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Studies on mechanism of drug incorporation into hair*!
Ruri Kikura™ and Yuji Nakahara

Drugs and endogenous compounds circulating in the blood are partially incorporated into the
growing hair and are retained there for a long time. Therefore, hair analysis has been used as a
useful method for detecting and monitoring drugs from days to years after ingestion. Although
numerous drugs and metabolites have been detected in hair, many factors are still not cleared on
the mechanisms responsible for the incorporation and retention of drugs in hair. In this study, the
incorporation mechanisms of drugs from blood into hair were investigated with respect to the
contributions of the physicochemical properties of the drugs. The following conclusions were
drawn from the results. 1. Drug concentrations in hair were compared to their pharmacokinetic
parameters using an animal model, and it was shown that the incorporation of drugs from plasma
into hair distinctly depended upon the physicochemical properties of each drug. 2. As an index of
facility of incorporation of a drug into hair, Incorporation Rate (ICR) was defined as the ratio of
drug concentration in hair to the area under the concentration versus time curve (AUC) in plasma.
The effects of structural factors on ICRs were determined using amphetamine analogs, and it was
shown that the basicity and lipophilicity affected the drug incorporation into hair. 3. In in vitro
experiments, ICRs positively correlated with melanin affinity and lipophilicity. In particular,
melanin affinity principally controls the incorporation of basic drugs into hair. 4. In distinguishing
legitimate amphetamine - like OTC drug use from illegal amphetamine/methamphetamine use,
hair samples were more useful than urine samples due to the easier long term detection of parent
drugs or specific metabolites in hair.
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Fig.1 Structures of COC, its metabolites and their deuterated compounds
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Fig.2 GOC/MS - SIM chromatogram of rat hair extract
After i.p. administration of COC at 5 mg/kg for 5 days,
rat hair was cut, extracted and derivatized with PFPA
and HFiP.
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Fig.3 Comparison of rat plasma AUC and hair concentration
of drugs

Rat was ip. co-administered by COC, BE-d3 and
EME-d3 at 3, 0.5 and 0.5 mg/kg, respectively.
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Fig.4 Mechanism model of incorporation of COC and its
metabolites from blood into hair and chemical conver-
sion of COC in hair
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Table 1. Structures and ICRs of 35 drugs
Drugs R1 R2 ICR ([HairyAUC) *
Amphetamine (AP) H H 0.10
Methamphetamine (MA) H CH3 0.13
Ethylamphetamine (EAP) H CH2CH3 0.14
Propylamphetamine (PAP) H CH2CH2CH3 0.26
Mefenorex (MFX) H CH2CH2CH2C1 0.33
Clobenzorex (CBX) H CH2C6H4Cl 1.81
RL R2 Prenylamine (PLA) H CH2CH2CH(C6HS)2 1.43
< Desmethylbenzphetamine (norBZP) H CH2C6HS 0.38
H\J Benzphetamine (BZP) CH3  CH2C6HS 1.55
CH 2CHCH 3 Desmethylfurfenorex (norFFX) H CH2C4H30 033
Furfenorex (FFX) CH3 CH2C4H30 0.69
Dimethylamphetamine (DMA) CH3 CH3 0.04
Fenproporex (FPX) H CH2CH2C =N 0.05
Desmethyldeprenyl (norDPN) H CH2C =CH 0.02
Deprenyl (DPN) CH3 CH2C =CH 0.03
Formylmethamphetamine (FMA) CH3 CHO 0.005
Acetylamphetamine {(AcAP) H CH3CO B
Acetylmethamphetamine (AcMA) CH3 CH3CO P
X Y
Cathinone (CTN) H H o] H 0.01
Amfepramone (AFP) C2HS5 C2HS (o] H 0.01
RL _R2  phenyipropanolamine (PPA) H H HOH H 007
N Ephedrine (EP) CH3 H H,OH H 0.10
C—(l: —CH, Methylephedrine (MEP) CH3 CH3 HOH H 0.03
THR] 3 Phentermine (PTM) H H H H CH3 0.17
XY Mephentermine (MPT) CH3 H H,H CH3 0.24
2 3 4 5
3.4-Methylenedioxyamphetamine (MDA) H H H -OCH20- H 0.30
3,4-Methylenedioxymethamphetamine (MDMA) CH3 H H -OCH20- H 077
3,4-Methylenedioxyethylamphetamine (MDEA) C2HS H H -OCH20- H 0.85
Rl ,RZ 3-Methoxy-4,5-methylenedioxyamphctamine (MMDA) CH3 H H OCH3 -OCH20- 1.24
5 N Methoxyphenamine (MOP) CH3 H OCH3 H H H 0.43
4 O CH (':HCH p-Methoxymethamphetamine (MOMA) CH3 H H H OCH3 H 0.40
2 3 p-Hydroxyamphetamine (OHAP) H H H H OH H 0.03
p-Hydroxymethamphetamine (OHMA) CH3 H H H OH H 0.07
3 2 4-Hydroxy-3-methoxyamphetamine (HMAP) H H H OCH3 OH H 0.35
4-Hydroxy-3-methoxymethamphetamine (HMMA) CH3 H H OCH3OH H 0.47

