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Fig. 1 Structures of heroin (diacetylmorphine) and its major metabolites
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BIRA AV EZF ) V7 (SIM) B &0 AEKSERHOD
6 MAM SEMODEN L AZERL, "OAf vy&R5DT
v MU &5 »5FBEAD 6 MAM & ENE A DEGA
BEFDDEEHIT, ~T 4 VEREERI, RPMAEE
BeEERBOWThAMSERTH I EEHBRLI. B
i, ~NOA4 VEREOBEDIHELEESTOMRE
XU 7z,
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2.1 # #

O EBT Ve A RREHERBEZBALL 6
MAM ¥~ 4 ¥ 5 5 Fehn 5 DHEIT LD EKL
fz. IRTHRNVAT VT F-dy (99.8 atom% D) & FHE-
dy (95% in DyO, 98.4 atom% D) & MSD Isotope Co.
Ltd. (Montreal, Canada) > 5B A L1z, ENk F-ds
& 6 MAM-ds 33T RV AT IVTE Ndy & FBE-dy 2

CEWT, JVENCADBEIETRALTEICE &
X U 72. Bond Elut Certify |& Varian Sample Prepara-
tion Products (Harbor City, USA) » HfA Lz, €0
(v VS EREERR 2 VT,

2+2 EEHH

55 NEEHEK: 3 T Dark-Agouti 7 v b (M, 5
BES, 90~120g) KZNEh ~uAf vz 25 KU 50
mg/kg, 1 B 1 [H, 10 HRKRS L. EPRERIC,
BYOEHOELBMABR P AZ O TAOED, Ih

Zav bo—VERE L. PS4 BERIC,
Itk ZTEIIEEHOEEN V- 12,

v b oBEER: ~u{ vELA#E, ST-2 (B, 27
B%), ST-5 (BB, 30 %), ST-12 (&, 32, OFE
SZRBNITHD R ERFATESR » SR O L TYIM L, B
Uz, BEABORTGHZEH T LTEY, TVIRLT
BATEEINE. ShET, BEREICLVE LT
BEOEYGERESEME EbITESNTE .

2.3 EPRMEZEHOFEEREIEL

10ml DA T AEIZA - 1 heiEEH» DML U 12 IEH S
v FEZE 10mg I 0.01~10 ug/ml ® 6 MAM KO E )V
LADAS ) — VB 0.1ml % 0.1 » 5 50 ng/mg &
BABEDICHEML, EXEEXEARANVT v I XIFH—Th
RN S, BEE2BERICERS - sEERN 2
YEELL 12, '

2+4 RESIE

FEERE%E 10ml RBEEICAN, 01% 77 ) VEE
+ MY YA (SDS) 10ml ZiNx, 1 HHEBHERESRZ
3 E#R VIR L 8%, HE/K 10ml THEERIC 3 EYER,
ARG, EXATHL DS COBEHRE (5~10
mg) 2O &I UL 10ml AE y VEEREIC AL, X4
J—=-tY 7k uBE# (TFA) (20:1) 2ml EAE
# (400 ng/ml ® 6 MAM-ds XU BV E F-d; ZET)
VAR 100 2NZ T 1 RFEEEBAE LR, BRT
—WKEBT 5. BEEZFER, PREER[RICTERE
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Table 1 Recoveries of 6-acetylmorphine (6 MAM) and morphine from spiked samples

6 MAM 6 MAM + Morphine Morphine
Amount added to hair 40 ng 40 ng 40 ng 40 ng
Recoverd amounts/ng 38.16+2.03" 37.89+1.98, 40.621+0.49 38.76£0.60
Relative standard 5.32 5.93, 1.21 1.55
deviation, %
Recovery, % 95.40 94.72, 101.55 96.90

n=6; 1 1.27 ng of morphine was produced.

HE Uk, BE®WIC0AM Y Y BEEKR (pH 6.0) 2
ml %, &<EMULE, DITFTOFIEICHE->T, EiF
fliH #1795 . Bond Elut Certify (5 UHX 5/ —
EARTHEMAL U ) IKEE, | ml/min BEORE TR
SIVAHT 2. 7T 213K 5ml THELE, KRRV
THETIC 5 SREERT S, BIZ, A5 /- 3ml T
WLk, #2903 T7TAEL—F—BETIC 5 5/
BiRe 5. mBIZ, BibkxFLy-A vy Tadrr
I—=)-28% 7TV EZTK (80:20:2) D 3ml Bh T
LIZMAT, BRI ZREIAHL, BHEIEERRRIC
THET A, BEMEICA(F) AF V) N) T b
7 3 F (BSA) 50l ICEMEL, 80°C T 20 YY)V
(TMS) {fEU, 2D 2 % GC/MS IZEAT 5.

