEEHFTERALL~
624ng/ml (1 BH7- D K338ug) O MY <v—DRT
MHARLN, BITRIASHEDOSHE, EROEWE
B, WBEELREEHBEIAL LY.

4.2 RNFBHEILERERRK

AFLVyFA<— PI—RZAtadzrsvi7
¥ — L oA TFEMBERASRE SR TS IED,
BEKICBRETACELICLY, —8D MY —THFDILM
AR HEREOEM, MER, WIRERB IV
FYHIBROBL E EDVBEShTREY,
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551285 (2010)

1,2-diphenyl-

2,4-diphenyl-1-butene cyclobutane

M6 XFLHAT—-

Ay THRh y TA-THGO—TIL, BHRELFYR
FLUPOMZEELL. LrL, KYXFLVREES
HMORAFLYFA<w— - PY—DEFHEIBEDITL
AEZLL T,

5. T0fb0{t¥HHE
51 N»J7zx/> .

Ry 72/ VRIA ATV LET S — L O#HE
HIIZEAERVA, KBILEh b L HEEHEIlH %
D, X HBMCF-72 3¢, KRE®RIT v bOF
BREAREFIERIT. XrV7x/ YKBILFRBANT
Ry 727 UHoORBIZEVERT BIE), B3
WXH E LTTIAF v 7 OI3H, 1k, HEETIED
WHHEHENS., TS5AF v 7 CRESBIZEA8GF
DLODELEFHEL2 ), GEINIABERLOES
FUC X 2L Bk 2 BMTRMEN 5.

EREBMRAZEDTFAF v 2 ICEHEhERY YT =
JUVHDIB, 22 FOXF AR MR IR TSV
22V FuX VAR NS IRYY 72 ) VIZIET A
tedzrresr—LofgtErZvohns. i,
RV 7 2/ UREB LR A b oY Vg2 KERME
OBBBIZE o TEh VS EEEMABERL
27 FaF IRV 72 UHBRLBMWIERERL
7:20).21).

T, RUVT ) VRZOFEHRITRIEE LS ¥
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Researches on the in silico prediction of structure-activity relationship in the regulatory
science sectors

Akihiko Hirose

Requirements of in silico toxicity prediction system are increasing in the chemical risk assessment

fields, as well as in toxicity prediction at the early stage of the new drug development process. Recent

amended chemical registration rules require internationally the risk assessment of huge amounts of
existing chemicals. The (quantitative) structure-activity relationship ((Q)SAR) models are considered
to be most effective tools for the acceleration of toxicity evaluation. In Europe or the United State,
several research projects for the development of the (Q)SAR models are ongoing. Following this
introduction, four researches on development of i silico prediction systems for (Q)SAR in the NIHS
are reviewed. These activities must internationally contribute to the integrated chemical risk
assessment approaches and/or could assist in the new drug development work.

Keywords: structure-activity relationship, in silico toxicity prediction, risk assessment
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Computational study on drug design and prediction of bioactivity for regulation of
non-controlled psychotropic substances

Masaaki Kurihara

We demonstrated design and synthesis of rescue ligands for agonists of the mutant vitamin D

receptor (Arg274Leu), and performed QSAR study of non-controlled psychotropic substances and

docking study of non-approved or unauthorized pharmaceuticals, inhibitors of human phosphodiesterase

5 (PDE5) using computer simulation.

Keywords: drug design, mutant vitamin D receptor (Arg274Leu), QSAR, non-controlled psychotropic
substances, non-approved or unauthorized pharmaceuticals
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Fig.1 VDR-LBD and 1a,25(OH),D;
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Fig.2 12,25(0H),D; bound to VDR
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Fig. 4 Modeling structure of the rescue ligand bound to
mutant VDR (Arg274Leu)
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Fig. 5 Structure of YR301
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Fig. 8 Modeling structure of YR303 bound to mutant

VDR (Arg274Leu)
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2—1 QSARZHAWEREEVOEMTE

BEFS vy 7PREGHGHEL TV, £2
T, EHEFS v 7 EHSLPICHENT 50101, BEF
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KiRarv¥a—g 2wk vy aHiEzRET S
TEPRETHD. I TRERIAT LV EDDHL
LTEAFNRAMAF />~ (Fig 9) OBELTRRS.

NHCH,

Fig. 9 Methcathinone

ERETFRR 2 O2OHETITo/z. 77—7374T774
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Wh b{bEEHE Yy #— YMOE (CCG#) 2w
o, BHEXBEHMOEHE LTI ~100{bEHE AV
7z. (Table 1) EBMEIXHE)-7T¥ 723 (1 mg/
kg) THALZT Yy F2HVWTRILRBZ 7o B0
BEEOMEAEY 1 ~100FEEEM (ED, M) %RHA
L, ZhENROFETELAF VA b HF 7 ¥ (11 oFHE
% FH L7

1. Amphetami
o
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2. Methampt i
o]

5. Methcathinone

m’hh

irethyl. h
3. Dimethylamp
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6. Ethcathinone

o

O Vs ST €
NHCH,CH,CHg o NH; <o NHCH;,

7. Propylcathinone 8. MDA 9. MDMA

(o]

<o NHCH3

10. Methylone

Fig. 10

Table 1 Psychotropic substances

No Psychotropic substances (EJ?)c:\:ltlge/slzg)
1 Amphetamine 071
2 (#)-Methamphetamine, 049
3 (+)-Dimethylamphetamine 292
4 (%)-Catinone 071
5 (£)-Methcatinone 0.37
6 Ethcathinone 0.77
7 Propylcathinone 2.03
8 MDA 2.29
9 MDMA 164
10 Methylone 2.36

* T. A. Dal Cason et al, Pharmacology Biochemistry and
Behavior, 58(4) (1997) 1109-1116.
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Fig. 13 Structure of Sildenafil
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Fig. 14 Structure of hydroxythiohomosildenafil
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Fig. 15 Modeled structure of hydroxythiohomosildenafil
bound to PDE5S
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Application of fragment molecular orbital '(FMO) method to biomacromolecules

Tatsuya Nakano

Kitaura et al. (Chem. Phys. Lett. 312, 319-324 (1999)) have proposed an ab initio fragment molecular
orbital (FMO) method by which large molecules such as proteins can be easily treated with chemical
accuracy. In the ab initio FMO method, a molecule or a molecular cluster is divided into fragments, and
the MO calculations on the fragments (monomers) and the fragment pairs (dimers) are performed to
obtain the total energy that is expressed as a summation of the fragment energies and inter-fragment
interaction energies (IFIEs). In this paper, we provide a brief description of the ab initio FMO method
and demonstrate recent applications to the biomacromolecules.

Keywords: FMO, IFIE, MP2, ABINIT-MP, FILM, CAFI, VISCANA, IFIE Map, BioStation Viewer,

CDAM
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[ Division of molecule(s) into Nf fragments (monomers) .

!

l Estimation of initial electron densities of monomers ‘
1!

Monomer SCF: computation of monomer electron densities
and energies under environment electrostatic potential

No Self-Consistent Charge
(SCC) loop

All monomer electron densities are converged?

Yes
v

Dimer SCF: Computation of dimer electron densities and
energies under environment electrostatic potential

!

| Computation of total electron density and energy —|

Fig.1 .Flowchart of the FMO scheme
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Fig. 2 Fragmentation of polypeptide
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Fig. 7 Speed-up of FMO-MP2 calculation by CDAM
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Structural Activity Relationship Approaches for Assessing Genotoxicity

Masamitsu Honma

The focus of the latest legislative and governmental efforts is to establish simple screening tools for

identifying those chemicals most likely to cause adverse effects without experimental testing of all
chemicals of regulatory concern. The use of structure-activity relationship (SAR) models is a powerful
in silico technique that should be considered for prioritizing chemicals for subsequent experimental

verification. Because carcinogenicity and genotoxicity are among the toxicological endpoints that pose
the highest concern for human health, efforts in SAR models for them have been much more

pronounced than for any of the other human health end points. This review paper overviews the

historical background of SAR models for predicting carcinogenicity and genotoxicity, the current status

of capacity and usefulness of some i% vitro genotoxicity SAR models, and their perspective.

Keywords; Structural activity relationship (SAR), Genotoxicity, Ames tests, Sensitivity, Specificity
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D222DLEME O 2 51 o B P ALRBEEE L
HMWHIEE 2 R TI8HEB OSA%Z FE L /2. Fig 1i
“Ashby’s polycarcinogen” LIFFIEN 21802 THSA%
FORBORERFAWME LR T, Toxnet XM 7 —
& X — R, Gold/Zeiger @ Carcinogenic Potency Data-
base, 4 # Y 7 ®lInstituto Superiore di Santa®Ei At
ABHISSCAF — ¥ R— R IZHFET 5698D = — 4 AR
Br—st, SIBDIToWERIFARRRT— 7 ZHW
TAshbyDSAREFVOREERITTo 72 & 25, EMA
HREBERELIZS%D—FU AT o 70lzH LT, =—
L ARBHER L XT8% A —~F LY. oz kit =—
AARBAY VE R THRIIDNAGEHICH LTEL
KFHAL 7ENTHED, MillerOEBTHHEVBAEME
DKEFHBELYBUIRBTAZLERLTVS. —
F, oL F T —H =2 DO WTIIISAREF L & DA
BtEA Y. DX YENSG, SAREFVOTFH
HOREIZRT—ARRBRMMibh 2 Z L%,

Fig. 1 “Ashby’s poly-carcinogen” ; Major structural units
which are classified as structure-active positive in the
Ames tests. The structures are as follows: (a) alkyl ester
of either phosphonic or sulphonic acids; (b) aromatic nitro
group; (c) aromatic azo group; (d) aromatic ring N-oxides;
(e) aromatic mono-and dialkylamino group; (f) alkyl
hydrazines; (g) alkyl aldehyde; (h) N-methylol derivatives;
(i) monohaloalkanes; (j) a large family of N and S
mustards; (k) N-chloramines; (1) propiolactones and
propiosultones; (m) aromatic and aliphatic aziridinyl
derivatives; (n) both aromatic and aliphatic substituted
primary alkyl halides; (o) derivative of urethane; (p) alkyl
N-nitrosoamines; (q) aromatic amines; (r) aliphatic and
aromatic epoxide. '

KFXMLESAREFINCE D T —-LXHBOTE
FIZBRZE T — A ARBOTFINIE L TIE% <
DSAREFLAHFHRBRENTVE, ZOEFNIEZT 70
—FEICED 2DICKRIE NG, 1D, HEBRANR—2X,
HUAR—RADLF AN~ b Y AF AT, AshbybHiTo
&9, BAF—-s2olmtEE D o THEN LS
HEEERL, V—MLsh 8820, EXEMICT
— A ARBEREOFULITI DOTHS. bH)—2l,
ILEMBEOWELE TS T ALY MIGRE, NFA—%
(BtiF—%) 2|, =— A XRBREH L HBE%ED
BT 2= 5 F T, SERIN, /N5 — BRI
IV RBEREZTFUTAALARRY 7 7u—FTdh 5.
7 — 4 2 o2 RN L2EROTFRUINTETH), 25
512QSAR (Quantitative SAR) EFNVTH 5. RiEL
L Ciz%&E 5 — %4 ODEREK, #&HNDQSARL LTI
B @RS L/:ADMEWORKS% E MUK TH 5
7, FOPHELE LT, LEYREOEELFRYET
HiERRTF L, SRS (Biophore) ZHRM
R L, HEFER» S T — A XARRBME L HET 5%
G FEEFL, FHZIT) MultiCASEA$H 5. 3
DOSARETFT NV O—BRHLHFEICH L TRAFHRREO
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MNEOFEZRI NV
LEfFeAT, ZRGEREREFMBFEEE, HHFED

BAALFEMEAT -y R— AN b L — A XRBRF— 5 2 H

T 5 2061t % % H 12 2\ T DEREK, MultiCASE,
ADMEWORKS % Hiv> T Z O F Utk % 574fi L 727 (Table
). FRIOFMHIZERE (Sensitivity ; T— A ABEHME
L HETZEN), R (Specificity ; T— A
AREDHERELYET SEED), B U—3# (Con-
cordance ; Btk X OREtE o —%E) #igEL LTIT
o7 FHIRT &) ITREN R D A o 72 b DHDEREK
& ADMEWORKS (731%), $FREIRIE,o7:HD
A MultiCASE (91.1%), — ¥ % T X DEREK (86.4%)
b ED o 7. ADMEWORKSIZ4F#E2%69.7% & £
{, SO HL DL ABREWHOE 38 % e
> T L HET S (False positive) = & % EKRT 5.
OB, EEOKirkland 2588 L 727030 . — 4
ARE % Etein vitroBIZHEERERT — ¥ X=X (CGX
database) TR, S B LNATY, —H,
Snyder & X 2002 4E ~ 2004 £ 0 Physicians’ Desk Ref-
erencelSNMOEEGZP S L~ A ARBRT— 7035 5
3945 B # 4l 8 L, DEREK, MultiCASE, TOPKAT
(ADMEWORKS & [H#D A THEERQSARE T V) D
SHEEOSAREF V2 HAVTRBREROTFHLITo /2
& Z %, MultiCASE, TOPKATRHENBEWERLEZ
TRL7=A5 REEIRS0%UTFTHo72?. 72, DEREK
BWTIERE, FREL BRI 320H T
KThol, BEEREILEMEDE CILEHEICEE
NASAIHBD D A7 O R R o IR b DL
FHEENE, WTFRIZE LS I TOSARFIHEO Bz
BIZENTREDEOA V-V T THY, TEHE
FEEE LT, Bt (False negative) 2O 3 €57
VO, HRPEETHS.

K RE#EOGS,

SAREFIDHEAEICL I TFRAROBEE, {LEYE
DBEMFTADOER

DEREK, MultiCASE, ADMEWORKS® 3 0 ®»SAR
EFNVZETNENERL DREBH, HEN, HEW7T 7o
—FERY ANShTEY, ZOr—1ZAREETIHESE
bEFE LTHELESZ EIIKITHENT:. Hayashib iz 30
DSAREFNVEHABGDLELZEIZED, BEWOR
HEHEL, T—2AZ2RROFHROEELZRSL I LI
BIHLAT. F7, HORIhEcolEREOReM
FEORSRL, S, TTEMI00ULEOEFFLEDD
KEBFIIN2 79 T OMBEELBBT 5 LATET,
—RIZ - AARBBEETH L L, FIS L LTRY
VEEFOBATRY IR -2 ABRERTILE
MBHEET AL %, SART 7u—F DRiIZER
LiziEs 28 Lz (Fig 2). ShdEROHRER
2 LBELTHILEMEOBERMTTR, KYAAIEFHT
»5. 3ODSAREFNMIZBVT 22O ETHBED L
30ETIZBWTHED LRESED

Chemical to be analyzed |

=3: +ve =3: ve
e}

Fig. 2 Decision tree for prioritizing chemicals for consequent
experimental verification. MCASE: MultiCASE, AWORKS:
ADMEWORKS

Table 1 Performance of SAR models for the Ames test (Hayashi et al, 2005)

Ames + - Total Sensitivity Specificity Concordance
Results (%) (%) (%)
DEREK + 19 7 26
- 21 159 180
Total 40 166 206 73.1 88.3 864
MCASE + 13 20 20
- 13 146 146
Total 26 166 166 65.0 91.1 88.0
AWORKS + 19 26 26
- 54 178 178
Total 73 204 204 731 69.7 70.1

MCASE: MultiCASE; AWORKS: ADMEWORKS
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BECATFIV—LTAILICL ) FRHERZALEESES
ZEMNTEL. BEBEOEE, IREEST%, FERES% —
FR04% & FHIFIEEIcm L L7z (Table 2). —4,
FTRTOEVHEITUBEROBPOIDL) AT
TY—DHIZAD DI TRV, HREISShB1EEY
Ho#E4E (Applicability) MET L, £OBERIHI5
B (55%) &3, LaLids, BE EMION
P EAEBE & T B BEFE L2 B 12 3R A E T20,000FE 4
VUEBFIEL, D7) HF90%TdH 518000 DLz
PRIZOWTR LA ARBI ZE IR TR WIKE
ZEZDHE, 9900%EH (18000x055) DILFEPH D
YARIIMIRE LTEED 5.