*; ICR means the ratio of drug concentration in hair to AUC in plasma.
**; Drug was not detected in the hair sample.
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L, LERICERLARZAHOES (H<C1<C2<C3)
IZPeo TICREHIIHINL, nu sy & mEAshE I L
IZED ZoRRIEIME NS, 2RVEVRERL T T VRO
BALY ICRMEIZEML, Z0RFEIXRVEVBROK
A <. 3.7 b U ERUKEEIEOEAIZL ) ICRE
AL, Z20RRIFFERUKEIEDIZ D M IRIKEEE
T EL. 4.V ENE VY o FVEDEA
ICREZ A 5. 5. BRICTINVEEEAL THE
MOEHEEEHI S TS &, BYOEEZANOBITIHHEET
5. .FFBEDAF VLY U F VIR A P FVIEIIEY
DEZA~DEITERE S LASEDLD, FITAFL I IF
FUHEIEZOMENKRE V. TR DRFIZAFNVIENE
AEhpzEicky, ICRMEIREEMT %, D EOHENE
bz, BEICTINVETEAL THEEEEHESEHE
WTiE, BEANOEYDORY) AADRD L NLd 7295,
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Ellllllll: .
E'OH 5""“ llllllllllll‘lllllll!llllll§

H< Cl< C2<C3

v :lllllllI'lllllllllllllls
= A g N
({{)2 --n---é - & """ EI:SEIZISH?SIIEIINlnnué
- i - _CH3 “.“rl-lllllllllllll.:
CH30- Sanssnsens %-COCH3 §
: -CHO :
positive effect

negative effect

Fig.5 Effect of structural factors on incorporation of drugs into hair

DT Ehs, EYoIEHYE (pKa) HEEZEANOIY AHK
WRECEELTWAZEDPHLNE R oz, BEBOR
T BEIBUREY L ER, EROSESITDHL0
BETHILEEDLNLTVWEY, Zo/w, £EBOXS
VATV EHEERHLEL TV pKa DK EWIE
EHALEMI EEREA~DOBITL LAFEEFCORFEAD
BOOTRZWhEEZONRD, —F, LROERIIBW
T, EYoBHFIBR L RFAHOR SR S13L
ICREDSH KT B, 2MODRFICAFNEPEASINL L
ICREFHATS, NCEyRT75VBEOBEAIZLD
ICRMEFHAT S, BEEOZEAIZ L) ICR BT
BIENRENTD, THODIERLY, EYORREMED
EREANOBITEEELRE5Z2 50T EnhEELI LN,
F7, NUEVREICAFL YO F IR M FIEE
BATHIEIZL) ICR MO ARMRD LIS, X
YTUYREOINLETFHREM LA T, ZOEYOE
BEANOBITHIEEZ 5250 TRRWALEbRS,
DEDOHERLYD, BMOEZNOBITIZIZIZFOHEEIZ L
NEREMH Y, EYoIELEYE, BEEFEESLTwsZE
‘ﬁﬁ%éﬂt.L#L,%%@WKu%ﬂﬁﬁfuﬁ%f
ERVLEHEDBESRONL DL H S, 2 LI
BOERYPMEES LT, B2V TIHMBOMBTIIR S W
FYOREZRL TS EBbRAS,

