T AN=FAT

1 ALREEBTICBIT BT VDOFE
BRI E KT T E2A TS 774N
— & A DR

PGy I RAT

RV U7z, ThHR 230450 BE(7,000 x g,
5 min) L, EEZSHaEIE L HPLC IZ
Lo THHT 24T o7, HPLC fiE, &
Z . ;. Waters Symmetry C18 3.5um, ¢
4.6 mm X 100 mm, Waters)., 7 7 AMEE :
30°C. Solvent system : MeOH — H,O (85:15,
v/v, 0.6 ml/min flow rate). #& H: UV 210 nm
& L,
[DNA fifit]

WIED THE)] BXU THBE %
DNA Rt & Uiz, T800REE) 1% T3
b2 | D—EREHER, 60°C T 16 FFfHE A
WM LT b D&, [HTREEE) | THLkR
| L HITEREZERFCHEIC I VIR
Iz L. CTAB (cetyltrimetylammonium
bromide) V%% —HiH R LT DNA fiiltti &
Tolr. BB 1= DNA % 10ng/ul (257
FURABLE LT,

38

( rbel)
rbcl. gene

:‘I }‘:
—_ <—
A B
(trnL-trnF IGS)
trnl 5’exon trnl 3’exon trnF gene
= ——
—> <
C D
( FSYF a4 TRTHCAL S B RBET )
THCA synthase gene
— <
E F
2 rbcLiBfEF. trul-trnFiEaFIGS,

RS &4 FRITHCALE S RiEERE

BT DOEBEIBIZANTZ T T A ~—E{L
A:5-TGTCACCAAAAACAGAGACT3’
B:5-TTC CATACTTCACAAGCAGC3’
C:5-GGTTCAAGT CCCTCTATCCC3’
D:5-ATTTGAACT GGT GACACGAG-3’
E:5-AATAACTCC CATATCCAAGCA-3’
F:5-AGGACTCGCATGATTAGTTES’

[PCR]

OrbeL &=F . QtrnL-trnF EBF 1GS,
@ KT v 7 ¥ A4 FRITHCA £ & REERE&E
fzF 03 EmEmbsgRE L (K2),
Q@ rbcL Ef=T

rbcl, BA=TIIHEY DGR T B 5 &
LEERAFRANERCTHH ) 7u—2R
VEBHNVARF VT —EDT -V b
#a— NI H8ETTHDH, ERIET )
LHIZIEFIZZ S Oa b — 8 THEEL T
BV, PCRIZ X BB TORH M LEAY
KETHDB, T TID rbcL BIoTFD—
aEk 2 PCR MEHORYT 472 b
og—)E LTCHWE, 94 ~—I%
Hipkins et al.(1990)D 7 7 A4 <~ —A(5’
-TGT CAC CAA AAA CAG AGACT-3’ ),
77 A <—B(5’-TTC CAT ACT TCA CAA



GCA GC-3’ Y2 AW (X 2), 7= PCR
AU AT —BEEHRE L T KOD
FX(TOYOBO) % v 7z, PCR X i it
KOD FX Oft7 v b — W fiEvy,
50ng M7 7 L— k DNA, lunit ® KOD
FX. 1/2 &A&® PCR Buffer, 0.4mM @
dNTP, 03uM D& 77 A v —%7HEK
T S50ul WA URINKE LT, BURS
1T 94°C 2 7L e — MIBl &,
98°C 10 T, 58°C 30 #. 68°C 15 43 %
30 %1 V& Uiz, PCR IISED—ER 3
pl % 2% 7 Hva— A5 )W(TAE buffer)E
K[UKENR, =T VU AT aw A RTLRAE
L 254nm THH L7, Bx 747 =
vho—n b L TT 7 L— K DNA @
Kb Iz KEMZ T2 b D% AWz,