0 in vitro BIEEMEOFE

P RERBRIT T — 2 AR L FRICLEDE 0K
BRUBRIZBTARSUERICERE Lin vitrot{5E
HRBEFABDO—2TH 5. REARERRIZOVTD
SAREF VAR IN TV B, S thkREIMLED
HELDNAOBEZEMMEIERIZML, DNABEICHT 5
BEE (FRA VY AF—EE) 2, BOfFRICHEST5
¥y o8 (R MYy N2 8% LoMEER%
EDAAZZXLIZE - THFREND2D, L YPHET
HoH. T, FEARETEAED, FRPYICBITHHE
ROBENFFEOR R L LTEBETRE 2 57-0, Lid
DETDOAANZXLDREARELE LTERENEL DI
COTikRw. o T, RAGREEIIZEIIILENHD
FRD7DDEF MR SHREEN T 70— F L
HThd. F7, T—AXRBREEBELT, SAOHN
WCHERERT - R—2 1340,

HIF AR — A DSAREF NV TH HDEREK (X —Y 3 ¥

11) ICR7TAEFOREARERBREEOSAMIM S h
TW3 (=—AZRBRII8THN). T—LAXREBL
22090 B FALE IS 2 e REABRO TG
ZEHME L7z (Table 3). K&REE, $¥RfE, —IML LT
I—AARRRIIEY, FITRER64%THoZ. DT
L3N DHEAREFRYELTFUTELVWI L ER
3 (False negative). HefafkRERBER AL F
SHWHRPAHRBER L HBEFEWC EiEREH
THH, —HORaAREBESRIREEERFAE
LERRTH 202D Ly, REEERERBROTFH
HOMEIZIISAREFVOSRR L, kR ERRA
HOUROWEVLETH 5.
CFEIREWRBC L o T L S Wl mEET R
BT200805L v, In vitrofzH0RB0ONE,
HEES v VRSB ENAI /0y —L5E(S 9)
PHRBRCEWERICIMZ A LICED, FHIShAHE
BToORBMYOFME FAEKIZIToTwa. Biba&hoik
RS &R EEIER & OBEEFBEWIEE, BN
WX BERILROEREZEZ oD, RBHICERT 5%
BRA OB S IISARTETCRIEATH S, TNVHR
K¥FDMekenyanbid, 7 v P S 9 TORBRIG, B
S UIEEMMRICOBENS A 7o) =k, A#cE5
FMFERDEEMEZH TR YELRB <y 72D T
BRI7VITY XL EBBLEY. ShIGEBRRH 3
2. L — % (TIssue MEtabolite Simulator : TIMES) &
HiEhTwa, BEOXMT -7 2o B o -3 RH
KCHT2ZERFOMBEHCC, fFEenlERtizxL
TERERLEIETAILWNTE, T2, F—=F2%wn
BEEHAEDbETVITY XA Z W, BEaNoR#~<y
TEHEUPRD B OERERIIHEMA L LN TE

Table 2 Performance of combined SAR model for the Ames test (Hayashi et al, 2005)

Combination +4++ —_— Total Sensitivity Specificity Concordance
of 3 SARs (%) (%) (%)
Ames + 13 2 15
- 5 94 929
Total 18 96 114* 86.7 949 55.3
*Among 206 chemicals, 114 chemicals were categorized into +++ or —-.
Applicability 55.3% (114/206).
Table 3 Performance of DEREK for the chromosome aberration test
DEREK + - Total Sensitivity Specificity Concordance
(%) (%) (%)
Chrom + 60 3H 94
Ab - 29 86 115
Total 89 120 209 638 748 699

Chorm Ab: Chromosome aberration test
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A, EBEOTIMESY 7 b = 7 TRAHYOTFHAZT
TS, BORXoTHLCHARSNIZQSARETF VT
#» HOASIS (Optimized Approach Based on Structural
Indices Set) & DHEARIZL - T, B4 ORB#HDT—
LAARER, REARERABERITTFHUTLIILNTE
5,

EbHYIC

(Q)SARE TNV Din vitroHZBHERBROFHICHL
TEABTRN, L2L2ds, i vitroB{EEERER
BHBRBAECFDEOTFHULENETHR ) —=
YIBBRTHLILEEZLE, ANV TEBRO
HREOTFHUETH 2 L I2EN T oRE M R MENS 5
P, BREICEbhardHng . EEMZIED, %<
DALEDE D EEMTFMO DI — A ARER, etk
RERBIEHTEEOTONTEY, SHROEHLE
Wi, B LEWHEOF» SELEOBVIE 2 8IRY
B2V—NnELT(QSARRIHENIBOTHIYTH 5.
LHL%dn, (QSARIROARIXY — V& LTOF
AT Rw., BB L 912 (QSARIZMiller Vg
RIEBACEPEORBTFHEBICLY, T—AXRBK
EVIINAFT v OFRETEHT LI L2 0MHET -
. TOBRESTFULNVTEGHR, FIEE A=
X LR RATBRADOBTHS. FLAEETOEN
Br—2AZRBRO L5 ICHMTIIEL, SO THMETH
D, TLAD=XLFFRHETH S, 200742 5 K E

EPADSHRLNE 2o TR L 72 ToxCast 70 75 A Tidin

vitroRBADP L E L OFHERR A =X A2l
L, (QSARIZHAANS FHEZHET 2. BITh
X, Millerd X 35 I2Hi4 OFBHZFF LNV CHEPTE
ahdbmhiv. Fhdt (QSAREay¥a—% b
auV—-0E#RBETHY, TONEIREHMRIC
O LALEDEOED) A7 EICAL LD THEE
BLs. MFETIRBOTe Y2 bbb R, #
HEOFRELZDY AL BHIELETH .
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4) in vivo HH G- HEDORLE R MBI £ 5 FREHH O R
T %

Perspective of predictive toxicity assessment of iz vivo repeated dose
toxicity using structural activity relationship

Atsushi Ono

Tens of thousands of existing chemicals have been widely used for manufacture, agriculture,
household and other purposes in worldwide. Only approximately 10% of chemicals have been assessed
for human health hazard. The health hazard assessment of residual large number of chemicals for
which little or no information of their toxicity is available is urgently needed for public health.
However, the conduct of traditional toxicity tests which involves using animals for all of these
chemicals would be economically impractical and ethically unacceptable. (Quantitative) Structure-
Activity Relationships [(Q)SARs] are expected as method to have the potential to estimate hazards of
chemicals from their structure, while reducing time, cost and animal testing currently needed.
Therefore, our studies have been focused on evaluation of available (Q)SAR systems for estimating i»
vivo repeated toxicity on the liver. The results from our preliminary analysis showed the distribution
for LogP of the chemicals which have potential to induce liver toxicity was bell-shape and indicating
the possibility to estimate liver toxicity of chemicals from their physicochemical property. We have
developed (Q)SAR models to in vive liver toxicity using three commercially available systems
(DEREK, ADMEWorks and MultiCASE) as well as combinatorial use ‘of publically available
chemoinformatic tools (CDK, MOSS and WEKA). Distinct data-sets of the 28-day repeated dose
toxicity test of new and existing chemicals evaluated in Japan were used for model development and
performance test. The results that concordances of commercial systems and public tools were almost
same which below 70% may suggest currently attainable knowledge of i silico estimation of complex
biological process, though it possible to obtain complementary and enhanced performance by combining
predictions from different programs. In future, the combinatorial application of in silico and in vitro
tests might provide more accurate information which support regulatory decisions. At the same time,
an appropriate strategy to use (Q)SAR for of the efficiency and accuracy in chemical management is

necessary.

Keywords; Quantitative Structure-Activity Relationships, repeated dose toxicity, liver, existing

chemicals, risk assessment
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FHMEAERE TS, —F, BHR4SED{LEEH 2L
WA LA LTVt E BEFEEPHE) I2onT
ik, EICLELRBRPERL CREUFMETED TV
A, BAEZFCOEFIEOBEALEYE I EL T
D, ThETCREeBFMIRT LEDEIITL—
BB ET, RENLBEFICEDHIIA~NOREMEICD
WTARHOTIIHEL TS, ZRH0{LEWEMNED
CHEZRITIEREWELTOBENEY R R
>TBY, BROBEZFLLOICIIEALLEEDOF
AR TN 505, BHHHEOILEPHIIOWTHRERERS
NTWLHERRBREERT 2 0LEL 22BN
DHEPLHEMNTII L, BIHYRABRIIOWTEZHY
FEOBEDNS LRI MNRICED 3RO LN
THE), RN TEEROBVF -2 ReWFHFED
BFLZIh TV 5. EE, BICEERBRSERS R T
WS IEEF I B OB & Tl B O & FiE
THHFIT) =T Tu—F, 51243, {LEWHEBLEL
HFURB L OHE» SFPHOHHL FH T2 (BER
B) #EEYEME ((Quantitive) Stracture Activity
Relationship) FEIFEHEFEO—2 L LTHFEINTE
D, HREETHRIEIEDSRTVEY, {LEWEOH
EHSHEREZTET 5 LAMENE, EHRABRER
DALEWRHIZOWTHREFEI TR &), HHAR
LR LT HEWHOBRMRLA T LR ) AARZT)
C L THBENLEEEFMA ML b, SO
i, FUBEOMLIZE VRBRZOLOPLELL R
H5HLELE L,

2. BESELT LA VELP SOFEHTA
(Q)SARD R [HLOWEE b 2L R IZEM
DEFREE2ELD] LWHIRETHL. BEELKFARED
I ¥ A5 M, {CFEMEEP S BB WL H
DZEEHENRRDI EVHIEDLDH DD, FEICHLTIRE
ITHHIH? Fig UWRT 9o o= o~y
¥ ok, IR bERYETHL. Tho
DHYLYWH4 Q4Yruu=buxr¥r (CAS No.
611-06-3)) IZDoWTi, BEFERMICES [Ty FEAW
T RERORS B - ENBEREMGRER] HEEE
Tk, ZoiEE IE T FE~NOBREIZED
5 h, NOEL 8mg/kg/daykifi L & & hTwb,
-, WE2 (4AYr7un2=pra~r¥r (CAS No.
8961-2)) 22w Tid, BEFARIZLS [Ty FZAV
AROZSHHEMBEERAR] HR>OMOETHIZHET
ANOEL 20 mg/kg/day b HEMHA. WH1 L 3IKD
Wi, #HRBRRERShTIRVWEVY, PHE1~4
RILFETRREAENRTESY, Yruu=taxr¥
YELTWTFRLE2HERAPRICEE I TWS. —

1 2 3
HO Q HG O HO Q
S \N’; \N.Q
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Fig. 1 Structurally similar nine chloronitrobenzene
homologs

FH, BE9 (Rryyruu=truxXr¥r (CAS No.
82-68-8)) %, BEICHEREA, BirUH], BEAHNIC
HHEhTWABET, Y= lkdBvRERSIC
X2 2EEEEENRBRIC L VB o E R Y
78 NOEL 075 mg/kg/dayt 5 EhTwa. 2o
Fd, BEELTIRERZEL 2> TBY B LVWERAE
BEHEEDODLNTWS, Tit, WES~8IEEHITHA
). ThooPRIZOVWTHBRBIIERSh Tk
VW, AL, WEBE»OYHELI ~4 RV EREED
FUNBEEINLWESLIH». bbArA, FHEMEHN
PRI R b Bl L., STz nix, oh
HOWHED X ) ILREERFMORIALFAWHE I EER
BAEHINZVIRY, FICEEDL 2 FICHETRE R
ZLTHhDH BEFII-ERRICHMEhTLE o 21E
FUBEERETHOIRIEFICHBETH 205, LeWRTF
DA DV T IR L VWHH % EiEd 2 0131
EWTIERZWV., #F7FTY) -7 7a—F% (QSARFEHE
2k 2 RAEWTMA X — ANERLS L, AR
PEBENTHRWEEPRIZOWTO B 2 EH 21T
5 Z LATEETH B, Fig 10OWHERIZOWTIE, b2
WHOHBHEFMII OV THIREORRHIE, TD
FHEEITHAHD. L, BEICETS L, 5F
fiFIC Lo CTHEAS - T LT ) WM d 5 - 0%Re
HWEHEIC AV 57201248, FHMEZEEDSSBRIRE T
WHLENRD S, {bFHEE L B L OBRICOWT,
19704E R SHFZEE N T A, 19724E 12 Cramer 5 i,
BALE WO L NOELT — ¥ DN R {bFWE
DOFERE I FAHHTLIBOBEN-VRLES
Yes/NoBlOBREMEREL TS, E512, 19964
Munro & (26002 £ 1LY H ONOELIZ & 5 Cramer
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rule DEEZITVH 52OV — v EBIMLAEY.
JECFATRERFEERIEVEFERFH ORI
123517 2Munro® O5IECramer ruleD#EH %85 LT
w24, Cramer ruleTlt, Fig 109HII&Tr 523
GRVHEI B3I PH) LHEShS.

3. {t¥PEOHERLFMHE L 54

(Q)SARTIE, {tH#PHOWEZD L DIZT TR
A S EFEIV RE e Bk 4 R LN E (LS
OIERE B L TRER T & LTFECHV 5. b
BAEFEREEL A 201213, EACRIRsh, B
HOLICEET 2 LEND 5. {LEWE OB ERIUE M
A AR, EREREARIZBVTAALITTXLISEY
F4—OHLEIZERTH), BELOMR»HIFWH
DIEEETRbBAR X2 5 ) —VHFEHEE (LogP)
EOBEIGRERT WSS iz —{bEWE T,
TN A USROS X 2 HURBT 5l
HMEV. Fig 210bHFECE_ S 1 /-28 B R B 58
MR L ) FHEEFZ O SN HE DLogPD X5
fiEmy. EMRovE, FEbEEE LClEsh
22, TR A VIZBETFLE R BRI X O AR
BENLWETHY, WTFhoWHEICBWTLHL,

IZLogP=3 & HLICFEREATAIWHOTED

SVl bbb Lhd, TOFHE2O07-5t
v PTIERIEEBAL TS I eI O LFEWHBEREIC I O %
WILEL—VTH Y, (L HOME{LEAERE» L0
FETHOTRELZ R LTS, 4K, LogPldER

[
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Fig. 2 LogP distribution of liver toxic chemicals X axis
showing calculated LogP values (XLogP) and Y axis showing
relative percentage of chemicals with (gray) and without
(white) the liver toxicity in 28-day repeated dose toxicity test.
using Rat: Upper panel (Set-1): Data of newly registered 1227
chemicals for Japanese Chemical Substances Control Law,
Lower panel (Set-2): Data of Japanese existing 251 chemicals
tested by Ministry of Health, Labour and Welfare.

BISRD N2 WMIEMTH 2%, {LEWEOEKNTO
Ba BB EMEET L 2 LD oML 2 TFHEIEE RS
X¥hTdh, ST, L) oRECTHEEINTRE
Tdhb. T74bb, LogPittiZ 22 S MBI O R
KOBEIIFIE b2 b, 4 HTIE, LogPid% ok
ERHEEF VTSI A—FELTHVWLRTEY, &
HEEE TR STV AERETFHEF LT 25
BTRIENTVIEREETUNEF VY X, wih
bILEME T RoPOHEBICGRL, BERIEIC
LogP DEFBRE L LIZFHETILOTHAH. L
L, SHEICXhROONBLogPidH L T TFRETD
D, {E2EECLoTTNT) XL TR AL LS
SLIZEENLETH LY. kB, H208EFICIR
LogPFRIEHEME L LTXLogP% AV TW 3,

4. KRENCEESMEBFEERICKDin vivoBH TR
E DR

LERBROBNL, in vivoRBIEEIZOWT HIEFHERHE
EP SRR LR O FRMR S WEEELZRL T
%, ThETOEIALBHICELLEDREIERTIE
Zin vivo REFEIZOWTHEO RV (QSAREF IV
RFEINTwERW, RALADFEETIE, ChTTE
BB AUt E Y HERER AL EWE RIS BT
PEEWFHHEERTH L EHIRBT— s D7 —F X
— 2L EHDTETEY, FEMEINAT—F (LFET
—%) BH LIz, PRIERET Y ABRBREICETS3
HMORY Y —= v VFHEERBRIZOWTO (Q)SARHI
EORRBAERBEHELO®FIZE Y EDTEY, =
N TIZAmesRE IOV TIIERBRMEFEAZ W 3D
T7O—FORLLYV T IO 2T2EAEDLELIET
ERTRER LNV OTFHUATRTH B Z LR shilY,
BE, 5l& R OAREREBRU28H KHEES#ER
BRIZOoOWTKREHZEDTEY, UTIZAmesRER T
HWiz38DY 7 by =7 2 VT80 Kk 53T
WOBRHETo LBREEZENZFROTEOEHL LI
N

4.1 DEREKICLZHBM7S— MOBE
H#HETFHOFHIZBITSL (Q)SARIE, Cramer rule®
IHICHMARICEIIMAE D LI Z2IT) = F A /5—
FPYRTFLEEHED LB ZORFEEL OFHEE
NOYMEME L EOFRH Z R T & UTHER - 158
HWICHENTT 5 FEICHEIS 5. DEREKIE, XBRF
HRARA LY BERMICHE LA TW R ELI OIS
Hidk (75— b8) LEBRUZL—MELZ-ME~N— X2
I, EUMLERTFRHEZTIZFA NP AFAT
HaHY, LFAN—FVRAFATIE, BELGERTFNE
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79 DRELVA, FHUORE GNER—R) BEHIC
HERHMESL Z LR EFNEROBELEZ LI LA
BAR—ZDBMILEET ) T EPHELEOFIAND
%. DEREK# Bi% L /-Lhasathid, #i4 ZBEP 4%
FLOXRAMRCL VEESIRLAERET 7 Bo
%) 2MH#E~N—X{LLTDEREKD 7 5— b & LT
ftLTHY, 4 iilhasatt & R ClbHFEF—5 2%
CHBFEET 7 - POWBEEZIToTWwA. ZhETo
FIAR T, 80L& DGR & ARSI T b
&, (iIMbEEEs 5259 7, IR, (i
B 2 HEIC L CODEREKOBFET 5~ b L Ot
BICX Y, i34 o Fr# it #E%Rapid Prototype 7
F— PORIZRII LT WS, EFEHEZ D24,
DEREKIZ i340BBOFFH KT 7 — PR EhTw
25, FMTI—bOBIICEY, 75— MEEIZHW:
FEEy b ((LFEFT—F) T2 TR, REE
(BHEYHEO ) bBEHENE SN HE) 2523% 9 561%
WCEAL, 2F0—FF (BPE) H61%»r5H80%IE
ALz LHL, BLLAEET— % £y M X 2HRGE
ORI, BRE31%, —HE58%THo/z. DEREKR
Cramer rule® & 5 B LF AN—F Y RAFALTR, HE
H7I— b eOWAHEETYF I TICIVHERZTO
O, HEHRT7 S — FFA =L T 0BT HIIBE
HHAEIRTLES. T4 FlLCHBLALFHEE
Rapid Prototype 7 5— M IZDWTHIT L2 L 25, £
DOHhOT I— MIFEILLWPHICHELTEY, £
NS D—HHPRIETFT — F IZBWTIERIZE L DYWHTHS
B EEZ LTCnb I L —HROEEDO—HTH L &
fiahi., B BET7TI-LeoyFUITEST
B LogPEHAaGdbe iz FHIRER LORF 2 EDT
Wwa,

4.2 ADMEWorksic & 2 FFEHHRET IVOBE
ADMEWorksit, 2RIEWGTHERT 7 7 AFFR
B, OEE SN ERF 2o THRES LAY
BIRE S LICHEFMEIT) YRAT AT, BEHEAEY
2= ViZ X ) FHl %247 9 Admeworks & F € 7 VB

EDETFVENT—HIOHBRINE. EFVENY—
II400EB L EOLEW T A=Y EEV 2 — U8
HMARENTEY, BHEENRTA-FE2EDDLLET
HONRGA—F 2 REIRDLILENTHTH 5.