4. RO EEEADBITH

EWMDEEANOBITHICIZZOEY OIRINE L IEENEDS
HELTWaH I EARINID, FNODOYUNIERE~D
BITHICED L) 2RELRIZLTVE D% & 5T
B720I, FEYOEHEMAREHEG LTS EBDRS

A5 VREMER CIREHICES 2 TRE 2N 72,
WX, 2R3 THWAIBMEEOEY (COC, BE,
EME, MA, AP, OHMA, OHAP, MDA, MDMA,
MOP, BZP, norBZP, DPN) ¢ FAXFLA FFT 7z
+ 3 (norMOP), % 5 UNZ Fig. 6 IR U726 DA
K2R EEEYRTZON#HY (Ere st (MO), 6-
7EFIELE R (BMAM), PCP, 4-7 2= — V-A4-¥
RY Ty ruandxd s —) (PPC), LSD, 11-/ V-A
-FhoebFup ¥, —-9-7 VK E (THCA) )
OF0MEHEEZHH L. ThesEYIZonT, TTEY
FEERZBWT, T v M AUCEE BEPEEE KD,
HEYOICREFEH L7z, $72, inviro DRIZBWT,
SFEYOX TR LEEETHEL, Ththo
ICRIEE LT, Yo I ok BEE~DODBITHD
MRERE L7z, 28, BEYWOEENL OB,
COC RUZnRE@MiE2 CRLAAY, 77283V
REYWII3ITRLALENITo 2, OEYIZOWTE, &
LRIEA L, JMWI DL WEERD S OEY O LM%
WRET L 745800 e 2 REI AT ) =L/ )7
VA O BEEE (9:1) B Lk AL AS, PCP, PPC RO}
LSD oW TR 7Y 724 I VREYERKBICAY / —
JV/5M EEEE (20:1) VEMEIZ X B3 AS, THCA I22WT
BT NAYREC L DA RSB L T TH B
ZEDRERT.

4-1. KEFEHEVOMBHRUERPRE L ICRH

T, 0MEOEYICOVT, FREFROEY S L
727y bom#Ed AUCHRUEEZPBELZIEL, Fh
LOEN S K ICRIERFH L7z, #ipollzEid, LSD I
DVTIIHNRB ST EHERE IO~ T 7 4 —
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R=H Phencyclidine (PCP)
R=0H 4-Phenyl-4-piperidino-
cyclohexanol (PPC)

OOH

CsHyy

11-Nor- A 9-tetrahydrocannabinol

-9-carboxylic acid (THCA)

CON(C,Hjs),

N\ CHj

N
H

Lysergic acid diethylamide
(LSD)

H “
" -CHj

RO

R=H Morphine (MO)
R=COCH3 6-Acetylmorphine
(6-MAM)

Fig.6 Structures of 6 abused drugs and their metabolites

(HPLC) 12k ), {24y i > Tid GC/MS-SIM 12 X
W4T o7z, Fig. 7 &Y ICR DX EEE RT.

ICR i3 ZFNEFhOEY oI L Y ILVEEOBELZRL,
F D300 ICDRAS. oD EYE, HWICR
fii (logICR >0), HFEED ICR {H (—1 <logICR <0), &
WICRE (10gICR <—1) D30DF N =258 LA,

1
coc High
® BZP
PCP
01 A
MDMA~e o o—PPC, MDA p Medium
LSD — i 0 e —— - norBZP 111
AP ® e norMOP
-1 =
& OHMA —e Low
'gn MO, OHAP L
2" EME, DPN L
BE *
-37 THCA .

Fig.7 Classification of 20 drugs by ICRs into hair

COC, BZP, PCP & niEst iy A B ICR 2R &
V=TI enss. —F, BRIEEY TH S THCA R
%Y Cdh 5 BE & FIIEWICR HE2RT 7V — 724
HEhTBY, b & B L CREEEEY O ICR X
BWEE GBI EIRENT.