25 EFEHSOEDHHBIEOKRE

EHONWESEMBVIZAY J—)U-TFA (9:1) & g
$570, BEEROENV L ABOMBICEICREINT
W5 3 BORKRINZBE, A5/ —-01Y, 10% HED R
T AYA—EVRHOT, XEIZHEV, BIRICRT HE
THIHERIEZI{T> 12,

AE = BE 10mg Z/NRREICERY, 2 ¥
J—=l2ml ZMAT, 40°C T 14 BEAVTF v 7 23
FH-TIROVBES. KRTRICHEEAR 100w 2R
MU, BRZPFELE, BE2ER5HKTEELTCE
ONTEEMIZY  BEER (pH 6.0) 2ml fix, Bidk
(2:7) OEEHMEZITS.

10% HE: B2 10mg 2/NABEICRY, 10% H
2ml ZMMA T, 45°C T 14 BEANVT v 7 2 I F ¥ —
TIRVBEE S, KTHRICAESERK 100 ZREML,
BEZPEUIRE, EBRAREZ -7 VTRV BEERS
%, REKZEFNIDLTTLAYMELT IR
L-x2F /=) (3:1) THIHL, BohiElELZS
L, BEZER[MCBET . BEYICY v BEH
® (pH 6.0) 2ml %2i0%, BIROEEHEZTS.

AN A —E: BE 10 mg Z/PHABEICRY, 01M )

VERFEER (pH 6.0) 2ml &Y & — EEK |B-7 IV
7uz=4d—+ (50U/ml), TUVIVANLT 75 —F (500
U/ml) &) vEEEK] 75u 2% T, 40°C T 2
RERDIBE 5. & T7HRICHEREAR 100w ZRAML,
EERPELUKE, FRIORLUZEEBEZTS.

AZ J —IV-TFA (9:1): PAERERAR ZHHFTOAM
EHHERTRICEAT, FRROEESHEICES &7
D.

2+6 GC/MS ORIFESRHE

GC/MS #£Bldk 2—L vy /%y 51— F#l Model
5890/MSD5971 Z W7z, BIESLMIZRD &5 15544
FTTiTo72: TC-1 ¥+ ¥F)—HF L (V=T NH4
TV AB, A 025mm, B3 15m, BE 0.25um),
BEAOWRE; 2000C (A7) vy bLAE—FR), #7LE
BE; 60°C (0.5 R$E) 2 5 280°C ~NES 20°C THIE,
FrYX—HZA; N) 7L (45psi), BESHE L
SIM £— FTHIE U, TMS-6 MAM & m/z 399.15,
340.00, 287.00, TMS-6 MAM-d; & m/z 402.10,
TMSy- BV & 4 1 m/z 429.15, 414.00, 287.00 K O
TMSe- BN K & -ds 1& m/7 432.15 TFNENE= 5 —
L.

3 MRIBE

3+1 EEH,SD 6 MAM OEMTFE LREH

400 ug/ml D 6 MAM DX ¥ ) —VIEEK%E 2 Y ho—
WEBERBHIRIMU T, 40 ng/10 mg OEXERE % 5
U, TOD 10mg Z3BREITHRY, PAELEZHEBZ I
Z B LIAMIEESHTRICE VR - TR ATV, BENE
ZFTIz (Table 1). A% 7 —)U-TFA (9:1) itz
6 MAM @ 3~5% MHENLE FIHBEL, BERNEKIZ 6
MAM Ti& 95% Hif%, EL L ATIE 96~97% T& -
. MESHET 5HEE, 6 MAM MHENVE RSO
TEERIREBT EENVCADBENSEVEE -1,
—7, PEREZHEAICINZ 5EREETIE, 2AF0
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Table 2 Comparison of extraction effeciency of 6 MAM and morphine from rat hair

Drug detected

Drug
administered McOH 10% HCI Helicase MeOH/TFA (9 : 1)

Rat-1?