PClursb D 7 )V —7H % L7-ADAPT (Automated
Data Analysis and Pattern recognition Toolkit) (Z&
Support Vector Machine (SVM) < AdaBoost (ADA)
SOREHNBEERUREZERFETFVE RV - FHlE
7. ALBETER S A28 ARTMEBRE, O E
TR T — PR T LT E» OIEED
BHRAELZISYHEZ RN L6260 H%E T v ¥ LM%
By b BREEEy b=8  2IZH5EIL, EFNVELVSY
— 2 HWTHHEETFUEF NV EBELKREELITo /2. £
NENIZDWTEFNFEMNTG A — ¥ 2E5L401{LFH
NG XA —% L1245 HERE/NT A —F KT, 10002 Lo
BT A -5 2FH LT, E63135 X —%
BRESHE, ADAFICI Y EFMERICREL /ST X
— Y OHAEDLEERIEL T, FHEETANHE R %4078
FA— % % EELLK SVM, KNN (K Nearest
Neighbor) & UFADA® 3 0oDHGIFHIZ & b 7V
HETo7z, BBy FRUCHIEL Y MIowToZh
FROTWFEIC X 5 TR Z Table. LR L7z, %

"By FTROWTHOFETH80% U LD TR EN S

bRz, BEEty M A FR TR, ADAET WV
AH—HRT03% TROMWEHFH, SVM, KNNEFV
i3, ADAEFNVICHNTRENFBEVWERTH o 7.

4.3 MultiCASEIC L AFEHTFRIEFILOIEE
Multiple Computer Automated Structure Evaluation
(MultiCASE) 1%, Klopmanb & - THES /- B D
CASEEMICETL VA7 ThY, ANWFTE2~
I0RF(KEEFZETILWV)DT7S 727 MISTHL,
METEIC L VA EICEE L HBE LT 20 E
(BIOPHORE) ##H L, [ UBIOPHORE%: #=21t&
Wy PRIEZBIT2EEOEW25EERF (MODULA-
TOR) & Y BMEAL L CEBTREITH. FHILEY
HIBNEDOF—F 2%F 1y b & LT28HHARICBIT

Table 1 Comparison of different discriminative methods on the predictive performance of liver toxicity SAR models using

ADMEworks
Training set Test set
No. of chemicals® 244/254 53/75
Discriminator type SVM KNN ADA SVM KNN ADA
Concordance 99.2 839 829 66.4 62.5 70.3
Sensitivity 100.0 85.7 80.7 245 340 69.8
Specificity 98.4 82.3 85.0 96.0 827 70.7

*Positive for liver toxicity/Negative for liver toxicity
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BFHAELOAELIE%R ¥ — 4"y P& LTETF VRS ZAT
v, B bW EBIEO T — 5 2Ry PELTTF
WEATo o458, REE8T%, FFREE8I2%E, TEAL
DILEYRBEEHNE I N R L ko7, MultiCASE
Tit, HABREO I LV —= v rF—s 25260
&, BEERALRWEZEZ ONEY, FEEy MUIEE
fli{t-& 4 Dactivez BIOPHOREA & T T Wiz Wi
EI1TiE, BREEE YRV, 22T, HELEYH
1231 DA E 5 FRELEEL LTEE Y b, Hilt
vy MZGEL, S6ICEEREEOWERERUY — I
DWTEFMEELERALL. LiL, F)—FF0HE
W Z 155 Z IR, —FCRIIRKT62%, REE
1370%12% L %= » o 72. ADMEWorks % MultiCASE®D
X HEE - BREHENFEZ AV FETIEREN 2T
FIVHEHOTTRETT, PO ANBRR A T AERE IS
A, HHYMROBBRMLMRE KB T2 3L
VW, F7, BRERORBTZERMICERL TENT
79 7:0%FOBRTHRAROHMICL HETFT VIS
NDWREED D 5.

5. #—7 7V ABREFHHERY —ILVOLEN
EEBEICHVAZY 727, wWThb RO b
DTH5. HHEV 7 273, ERBEEAELTY
BN, TO—HFTEFNMEEICHCIZY 7 o272
WTIZFE CETF VR TSR EHL S ERIEEA LT
BTHh, EOICRENLRBOLDIZIE, BERHL
FAVARPLEE RS, SHTRIVE2—F Dt
BEreL VI T 407 AMEOMREIZED, B
LRIV 7 b 2 TG =TV —ATHED LL
BERAHShTE), ThoElAEbET (Q)SAR
EFNEWETLHILDTRETHS. 22T, T )y
7 TR RELR Y — VW TIT o ZZREHE R E U TIOR
F. MultiCASETHWAF—% £y bZowT,
RRBFIZLEFHETNVERSIEEICLLTFHUEF VD
2HEOETVEEELTTFUREORE 21To7. 1§
Btk FEF NV ORELEIZIZ, The Chemistry Develop-
ment Kit (CDK)™ I2 & Y 25 &KK 2SR F20E R UF
XlogPftizst8i L, FHYWHFT— s 2EH Ly LT

Weka'® % Jv>TRandomForest'” 2 & 5 FH# €7 Vi
AT, BEPWHEF— 22X sMiT%4T>7-. Ran-
domForesttd, EAEF UoEHRO—E T, HESFE
ELThWEROBREREZERL, Choflladhbed
CETHELILNEWIALT 5 ETFMERFETH .
Wi BB TR LogPltilt, F—A 4 —VOfETIR W
W, TOETOMEHSITRERGSTICERTSZ
iz, —F, BRERTHNIET— 5 ~Ofil#Hiz
v, T HEBEOSHIIMEHRRVW D, 40
O¥Et¢liRandomForest# W72, HoELEEF LT
i%, Molecular Substructure Miner (MOSS)™® % Fj v
THHE 12318 % F4T L TRt BB A BUn 2 8
SHE7I A FMIMEEZHH L. E#ETFHE7 S
TAY MIRTEEFEES v F VTR RS TITA
P EOEDMERE (Tanimotofff) /135 2—% &
L CRandomForestiZ & 2 FHE 7NV 21 L CTRFY
BF—F7 X A% T o7z, Table. 2I2FNEFNRDE
FVOEFEy b, Rty PTOFHEELRT. %
Tty MY AFHTRE, wWiFho7T7a—Fildo
THI2IRI00% D—ERERTEFUHBEL LD, B
Tty M A FH—KFROTFRLT0% U T Cho
2. BONTEFVOTFHIREIRIRVEIZE ARV,
MBISRLATRY 7 Mo X DI LTV E BRE
B, (QSAR%Z L RIF AR LM 2 REWFFETH
ELTIHFERHLTYL DI, 5L DANLDE
MizfIRIRECH L EHET L, k4 OB, &
TLOHBY—NVORELZTERNE LTIV RWn, 17
Vo ZIZAFWEELR Y — V2 HWCERWREE L 7V
ENTRETHS% 0, HTHHIAIFWETDHS. bbas
Ao EHEOTFUET) LOIBREOHRY 7 by =7
BLERTRTCHNITHVIRETH S, WTFhile
X, MHEOFEIL, BRATEBTRELTFHLAVERE
#LLC EEEmMEIZmT-BEE2EDLE LY
12, FTIRBEENTH - THREWICZTHTREL D
EFRELTWSHTHRLAIERA#EEZIETFTW 2 ET
5. OECDTiL, (QSARDITBMFIM L ZIFALD
RAEICET - EELEDTBY, TRENTHHINS
(QSAREFNIZOWVTT N TY X LRETHF— ¥ DL

Table 2 Predictive performance of two different type SAR models for liver toxicity using publically available tools

Training set Test set
No. of chemicals® 515/745 137/117
Modeltype Discriptor Structure Discriptor Structure
Concordance 99.9 939 66.1 63.4
Sensitivity 99.8 98.1 67.2 620
Specificity ' 1000 995 65.0 65.0

*Positive for liver toxicity/Negative for liver toxicity
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M% 53 HE 5% 20ECDEY Z2Ebda L iz,
MBLZEORMICL ) FETER SN T & -HEARE
H (QSAREFNVE %A LA OECD QSAR Tool-
boxDBIFEZHDHTWBY, BEN/I—Y 3 ¥ DOECD
QSAR ToolboxiZid, AlH3 2#HMREFMEF VL LT
B O Cramer ruleASBHFENTW 5,

6. FHEEIERELE

CNETORETIR, WINOFEIZIVEELLT
HEFMIZBWT b in vivolFHHICOWTEEOEW
FHFEREBOATH R, CORERELT, £BLy
bEBEEE Y PCE TN UEHEOR Y LFRI Lo
THES R EEEENE TN T LRSI S
ha, FHMLEPORBRRHCEORLE 2B DET L
PHAEGHETHAT 2L TE ) BIBEDO TR
BoNLTEEN? 3d 5205 HOKEE LTEAND
RISCET 2o RESE T o h A, HEMEEYE
LEALOBBELMEERICX Y RBTLIH{THSD
R LT, HREEHE TS EN O S D
L2k Zv. 2% ), EANOHHRITEL TS
DTH5. SEMEBDEL IR =Ty F(AH=XA)
PHEINTVULIRETHNE, 3KEFyF 7Dk
RIS OFEHREZMEKL /27 7 u—F U ETH 5.
LAL, 2AH=ZXaesy—4y bPFBEHIh TV EHYE
RIEFIZESATEY, 29 L7 7u—FI3R AR
v, %, (QSAR: HICHRLMEFMOREILOFER
L LTHIEERT WA DHin vitrod iR TH 5. KE
EPADSHLL & 72 o THIME L 72 ToxCast (Tox21) 7ua s
T LTI, ZHDin vitroNA AN—Ty T vk &
(QSARZ Ml AG L BEHFHEFHROEE 2 EOTY
5% BEUFTFICBT Bin vitrofHIER 0%  SEWR
BORKEL LTHREINRIHZNS WIS, ToxCastlld
Fdin vitro7 vt 4 0% 1L, AIEFHETHwOLRS
AAZZXLT v A THY, HLADOT v A HRELT
LOEHEFE LTI boTIEERL, s, #ET
HZBIFAENTA—7E LTOLENE L EEOK4 &
MEARARKSZ2RT bOEVI LI EHWMKL. —2D
It E OLEWFTMD 72 D12, ToxCastliZB I Zin
vitro7 v 4 ZLETEBTHDEIA MRLHEOHEHH,
LBEMTREWVY, B vitroRIZE Y, LFE
EHEIORFHEHERLVWEBELNTA=FIZOWTT—%
Froyv 72805 LATETHIE (QSARLn
vitroR Z HHNCHVA XD b, PP OEFHIES
REVFFHA F 57 V2L TH S 9. SHRIZL
L7 HFHDoDRFIHEDTVELNELEZ TS,
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Cytogenetic study on safety evaluation of human mesenchymal stem cells cultured iz vitro

Atsuko Matsuoka

Human mesenchymal stem cells (hbMSCs) are one of the promising sources for regenerative
medicine. In general, h(MSCs are supposed to grow indefinitely and differentiate to various kinds
of cells. The indefinite growth is concerned due to its misleading to carcinogenesis in the
practical use of hMSCs in regenerative medicine. In the present study, we investigated
unexpected changes, especially in genetic aspect, in hMSCs during culture utilizing fluorescence
in situ hybridization (FISH) with chromosome specific DNA probes for chromosomes 1 and 4,
or a locus specific identifier for c-myc. Three lots of hMSCs and three human cancer cell lines
(HeLa S3, HOS and OUMS-27) were analyzed. The results of this study suggest that both
observation of cell morphology and FISH analysis of ¢c-myc aberrant cells in interphase cells are
useful for evaluating safety of hMSCs expanded in vitro.

Keywords: human mesenchymal stem cells, ¢-myc, FISH, in vitro safety evaluation

1. BUBIC

b MHFREBMREE, F, KT, 5 B, BUSoMd
BAOFCHRETH A7, BEEHRSEHT, HERE
WES Lo LREADICHMF EhTw 5, 3R
R TR -HBOIEH, FHEAS, BBMIZAZTTRL
BENICOTRETHOHNIEEIZICEDL) REHFRETD
5. L2 L, —RRICRMMIE b & st
HLTEY, HEMGKE L THoREORT THA XY
T MARABHITE 2 L W) AL, Wiz ANT
HYNCHHTE LD L) HEETZEATY S, AR
T, BAEERBIZBWTin vitro T FPICBRARTH
BUSMOEEL b o MRk L 2w &, $FiCHE
RIRHICEAR 2w L2 HEREL, BHICRSh A1
DEEWEIBHET L HFEE R L.

2. F&
2-1 K

TR O e M EEHRMIER%BAM (human mesenchy-
mal stem cells; hMSC) 3 2 v I % Cambrextt (CRE)

To whom correspondence should be addressed:
Atsuko Matsuoka; 1-18-1 Kamiyoga, Setagaya-ku, Tokyo
1588501, Japan; Tel: +81-3-3700-9268; Fax: +81-3-3707-6950;
E-mail: matsuoka@nihs.go.jp

XODEEALZ: (Table 1). F7:, hMSCAHRICRE %
EloL-EREMELTHREEEL, 3HOKMBK
(Table 1) O¥E %172 o7, FflEkE LTiE, #l5
FIAZ ) - V28 s B Hela S3HIE, hMSCH
SSLEFETRE L MR TH 2 T RUBRE A LR
Ok, FhLZFNHOSKEUOUMS27TDEF 3fEx AW
7z. hMSCiiCambrex#t #OBH R E, /-, HBHK
HOBERILGRMIXHTHI IR T D & v /e,

2-2 M
30y POWMSCEE UAHTRAL, MBI

Table 1 List of cells used

Normal human mesenchymal stem cells

Lot Origin Donor

hMSC 10796  bone marrow 26 Y, male, Black

hMSC 10909  bone marrow 19, female, Black

hMSC 11809  bone marrow 21, male, Other

Human cancer cell lines

Cell line Supplier Origin Donor
HeLa S3 JCRB* Cervical cancer 31, female
HOS Dainippon** Osteosarcoma 13 Y, female, Caucasian

OUMS-27 JCRB Chondrosarcoma * 65 Y, male

hMSC; human mesenchymal stem cells, *Health Science Research
Resources Bank, **Dainippon Pharmaceutical.
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Uy, —EROMBIGRERE, JEMICrY STy
TR Z R L, mMERGTERCHREEITSRL &
ERICDEIMOTV— PRV, FOT3HEE b
Miz7oy b L7 EMIfaRHeLa S3IZDWT H BRI
TR (R A

2 -3 ZfbHfagfn

MBI, pH 60THIRT X % B-galactosidase
(Senescence associated 8- galactosidase, SA-8-Gal) i
HERT 2L EE" T, Senescence De-
tection Kit (Oncogene, Cat# QIA117) # AW TH A
L7 Eieiliad g 5.