4-2. EYDOAS =ML ICRE

In vitro EERIZBWT, 20MHOEY D 2 7 = A
PREL. REYO AT BN RO® ) HEH L.
FHEWBEWEA TV OBERERMLA Y FaN—-T 3
VLB, AVTITANY —HEBL, JEREEEIRE
#GC/MS b LLIZHPLC THIE L. A= VICHA
L= oy bo— VE» S IREEEDREEEL
I T LI X hEH LT, Langmuir DFELZRNICH T
BOTER LAY A 9= v HEEE LYY, MIEDH
BOAFZVHEMEIZCOCHARIBNMEEZRL, RVT
Try7zyIVvEBEOBTINCIUMVENFBEASH
BZP K U PCP 7 EOEIEMIEY B EEZ R L. —7,
fEt3E T d 5 THCA MR b RVEA R L, Ml Ak
MIZHNEF D IVEEFETS BE RKEBREZET L3 %
ENEV AT VRMEER L. £, SEPOICR
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=0.42204 + 0.79969x
Y RA2 = 0.946 coc,

w

Melanin affinity (K x 10-5)
N

ICR ([Hair)/AUC)

Fig.8 Relationship between melanin affinity and ICRs on 20
drugs

e Ao = VBMEL OBRERET L2 A, ICRIEE
AT VHAEORICIIEOHMB»R b, FOMEREK
130.973L DT WHEE/R L (Fig.8). 2oz enb,
FMOEEZA~OBTIE A S = VBRI RE S LT
BY, FO25 = vHEMEICEEYOHEEEIBEELER
THLIEPHLhE ko7,

4-3. EHOIEBRME ICRE

20HEHE D IKFF B D f 5 M % Kaliszan 510 D 512
#Evy, HPLCIZ X D iliE L /2. HPLCIZBWT, ODS #
FLeHAWT, BEHOABEERELEZH I EITLD
BMEIIBIIAEY DX YNNI T4 =T 77 ¥ — DREIH
log k* 3R, ABEHERELT0 LR o7R0 log k' H%
SME L7, T2 bbb log k'w fHEFEHEEEEDLT I8 2
— &=t LTHW BED#E, log k'w (X THCA »f

BWE% R L, XWTPCP,BZP,COC Tdh o 7-. ¥ 7=,
20/AHDIEY D log k'w & ICR i DAHRIFREXIZ0. 201 &
Bwd oo, EFITE log k'w #7853 THCA %\ 7>
BE, FOHBFREIZ0.875& o7 (Fig.9). DlbEogR
&Y, RANLEYOEZOBTHICEELTWwAZ L
Hr&h7., L L, THCA D THWIEGEE L TT
1 »hhod, FOICREII2MLEWHREDIEKVET
o7z, THCA ZB<1MLEWIE, FotEERICT I/
EEHTHEERED LLRELRDILEHTH 27,
THCA IZEMNIZ I L RF I VLS 0REILEWTH
D, 272 VBEMEPRDBENMEENTHL -0 TR
neEbhs,

REE CTIBE L oBY P ERPO X 5 = EF MR

kB %W A W65 (1998)
8'-
y = 0.85045 + 1.0206x
- THCA RA2 = 0.766
(except THCA)
%6
= .
[=11] 5"
=) PCP BZP
2, * .
g 4
-§ 3] CcoC
k=
- 2
1 dl (o
ro
o : . ,
0 1 2 3 4

ICR ([Hair)/AUC)

Fig.9 Relationship between lipophilicity and ICRs on 19 drugs
The correlation coefficient was calculated using the two
factors of 19 drugs excluding THCA.