6 MAM 0.9810.04 — 5.89£0.52 7.57+0.21

MO TR 12.5910.22 3.22+0.35 3.9940.11

Sum® 0.98 (7.8%) (100%) 9.11 (72%) 11.56 (92%)
Rat-2%

6 MAM 0.80+0.03 — 5.6710.48 6.56+0.18

MO TR 10.45%0.51 3.381+0.41 3.90+0.20

Sum® 0.80 (7.7%) (100%) 9.05 (87%) 10.46 (100%)

a) Rat-1 and Rat-2 mean each hair sample of two rats independently administered heroin. b) Sum means the tot-
al amount of 6 MAM and morphine. The values in the table are averages of the results from 3 portions of each
rat hair sample.
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Fig. 2 GC/MS-SIM chromatograms of TMS-derivatized 6 MAM and morphine
(MO) from plasma (A), urine(B) and hair(C) of rats administered heroin
Chromatograms were obtained by monitoring m/z 399 for TMS-6 MAM, m/z 402 for
TMS-6 MAM-ds, m/z 429 for TMSo-MO and m/z 432 for TMS;-MO-ds.

DEKEEZE (6 MAM-ds, TV F-ds) &, HiH DHT, 7T~8% IZEEE o1z, 10% HEEE TIEMAKS

ROBHZEEFRACTHLEEZX LN, WLEMELE
Exr< (RSD<6%) EBTHT:.

AT vBE5EDT Yy PVEEEAVT, 4 BOMEER
ICEB 6MAM EENE FOMBHEE LB .
Table 2 IWRT £ DIT, AF/—VTIiE 6 MAM Dt

RV, B ADAELZ->THIHINS D, BbHEN
sit&HtchsOT, FELEERDOP-FVENL
# (99 b-1:1259ng/mg, 7 v b-2:10.45 ng/mg)
ELTEZS. N H—ELUETEEEPLD M-T NV
FN b ADOEYRIX 72~87% THV, ZHITHN, A
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Fig. 3 Time courses of 6 MAM and morphine concentrations in plasma and urine of
rats administered heroin or 6 MAM at 5 and 2.5 mg/kg

Abbreviation: H5; 5 mg/kg dose of heroin; H2.5; 2.5 mg/kg dose of heroin

%/ —W-TFA (9:1) TiZ b—F VEN L FOEINK
1£92~100% THV, BHLEMLITA Y /—V-TFA (9:
1) OHEMNRSEATOE, 20 2 BOMBBIE O
6 MAM DE|&IEWIT D 62~65% TH VY, HHAD
MRS BEBATH L TNBZENI LML L. ZDE
FEiX, A5/ —=)V-TFA (9:1) ZFBEHD 6 MAM D
TRREEMAT, HRLIHHTEEEBIZ, FARICEL
CALREROICHETESBEHETHEEERLTY
5. KFRIIWEREE LT 6 MAM-d; ZFWVTHY,
HAPDODEDDFBLERTEHDT, 6 MAM OEEE
DIEEITENEEZS.

32 AOMBEEDOSy ML &5, RRUESED
50 GC/MS-SIM 707 75 L

GC/MS DERSELHIZBNT, Elk A KU 6 MAM
D TMS FEERDORFEFRH I 1092 BT 11.09 5 TH
0, XY BHEKEEBED TMS FEEKIZ 10.89 KU
11.07 3T H - 1z, BKFEBREKD 2 NI T 2 HEHR
FERERIE 1.001 25 1.003 DRETH YV, BIESREHEL
UVIB&b ¥ — 7 ORENBBICTE 5. Fig. 2 IR S
NBEIIZ, v PBES605HBENVLARDT 6
MAM DU & 5 FBRE X Z h 21 52, 25ng/ml,
10~24 Fef R 1L £ 12 M 3500, 100 ng/ml TH D,
NI LT, 28 ABROFN 5 DTEDEE I 3.89, 6.74
ng/mg TH Y, EI LI & 6 MAM OFLELDIHEL

TWBIEDTDSB.

33 ANOMEBEDZy AL &5 RVERFD 6
MAM O#FBZ(L

NTOAL vETy ML SNBSS 5, 15, 30, 60,
120, 240 53 ICERDEEIREP HF L ¥ T ) —F 5 2B TA
NRYVEGBTITAF v 7 F 12— TITKETICER L
2. &5 N7z MKEEHE 10000 rpm T 3 53 im0 53 B
&, W/ ET —20°C THREFELZ. MU & 5K 100
w280, 0.1 M Y Y EEEKR (pH 7.4) 0.5 ml &P
BHEHWS0W 2MAT, BESIFTHETRHAEL,
GC/MS TEE L.

Fig. 3A 13 240 FETD T v MIL & 5D 6 MAM
REEEVEARBEORBE(LZRLTWVS. ML &5
6 MAM DR FIRE 2 BFRIE AT 4 >~ % 5.0 mg/kg
B OARER, BT 2 3EMTH- 7.

NOA v ET Y MTELIABRESE 0~12, 12~24,
24~48 KU 48~72 R ZHE LU 2. #hFh 1 ml
®O, 0.1M ) VEEEHK (pH 7.4) 1ml & PEREY
100 W ZINA T, BESHHETHILEL, GC/MS
TERE L.