2 -4 Yt R

Yt AR BMITICIE, MRS TE L ) EICERT
& B in situ NA ) ¥4 ¥ - ar (fluorescence
in situ hybridization; FISH) #E%RH L7

hMSCOZBAIERIIUTO LI IMER L. vt
I F (002 pg/ml) T—RRLHEL, bUTT U THIlE
FX L7z, 75 mMIE LAV & LB M CEiE 205 KR
WELIDH, AN/ Tk OKEEfg: A% /—n=1:
JRM) TIEBEELL. MBBEHEEATAFIIA
T L, BAREES S EMRkoRefER,
INE3IF (0102 pg/ml) T2 — 4 BRI L7 DAk
1, hMSC& RIFRIIER L7,

gt REGEHUA OEAR I T 2§ L, FISHFRATH
ZARIXDNATU =T ONA TY T4 E—2a 2479
FIC, BEFRAPHALLZEVSBIZERL, -20CI2
REL.

FISHfEATIE, 1&FHal, 4 FREERFemycd
DNA7 T —7 (SpectrumOrangelZi, VYSISH, XKE)
RV B2 EFBRRAAOEEREEZRNTLEN
T, N TIVIZEYRBHHLWY ZFFAPBIRIND
1OBEBELTHY, T/ HEHRKEZEEHETDH
L 0MBIHERELTRHTESLEZTERL
7o, c-myclIEE TR S FREBAROEMO LM (8q24.12-
q24.13) 2V T FUHBBEINh LN, Tu—TENEN
(#7120 kb) 7=OMMMIE TS > 7 F VO IERE R BIZEAS
TEZLWHFEDDHY, b MEHEIIBwTLIXILE
BRXhORIELBRTEL EEAHIR L. IR
BEFOBHRBRO—0OBFELEZZ LR TWA.

70 —7DNA%70C T 5 SMBEEs 1w, 3ok
L REAEDNAZERHSELLDIIC, A4 FT
5 R ET0CDT0%7 + VAT I FIgiic 4 4msL, §
Cl, KB LIT0%LyY ) —MIZB L, F0E%ERETT
85%, 100%T% / —MzH L, BREESEr RS
4 75 AZBRENL-7a—T7DNARE DY, AN

— 75 ATHEW, BYER-N—KFTT—NE 37
CT—BNA TN T AL R8T N TIVFLAKT
%, 45CH50%7 + VAT I FIT3MH, 2 x SSCIKLT
106, 01%NP-40% &2 x SSCHET 1 Hgki L7~ £
D% BRI 3T, DAPI Counterstain (VYSIS#:)
Twwy v bL, #WAEHEME (Nikon E600) THIZL
728, MM THESRSemycD AT E1IEO Y
FFNiE, Gl LG 2 oM TEMEKITRELD,
Fh#N, locus 118 &locus 2 fEIZHHYST 5.

R R IE, FAFRE L5 Rh g e
L, 79> b ECiAEs i LTER L. hMSC
13304 Lo, SEHIRBARIZA3ALL Lokt BT 55
bl Bt g & L7,

3. #8

SEAF L72hMSCid & b 2> SR R 2 B OHEAR
W7, Z0MRLEEL2BAETHS. In vitro
HACHERIC L A E RS-0, BARHRICBY
TIZBRED CHRNEZOML L, BENR SN LEBHEE
MO E DB EIT) LEFDHD LEZONDL. I
T3, ERWHEELHET, T4bEAFLIZhMSCE
BERRAEAEOMIE & BB LR E L koMl
EDOREES T, BEERTO LRI,

3-1

hMSC 10796 Tid, 1fH TR LZMEEP RO HR
755, 4fKH, 6B TIHPEMKRTL, 10RE (F—
ZFRIBIR) TRBEWHM L &2 > 7z (Fig. 1). hMSC
10909 5K H T TCRIAFR 2 MEEZ R L, 10/(HTIX
HFE O T A5E00 S5z, hMSC 1180903451 1 /KB

60 hMSC 10796 hMSC 10909
50 T 5
40 b
< 30 7 | #3 #1
S 2 51'2}, 269)‘——"""1' //_/Al h
% 10! T || o #10
o 193 h
= 0950 100 150 200 0 50 100 150 200 250
Q
5 go—IMSC11809 5 HelaS3 —
850 250—%—%
g gg #5 %08 526077
Z 50| -6L4h a—pe=e #1 130 DL
#8
10 b
0 164h 10 0
0 50 100 150 200 250 0 20 40 60 80 100
Period in culture (h)

Fig. 1 Growth curve of three hMSCs and HeLa S3

The #number indicates the passage number. The
doubling time for the first and the last passage is indicated
in the graphs.
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7 SN T,
A I L T 7oas,
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Fig. 202083, Kr&bbintitk (#1) (& Mg akord
YIS Eoitinsio St il x OfMRO K LA F)
FERIT, T 2MBIE Do o, Nk (87
O #13) (ERCYI O RLIPE LA P L. il 2 offifaiz (i
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A% FTFTATH, TXToMEL kI hd
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Fig. 2 Senescent cells observed in the hMSC culture

Although hNSC |
big in shape and were stained blue in the center at middle
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Fig. 3 Distribution of chromosome number of hNMSC 10909
at the first, third and fifth passage
The number in the upper right corner indicates the

number of cells analyzed.
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(SA-3-Gal staining)

10909) did not show senescent cells stained blue at early passage (211, some of them changed to flat and
) and late passage (#13).
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Fig. 1 Distribution of chromosome number of human
cancer cell lines, HelLa 83, HOS and OUMS-27

The number in the upper right corner indicates the
number of cells analyzed.
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Table 2 FISH analysis of three human cancer cell lines

DNA probe
Cell line Judge Chromo-  Chromo- c-myc
some | some 4  metaphasc interphase

normal 0% 93% 0% 3%

HeLa S3 aberrant 100% 7% 100% 97%
No. of cells observed 82 100 50 100

normal 0% 0% 61% 87%

HOS aberrant 100% 100% 39% 13%
No. of cells observed 139 177 135 200

normal 0% 87% 7% 1%

OUMS-27 aberrant 100% 13% 93% 99%
No. of cells observed 83 38 41 200

Fig. 5 FISH analysis with chromosome specific DNA probes for chromosome 1 or chromosome 4

Images are merged with whole chromosomes stained with DAPI (blue) and portions painted with SpectrumOrange (pink).
White arrows indicate chromosomes with aberrations involving chromosomes 1 or 4.

A: A translocation (arrows) observed in hMSC (10796). Three chromosomes are painted in whole or in part showing a
normal chromosome 1 and a translocation involving another chromosome 1.

B: A translocation and an insertion observed in an osteosarcoma derived cell line, HOS. Four chromosomes are painted in
whole or in part showing a normal chromosome 1 and a translocation and an insertion involving another chromosome 1.

C: An incomplete translocation observed in a chondrosarcoma derived cell line, OUMS-27. Four chromosomes are pained in
whole or in part showing three normal chromosomes 1 and an incomplete translocation involving another chromosome 1.

D: A translocation and an insertion observed in HOS. Four chromosomes are pained in whole or in part showing a normal
chromosome 4 and a translocation and an insertion involving another chromosome 4.
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—7%, OUMS-27H#ifa Tl & A E ORISR E Ze-myc
TFNERL:. BEMRTEHEINREY STV
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AR O R EARREMIT (Table 2) Tid, FHEZ
Nt B ) EHEEORGARESRIE SNAA, F LM
MTLZORFHEIHAWATO—-TICE o TRKECE
HRAZLEAHB L. oz kiz, BREMRITICIESRL
L3 2o 7u—T7OFRANEE LW EERELTY
HiEZLN5.

3-3-2 hMSCTOFISHIEIZ & % fefa fh R H AT
B b RECREIC % 4T 2 22hMSC10909% AT, %
DIE T LR oML TR 2174 ) 20

25, HEBMROBIE CREAKBEZORHEITETH S 12, cmyce70—7t LCHBMBTHRT L. 2%

Fig. 6 FISH analysis with a locus specific identifier for c-myc

A: Four pairs of signals observed in a metaphase spread of an osteosarcoma derived cell line, HOS.

B: The magnified image of a part of panel A. Two pairs of signals for ¢-myc are seen near the distal end of two chromosomes.
Both chromosomes seem to be translocated between chromosome 8 and chromosome 1 that has a white portion
(heterochromatin) near the centromere.

C: The magnified image of another part of panel A. Two pairs of signal for ¢-myc are seen on two normal chromosomes 8.

D: Four pairs of signals for c-myc observed in an interphase cell of a chondrosarcoma derived cell line, OUMS-27. Panel D is a
part of the interphase cell and the pair of signals seems to be amplification of ¢-myc within a chromosome, that is to say that a
single signal corresponds to a pair of signals in panels B or C. Refer to panels E and F.

E: Four pairs of signals observed in a metaphase spread of HeLa cells. Two pairs of signals are seen in a chromosome located
on the left. They seem to be amplification of ¢-myc within a chromosome, because only a pair of signals for c-myc exists in a
normal chromosome 8.

F: Four signals observed in an interphase cell on the same preparation as panel E of HeLa cells. Four signals are separated in
three regions. In a region, two signals are adjacent indicating that they correspond to two pairs of signals (amplification of
c-myc) seen within a chromosome in panel E.
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Fig. 7 Comparison of the signal number for ¢-myc observed in between metaphase cells and interphase cells in HOS and

OuUMS-27

The number in the upper right corner indicates the number of cells observed. The white portion of the bar indicates cells
with amplification of ¢-myc within a chromosome. The black portion indicates cells without amplification within a chromosome.
The distribution of the signal number observed are consistent between in the metaphase cells and in the interphase cells in

both cell lines. -
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Fig. 8 Distribution of the number of ¢-myc aberrant cells
observed on 100 cells during five months passage in hMSC
(10909)

The number of ¢c-myc aberrant cells per 100 cells was
scored at 10 regions on a chromosome preparation, except
for #14 where the number was scored at six regions due to
less number of cells. The number in the top of graphs
indicates the average number of ¢-myc aberrant cells £SD
in ten or six regions analyzed.
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4. BE

hMSCOERIHEEZ MM TE L o hEE LT
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Table 3 Nun'xber of c-myc aberrant cells in interphase
cells of hMSC

Days
in culture

Mitotic  No. of aberrant

hMSC Lot.  Passage index(%) cells /300 cells X-test

10796 #1 0 2.8 24 -—
#3 13 NT 35 N.S.
#5 31 (I month) = 0.2 23 N.S.
10909 #1 0 10.2 15 —_
#3 13 (2 weeks) 5.6 12 NS.
#5 27 (4 weceks) 7.2 14 N.S.
#10 78 (2.5 month) 0.1 25 N.S.
#14 152 (5 month) 0.6 47 P<0.001
11809 #1 0 1.5 10 -
#5 28 (1 month) 0.8 23 P<0.05
#8 66 (2 month) NT 41 P<0.001
#10 98 (3 month) NT 44 P<0.001

NT; Not tested, N.S,; Not significant.

Table 4 FISH analysis with chromosome specific DNA

probes for chromosomes 1 and 4 in hMSC

hMSC 10796 hMSC 10909

Passage Judge Chromo-  Chromo- Chromo-

some 1 some 4 some 1

normal 98.4% 100% 95.8%

#1 aberrant 1.6% 0% 4.2%
No. of cells observed 60 207 261

normal 97.9%

#3 aberrant 2.1%
No. of cells observed NT* NT 242

normal 98.0% 100% 96.2%

#5 aberrant 2.0% 0% 3.8%
No. of cells observed 201** 55%% 236

*NT; Not tested, **The data are derived from another lot of hMSC.
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RFEALHERFAhexabromocyclododecane (HBCD) @
5 v MAEMRZEIIE T 2 B3N RERREREICDONT

DEATIBETS, RS, RRHER, PHEE, 8% ¥ FEET

Effects of perinatal expoSure to the brominated flame-retardant
hexabromocyclododecane (HBCD) on the developing immune system in rats

Akiko Hachisuka®, Ryosuke Nakamura, Yuji Sato, Rika Nakamura, Makoto Shibutani, Reiko‘ Teshima

To evaluate the developmental immunotoxicity of brominated flame retardant,
hexabromocyclododecane (HBCD) , maternal Sprague-Dawley rats were given HBCD at
dietary concentrations of 0, 100, 1000, 10000 ppm from gestational day 10 to postnatal day 21
(postnatal week 3, PNW3). At PNW3 and PNW11, lymphocytes in the spleen, thymus, and
peripheral blood of male pups were subjected to flow cytometric analyses for expression of
surface markers (CD3, CD4, CD8a, CD25, CD45RA, CD71, and CD161 (NKRPI1A)). The spleen
and thymus weights, and number of white blood cells of two organs did not change between

" HBCD-exposed and control groups at PNW3 and PNW11. A significant decrease in thyroid

hormone T3 and increase in serum albumin concentration were observed at PNW3 and lasted
until PNW11. By flow cytometric analysis, the dramatic change was not observed in the
population of the splenic and thymic T/B lymphocyte between the HBCD treated groups and
control group. In the peripheral blood of BNW3 rats, the population of activated T cells was
decreased and that of inactivated B cells was increased. And the population of NK cells in the
spleen was decreased. All of these changes were mild in degree, and returned to the normal
levels by PNWI11. Production of anti-KLH IgG antibody after KLH immunization was reduced
by the 10000 ppm HBCD treatment. These results suggest that developmental exposure to the
highest dose of HBCD had a weak immunomodulatory effect at PNW3, and most of the
immunomodulatory effect had recovered to normal levels by PNW11.

Keywords: hexabromocyclododecane, brominated flame retardant, rat, immunotoxicity,
developmental toxicity
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Fig. 1 Effect of perinatal exposure to HBCD on the body weight and the immune-related organs weight of offspring
Dams were fed ad /ib HBCD-containing diet from gestational day 10 to PNW3. The body weight (a, b), spleen wight (c, d),
and thymus weight (e, f) of the male offspring at PNW3 and PNW11, respectively. Means {(n=10) = SD are shown. There

was no significant difference (Dunnett, p<0.05).
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Table 2 Hematological changes in male rats perinatally exposed to HBCD

group WBC RBC HGB MCV MCH MCHC PLT

PNW3 x 10%/ul x 10°/ul g/d! fL pg g/dL x 10%/ul n
M-1 {(control) 353+113 3277227 5.19+0.69 20.00+1.81 6105423 = 1585+190 2592+193 11892+ 1950 10
M-2 (HBCD 100 ppm) 309+100 336.8+302 5830387 2159185 64.25 431 17.32+232 2685+233 12177 £ 1128 10
M-3 (HBCD 1000 ppm) 475118 * 3281240 576 +0.73 2116207 64.50+4.27 1755177 2717+1.19 128.38+11.06 10
M-4 (HBCD 1000 ppm) 396+79 3223+237 598+1.18 2157+324 6671626 * 1846267 * 2755+194 12399+2254 10
PNWI11

M-1 (control) 821178 7586+ 63.6 1427193 4674379 61.64+163 18.78 +201 3049+329 108.85+9.88 10
M-2 (HBCD 100 ppm) 1098+308 * 7865304 1560+059 4303179 61.07+123 1985+032 3247050 111.32+1215 10
M-3 (HBCD 1000 ppm) 1100+£293 * 8151553 * 1596+082 * 4929+332 6048+ 1.16 19.59 050 3242082 11726 +1372 10
M4 (HBCD 1000 ppm) 1034341 7664 +396 1527056 4642216 6061 +1.30 19942060 3290+046 * 12397+1915 % 10

Values are mean £ SD of 10 rats. * <005 (Dunnett's-test)

Table 3 White blood cell classification in male rats perinatally exposed to HBCD

group n Lymp Seg Eosi Mono Band Ebl
PNW3 % % % % % n »
M-1 (control) 9 7883474 1973 +4.77 061+0.74 0.61+049 0000 0.06+0.17
M-2 (HBCD 100 ppm) 10 7902+3.18 1963326 060046 075063 0000 048+0.66
M-3 (HBCD 1000 ppm) 10 81.69+381 1721419 045+0.37 0.65+0.75 0000 026+0.37
M4 (HBCD 1000 ppm) 10 8141 +4.06 1742450 0.36 £0.50 081+0.90 0000 100+145
PNWI11

M-1 (control) 10 84.64£5.46 1351515 090+094 095069 0000 0.05+0.16
M-2 (HBCD 100 ppm) 10 8427+4388 1333 £4.67 150+1.15 090+0.70 0.0£00 0.00£0.00
M-3 (HBCD 1000 ppm) 10 8756+4.33 1044379 105+093 0.95+0.64 0000 005+0.16
M4 (HBCD 1000 ppm) 10 86.44+3.36 11.86+3.34 0.75+0.68 0.95+0.50 0000 0.00+0.00

Values are mean % SD. There was no significant difference (Dunnett, p<0.05).