@ traL-trnF B{s+ IGS

trul-truF B+ IGS 1 IEFERAE Y 7 A F
I2H D (RNA Bl 22— R34 5 onl &
mFUAA) & trnF BEF(GAA)D DD
B s 7 B2 » D IGS(nter Genetic
Sequences)fEIR TH 2 (X 2), FERHERAELK
THhodI &M OREYERCENICNT
BERIDOEENZNZ ERH5EN T
Bo KFRIZEBWT S Z D tral-trnF B+
IGS TEIRIZIIENERBFEET D2 L
B 507> TE Y (Kojoma et al., 2000)
KROFRMEEZE T D DICHE2HE
WTh D,

PCR FSEETR D [OrbcL &fnf] O
BHERZKICITo T, 774 v
Taberletetal. (1991) O 7 F A <—C (5’
-GGT TCA AGT CCC TCT ATC CC-3’).
75 4 <=—D(’ -ATT TGA ACT GGT
GAC ACG AG-3’ Y& W= (X 2),
® KT v7 ¥ A THRITHCA A AR

E{=TF

KIFIRIEMERL Sy THC 13AEM AN T
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¥ THCA((tetrahydrocannabinolic acid) & L
TR IITFEE LT 5, THCA [T
EXWE 7> b THCA £ S REERIC LV 1ED
HE, ZOEERERELTIIT T
B & 2> & 72 o T U B (Sirikantaramas et al.,
2004), KFRIZIE THC Z28HTH RS v
TEATE THCEER/ LRV T 7 A N
— XA TOENRDD, ZDOEREIX
THCA A& BEREL T OEERSINZ
NENDEAL T TERRDIENLTHY

THCA A& HBREERTICHL TR
ZATH| L [Ty A NN=FALTH| O
TENFETS, 0B, [RIvr#
A 7B OBMEFE PCRIZEVEGITH

B2 &0, TIZAIREE > T3

(Kojoma et al., 2006), = OFEEIIKERT
HDEME DD, BHDBWITKRORK SR
RS 5 DICARREE ThH D,

PCR SR D TQrbeL BaF] O
B ERRICITo, 74~
Kojoma et al.(2006)D 7 5 A < —E(5’
-AAT AAC TCC CAT ATC CAA GCA-3’ ),
75 A4 <—F5 -AGG ACT CGC ATG
ATTAGTTT3 )& FV=(X 2),

C. R

[THC 43#7]

RGO TEATROIT 7 A N—Z AL TD
JERRZEN B AR D HPLC Fv — b
R 3ICR L, EEOHTORKE, K7
V7 EATDTHC EHEIL 34%, 77
AN—F A FIIRBHTH -7,

[rbel E&F. trul-trnF BixF IGS, K
Z v 7% A4 7EITHCA A& REBERELT
TR D]

@ rbel BIsTF
rbcL B FEBROM R E K 4 1R
Lz, RTvT 2470 THE3E], &



¥~THC (RT:17.8 min)

NP

TrAN—BLT
R
!

A

0 40

Retenﬁoggl‘ime (min)
XM 3ITRTwITHZAT) [T A3—
2 47| OEMEE D HPLC F v — b

BE | BXOT 7 AN AT D [HE
# | TEBIE) »bE b7 DNA O&
TIZBWTH 1.4 kb OBHER S VTN
v R v,
@ truL-trnF BfsT IGS

trnL-traF B {5T I1GS Bl FEE O H
HREPXS5WCRLE, RIvI7ZALTD
[fEse ), R3] BIOT7 7 A3~
ZATD THHE), THBRE) 1»oEDL
U772 DNA D2 T2V TH 035 kb DA
B2 v TN RB3BRE EnT,
® K7y ¥A TR THCA A A RBER

BT

K5 o 7% 4 7RI THCA £ & REERE
RFEEOBRHEREZRK 6 IR LZ, F
S SEATO [FEE), [HRE]
535472 DNA 28V TH 1.2 kb DOF
R v NN R &z, £
TrAN—EATO FRFEEE) ., T
THAERIIRE SN2 o T,