Fig. 3B X 72 eI ©DJ v MRAAD 6 MAM & E
Vet OPE2E2RLTNS. Kb 6 MAM BT £
EADRAKREX 12FHERTHY, 20BBF IS
Uiz, &5, 48 B ZBX 5 RHPIC 6 MAM R E )V
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b ZRHTH5DRRETH - 7.

3.4 MPEPOEEADBGARE
MU &> HIRE-FHEEETERE (AUC.) DOFIE:
AUCow I, BRI TORE (Cu.) EHEREEEH
(B) DR (BCuy) THIHINZIMNEETHIREE
{bdig 2 VT, BRI K VEEL .

EYDEEANDIUAE: EHD AUCw (min-pg/ml)
2K 5 ERPEMBRE (ng/mg) O (BLE) %23
YD 72> 5 BB DT ORI % £ 4 —> DHE
CEEHGAR) &L LTHT.

6 MAM & EJbv ke 213845 8HBICN DI 125 v
PEEHIZZNZN 6.56~7.57, 3.90~3.99 mg/kg #hiH
aht. Tv FVEEHOERBWIIEL 6 MAM THY, 6
MAM & Elk d OFHYHLEIE 18:1 TH-1:

EH O B IC CEY oI OB E OB OIS L
D, FHRGES L IEFL AUC HOEY T & BEAR
NAFNEZENELLREAEEZRELTVLAS. 20
HHlE AN A MAMBINTVEWD, Z208% % R
e 501l EREARMVAETNR T S 2R TIEEI S
BTHHEEbNE. #27C, ML >HOEYOLE
ZBBINICET AUC & —EMMICBE2PIZN D A $
N1 EY OB AXMNITRTIBE O %2 Y EGAMER %
KTHEE (BRIGAR) ELTHVAZEAREBELTL
%9,

6 MAM KU BN A DEZIUARILF N EF N 0.22
BV 003 EHEaNZ. ZO|ES» S RNIE, 6 MAM
EENLE RN, 7R EBEZADERVIAZSHE O
EERULTWVAS., [FETHIE, BEHICERELEE S DR

Birksd, HEVWHAYY 727 3IVIE015%.

0.05'9, aH 4 vix 20104V THYV, 6 MAM E A ¥
V7Y 3IVERRERE, Bl FIBEADEVIAHZN
PRVEWVETHEEMERTE S,

35 AOA CELAEDEZOIFA

NO A VELAHEDOEEREKE (2F) N 10mg #EH
ST I - T EfT o 1.

3 AD~Na A VELBFHDOEEZFIZIZ 6 MAM HERSD

T, BRI E 2RO ELTRE I, v NEE
D6 MAM/ENV L ADFEHHERIL 4T, T v FNESE

mroEh (1.8) KVBWETH -7 (Fig. 4). ZODH
EEZI7y bEOE FOBEDIZSH 6 MAM BH %17
SbTi, KOBRRSERRBTHLEEBKRLTL
5.

Fig. 5 I ST-2 »» 5 OMEYHD GC/MS 7 u < k7
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Fig. 4 Comparison between 6 MAM and mor-
phine concentrations (#=3) in the hair of the rat
and the human following heroin intake

7 L%RREFELTRT. ST-2 T 6 MAM 75 14.86
ng/mg, TN #7 3.23ng/mg, ST-5 TiL 6 MAM 2*
6.16 ng/mg, E Ik & A 1.75ng/mg, ST-12 T 6
MAM 7% 12.33 ng/mg, EI & 5 2.28 ng/mg T&H -
1z,

36 NOAEABORYELEZDOEYIH

¥130 Ko~ f VELHAEOEERB A EER—/—
ICEKRIORILE 245 2T, E-@ESITIRONY, RBar
5 2cm [HIRTUIM L. 2N EFNOSBEOEEN I

CRIAICT T AT AN, BESHTIEICHED RO E E ST

U, SLHBOENM G 2R A . BFE (ST-2) & 1 &
mHFAUERZa—F -7 TAUf v ERKIHIg
HEALTOWE. Lids <, HRIZBEL TO ey
EREH LGP 120, Z2DHIARF L0 IiZEY, ~
U vE2EAFERLLZ. BEPO 6 MAM O 5% IE
Fig. 6 IT/RNd & D1, WTh HEmARRO R r— L%
12cm/BiZEdbece s, BFO~af YELHES &
<—E U,