Table 4 Effects of HBCD on subpopulations of immune cells

T cell subpopulations

Spleendw Spleen 11w Note
HBCD: 0 ppm 100 ppm 1000 ppm 10000 ppm 0 ppm 100 ppm 1000 ppm 10000 ppm
CD3(+) CD8a(+) 68413 8.15+1.88 7.22+152 66+144 1342£271 18+4.21* 152+354 184+458° [CD8 T cell
CDga(+) CD4(-) 6.86 +0.95 8.12+2.16 699+142 643+ 144 1442+223 1854 +4.34° 16.85£4.31 1887+4.82° [CD8
Activation of T/B cells
Thymus 3w Thymus 1lw Note
HBCD: 0 ppm 100 ppm 1000 ppm 10000 ppm 0 ppm 100 ppm 1000 ppm 10000 ppm
CD3(+) CD71(+) 2670387 246+08 182+0.55° 187x1.15 092 +097 0.74+051 102084 10407 | active T cell
Peripheral Blood 3w Peripheral Blood 11w Note
HBCD: 0 ppm 100 ppm 1000 ppm 10000 ppm 0 ppm 100 ppm 1000 ppm 10000 ppm
CD3(+) CD71(+) 1351 x 347 1401216 11.81+196 104 +2.02° 145054 13506 127047 1.32£0.24 active T cell
CD71{+) CD45RA(+) 20.79 £4.03 2024+297 2308+177 | 2581284 | 2091579 19.65+7.81 229467 2122+522 | Inactive B cell
Treg, NK, NKT cells .
Spleendw Spleen 11w Note
HBCD: 0 ppm 100 ppm 1000 ppm 10000 ppm 0 ppm 100 ppm 1000 ppm 10000 ppm
NKRPIA (+) CD25(-) 11.36 £0.79 1155+1.19 1125167 999+ 111" 2147247 2147+39 2328+4.29 20.77+233 | NK cell
NKRP1A(+) CD4(+) 647 +0.61 6.28+0.81 64+131 563+081" 1253+1.83 12.89+1.85 1378 £ 2.66 1309+172 jCDANKT
NKRPIA(+) CD4(-) 575035 6.06+1.09 565087 5.09+0.76" 10.63 % 1.63 9.97 344 1138 +247 944239 | NKcel
Thymus 3w Thymus 11w Note
HBCD: 0 ppm 100 ppm 1000 ppm 10000 ppm 0 ppm 100 ppm 1000 ppm 10000 ppm
CD25(+) CD4(+) 7.7+257 515094 769+127 785285 416109 398*0.87 441 £0.76 432+122 | Treg
NKRPIA(+) CD4(-) 007003 007003 0.06 =002 0.07 005 02+0.04 02+005 0.25+009 027+008° |NK cell
Peripheral Blood 3w Peripheral Blood 11w Note
HBCD: 0 ppm 100 ppm 1000 ppm 10000 ppm 0 ppm 100 ppm 1000 ppm 10000 ppm
NKRP1A(+) CD25(+) 0.12+0.03 0.1+003 0.09+0.02 0.08 +0.04" 027007 0.230.08 0.27 007 025009 | CD25NK

*p<0.03, **p<0.01
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Table 5 Serum levels of thyroid-related hormones of the offspring perinatally exposed to HBCD

HBCD in diet (ppm)

0 100 1000 10000
PNW3 .
No. of offspring examined 10 10 10 10
T3 (ng/ml) 109 = 011 * 113 = 012 106 = 008 093 == 010 *
T4 (ug/dl) 439 = 093 420 = 077 478 = 049 420 = 052
TSH (ng/ml) 540 = 062 666 = 124 607 = 141 700 = 131 °*
A/G ratio 217 = 043 234 = 059 208 = 034 ‘193 = 070 °
albumin (g/dl) 35 = 018 362 = 025 362 = 016 384 =+ 015 °*
PNWI11
No. of offspring examined 10 10 10 10
T3 (ng/ml) 096 = 006 093 == 007 08 =+ 005 "™ 08 == 006
T4 (ug/dl) 477 = 070 481 = 059 521 = 065 520 = 098
TSH (ng/m}) 474 = 062 581 = 172 536 == 111 49 = 080
A/G ratio 186 =+ 024 189 = 029 174 = 016 170 = 014
albumin (g/dl) 353 = 032 363 = 029 382 = 034 400 == 039 *
? Mean=SD.
b n=9

Abbreviations: HBCD, hexabromocyclododecane; PNW, postnatal week.
*.** Significantly different from the controls by Dunnett’s test or Dunnett-type rank-sum test (*p<0.05, **p<0.01).

Table 6 Histopathology of the thymus and spleen of male and female rats perinatally exposed to hexabromocyclododecane (HBCD)

HBCD in diet (ppm)

0 100 1000 10000
HBCD 3
No. of animals examined (male/female) 10/10 10710 10/10 10/10
Thymus .
Increased starry sky appearance(%)* 0/0° 0/0 4*/0 1/0
Spleen :
Atrophy of white pulp(%) 0/0 0/0 0/0 1/0
Reduction in the number of white pulp(%) 0/0 0/0 0/0 1/0
HBCD 11
No. of animals examined (male/female) 10/10 10710 10/10 10/10
Thymus
Increased starry sky appearance (%) 0/0 0/0 0/3 0/0
Reduction of cortical area(=) 172 0/0 11 4/3
Spleen
No abnormalities detected 10/10 10/10 10/10 10/10

® Grade of change; *, minimal.
® Total No. of animals with each finding.

* Significantly different from the controls by Fisher's exact probability test {*p < 0.03).
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Fig. 2 Effect of HBCD on the antibody production of the
offspring ’ \

The HBCD-exposed female offspring were challanged with
50uxg of KLH with 1 mg of alam twice after ceasing
exposure on postnatal day 23 and 33. Serum was obtained
1 week after final immunization, and the IgG titer to KLH
was measured by ELISA. Open circles represent individual
values, and gray lines indicate mean values. In the highest
dose (10000 ppm), the antibody titer against KLH decreased
in comparison with the control group significantly (Dunnett,
p<0.05).

Table 7- Immunity-related influences exposed to HBCD(a)
and DBDE (b)

" a) HBCD
PNW3
liver weight t
spleen CD161+NK cell
peripheral active T cell
peripheral inactive B cell
serum T3 level
serum TSH level, albumin

1000ppm 10000ppm

— —— — ——

—

serum T3 level !

serum albumin i
PNW3-7

KLH-antibody production i

b) DBDE 100ppm
PNW3
liver weight t
spleen active T, B cell
spleen CD4+ cell
serum T3 level .
PNWI11
peripheral CD161+NK cell
serum T4 level

1000ppm

———

———
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Note

Needle fibers of an azo—dyé mixture induce polyploidy in a Chinese hamster cell line CHL

Atsuko Matsuoka®, Yoshie Matsuda, and Masa-aki Kaniwa

In a routine safety evaluation of chemicals included in household products, we found a
mixture of azo dyes (CMBA, main component: N-[5-[ (2-cyanoethyl) ethylamino]-4-methoxy-2-
[ (5-nitro-2,1-benzisothiazol-3-yl) azo] phenyl]acetamide) that precipitated in the culture medium
in a characteristic fiber form (around 2 - 33 gm in length) similar to that of asbestos. We
compared CMBA with an asbestos, chrysotile B, in a cytotoxicity, chromosome aberration (CA),
and micronucleus (MN) test in a Chinese hamster lung cell line (CHL). In the cytotoxicity test,
the 50% growth inhibition concentration was 11.0 xzg/ml for CMBA and 0.398 gg/ml for
chrysotile B asbestos. CMBA and chrysotile B both induced polyploidy in the CA test and
equal-sized binucleated and polynuclear cells in the MN test. CMBA differs from chrysotile B
chemically. The former is an organic chemical and the latter is a mineral. Although CMBA is
soluble in methanol and can be safely disposed by burning, it should be handled carefully when

~ manufactured in a factory.

Keywords: aneugen, azo dye, chrysotile B, fibers

1. Introduction

In a routine safety evaluation, we examined a mixture
of azo dyes (CMBA) that has been manufactured for
textile dyeing. In the chromosome aberration test,
CMBA precipitated in the culture medium as a fiber
and the shape and size looked like those of asbestos.
Concerned that CMBA might show the same activity
as asbestos, we studied it further comparing with the
activity of chrysotile B asbestos.

2. Materials and methods
2 — 1. Chemicals

A mixture (CMBA) of N-[5-[(2-cyanoethyl)
ethylamino]-4-methoxy-2-[ (5-nitro-2,1-benzisothiazol-3-
yl)azolphenyllacetamide (A: 96.98%; CAS No. 172463-
55-7) and N-[5-[(2-cyanoethyl)amino]-4-methoxy-2-
[ (5-nitro-2,1-benzisothiazol-3-yl) azo] phenyl]acetamide
(B: 1.26%) with 1.76% unknown chemicals was
‘synthesized by the ordinary azo-coupling method. The
chemical structures of two main corﬁponents_ A and B,

are shown in Fig. 1. CMBA was dissolved in dimethyl

*To whom correspondence should be addressed:
Atsuko Matsuoka; 1-18-1 Kamiyoga, Setagaya-ku, Tokyo
1588501, Japan; Tel: +81-3-3700-9268; Fax: +81-3-3707-6950;

E-mail: matsuoka®@nihs.go.jp

sulfoxide (DMSO). Chrysotile B (UICC) as a reference

material was suspended in the culture medium.

2-2. Cells

CHL cells were established from the lung of a female
newborn Chinese hamster by Koyama et al.” and
cloned by Ishidate and Odashima®. They were
maintained in Eagle’s minimum essential medium
(MEM: GIBCO 11095-080) supplemented with 10%
heat-inactivated fetal bovine serum and penicillin (100
U/ml)-streptomycin (100 pgg/ml) (GIBCO 15140-122)
in 5% CO, in air at 37°C. The doubling time was around
13 h, and the modal chromosome number was 25.

N
22N
S OCH,4
T~
0,N a4 ON
N=N N\
R

NFiCOCH,
A: R=C2H5. 02|H2]N7048=467. 50
B: R=H, C1gH ]7N 70 482439 45

Fig. 1 Chemical structures of A and B, the two main
components of CMBA
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2 - 3. Cytotoxicity test (Colony formation assay)

CHL cells were seeded at 50/well in 24-well plates.
After 24-h incubation, they were treated with a test
chemical or vehicle control for six days. The colonies
formed were fixed with methanol and stained with 3%
Giemsa solution. The number of colonies on each well
was counted, and the relative survival was calculated
based on comparison with the control colonies. The
cytotoxic potential of the chemical was expressed as
the concentration at which the relative survival was
50% of control (ICs). The IC;, value was calculated by
the probit method.

2 — 4. Chromosome aberration (CA) test

Cells were seeded at 1.5 x 10°/plate (60 mm in
diameter) and incubated at 37°C for 17 h. They were
then treated with a test chemical for 24 or 48 h, and
colcemid (0.2 pg/ml) was added for the final 2 h. For
metabolic activation, cells were treated with a test
chemical for 6 h in the presence or absence of S9 mix”
(Kikkoman, Noda, Japan) and cultured with fresh
medium for another 18 h with colcemid added for the
last 2 h. The S9 fraction was prepared from the livers
of Sprague-Dawley rats pretreated with phenobarbital
and 5.6-benzoflavone. The final concentration of the S9
fraction was 5 v/v%. Chromosome preparations were
made as reportéd previously”. All slides were coded,
and the number of cells with structural CAs was
counted for 100 well-spread metaphases with a modal
+ 2. The number of cells

with numerical CAs was counted on 100 metaphases.

chromosome number of 25

In our historical database”. the frequency of CHL cells
with structural CAs or polyploidy in both untreated
and solvent-treated negative controls did not exceed
4%. The experimental groups were judged as negative
if the total CA frequency was less than 5.0%,
inconclusive if it was 5.0 to up to 10.0%, and positive if
it was 10.0% or more. The number of mitotic cells was
counted for 1000 cells. Relative mitotic index was
calculated based on comparison with the number of
mitotic cells in controls to show the concurrent
cytotoxicity. Solvent — treated cells served as the nega-
tive control. Experiments were performed twice, and

representative data are shown.

2 — 5. Micronucleus (MN) test
CHL cells were seeded and incubated as they were

in the CA test, treated with a chemical for 24 or 48 h
in the absence of S9 mix (because there was no effect
in its presence in the CA test), and harvested immedi-
ately. MN preparations were made as reported previ-
ously”. The cells were stained by mounting in 40 pg/
ml acridine orange in phosphate-buffered saline (PBS)
and were immediately observed at 400 x magnification
by fluorescence microscopy with a model Nikon
Eclipse E600 and a B-2A filter block. All slides were
coded, and they were observed and judged as reported
previously®. Briefly, the number of MN cells among
1000 intact interphase cells was counted. Cells with a
main nucleus and a single MN were categorized into
two groups: those with a MN whose diameter was less
than one-third of the main nucleus and those with a
MN whose diameter was one-third to one half the
diameter of the main nucleus. A cell with two or more
MN was recorded as a multi MN cell. In addition, we
examined 1000 total cells and scored polynuclear (PN)
cells, including polynuclear cells, karyorrhectic cells,
and binucleates, and mitotic (M) cells. Experiments
were performed twice and representative data are
shown. We analyzed the data using a x*test for

treated versus control groups.

3. Results
Fibers of CMBA precipitated in the culture medium
are shown in Fig. 2. Single and bundled fibers are
shown ranging from around 2 to 33 xm in length.
Chrysotile B, with an IC;, of 0.398 1g/ml was much
more cytotoxic than CMBA, with an IC;, of 11.0 pg/ml

Fig. 2 Phase contrast micrograph of fibers of CMBA
precipitated in the culture medium after its DMSO solution
was added

Single and bundled fibers are shown ranging the length from
around 2 to 33 #m. Bar indicates 50 zm.
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(Fig. 3). As fiber concentrations are typically given in
pg/cm? those in pg/cm?® are added in parentheses for
chrysotile B in graphs and a table.

To show the fiber length of CMBA and chrysotile B
quantitatively, we measured them as follows: their
suspension in the culture medium was placed on a
glass microscope slide, covered with a cover slip, and
then photographed under a light microscope. Length
of fibers was measured on the enlarged photo prints.
The fiber length distribution of CMBA and chrysotile
B is shown in Fig. 4. CMBA and chrysotile B showed
different distribution patterns. The fiber length
distribution of CMBA spread broadly mainly from 3 to
15 um. 77% of the fibers was shorter than or equal to

Chrysotile B
120
— 100 - . _
s 80 —
g o0|- — -
e 40| -
» 20 - -

0 051050 10 30

) (028 0.572.8 5.7 17)
Concentration (pg/ml)

0 12525 50 75 100

Fig. 3 Cytotoxicity of CMBA and chrysotile B
Values are expressed as mean = SD for four wells. Figures in
a parenthesis indicate concentrations in ypg/cm’.

15 gm. On the other hand, chrysotile B showed a
distribution with a peak at 1 zm and 85% of the fibers
was shorter than or equal to 5 #m. In this connection,
Timbrell reported that 97% of the fibers of the UICC
chrysotile B was shorter than or equal to 5 g#m”.

In the CA test, CMBA induced polyploidy after 6-,
24-, and 48-h treatment without S9 mix in a concentra-
tion-dependent manner (Table 1). The concurrent
cytotoxicity under the conditions was not strong as
shown by the relative mitotic index. CMBA did not
induce structural CAs under any experimental condi-
tions. CMBA did not induce CAs at concentrations
lower than 6.25 pg/ml

Chrysotile B, on the other hand, induced polyploidy

0 CMBA Chrysotile B
g 30| —- -
>
(]
S 20 -
=
o
2 10 - -
“ LIl

Ll el e e

1 5 10 15 20 25 30- 5 10 15 20 25 30-

Length (pm)

Fig. 4 Fiber length distribution of CMBA and chrysotile B
The average length of CMBA fibers was 1095 gm.