EMENAIEPMEEINTVE, AT i34y F=0
-5,6-F% /vy FOFRLESETH Y, FORENIC
i3, 7V—0h N KREF I NER T 2 ) - VKB EAT
HRE=n70Lh, 5,6-YeFOXRI A2 F—VH VKB
% EAIETET 5. Larsson'®™® o (3iEEMEEYTH B I T
rraedy, o raaFfy, N5 a— MIDWT mvitro
DHTYVOIRF AT Z VM5 L DFEEERET L TV,
ZDORER, INOEMIEBEA L V2L ) F0EEIHE
Sh, ZOREREROBETFMA LSBT ERTEAND
ErHRELTWAS. 72, WHOPHETIFAZ LIZEo
Th, SNOEYE ATV EDMAIVHREINLI LD
L, L 25 =0 LKA ITITEFENAEERH S L
TWh LR Tw5b, —7F, Stepien®d 5%, A F—/% -
AFZverunFxrLOEAIIBTS pH, [ 4 VU,
ARFEOFLEOTEELNEFT L Twah, T/, AT
DANVEXRINEE AT MELTED L DFEFITRIZTE
WAL, 7und X252 EOREIIE, BEN
MEMERZF 3R, A5y F— VLY
DFEFEEL D van der Waals HRBUKMHEEERZ L
B LTWAIEERLE €512 Zane'™® 513, 4
Pt b D2TEM D R T =V EATHEAND5H & TS T
W5, EMOMBSmRIREL, 5555 L9eEERICE
% Long-Evans 7 v 2B BF -+ FVF I LT
FHAL-E 25, DS THTOEYDORE I EFR (£
T UERMR) ~NOBTIE, FOEYORE - IE3ENE,
pKa (1 4 Y {bLiREE), EW-X 5=V HEZ AL F—,
logPosw (A2 % /= - KGERE PRIEE5 LTS
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D, 9REFIBTOEYD X T = v EREMERIZBIT 2R
i, FRICMAFOEYOSARHIESG L TwEI LR
MELTWD,

ARIDOWIETIE, ATV EFHBOVEOTH S ER
WBWT, EYOEE~OBITHEZRTICR flIZIE, A
5o P L IREENKRECEELTWDE Z WL 2
Lot T, A= vEMEOEVEEHITVTIRY
BEEIEWTH D, WHEPICANVEFINVELFETS
BE % THCA I 2 7 = VHMUPE VI LRI N
I L& TH B THCA X, B TEWVWIEEE LR
L, ELIIHEERICAT=/HFDA v F—VEBE van der
Waals DIZ L 2MESEAPSMEELFEREETHIIHH
b6, F0XT = yEM%RUICR EFED TR
ZENES N Lol ATy EHY E OFBEITIERIT
L2k 9z, SENMEERISKECHESLTBY, X7
SVHOBERE A VNBMHEERERIZTIENTE
BRI O KDY, BEANOBITENBNOTIE R WA
EBbh5,

CDEHT, AT =V IFEY, FIEEREY OEEAD
BATICEERZRE 2R L TR EELILSNL. L2 L,
FOREZPRABRT v PRZIZH, PELFSEYISHRIB &
hTBY, LFLI AT P2 TEYDOERZ~D
BATPSHATE 2TV A5 mEUMNIZL, E
BROERSTHET 757V EEHLE  OBMEE TOHE
FIZH L TH B, LM L oMEERAPEZ LN
B, T, BEBORLRSOFETHIRE DL, B L 0
HRAGESICHESELTVEDTIEZVIEEILNED,

5 BIMLEMER—EEMMNCEZBEVRLET T
T % I > RERR & OFMGER—

HARDEKDOFEWEH MBI VR OELH & 2 h 124k
bAJFETH A, HIE, EEWVH MA, AP O IEFAZE
BHiL, R 5D MA, AP OBIBIZE WiTbhTwa,
Lol, 7728 IVREERMOZPIE, T b=—
WBE Ny 72y IR0 gy Ly
AR 27 2 )Ly r A8 gy TOEL Y AP,
Tz hF) BB E 5z KRTEEVALAE S R,
IHOAERIZEMRS & L THRE S W B SEHER LA
THET D, ThHOEY LT VHIOEIGEN 21T 720
i, ERFRES > LRI, b L IZZ0FEMITHFH
BB OB LETHL, LrLads, Thnit
EPDIZE A LEERPIERD SHRT S0, M
RERKE LTHWSR TR, —EBH2RE L, A
HZEEREZBRLAZOD, H2VIIETVHIZEIL A
DDBNPRELFHEVDH 5.