D. 8

KRN S, RIv I XA TEBIOY
FAN—Z A TOME A TIZBNT (5
H3E | RABICH THAEEE] L RIERIC rbeL

BT, tral-traF &&F 1GS @ 2 tBIl O
BHENARE TH o7z, NT v 7 &4 7H
THCA £ & BEREL T OREIZRWNT
WERNT v 72470 UHEE), THBRE)

[ FIvT OrAn—
-|IQ 847 847

[ 1 I 1

= T oz o3
T OE ¥ ¥ % m
oW R R W

1.5 kb P
«— 14k

0.5

B4 rbcL fEIH D PCR Wi i O
KSws  JpAf8—"
JQ H54F B4
| f 1 I 1
X B B B =B %X
AU -
oo E W E

—#10.35 kb

I 5 trnL-trnF IGS $E1%0D PCR Wiy DFH



DB BBRBH I, 77 A N—%
A I TCRHBHIN R oTc, T2 ik
Meigze) BB WL F I v &2 A
T T AN—EATERSITHZEN
FEETHD I ENTRBRENT, ¥/2 PCR
KUY AT—FIZKODFX #AW=Z Lz
IV FEEIZTE PCR EIBIER LB S =
ERTERELEEZ DN, SHBITETFR
BHoB el e &, S oIS HELREB D
BRETEIT ) BREBEERDD LEZ NS,

E. &4
RGeS KFRO B BEERE 2 AV T
by, BrEEEEREL & [FARIC DNA EEN AT
BETOhAZ LALLM T,

F. 2% C#k
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l F\‘—J“Jﬁ‘ 77'(/ —
R 47 5147
| 1 | D
T T T o=
XN B B B OE o«
T & £ ¥ € =
w b L

0.5~

X6 NT v H A 7B THCA A RkBER
EARFFHIE D PCR Wi i Ot
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1 [if

EAEYMOREFEOELE ERREBNT S, HERICH
\F AN OEERECETIMERE. 2 0EA
WHESFT->TWES. Z20HDICE-> TELEDIRE
TEEGEGHEMEREAENRELRE TS -
Foo BRI, FHHEBOMIEAERELENTH EH
EMERME S 2 -, tiE. Mul. ETE
HAREBTIT-> T3, BICERTH =T ALORET
() ORBFFERBEHCT-o-TVD, EAER
FEMORTF & HIEEE, BN OEEORMME. &
AEME INZEHMOREFE U EFR(BLE - FRER
) NOETEEE, HLWVEEFLANILOFEROEA
PHEORED D OEAENOBA LFEDT-T
W,

EHOREEHEBELTOEZ ., 1. EHAEYD
RBEOETF ORI CHEICE L T, ERABMRH
EAEYEEME L 24— OB, 2. EREMOR
gttt o EEEF I N -FEHEY. 3. WHO &LEH
HME L TRNT %,

EFNEY) & T DIRTF

BEUHIC

% (A

R

BAOKEFAE EEBESEHERLY Sy~
BILASERESRATER FEHE

ey CEES A RBA R AR RS )
iET@ JUE (870 bdril)

BBAISELE TN, HEH - HENIBEIET,

ZERE  BRFIOERUAERRFERE

BT PR 7 EREAEELS (B

B | BBFIREE AR AN, BHSSEELHERRT R
RS THEEANEEE. BH0E F HEE
BHmEERRE BE. TR3FE A E£EHE FHT7E
EVEESEREFENER k) £EHR. FRI3E BEYEE
FEREADIZER B PRISE HEEAHREREREE
¥ — WBEE, FEEI3E Peru, Sur University, Guest Professor («%
NV—BRELFRHE). FHRUE BEROKKFRFE £FESEHN
Ry —#HE. FRISE ERRERBES HRE - YUCERE
&R, THRI6E AE  ERENEDOBRTAMGHKERE (LA EE
WHO /BT V7). FHRISE BROKRKFRELFERENEL
vy —BE. FRIBEBROKEFARFEBBENEL VY —%E
it (PH20FE 4 EEBEEEENRL Y ¥ —~3A), FH20
£ BUIKENEREFRATREELE RELES,