Table I Chromosome aberration test of CMBA
T-R S0 mi Concentraton polyploid Cells with chromosome aberrtion® (%) Relative mitotic
(h) e (gg/ml) cells (%) ctg ctb  cte f osb  cse Total index (%)
6-18 - 0 2 1 0 0 0 0 0 1 100
20 12 0 0 0 0 1 0 1 127
40 15 0 1 2 0 1 0 4 104
60 25 2 1 0 0 0 0 3 800
80 10 0 1 1 0 0 0 2 920
6-18 + 0 0 1 0 0 0 1 0 2 100
20 1 1 0 1 0 0 0 2 856
40 4 1 0 0 0 0 1 2 975
60 3 1 0 1 0 0 1 3 99.2
80 3 1 1 1 0 0 0 3 105
24.0 - 0 0 0 1 0 0 0 1 2 100
6.25 1 0 0 0 0 0 0 0 137
125 12 2 1 1 0 0 0 4 159
25 26 0 0 0 0 0 0 0 123
50 23 0 1 0 0 0 0 1 105
48 -0 - 0 2 0 0 0 0 0 0 0 100
6.25 1 0 0 0 0 0 0 0 71.2
125 16 1 0 0 0 0 0 1 48.1
25 46 1) 0 0 0 0 0 0 654
50 40 0 0 0 0 0 0 0 596

“Treatment and recovery time. "ctg. chromatid and chromosome gaps; ctb, chromatid breaks: cte, chromatid exchanges; f,
fragmentation; csb, chromosome breaks; cse, chromosome exchanges.
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under all the experimental conditions (Table 2). The
lowest concentrations that induced polyploidy were
ten times higher in the presence of S9 mix than its
absence. Chrysotile B induced structural CAs, but at a
low frequency.

We observed bi-, tri-, tetra-, and hexa-nuclear cells in
MN preparations after treatment with CMBA (Fig. 5)
and after treatment with chrysotile B (data not
shown).

CMBA induced a small but statistically significant
increase in the frequency of MN cells after 24- and
48-h treatments (Fig. 6). Surprisingly, the frequency of
PN cells induced was about 50 times the control value.
Binucleates were prominent at both 24- and 48-h, after
which the ratio of polynuclear cells among the PN cells
increased. CMBA did not significantly increase the
frequency of M cells.

Chrysotile B induced the similar pattern of MN, PN,
and M cells as CMBA (Fig. 7). The only difference
from CMBA in the MN test was the concentrations

tested.

Table 2 Chromosome aberration test of chrysotile B

Fig. 5 CHL cells treated with CMBA in MN preparations

A, intact interphase cells and a mitotic cell observed in
control. B and C, A binucleate, a tri-nuclear cell with an MN,
and a hexa-nuclear cell with a MN observed after treatment
with CMBA at 20 xg/ml for 48 h. D, a binucleate and a tetra-
nuclear cell observed after treatment with CMBA at 40 pg/
ml for 48 h. MN preparations were stained with acridine
orange. Yellow indicates nuclei and chromosomes and red
indicates cytoplasm. Bar represents 20 zm.

., T-R* 9 mi Concentraton polyploid Cells with chromosome aberrtion® (%) Relative mitotic
(h) K (pg/ml)  (pg/cm?®) cells (%) ctg ctb  cte f osb  cse Total index (%)
0 0 1 0 0 0 0 0 0 0 100
6-18 = 05 0.12 7 0 0 0 0 0 0 0 889
1 0.25 13 1 0 0 0 0 0 1 87.8
5 12 28 2 2 1 0 1 1 7 822
10 25 44 2 2 2 0 3 0 6 62.2
30 74 29 0 2 0 0 0 0 2 51.1
50 12 20 0 0 0 0 2 0 2 422
0 0 1 1 1 2 0 0 0 3 100
6-18 + 05 012 0 0 0 0 0 0 0 0 101
1 0.25 2 1 0 0 0 0 1| 2 120
5 12 4 0 0 0 0 0 0 0 117
10 25 10 1 1 0 0 0 1 3 108
30 74 11 1 1 2 0 0 0 3 935
50 12 15 0 0 1 0 1 0 2 792
940 _ 0 0 2 1 0 0 0 0 0 1 100
05 0.12 7 2 0 0 0 1 0 3 138
1 0.25 10 1 2 2 0 2 0 5 117
b 1.2 25 0 0 0 0 0 0 0 72.1
10 - 25 32 0 0 0 0 2 0 2 744
30 74 Tox
480 _ 0 0 1 0 0 0 0 0 0 0 100
05 0.12 9 0 1 0 0 0 0 1 93.0
1 0.25 15 5) 2 1 0 2 1 7 144
5 1.2 39 0 1 0 1 0 2 3 126
10 25 30 3 7 4 0 4 1 11 86.0
30 74 Tox

»" See the footnote in Table 1. Tox; cells were killed.
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CMBA
MN cells PN cells M cells
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O Multi MN O Karyorrhectic cells
400 | ®1/3 ~112 B Polynuclear cells .
B ~1/3 0 Binucleates
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200 | .
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Fig. 6 Results of the i1 vitro MN test with CMBA for 24 h (top) and 48 h (bottom)

The left graphs show the number of MN cells/1000 intact interphase cells. The middle graphs show the number of PN cells/1000
total cells, including binucleates, polynuclear cells, and karyorrhectic cells. The right graphs show the number of M cells/1000 total
cells. *P < 005, *P < 001

Chrysotile B
MN cells PN cells M cells
500
O Multi MN O Karyorrhectic cells
400 [®1/3 ~112 ™ Polynuclear cells s
a~1/3 O Binucleates

300
0
o 200
o
g 100 ..
8 O Multi MN O Karyorrhectic cells
k<] 400 | =1/3 ~1/2 H Polynuclear cells
o a~1/3 E Binucleates
zZ 300 s *x

200 —

100 e ﬁ

0 — = 8 [ s B e I =T s B s
0 1 5 10 20 0 1 5 10 20 0 1 5 10 20
(0.25 1.2 25 49) (025 1.2 25 4.9) (025 12 25 49)

Concentration (pg/ml)

Fig. 7 Results of the iz vitro MN test of chrysotile B
See legend to Fig. 6. Figures in parentheses indicate concentrations in ug/ent’

4. Discussion

We found that CMBA and chrysotile B showed a
similar induction pattern of MN, PN, and M cells in the
MN test, and both induced polyploidy in a similar

manner in the CA test, although their fiber length

distribution was different from each other strictly

1.8)

speaking. Koshi et al.” reported that a size-selected

sample (81% of fibers was less than 5 #m long) of
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UICC chrysotile B induced 34% polyploidy at 10 zg/ml
after 46-h treatment. Our result was consistent well
with theirs.

In a previous study®, we showed that clastogens can
be distinguished from aneugens in the MN test
according to their induction pattern of MN, PN, and M
cells. Aneugens were always accompanied by a high
frequency of M cells. Vincristine induced a high
frequency of MN and M cells in addition to the
induétion of PN cells. CMBA and chrysotile B,
however, were clearly aneugens, but they did not
induce M cells. We can estimate that the mechanism of
polyploidy induction by CMBA may be different from
that of vincristine.

We experienced a similar response of binucleate
induction by 2-phenylbenzotriazole — type water pollu-
tant (PBTA-2), which has cytochalasin B (Cyt B)
-mimetic activity”. At first CMBA seemed to be
similar to PBTA-2 in its induction pattern of MN, PN,
and M cells in the MN test. But, CMBA was different
from PBTA-2 in polyploidy induction in the CA test.
PBTA-2 induced 12% polyploidy at most only at a
highest concentration of 100 ,ug/ ml. On the other hand,
CMBA induced polyploidy in a concentration-
dependent manner with an example of 46% at 25 ug/
ml. Chrysotile B also induced polyploidy in a concentra-
tion-dependent manner with an example of 44% at 10
pg/ml

One mechanism for the formation of bi- and
multinucleated cells is attributed to hydrophobicity'”.
Chrysotile B is a mineral, so that was not the case.
Inhibition of actin polymerization could be a mechan-
ism. If so, formation of contractile rings would be
inhibited resulting in no cleavage furrows at telophase,
but we could observe cleavage furrows after CMBA
treatment, even at 40 gg/ml (data not shown).
Crocidolite fibers block cytokinesis but not cleavage
furrows'” and that could lead to binucleates. That
might also be the case for CMBA. Needle crystals of
vitamin B, induce polyploidy (32% at 150 pg/ml) in
CHL/IU cells", apparently by physically fixing the cell
shape and thereby preventing normal mitosis. This
mechanism seems to be similar to that of the paper
above'.

In the present study, the uptake of fibers into cells
was not investigated. Internalization of fibers is

considered to play an important role in their cytotoxic

- 10)

and genotoxic effects. Further studies are needed to
substantiate the findings in the present study and to
understand the mechanism of polyploidy and binucle-
ates induction mentioned above.

In the practical use of CMBA, it is commercially
available as a water solution for textile dyeing. That
suggests that there may be a very low possibility for
us to be exposed to fibers of CMBA in the dyeing
industry. CMBA should be handled carefully when

manufactured in a factory.
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Volatile Organic Compounds (VOCs) Emitted from Furniture and Electrical Appliances

Toshiko Tanaka-Kagawa, Hideto Jinno*, Yoko Furukawa, and Tetsuji Nishimura

Organic chemicals are widely used as ingredients in household products. Therefore, furniture
and other household products as well as building products may influence the indoor air quality.
This study was performed to estimate quantitatively influence of household products on indoor
air quality. Volatile organic compound (VOC) emissions were investigated for 10 products
including furniture (chest, desk, dining table, sofa, cupboard) and electrical appliances
(refrigerator, electric heater, desktop personal computer, liquid crystal display television and
audio) by the large chamber test method (JIS A 1912) under the standard conditions of 28°C,
50% relative humidity and 0.5 times/h ventilation. Emission rate of total VOC (TVOC) from the
sofa showed the highest; over 7900 xg toluene-equivalent/unit/h. Relatively high TVOC
emissions were observed also from desk and chest. Based on the emission rates, the impacts on
the indoor TVOC were estimated by the simple model with a volume of 174 m® and ventilation
frequency of 0.5 times/h. The estimated TVOC increment for the sofa was 911 pg/m?
accounting for almost 230% of the provisional target value, 400 xg/m’. The values of estimated
increment of toluene emitted from cupboard and styrene emitted from refrigerator were 10%
and 16% of guideline values, respectively. These results revealed that VOC emissions from
household products may influence significantly indoor air quality.

Keywords: indoor air, emission of volatile organic compounds, household products, large
chamber test method

WA L 6005 b, —F, BEBIZL - TREN

Ty Z Ny ZSEERE R AR ML ELB BUIREE 22
LENESDOERIERT A L £ 2 o HEEDH
gy, SNESERO RIS L TR E RO
FEONTWE., 20 &) RILEWHEICHT 2 LEx
ELTOmYHAL LT, {bEWEOSMRERHIC
DWT [Ty raw A (BERNELRGE) MEICET 5%
H&) ofEMELY CkTE, ChEITIREANVAT
VFe R, MVZUVRUF I L VEIBPYHIIOWTERN
PEIREHMEDHE S T B, BRICBIT 21LEWHD
FELBEERO—DTHHEMICE L TIL, 200347 A
1 BT & 7B E AR gk {42 12 & o TIRRAL

*To whom correspondence should be addressed:
Hideto Jinno; 1-18-1 Kamiyoga, Setagaya-ku, Tokyo
158-8501, Japan; Tel: +81-3-3700-1141 ext.257, Fax +81-
3-3707-6950; E-mail;jinno@nihs.go.jp

WHBHATNLML LREMNMIZLEHE L2 T
MEMENTBY, BNEROBELEFE LToOWREED
B ENTwaY, Zho0BGH 5SS s {bE
HOZEREZANORFIZ OV TIRBRIEO TS,
AZETIE, REM G O O{bEWE 0 R AR % LR
L, SRNZELAPOLEWET 2 REMGONE %52
BRGNS 2 BT, RERERURERRBICOVT
KEF v v 3 —FI2 L A2 HEEEERILEY (VOC) @
BOkERERZ Efi L, SENRBIRREICT 2 EEITow
TEBERTo 7.

2. RERFGE

2.1 HEBREARUKEEER

FES®a (¥ ¥ X, #BH BT, 7—7 v (&
T, v7r— SFUERCL Y VM), KEmM
53 (WHEE, BRA M7, FAZ by FRN—Y



72 I+ i

fis

151 i #3128+ (2010)
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Birfg e LT, KIEF v vo3—iE (JIS A 1912) 1ZiE3
LTHMEERZ L 72 BRIz I35 m*F x &~
N (Bl » =79 v 745 F21El m*F v v 35—
(ZARy 7)) 2R L, BT VERDTE—T 4
Fi1kl m*F ¥ vox—%&, FRPSORBHIOWTIESS
mF ¥ Y= Fn F oy Y- IEEE28T, i
BE50% 12 ik L, IR ELAS05EIC 2 % & 9 ICHEZEA
BHES L7 Mefkd F v VoS — ISR L24B5I1412 3
J& (Tenax TA/Carbobraph 1TD/Carboxen 1000) @
Wi 4 TO-17/2 (Markes) Z{EMH L C, 50 mL/min®
WH TS LRU2 LOKGIA A%} 7Y v 7 Uiz Fil
BT v YNNI B W IR IR L
THOGRER A ER L /2. 8, WA L Tiddtsz
LREE, RUOGDED WHREONRS 2 &4 THIER R
Tot

2.2 MEHBKEEGC/MS (TD-GC/MS) (2 & 3 fE5!
VOCsRUTVOCHER
TD-GC/MSIZ & 5 VOCs Dl 5E i3 Ky B E T S A
FE I TDTS-2010 )t 'GC/MS-QP-2010% HVTEL T I
RLIGMETT o

INERTEAT 243 GC/MS D G347 4o
mEBEEE (BESUERT (B 2 TDTS-2010)

280°C, 50 mL He/min, 10 min
-10°C

Desorption :
Cold Trap Temp :

GC/MS (Edt#Err (#k) B GC/MS-QP2010)

Rtx-1 (032 mmx60 m, 1xm)
He, 2.35 ml/min

40°C -5°C/min-250°C

250°C

200°C

m/z 35-350

Column :

Carrier Gas :
Column Temp. :
Interface Temp. :
Ton Source Temp. :
Scan Range :
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¥ BFTIZ13 AnalyzerPro (SpectralWorks) Z{GHI L,
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n: WEEE (E/h)
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19) 2B B EGGEEDE LT IR
AHZER E LCOOLid LA2& - 1.1 pg/unit/h
AR E LC2LAE LS ¢ 28 ng/unit/h

Ol m*F v ¥ 3= % 7= ik Bk (Sample ID#: 10,
11) 2B R EE D E R T IR
AHZERE UL LA - 02 xg/unit/h
AEERE LT L28E - 05 pg/unit/h

T, KRR HAEPIREMSMEIAC (pg/m®) #55
Lz,

C_EFxUR
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AC CEPERM ST (pg/m)
UR 8% (unit)
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3. BRRUEE
RASHFRUREHER S B EZHRE LTRES v
UN—FILI D EREHIOBERENRSLVOCEHIEL
TVOCit & LTHB L7-4EH & Table 1IZ/R L7z, TVOC
E L THRKRAICERN L 7245 Tk, 1L H» 5 DTVOCH
P EWEIASEO SRz, FTLY 77— 501
LI AT24 pg PV VYT /unit/h e b E L, #H
Bl - KiFR 8 ¥ AT BT WTVOCO BGRA R0
7 (FhFh4825, 3401 g b L 42 'Z/umt/h)
V7 7—=lI0onwTiR, FarfRya—va YT OREL
"o ry¥F 7Ly, ANVFTAVLY, TIVERF—N
HFORMHELDOT VAR VP ERELZTVOCKH KK S TH
LLFEZONED, BHTHHEME WiiG: B77ug b
VI G E /unit/h) ZIR LT EHFEEIN S HT
»5. BHTICH LTI, %84 - £5F (109ughbn x>
M2 it /unit/h) RRF— 70V - ¥iF (298ug vz v MY
nt/unit/h) 6 LARMENTEY, $H, SHLRE
ELH & ORLIZ X » THEABHIA~ DL 2 B I
M3 AREEICODWTEZET HLERHA ).
TR B SE 1k 5 G L 0 T SE A5 A & Table 21278 L 7z,

M, ZHORKBIDHFEFIIHIETL2HABHIIOVTIE
Table 1X AT 5.

(X&)

v (ID# 1) : BERE A F )V (12984g/unit/h), 0
[ 7 F IV (839ug/unit/h), 7t b ¥ (71.64g/unit/h),
1-7°% 7 — )V (498pg/unit/h) RUn-7 + 5745 >~ (486
pg/unit/h) ASHEBIHGEE O L A & L <l
shiz, Thooftiz, Faryfya—a VBITCE
DAERE (553ug MV UMIMit/unit/h), A PRI 7O

N)—=n7E7—1b (182ug Mz UL R /unit/h),
6-H Vv (112pg bz UM /unit/h), e-7 N
7z (86pg bV U MINLL/unit/h), a-FIVE R A —
WV (64ug PV YA /unit/h) KR O1.235-F b5 A
FUNRYEY (6lpg b Vv ML /unit/h) ASEER
RES .