Bk L2 & 912, EMOMBED» S EBE~NOBITHRIL, £
DI L W B Y, BEBOLIEWIRE TR

HOZFNEZRLIMMEERT. £/, —ERDAINL
YIRS ) BRIIRERERS. TALDESR
DEMEEET L L, ERRAREAVIE, BHEZETY
KBRS BT P LIRINTE RS ZE Z 60, #BF
OT7 7y IREEGEREEEVEIEROBRIICD
BWHTEADTI W EEbhS, 22 TRENLRT V
728 IVREERLRTHETF ==V R(=)-N-2AF
W-N-(1-7 2= V-2-7BENV)-2-7aXVFLT I,
DPN), Xy v 7x2%3Y (1-7 2= )V-2-(N- A FJ)L-N-
RyINFTI2)Fany, BZP) RO 7 5F1) ¥ (7-
[2-(g-AFNT7 2=z VZF VT I2)TFN]-FFT 1Y
v, FNT) o 3 %Y (Fig.10) 22w T, I FEWER
EFVERVT, REMEKE ZORBYOMAAp 2 5 EEA
DBITHDBNEF /2, BB MIBWT, EBESHT
& D EEWH L OBIGRIVTRETH A0 2 ET L,
HULZOSTFIZBIT A EBEZGTOFRELZ R L.

LB, BEILOINLIHEOT 725 I VRERES
DOE, 3Tl FEEREEC, ¥/ —/5 MK
B (20:1) A HWTITV, 491iE, R UEE
KEOBEEA 5 7 — VB 2 EES 7 210X DR,
TFAA 2L ) FEMILL /2%, GC/MS-SIM 12X DT>
7z, OB, WNEMEREHE L L T4 DLADEKFIE
R E AR L THW .

5-1. EEHMTICE 5 DPN OEREET

DPN 3, €/ 7 3 YEMLEEHE B ROFEMHEEARTSH
D, N=FVVURHEREE LT, FICEMTLECERS
nTwa, DPN d#ER$T 2 &, ¢ PRF S MA R
AP S EMHP & L TRIBE N BB 12905 RE(LERL £
DPAF VR (FAAFLVFTL=— )b ; norDPN) {ZiH
EHENTDIZ, —EREMEEIRPPOBE T A2 &
Wi Tdh b, —RICEFRFIZHWL LTS DPN 3R
(=)-ZF v FA<—THH, BEETHER(—)-MA,
R(—)-AP RUZh b OKEIAAHICRH SN, HE
AARTEHHISRLTWAEEWHIMA, APIIZDIZLEAL
Ws(+H)-TF v FF—THH I LMo, ki s
DMA, APOFINVHNEIT) ZEIZLD, EEWHL
E# S DPN & OEIESMOBEL 25 2 EBBET TIC
SN TWBHIBIBIE L h | KB TH D MA,
AP DX 7 VG AT ) 7517 Tid, EERIZDPN 2L
D EHERT BT LT L.

¥, 1Ak DPN 10mg/kg % 7 v MIZ10H BEERNR
5L, DPN RU' 3 #o £/ B, noeDPN, MA, AP O
Mg AUC & EEFHOIEMIREE % Bl L TICR fE%Z K
7. F DR, DPN & norDPN @ ICR fEi3 MA, AP
LB LTEL, 1/4051/15BETHS I EARINTL.
F7-, KEXFWCHEHEDPN #EH15mg, 5 0 HERI
L7zt b(n=3)DRd, X RUOHEEHFOENRE:
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Ilegal use
Methamphetamine(MA)
Amphetamine(AP)

Legitimate use of OTC drugs

@ CH 2('ZHCH3
N-CH2C=CH

CH; Deprenyl(DPN)

@‘CH z(l:HCHg
Y

CHs Benzphetamine(BZP)

fits

m;(ij’m
H
I!I-CH2 -(le

|
@- CH,CHCH;
Fenethylline(FNT)

Fig.10 MA and/or AP in urine

QCH ZICHCHg

H

CH3
Metahmphetamine(MA)

@ CH 2|CHCH3

NH,
Amphetamine(AP)

They are excreted into urine after illegal use of MA
and/or AP, and legitimate use of DPN, BZP and FNT.