Fig. 7 2R 9§ £ 51T, ST-5 & ST-12 DEESH D
HREGEHBREEZEEZDD 6 MAM SENF LS FELT
BY, ST-12 OEZDOWILL H 22~24 cm (1.4 FERTIC
HY4) DSEIZ 6 MAM » 3.8ng/mg a2 &
ZRLTWVWD. COERIEESTICLY, | FL LA
DOBFEDONTL FERARRENZ ENTEDH I EER
LTHY, BiZ, REHOEESFD 6 MAM £, 0D
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Fig. 5 GC/MS-SIM chromatograms of the TMS-derivatized 6 MAM and morphine
from heroin abusers’ hair
Chromatograms were obtained by monitoring m/z 399 for TMS-6 MAM, m/z 402
for TMS-6 MAM-ds, m/z 429 for TMSo-MO and m/z 432 for TMS;-MO-ds.
" 750 OUB SRS BERY 5 85 LIT, %
ST-2(heroin) 9 EIRIEA TV EERLTVS,
2em/section
15 .
8 37 AOA ERAMEACERHESHOFTAK—R, I
7 A E OB
10 |- 1 6 FIRD & DT, Nof vEEDT v PETNVERICH
i VT, MU &SRB TIE 6 MAM DR H AT AE /2 Bl 1
] = BE5% 2~3 KfE T, RABTRIEER 48 BEETT
ol
i Hotz. —FH, 6MAM B—EERICIAL L, »EOR
fa N " -
4 Elban, | FEYERBLTLRIHATETSH 5 & 2R

Thailand

New York, Nairobi
Nairobi

everyday use, max 1g/d
Japan

Fig. 6 Distribution of 6 MAM concentrations along
hair shaft (2 cm/section) of a heroin abuser (ST-2)
and his drug histories

iz, FRLISNOEEZOERE LT, BEHRIDE
57T, BRICITAZI.OEETH Y, FEISRIAMFTAE
T, AR-ZA2WHEOVL, BILAEMXIEENICEL T
ftaombicERNTH 5. KEELTIE, BRES MO
AEphclk~EMTH Y, BHAZETSHIETHAL. L
L, MK ERABTIB s e LRy ERERSERES
hTHBY, ~uA VFHRHIEATIEF O RS HREIIR
ant.
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Fig. 7 Distributions of 6 MAM concentrations along hair shaft (2 em/section) of heroin
abusers (ST-5, ST-12) and their drug histories

FEHPD 6MAM EELE A DOERSBEZMNS 12
BITIIIKRDIBEEL T &3, HERIOMBREN 2B
HrBIIhIE 520, BEDLS5D 6 MAM OHOD
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Determination of heroin metabolites in hair specimens by GC/MS method and
its application to confirmation of heroin use. Yuji NAkAHARA, Kazunori TAKAHASHI
and Ruri Kikura (National Institute of Health Sciences, Kamiyoga, Setagaya-ku, Tokyo
158)

The incorporation of heroin (diacetylmorphine) metabolites, 6-acetylmorphine
(6 MAM) and morphine, from plasma into hair using rats administered heroin was in-
vestigated by the GC/MS-selected ion monitoring method. Following intraperitoneal
administration of heroin to DA rats (5 weeks old) once a day for successive days at doses
of 2.5 and 5.0 mg/kg, 6 MAM and morphine in plasma, urine and hair were determined
as TMS derivatives by GC/MS. Their incorporation rates defined as the respective
ratios of the concentrations in back hair newly grown for 28 days ([H]) to the area
under the plasma concentration vs. time curves (AUCgs) were compared. The incor-
poration rate ([H] /AUC) of 6 MAM into hair was 7 times higher than that of morphine,
suggesting that 6 MAM is more highly incorporated and accumulated in hair. In addi-
tion, advantages of hair samples as specimens for confirmation of heroin use were com-
pared with plasma and urine samples. The life times of 6 MAM in the rat plasma and
urine specimens were less than 3 and 48 hours following heroin administration, respec-
tively. On the contrary 6 MAM could beé detected in rat hair 28 days after the first
administration. Moreover, 6 MAM was detected in a corresponding section of 1.4 years
ago in heroin abuser’s hair. This fact suggests that 6 MAM is more stable in hair than
in urine and plasma. It also shows that hair is a very advantageous specimen, having a
higher content of 6 MAM and allowing for retrospective detection in terms of years.
Finally, the drug histories of three heroin abusers were correlated to the distribution of 6
MAM along the hair shaft.

(Received May 18, 1995)
(Accepted June 30, 1995)

Keywords
diacetylmorphine (heroin) ; hair analysis; GC/MS; drug abuse.

NI | -El ectronic Library Service