FHEH - BT (D# 2) tm- p-F T L ¥ (2364pg/
unit/h), 1-77% 7 —J)v (1628ug/unit/h), 2- 70,87 —
W (12954 g/unit/h), BEBEZF )V (824pg/unit/h), o
F LY (498ug/unit/h) DSHCIRMBEGEE DBV b
e LT as . chsofils, FaryRy z—
Ya YATIZ L D EERE (1026g bV A4 AL /unit/
h), e-Z VT 2Ry (B07ug b VT YL E/unit/h),
ArFT7un)—n7Esr—bF (302ug bz MY
fit/unit/h), 227 b F Py — 0 (218ug b VT UAH]
YHit/unit/h), 3L MF ¥ TOEF YRR FV (175ug

vz MG E /unit/h), sV XY (143ughbnr x>
MLk /unit/h), BHT (FF e Fufd bz ) (109
pg PV VMY E/unit/h) T EMICEZE S,

F—7 W+ ¥¥ (ID# 3) tm- p-F ¥ L ¥ (5503pg/
unit/h), o-¥F ¥ L ¥ (1158ug/unit/h), EEEE 7 F
(1082pg/unit/h), T F VX ¥ ¥ ¥ (4824g/unit/h)
MHERRREOBWLE & LT g hi. Th
SOz, FarEY) —a VETIZL HPBHT (298

pg MV AL E/unit/h), BERR (218pg PV VAR
f&/unit/h), 227+ F T ¥ ) — v (78ug P v H
Mht/unit/h) A EMICEE S 7S

Table 1 Emission rate of TVOC from furniture and electrical appliances

N I . ks 1k e e Deconvolutionix T
SO (%)
b#l |#YA 3401 391 98 67
ID# 2 |7 - BT 4,825 555 139 80
IDE3 | T—T WV K5F 1,600 184 46 95
ID#4 | V77— 7924 911 228 54
ID&5 |AIRTL v VUM 2875 330 83 69
ID& 6 | W 2,127 245 61 100
GBTE % LBIEE) )
ID# 7 | ARE 713 32 20 105
(GEED H HEE)
ID#8 [BHARA -7 164 19 5 90
ID#9 | FAZ by TEPC 1,524 175 44 34
ID# 10 | g7 LY 1440 166 41 104
ID# 11 (A—7 1+ 417 48 12 100

* 400 pg/m®
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Table 2 Emission rate of VOCs from furniture and electrical appliances

Emission Rate (pg/unit/h)
ID£ 1 [ID#E2{IDE3{IDEA|IDES5 | IDEF6]IDE 711D S| IDF 9 JIDF 10(IDF 11
Acetone 716 420 123 419 914 128 163 1737 10.1 516
2-Propanol 1295 8.8
Methyl acetate 129.8 384 10.8 9.2 311 32
Dichloromethane 205 2.1
2-Methyvlpentane 150
Methylethyvlketone 23 109 111 89 20.8 252 37 49 26 30.1
3-Methylpentane
Ethyl acetate 13.1
n-Hexane 544
Chloroform
24-Dimethyvlpentane/Methylcyclopentane
Methvlevelopentane/24-Dimethvlpentane 52
1.11-Trichloroethane
1-Butanol 49.8 162.8 16.6 8.2 262 34 18.3 320 OR 6.6
Benzene
1-Methoxy-2-propanol 26.7 74 24
Carbon tetrachlonde
Cyclohexane
2-Methylhexane
3-Methylhexane
Trichloroethylene
2.24-Trimethvlpentane
n-Heptane
Methvlisobutylketone 6.4 16.2 304
Methylcvciohenane
Isobutyl acetate 13
Toluene* 192 15.5 292 268 2304 86 23 123 OR 303
14-dimethvlcyvclohexane
Butyl acetate 839 824 108.2 24 247
n-Octane
Tetrachloroethvlene
Ethvlbenzene® 18 415 48.2 49 37 55.7 9.1 39.7 5.1 25
-, p-Xvlene® 172 236.4 550.3 222 67.2 127 39 1005 334 143
2-Methvloctane 328 48
3-Methvloctane
Stvrene’ 23 11 39 138 121 3076 1464 614 32 89.5
o-Xylene® 49.3 1158 3.0 4.3 3.4 194 3.0 2.5
n-Nonane
Isopropvlbenzene 29 11
35-Dimethyloctane
a-Pinene 2.2 74 52 31 74
n-Propylbenzene 78
(+/-)-Camphene
Phenol 30 286 435 72 4.3 138 9.1 153 576 OR 475
1.35-Trimethybenzene 8.8 13
2-Methvlnonane
alpha-Methylstyrene 24
2-Ethvltoluene 16 7.0
S3-Pinere
2-Pentvlfuran 1.7 2.8
1.24-Trimethvlbenzene 112 328 6.2 2
n-Decane 75
1.4-Dichlorobenzene 8.0 204 6.5 519 6.2
3-Carene
1,23-Trimethylbenzene 28 27 12
Limonene
1-Methvl-3-propylbenexzene
n-Butvlbenzene 11
n-Undecane 22 16 55
1.2.45-Tetramethylbenzene 32.1 52 1.8 34
1.35-Trichlorobenzene 15
Camphor 88
Naphthalene 11.8 127 27 32.1 31 23 0.3
n-Dodecane 16.8 48 28 24 55 12 109 59
n-Tridecane . 332 44 10.1 25 45 6.2
n-Tetradecane 486 111 148 421 2.1 174 212 295 2.7 178
n-Pentadecane 418 15 3.8 60.2 2 16 102 0.5
TXIB
n-Hexadecane 215 48 215 46.1 5.1 3.2 16.4 199 56
* NSRS STV L (b Tl
OR :sghniafd st
2R RV RBMEA
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V77— (ID# 4) :a-RV & Fh ¥ (6024g/unit/h),
14-Y70uxy ¥y (519ug/unit/h), #-~\FH5F5h
v (46.1pg/unit/h) PBHBHWRIGEEOFHVLED L
LChiiEhs:, Thoofiz, FaryfYa—-ar
WHicEharyEF¥7+L0 Yy (1659ugh VT U HYE/
unit/h), AU A7 4LV (32ug b VY E/unit/
h), BHT (377pug P vz VM4 E/unit/h), FIVE R4 —
WV (169pg b VT MY /unit/h), BYF Y2 LY
(142pg PV V%R /unit/h), e-0 VY FE A ¥ (124pg
P NS E /unit/h), AUF T4 LY Q3ug by
T MYk /unit/h), BERE (89), F P AFNTH v
T bYWV (89ug b VT MY E /unit/h), (+)-4F
N (65pug PV MY E/unit/h), Y& Fl-a-F WV
it —n Blughnx /*H-__Ligz/umt/h) HEEMIC
BV R-F A

85 (ID# 5) : PV ¥ (2304pg/unit/h), 7k
b ¥ (914 pg/unit/h) HILERIHEEE OB WLEY
LT Eh:. chooftls, FarKya—3Ta
VERTIC & O WEEE (988 g VT Y E/unit/h), (+)
-BY¥F 74+ LY (87pg bV YA /unit/h), 2-X
FNTaNVEL-(L1- T AF VT N)2- A FN-13-71
AVV{»IX?%z@MgFWlVW%iAMVM
AFYF— (64pg bV YR /unit/h), FEE (657
pg bV A4 E/unit/h) AVEERIC Hmént

(RBELSR)

WA GET 2 L - BRE) (ID# 6): XA F L >~ (30761g/
unit/h), m- p-¥ ¥ L ¥ (672p¢g/unit/h), TF XY
¥ (557pg/unit/h), n~"FH¥ > (544pg/unit/h)
REMRTCEEOBWEEE LTSz, Zhb
OBz, FarREYya—Ta EFICLD2710-FY R
FIWVEFA Y (256pg b VT Y E/unit/h), VT
7YV (200pg b VT VMY E/unit/h), YraxRy ¥y
(110,ug}~)1/:1:/7|fﬁé; t/unit/h), 47-VAFIVT LT

¥ (110pg F vz v A% E/unit/h), ~FH774 > (105
pg PV AN /unit/h), XV ¥ FA Y (85ug b v
XL VA Y /unit/h), Y FA Y (60pg PV Y
f/unit/h) RU24-VAFNANT %~ BGlugh vz
ML /unit/h) A EMNCREE Sz,

W GETLEH H - BB (ID# 7): A F L~ (1464 g/
unit/h) AHREHREGHEOSWLA L LTRSS h
7. Thoeafpiz, Far®fya—Ta VERICLID Y
ruxyy v (13lpg b v VY /unit/h) A3 E
MicHEZE &z,

BRA b—7 (ID# 8) : ¥ % MM EE 2 7 35
EENGWEERB Eh2h o/, FAVvRYa—a
VEAICE V13T TR FARYEY (62ug bV U
L& /unit/h) AEEMIZFE S M.

FAZ by FRIPC (ID#9) : 7t b ¥ (1737ug/
unit/h), m-, p-¥ ¥ L » (1005xg/unit’/h), AF L ~
(644pg/unit/h), 7 =/ — N (576pg/unit/h) HSHEE
IR OB LA & LTl Sl

WH7TLVE (ID#10):1-7% /7 —n, by, 7=
J=VO3YWHEIBOTEWIRE TR IR DO,
ERHPAO LR (fExtEE LC250 ng) #2720
%&mgumﬁféot.ﬂmﬁ%wﬂﬁéﬁﬂﬁ
L7z ETTVOCE LTHREIE LR, T3 KR)a—
YavENICX DEEBR T F v BGl5ug PV VAN E/
unit’/h), Y7 un~F¥ v (386ug PV UHYE/
unit/h), PV IY (197pg MV L ZAHYE/unit/h),
1.7 %= (110pg Vx> HYE /unit/h), 7 =
/= (83ug PVTUHHE/unit/h) A ERMICFE
Ihi.

*—5F4% (ID# 11) : AF L ¥ (895ug/unit/h),
7 b ¥ (546pg/unit/h), 7=/ —N (475ug/unit/h)
LB REOR LA E L TR E .

MEDHRESNABVOCHOBBME 23z, ¥V
v — s HiEnBNERE SV (BHL74 m® REE
EmwéW%“mLf%Tw)%mwf?W%ﬁ«w
BRIRE (RPRENGE) 2T cofts
Table 31273 L 7=.

MR EET L OTULE W TR AT S ks s b
VIV RENRE IR (260ng/m®) DF10%, T —
TN - BFIPLRHENLEFILY (0-F T LY, m-F
YU YRUp-FI L ORME LT) PENEBETRSHE
(870pg/m”) D#19%, BFRRBOWEED OB Eh
BAF LY RENEEIRSHE (220pg/m®) DF16% 12
ML HNEOANEZE| SR TREEND S 2 LAVR
M N7z, BEEIC DV THEBEOMARZHE L 2IRE
(HBBEIRE) TRBRLAHRTRAF L Y ORIk
FEXHERED47%E TRAT 5 b0, ENULEIES
KT HEARIIBKRELTHE%TH Y, EHNER
HOAF L VI L CH RS EE L HRIR & 72 57 HE
UAHAHEEZ OGNS, S5, HHEOREMIZEL
THREWEIE, FarF)a—Ya VBITZE- T,
MFESE, BELEMhORBOSEE,IOL YT
N YORBDRERINZETH D (B Z
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Table 3 The increment of VOC concentrations in indoor environment estimated by its emission rate

Estimated VOC Increment (pzg/m’)

m#1

D& 2

ID# 3

IDx 4

IDES

IDZ 6

IDE 7

IDE 8

D& 9

ID# 10

Acetone

82

48

14

438

105

15

19

200

1.2

2-Propanol

149

Methyl acetate

149

44

12

11

39

Dichloromethane

24

2-Methvlpentane

17

Methvlethvlketone

03

13

13

10

24

29

04

06

03

3-Methylpentane

Ethyl acetate

15

n-Hexane

63

Chloroform

24-Dimethylpentane/Methylcvclopentane

Methylcyvclopentane/2.4-Dimethylpentane

0.6

1.1.1-Trichloroethane

1-Butanol

5.7

187

19

09

30

21

37

OR

08

Benzene

1-Methoxy-2-propanol

31

08

03

Carbon tetrachlonde

Cyclohexane

2-Methylhexane

3-Methylhexane

Trichloroethvlene

2.24-Trimethvlpentane

n-Heptane

Methylisobutvlketone

0.7

35

Methylcyciohenane

Isobutyl acetate

Toluene® (260p¢/m")

22

34

31

1.0

03

14

OR

14-dimethyvlcyclohexane

Butyl acetate

96

124

03

28

n-Octane

Tetrachloroethylene

Ethylbenzene® (3800.g/m*)

55

0.6

04

11

46

06

0.3

-, p-Xvlene® (870pg/m’)

633

26

10

116

38

16

2-Methyvloctane

06

3-Methyloctane

Styrene® (220¢/m’)

0.3

04

16

354

168

04

103

o-Xylene* (870,p/m’)

oo
~o

133

03

0.4

0.3

03

n-Nonane

Isopropvlbenzene

03

01

3.5-Dimethyloctane

a-Pinene

03

09

06

04

09

n-Propvlbenzene

09

(+/-)-Camphene

Phenol

0.3

33

50

08

05

10

18

6.6

OR

55

1.35-Trimethybenzene

10

0.2

2-Methylnonane

alpha-Methylstyrene

0.3

2-Ethyltoluene

0.2

038

B-Pinene

2-Pentylfuran

02

03

124-Trimethyvlbenzene

13

38

0.7

0.2

0.1

»n-Decane

14-Dichlorobenzene

09

23

0.7

6.0

0.7

3-Carene

1.23-Trimethylbenzene

03

0.3

0.1

Limonene

1-Methyl-3-propyvlbenexzene

n-Butylbenzene

0.1

n-Undecane

02

0.6

1245-Tetramethyvlbenzene

06

1.3.5-Trichlorobenzene

Camphor

Naphthalene

15

0.1

n-Dodecane

06

n-Tridecane

n-Tetradecane

13

20

03

20

n-Pentadecane

0.2

12

0.1

TXIB

n-Hexadecane

28

05

28

06

04

0.6

SN HIASEE SN T LRIl GBI Ee - SNIUZIESHE, Ut Xylene2 LT)
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NEN0pg b VT %5 /unit/h, 131pg MV VA
Lik/unit/h). SAUTEEAIAET SN A MO 7~
7 AL T 2 a Ry ¥ UAUERTER L LT
WHONDDOHLZ LR LR THDEEZ LN,
TSR S s 2 v 7 a Y RERER OB
LI E A TEARN~OAN L ETRIR AT 2454 D
5.

AT TN ELE LGOI b e Lz vz
Y, FYVLUYRURAF LY PIMCSENIER A E
ENTVERYHELT, ZFAXRVEYEHIFONS
A5, RIS BV TIHFIC B IR S sV R
HHNT, RDEVEkEE 2R LR G © @i
LB T EWNEEETEHL (3800kg/m®) @ 1%L
TThot.

FAZ by TERPCHHOVOCHOREIZE LTI,

(#) EFMmEdERE S (EITA) LXHHENR -

HA4FS4vELT, by, ¥V, 14920
aRyBY, TFARVEY, ZF L CIEHEYERE
ENMTwd (FhFNI130, 435, 120, 1900, 110pg/
unit/h). RFECHRA L 2RO &I JEITA
DRGFEEETRL->TWE 00, EEROSWHIZD
WTIRIEITAT Ml 2 i - TR B o iz 272
L, TVOCE LTEF M L2236, ok id1524
pg/unitthE HWHERLTE Y, 1440¢g/unit/h D3
BT LEE L HICENERICBI 2 EELRTVOCARIR
THhHEERLY. 8512, FA7 by 7HRPCIZEL
TRFayR) 2—2 3 YT TRIE S Wi-{b& ol
FRETOWREOPTRLENMiL koTEH, TV
I—- LAY EEZ DNLREEYHOKIHNEO LI
LZHLESHBOMRMBHEEEZ AL Lk,

4. £&8

AP TIRFEENMDIC L D BNELEANDLFYHE O
WEW sy AHMTERAES i H, BLE&L5mE,
0B ORBRERBICOWTHHAR L EHKL, M
WELERN L DTS R TTVOCIKI DWW THIE R T
7o, TOME, MBERNSOLEY TIIEREN L 5 IX
s hs PV ARERIRERSHE (260ug/m®) O
10%. FHERBEOWHH A LRGLSIND AT L Y HEN
IEREHE (220pg/m®) DF16% 1AL T 5 D
PEGIERI TN DD AR IR,

T/, HEE S OB LS ORI Z TVOC
& LCHRIFIICERE L2450 TlE, EE,SOTVOCHK
PALAEWHAAED SN mTHY 77 —H 5O
A e b E5 <, TVOCH ZE BALio 2 5l Lo s %
FlERBITHREEAVRENZ. B - TRy Y Xh

5B LIWTVOCORGEA D b, ThEhDPEtiE
¥ PRI TVOCY & H B 138%, 98%Tdh - 7z.
FTAZ by TRPCRUHMT VEDRPL b BN
TVOCOREA R0 b TR & N5 SR iTid £
NZh44%, 41%THY, L HITHBARBICBIT A M
ZTVOCHMIRE % V145 Z LAVRE R,

HHEE

REFREET HICH72) TEEMRY £ L EA)
APREE el R FAE R LA TR &R R - Sk iR
KEFIHEEFRICEI LT,

BEXI

1) Safety Control of Sick House Syndrome (Indoor
Air Pollution) inistry of Health, Labour and
Welfare (http://www.mhlw.go.jp/new-info/
kobetu/seikatu/kagaku/)

2) Shick house countermeasure based on Standards

Law : Ministry of Land, Infrastructure, Transport
and Tourism (http//www.mlit.gojp/jutakukentiku/
build/sickhouse.html)

3) Hideto Jinno et al., :Study on Evaluating method of
Volatile Organic Compounds (VOCs) Emitted
from Household Products. Health and Labor
Science Research Grants, Research Project on
Risk of Chemicals, Research Report (2006).
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Note

ISO/IEC 17025825 DTG & KiEETHL

WABESE, B %, WERE, THEE

Approval of ISO/IEC 17025 and quality control of laboratory testing

Shigeki Yamamoto®, Hiroshi Asakura, Kenji Machii, and Shizunobu Igimi

First section of Division of Biomedical Food Research, National Institute of Health Sciences
(NIHS) was approved by ISO/IEC 17025 as a laboratory having an appropriate laboratory
testing technique. NTHS is the first national laboratory approved by ISO/IEC 17025. NIHS has
also been accepted the appropriate technique and facility for the BSL3 level pathogens by 1SO/
IEC 17025. NIHS is necessary to take an external audit almost every year. This approval is

renewed every 4 years.