HWEL-EZ A, RHPIZIE MA, AP H50685 % $ THl &
N7zH3, DPN X36RE I LMRIIMI AT EETH o 72, —F,
SHEE 513 MA (1.30-2.25ng/mg), AP (0.42-0.99
ng/mg) & 3tiZ, DPN (trace level) B TF norDPN (0.17-
0.29ng/mg) M Eh, erH o dREICRIES I,
L IDZEMS, £EHMODPN b L<IE norDPN #H§
HZLick, BRI L OEIGRHSTTEETHS Z &3
RENL.

7B, DPN fEH# &L EBROEEA MA LHE (n=39)
DEEF DO MA, AP BEZ B L& 2%, DPN
# O [AP]/[MA] i30.32-0.54 T 9, MA Sl & ®
[AP]/[MA]130.11+0.05Cd o 7z. % 7:, DPN {5
EHETVHIELAEDEZ PO MA OF 5 V52T 72
&%, DPN i EDEED HIIR(—)-ZF ¥V F v —
D MA OHDPEE SN, EEWHIELHZEOEED S,
s(+)-TF v FFv—DMA OHRDPHEB IR b
DT &b, HEHD [AP]/IMA] OfEd L iZ MA,
AP Oy E, DPN FHE &2 WHIELH & OB
BilosEIRL RIS,

5-2. EESITICEL B BZP OERGER]

BZP I3 AREBH & LTEIZBRKTHEH SR TWLE

EmThsb, LrLiads, BRATSEERNTHER,ICE
HVH MA ROTAP ICfLE s, RAED» S IEREE
OMEBARD THETH L Z L HFASNT VBN,
¥4, HWEEBZP 5 v MiZl0mg/kg 37010 B [ E I
Ax5- L, BZP L 4 OEA#Y, ThbLHEAFIVE
(FRAAF LRV 724 3 norBZP), KEE{LHE (o-
EFOF Y FARAFIVARYY T 24 3 ; OHnorBZP),
BRIk (MA, AP) olEd AUCER UEE D
EEELTICREL KD, #04E, BZP ®» ICRE
i MA, APDICRED5-15b DfEL % b, BZP ik
OHEN L B L C, MAFH 5 BEANOBITHIBO TH
WZEPIRENT, T, AEE BZP ¢ 1 H 1[H 30mg,
S5HEMEH Lz b (n=2) O, HERVFEEICHA
L7z, ZO#E, BZP ZRFTRESLHIZHEL, T
1EBE%EF LR &N d o7, T/, OHnorBZP,
AP FIRPEMRBY & LTt N7, T2RH%ORE
PHIT AP &ML SN, MoBPITIZL A SRS
NWhholz, —F, EEFH,LIX, MA, AP 2’FhEh
0.10, 1.06-1.66ng/mg ki s, W2 HIFL A LR
HC & &4 o7z BZP, norBZP § #hZh0.14-0.56, 0.2
9-0.63ng/mg L IR EREHRHE S LA (Fig.11).
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Abundance

m/z 154 Y

MAd4(IS)
+

J vz 158 J \»

m/z 140 Y N A

ﬂAAPd4US)
m/z 144

T T T T T 7

4.50 5.00

Time-->

pbundance

B)

m/z 154

MAd4(IS)
4

m/z 158 J\ |
AP :
4 m/z 140 A “

] ’APd4(IS)
m/z 144

T T T 1 T

5.00

fime-->
pbundance Abundance Abundance pbundance
] 4000 -
1000 4oz 143
] Rt 30009 Bze [ =14
2000 ]
) miz 2001 ] BZPA5(1S)
Y y 118 1000 1 r
4 m/z 153
o i 3o 0. 0
] 11 T L T T T T I
Time-->8.20 9.51 Time-->7. Time-->8.20 9.31 { fime~->7.82 8.49
Fig.11 GC/MS-SIM chromatograras of human hair extracts

Scalp hair sample was spiked with IS compounds, extracted and derivatized with TFAA. A: control scalp hair, B: scalp
hair after 3 weeks from the first dosage of BZP-HCI (oral, 30 mg x 5 days).