HHMEWIANHORBRE LB ICFHINTEZEMTL 95 HESEBREHLE XHOZRTHLFoM2
TEF L7, BRHEYWOBEHEICEEZETONIEAIN, BLEZHOITDYOEYD 1EEEZONT T,
HROMEFMEMITH0FEET L LEHIFEHECOVHLDOTIERVTL X I Hs IS DY EE O
EgEE LCHELNETBZ0—FdfbEEEMERL LT RHShTwE T, —F, EFEYoOboEY L [FH
RICEFREOE/LT. 20EPHILTETVET,

HAIC BT 5 LMY OB FMHEICET 255, £ ORBEWETIT-o T E LA, 2oz 5T
X -0 EN REMELEEEEREY R RABE GAE MLk NEELBIIZeE KAy &R
¥¥—) Tl

BEHOBRGFEREICHLCoBE% 1. BEEYEHEOHEFORE L HRICE L [EELBIFET EHHE
WEENZE Y 7 — DN, 2. BEBYOFIER EENSHFIN-EBREY, 3. WHOLEAREY L LT
T 5,
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&% O 5

BRI ETDRT

M RIEYEEDET OREFL A

LERL, B ZMZhHER2BLEOMBICED Tz, FREME, BRI 0MAIEERTS
%, WS (BEESBEORNE) OBFBRLLEVH. FEKEABEEDE L LTHRKALIN T2, EATB
BEEEREEO - DICHEREABE CEAEYRERBS EY . ok, M¥l (& Y8H). FE &
WHMINERE), BFE (YBROREROMYE). duiElE (LHRMOBE) O 4FeEy). BEIFZIN
PRI RIEB 2 1T o TV 5o BHMHTOXEEIIIB0FHABICBEL, HLVWEBHRAL 2o7

EEENSRZR SREYESERR Y Y— R BFE. duEE. LK)

198048 |12 8 L 7- S i SR B0E SR BR S C 1. A OBIEIE, EREROMMR L RE, FEE OB,
NAFF2 0V —FHHoEA, KREYICET20% R, ERMLRIRRmE BRICES 2 BE L. 4
BERICSES LTV RREEY £ T, EAELBESCRESN:, BRAOETOIE L REETo 72
Wi BB OBTREMEE B TR BWKES OBEICIE Y2 bR AN OFBES TR Shi, F3C
B L Clddiisfest & 75 0 IEMp 2 BB M Lzo HILVWEROBA L LT, BYICEETEAORERITEIC
B Lo NT FYFICTZUNTFY Y AR EESE, BREZESY, ChEBEMLESE THYHRERED.
ZORMABA Y FNOEREBRBENSET 52 LR EH Lz, T2, PEE O REMERIIC, £ oF
EOMRE ST ANTEORKALCERT2LBL LI, £ OHEOERMYOFEBRRSEA SN,
BEREO R LMIFI L TR o T ey VRERM 2 ik CHRAL T, BETHBBRNICRESA TN 5, il
BT F ROE Y O EF I ICER L7

BAEOHEO—EEHEMNT,

TOBHEZ 3HERTH 5,

3. BTBIREY

1. SFKFRZCE

BT EMAROED 2T %o

3. HU2Y (BEB) 4. %F /% (ETE) 5. 729V (ETH)
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HEAEYERRR LY 5 —FURARESORAAS
1. HIBER . 7O ORMRTF. EREMIRISEHERICET 3R, A/ avoEECET MR
(1) r v oREFF X Papaver somniferum L. Papaver setigerum DC. @R HHS50RMOEFEZ1To T 5,
o, ERRSMCI NI A=Y A2V v RSV R Er VERDR T, ak ) FEEEL, Fh
Ladb &l [MEBEMEWEES] »FICRELR. BEL UHEREZ HRICEBES AlliToTwb,