Keywords: BSL3 laboratory, ISO/IEC 17025, National Institute of Health Sciences
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Note

G—AHONIT 7 ¥ PINHTSTRE S O BGE

AHEFEY, AO#M—, PIEETF, FHOET, LRRR, & BT

paratuberculosis in an industrial fluid milk-processing system

Johne disease is ruminant chronic granulomatous enteritis caused by Mycobacterium avium
subsp. paratuberculosis (MAP). The domestic animals infected with this pathogen present
severe weight loss due to chronic diarrhea and a reduction in lactation yield. These result in
enormous economic loss since the affected animals are subsequently subject to artificial
selections and disinfection of the environment are absolutely necessary. Furthermore, MAP has
been suspected to have pathological relationship to Crohn’s disease, human chronic
granulomatous enteritis. The bacterium grows slower on solid culture and its colony becomes
visible after two months of culture. In Japan, there has been almost no investigation on
pasteurization temperature of commercial milk using MAP. It comes from the fact that the
growth rate of MAP is very slow and that MAP is a related species to Mycobacterium
tuberculosis, which pasteurization condition has been well defined.

The studies on the pasteurization conditions of commercial milk have been mainly targeted
to reduce the risk of infection to Coxiella and Mycobacterium tuberculosis. However, there has
been a concern about the possibility that MAP is remained in pasteurized milk because MAPs
form an aggregate and the bacterium at its center may not receive enough heat to get
pasteurized. From these reasons, the present study aims to investigate validity of the current
pasteurization conditions of commercial milk by implementing experimental pasteurization at
various pasteurization temperatures using milk experimentally infected with MAP, and to
clarify if MAP is eliminated at these temperatures in order to achieve smooth enforcement of
the current ministry order.

We conducted plant pasteurization experiment at four pasteurization conditions (high
temperature, short time (HTST); 82, 77, 72°C for 15 seconds and low temperature, long time
(LTLT):; 63°C for 30 minutes) using two MAP strains, ATCC19698 and OKY-20. In conclusion,
there appeared no colony of the two MAP strains formed from the milk pasteurized at the four
pasteurization conditions examined. '

Keywords: Mycobacterium avium subsp. paratuberculosis, milk, pasteurization, plant
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Mycobacterium avium subsp. paratuberculosis
ATCC19698

M. avium subsp. paratuberculosis OKY-20
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antibiotics (MMA, Becton, Dickinson and Company)
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I0'ERR U2 D 0%, MMAFAEE #2201 365,
J7CT2r AMKEREL, BRou=—%3tTa2 L%
6mMEML, WHEHELL HFHLL28E, 25H
DIEFET, FHAWTRELETE TR L.
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Fig. 1 Panel A: Plate heat exchanger, Type S04 (IZUMI Food Machinery Co., Ltd.)

Panel B: Milk sampling from SO4.
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Fig. 2 Monitered temperature of milk during the HTST
pasteurization at 72°C for 15sec.

Table 1 Effect of pasteurization on MAP ATCC19698.

Panel B

b

RUTE%oTHEY, ATCCI9698TId67DELLE, OKY-20
TS5ADL LOBR B ENED Oz, Lo T, &
75 v VEBTIRHTSTRREONER KR TH 572T
BB TORBEAETH-TD, I—FHORBICRIRY
brrEZONZ ELAHOMESGHE % 5mlb
ToOMNIELRABRENERE LTEBL TV 58508
T, 72C I5BOBRREBIES IR LwET
BMES &, BHTHHETHIMED BALNE. £
D7D, FNOLDOR/EFLT L HFAMESHLTIHAL
ABLIMSLEVERDIWSE, —F, S5HOaI—-IHL
120 I &L % AV - Tk, 72C 15 OB CAR
BB ahrorz?. 40, EBROLFEIICEIT R
BREICIVEWEBRHAING 75 ¥ 2R LR
8T, 30 104 & VI X 21, BEBY

Pasteurization Method Pasteurization Heating Plating Cultured CFU/ml Pasteurization
condition medium Method Medium (logl0) Effect (nD)
before pasteurization - milk direct plating MMA 50 -
LTLT 63T 30min milk direct plating MMA <-17 >6.7
82T 15sec milk direct plating MMA <-17 >6.7
HTST * 77C 15sec milk direct plating MMA <-17 >6.7
72°C 15sec milk direct plating MMA <-17 >6.7

Table 2 Effect of pasteurization on MAP OKY-20.

* under the detection limit (0.02cfu/ mi)

Pasteurization Method Pasteur'iz.ation Heat.ing Plating Cultl'lred CFU/ml Pasteurization
condition medium Method Medium (log10) Effect (nD)
before pasteurization - milk direct plating MMA 37 -
LTLT 63C 30min milk direct plating MMA <-17 >54
82T 15sec milk direct plating MMA <-17 >54
HTST 77C 15sec milk direct plating MMA <-17 >54
72T 15sec milk direct plating MMA <-17 >54

* under the detection limit (0.02cfu/ ml)
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Analysis of preservatives used in cosmetic products: salicylic acid, sodium benzoate,

sodium dehydroacetate, potassium sorbate, phenoxyethanol, and parabens

Yoshiaki Ikarashi®, Tadashi Uchino, and Tetsuji Nishimura

Preservatives are used to inhibit the growth of microorganisms in cosmetic products. The
Japanese standards for cosmetics set restrictions on the maximum amount of each preservative
added to cosmetics as per the purpose of use of cosmetics. For the investigation into the actual
conditions of commonly used preservatives in commercial cosmetics, we analyzed parbens,
phenoxyethanol, sodium benzoate, sodium dehydroacetate, salicylic acid, and potassium sorbate
by high-performance liquid chromatography (HPLC). Twenty-one samples were obtained from
cosmetic product manufacturers located in 14 prefectures in Japan. Among different acid- and
salt-based preservatives, sodium benzoate was observed to have been used in many products.
These acid- and salt-based preservatives were used with parabens in personal washing
products, such as shampoo and soap. The labels of two of the cosmetic product samples
displayed inaccurate ingredient information, that is, a preservative other than the one used in
the corresponding product was listed on them. The amount of preservatives used did not

exceed regulatory limits in any of the analyzed samples.

Keywords: preservative, cosmetics, determination, HPLC
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by, RAHAT, A—FF7 L, PR, $EDHREE, &
BIY—A, AWBH, NTarF4vaF—E250%
YFE L7z (Table 1).

X F W85 N ¥ (methyl paraben, methyl
p-hydroxybenzoate, MP), 70 ¥ L35 X ¥ (propyl
paraben, »#-propyl p-hydroxybenzoate, PP) K UFAF4
FINVIYAFLTYE LAY K (G4 Kkt
FNIRYRAFNT IR L) BRFLEIYE ) »
SEEA L7 #XFHFRES MY 7 4 (sodium benzoate,
BA-Na) BIRULs: () »HAF LA =F 37X
v (ethyl paraben, ethyl p-hydroxybenzoate, EP), 7
=/ ¥ 3¥x % J—) (phenoxyethanol, PE), Y FI
B (salicylic acid, SA), v Fo i+ b1 v 4
(sodium dehydroacetate, DA-Na), YWY YA Y Y
2. (potassium sorbate, SO-K) KB U YREZ/KFEH Y
T ARADGHEETS: (k) 2o AFLL. XF/—VR
U7 Mok Fa 75 y (THR) XHRHPLCH % v 7.
BRI ZNEN A Y J — WIZER L TEERT (39
2000pg/ml) ZMHLUTHELL. SEHEEEEZRER
UHRLTHI100pg/mIOBEATEERTE TR L7,

3. BERUEE

HMEERIHE Yy — <=7 720 F XV VTV AT
2 (¥k) #UT205%

AT 574 0V%— : Milliporett #Millex-LG (3L
£020pm, PTFEL)

mAlitifkrz u= b5 7 (HPLC) : (¥k) BHtEMER
SILC-10ADEIR > SIZSPD-M20A®RI 7+ ¥ A F—F
7 L A28, CTOI0ACH! A 5 A — 7 >, SIL-
10ADEI S — N> 75 — 2 i UTHW.

4. HEARME
4.1 BEREROTR

AEHI04 gt Y &), FHEEMR TEFEIZ20 mlE
L, 105 M@EHLELTHisd, AT T74 N
FILBL b O ERAHEI L L7z &) 28Ny
A1, 10000 rpmTLOG R L L 7.

4.2 HPLCICEBEER

HRERAML0.1% TR 4MEY OHPLCIZIEAL, 5N
727ax b7 5L EDOBY — 7 ORI R USENTH
WA RS bV FEHEERDO S D L L 7:.

Table 1 Preservatives listed on the labels of cosmetic product samples

No. Use Salicylic Sodium Sodium  Potassium Phenoxy- Parabens

acid benzoate dehydro- sorbate ethanol Mehtyl Ethyl Propyl

acetate

1 Shampoo e v v
2 Mascara v/
3 Eau de Toilette / v/ v
4 Shampoo v
5 Lotion v
6 Tooth paste v v v
7 Moisturizing cream v/ v
8 Bath preparation v
9 Shampoo v
10 Conditioner for hair iron v v v
11  Shampoo v el v e
12 Moisturizing cream v v/
13 Shampoo v v/ v v
14  Body shampoo v e
15 Shampoo v
16 Moisturizing cream v v v
17 Hair conditioner v v v v v
18  Shampoo v v v v v/
19  Soap v Vel VAL
20 Body shampoo v v/
‘21 Shampoo v v/

»

labeld as salt benzoate

labeld as paraben

labeled as methyl paraben Na
labeled as propyl paraben Na

a o

o
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HPLC4:#%

# 5 A @ Lcolumn2 ODS (46 mm id.x 150 mm,
FARSpm, (M) 1b&40EEPINT 7E884E)

h7 LIREE 40T
BZEH  AFFFTINL

M)XF AT VES LSO

Y F160 g U Y BRTKEA Y U A272

g% K500 mUCiEE L7-#, ¥ 7 —n400

mlZ U THF100 mlz iz T & <iRFL, 1
mol/l NaOH%Z Il 2 TpH#% 682§ & L

7z,
Pt : 1.0 ml/min
BH¥EE 280 nm
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Fig. 1 Typical chromatograms obtained for cosmetic product samples

A sample (04 g) was dissolved in 20 ml of methanol and ultrasonicated.

PE: phenoxyethanol, MP: methyl p-hydroxybenzoate, EP: ethyl p-hydroxybenzoate, PP: propyl p-hydroxybenzoate, BA-Na:
sodium benzoate, DA-Na: sodium dehydroacetate, SA: salicylic acid, SO-K: potassium sorbate.

The HPLC conditions were as follows. HPLC column: L-column2 ODS (46 mm id. x 150 mm), column temperature: 40°C,
mobile phase: 5 mmol/l hexadecyltrimethylammonium chloride, 20 mmol/I potassium dihydrogenphosphate in water-methanol-
THF (5:4:1) (pH 6.8), flow rate: 1.0 ml/min, detection wavelength: 280 nm, and injection volume: 10 2l
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Table 2 Analysis of preservatives in samples dissolved in each solvent

(a) 0.01 mol/1 HCl-methanol

Sample Concentration (%)

No. Salicylic  Sodium Sodium Potassium Phenoxy- Parabens

acid benzoate dehydro- sorbate ethanol Mehtyl Ethyl Propyl Total

acetate

1 0.097 028 0.18 0.18
2 0.39 0.059 0.059
3 0.20 0095 0.048 0.14
4 0.52
5 0.096 0.096
6 042 ND ND
7 0.19 0.098 0.29
8 0.33 ND
9 0.52
10 0.053 047 0096 - 057
11 0.17 0.038 0.11 0.19 0.19
12 049 0011 0011
13 046 0.26 0.15 0.15 0.55
14 0.19 0.093 0.093
15 0.20
16 0.049 0.095 0.048 0.14
17 0.056 051 0.15 0.001 0.001 0.15
18 ND 094 ND 0.29 ND 0.29
19 0034 0.079 0.048 013
20 0.055 011
21 0.39 049

(b) THF-methanol (1: 3)

Sample Concentration (%)

No. Salicylic Sodium Sodium Potassium Phenoxy- Parabens

acid benzoate dehydro- sorbate ethanol Mehtyl Ethyl Propyl Total

acetate '

1. 0.098 0.27 0.18 0.18
2 0.38 0.061 0.061
3 021 0.09 0053 0.15
4 0.53
5 0.095 0.095
6 0.37 ND ND
7 0.19 0.097 0.29
8 0.35 ND
9 055
10 0.033 048 0.098 058
11 0.17 0.038 0.13 0.19 0.19
12 0.49 0011 0011
13 0.46 0.26 0.14 0.14 055
14 0.19 0.093 0.093
15 0.20
16 0.050 0.095 0.049 0.14
17 0.054 050 0.15 ND 0.001 0.15
18 ND 091 ND 0.29 ND 029
19 0.036 0.078 0.049 0.13
20 0.053 0.093

21 0.39 049
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(¢c) Methanol
Sample Concentration (%)

No. Salicylic  Sodium Sodium Potassium Phenoxy- Parabens -

acid benzoate  dehydro- sorbate ethanol Mehtyl Ethyl Propyl Total

acetate

1 0.10 0.29 0.19 0.19
2 0.39 0.058 0.058
3 0.20 0.097 0.049 0.15
4 053
5 0.099 0.099
6 0.38 ND ND
7 0.20 0.10 0.30
8 0.34 ND
9 0.53
10 0.056 049 0.10 0.59
11 017 0.043 0.13 0.19 0.19
12 0.50 0.012 0012
13 0.46 027 - 015 0.15 057
14 0.20 0.094 0.094
15 0.20
16 0.050 0.098 0.049 015
17 0.058 0.52 0.15 0.001 0.002 0.16
18 ND 093 ND 0.30 ND 0.29
19 0.037 0.085 0052 014
20 0.067 0.092
21 0.39 0.50
(d) THF

Sample Concentration (%)

No. Salicylic Sodium Sodium Potassium Phenoxy- Parabens

acid benzoate  dehydro- sorbate ethanol Mehtyl Ethyl Propyl Total

acetate

1 0.10 0.29 0.19 0.19
2 0.31 0.063 0.063
3 0.21 0.099 0.055 0.15
4 0.54
5 0.099 0.099
6 0.044 ND ND
7 ‘ 0.20 0.10 0.30
8 034 ND
9 0.54
10 0.054 049 0.10 0.59
11 017 0.020 021 0.20 0.20
12 050 0012 0012
13 045 0.28 015 0.15 0.57
14 0.19 0.095 0.095
15 0.20
16 0.049 0.095 0.048 014
17 0.054 061 0.16 0.007 0.001 0.17
18 ND 090 ND 0.29 ND 0.29
19 0.008 0.083 0.051 0.13
20 0.077 0.091
21 0.39 0.50

ND = Ingredient was stated on the label of the cosmetic product but not detected in this study.

A sample (04 g) was dissolved in 20 ml of each of the following solutions: (a) 0.01 mol/l HCl-methanol, (b) THF-methanol (1: 3),
(c) methanol, and (d) THF. After ultrasonication, each of the filtrated solutions was injected into the HPLC instrument. The
HPLC conditions are as shown in Fig. 1.
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