7z, BEISOERRICINSOES BB SR, 20l
Lo, GHEERUTRESO BZP, norBZP #fHi+A 2 L
I2& Y, BZP L HEEWHI & OBEGERAATEETHL Z L
MiREhiz, %8B, BIPEHEBEOEEZERD AP BE R
MABEOIELDERXIRLTBY, HEF D [AP)/
[MA] ©fi b BZP 3 & H¥ WHIELAZ OBEGER @
SHE\ I HZEIRENT, .

5-3. EEIFICEK 3 FNT OEEGER

FNT 33 MBRIER & LTECRMNTHEBAERTWAE
EMTHY, KATHT VF ML 5ZT AP 2 RFICHE
T 5 ENRRE LN T VARG Yoshimura 5139 {1,
FNT % & MIZ30 mg #2O#%5 L 72RO R EAHI7-
(ANVEEFLAFV)FF T4 Y RUAP TH D, 7-
(ANWVKEIAFV)TFF T4 > DREHDS DRI
7o, BHUSEEHEI LA DR B2 613 AP O A0 ERERH
ENLZZEFHELTWS., 2070, BEERR L&

RAF 2 HO-EY ST, FNT & AP & {55
PHRELGEVHDEEZOLNS,

F9, HEEEFNT 5 mg/kg %7 v MZII0HEEERX
|, FNT RUMCEM AP Ol AUCE L ES:H D
YR % GC/MS IZTHIE L TICRfEZ KDz, £D
W, FNT @ ICR fEi30.93 & AP 04.2f5 b DE Wi %
RL, FNT AP S B L CEEZIIBIT LR T VI &H°
mahiz, —%, ¥ MEERESKICFNT 250mg §2 3
HE, 1421 BHEOTES L, HEEERIICRPE
WEETBETH L LD, 5 4EMBEOEEZFOEY
BEREIE L. R TIE AP 29242 T O B AR IN
ENICL b 6T, FNT IZI2ERE T TLI MBS
N oz, —F, e FVERPEWREIL, 3 HERSE
T FNT 0.51+0.23, AP 0.35%+0.12ng/mg Tdh H, 1
Hi%5- L7 O ADHEEREDHERH» H b £ £h0.25,
0.11ng/mg ¥ SN, T/, HEHPOFNT BE,
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—BIEBRE AP DL 202, TETH o7, DT Lhb,
EEZBOFINT #HETAZLICE D, EEVE L DI
BIDHEETH B Z LATRENT.
DEo#ER»S, R CldR%E btk (DPN, BZP,
FNT) ®4##89 %08 (morDPN, norBZP) 7%k i
HRBETYH, BREFBOVLIENMEIChVBRETAZ
ENMEETH D, BRI NS Ty 727 I REEGE
HEEOH & DBHGR 21T DICAERZRAETH L T &b
o kol '

6. 8bH I

AREFZEC & ) EWDOBEAOBITIZHET 5 U T OHIR D
‘meuhz,

1. BWEREFLVEHWT, a4 4 > RURBHIIOMm
RN A=y — EEEZRBELIEL, EYolhrsE
ZAOBTHEZOYHEHRICHET LI LR LM
L7-.

2. MHPOEGHEDOREDEETELF~BITTIO
PERTIEEE LT, AUCHIZH T 2 BEPEDIRED
HEICRIEEERL, 7TV 7% I VREWIZIBNT,
i OBALAICR MBI RIZTHEEMRET L2, Z0E,
EYOBEE R UREEFEEZENOBTICHE L TwE T
EEBHSIZLE.

3. Invitro DRIZBWT, ICREIZHY DX 5= HH
HLRBEROmE L SWHEERL, $RIEREEYOE
EANOBATICE, AT VBMESEESTAZ L EHL R
L7,

4. BEGHIL, BoEERE 2 Hnar CREET
HBT 7y I REEREEEVH L OBEERIIATT
fEThh, B tEOSTEFTOFRMEIEN & E2RL
7=,

EZHRENIE T, DERZNORYSAIRGE & Y ER
BALC—%L, BREICH KSR OEYH KRR E €
ZHNYTTEDL, REAMEERE LRV, ok
HTEBOMLWERZBLIENTES, DR, BF
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