2t o

12, EFHLL (E2T)

10. kb3 11, MmIk38

ENDT7 NV EERIERRO—BROZRREL L URERE~OBETOUABZT > T b,

13. 4o D—8iE

(2) ERHWEWERERSERIZET 2%
¥ K (Angelica pubescens Maxim.) &G L v RETIIPIIE, BNE, LB ICERLSD 5,
EH20N ST DD B S MFITATF SN TWBHY, BIE, ERNTEETRERITOA TR, BRICBIT 2%
KRR AT ) BB D 5,

HABOBRLZLZEFZEAL, EFEHOLBR N b UA 2 L-BIEERIOLD, BREREL Y
2iToTWwh,
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®E 0 HE

Y ETORE

o B e
14, €IVE BHE 15. R

N R 7% (Glehnia. littoralis Schimidt ex Miq. ) 35T ., $#REL LTEEINL, NIKRT T
ﬁ@ﬁWKﬁﬁéﬁ%ﬁ%ﬁ@tb@ﬁ%%ﬁoTwéoﬁﬁutwﬁmﬁ%&%ﬁwtbmﬁmﬁﬁ\m%

BOREB L UCEBREEORE 2 E21T> T 5,

16. wLE  Hig

(3) B/ aVoAEICHET A%

% av % (Valeriana fauriei Briq) OEM L7-RERFERLIFEN, HE. B L URREL LR
AEOMFICEHEEND, BRO ) 2y v EERZ, BREMIZE. E/6000kgk B TW/zds, FRI7TE
FEIZ131,061kg 2R Ly BEH SRR Twbo R TIEN a v v OENICBT H%E L 72F
RS E B LT, BB L UREMBEORLE B LEABRZIToTw b,

18, H/ OV IO 19. INiE) 20. R&

2. BTHEER  EREYOBFIHRS SURTTHRBFOER. ZRENOEFRES L URFHER
(1) EREYORFHB X UHET# H & INDEX SEMINUMOER

WEKBE O & ) EWEORAIIIEERICET L v b, EREZREICH 2 BB O I3 RE
5 RMBOLDBE L, SHOMARRPIFIN TV,
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BEEBEOINE  HRIEETHY, EERHROL-OOEBEE L LCTER - SoEAEYEEERZIX
£1L., TORFIIRYMEA TS,
JeimE, Fk. ML, BTEOKMER CRE L /MY EF OB R#HEE INDEX SEMINUM DOfF%E%
Tvs, B ORFRMEE & OB F AT o T 5o
634 E. 41588 (H16) DOMYECHIFAEE LB FRRBREIT-> T 5,
INDEX SEMINUM 2008 D#HE

Bt g BE AE
LimEmEEs 86 153 0 239
T RFER KERE (144) 159 3 162
FERILFRZEEB 4 111 0 152
BT BWRY 195 98 18 311
&t 322 521 21 864

21, EFZHESE INDEX SEMINUM
(2) ERBYOETFREL LURFRER

REPCHARBEOZEMNMICL Y, BEOHEYEEFEREISBECBAILTBY., BELEBRZRET L7120,
BFORRREZIToTwb, BABRUREROBT2EEICLT, 10C, —1C, —20CTRHBRELT
Wb, BTFOEFRIREHERT 5720, REBETORFREL SHHICIT V. BEFEMET L2 DIoWT
HHEAEIC L ) BENICEZETFERORELZR %,

EAMEYIIETORIRYE, BFLM. RESEVHETLZVLONE L, HBLRETORESE. BFELMN
WZDOWTORE ZIT> T b,

22. A RREE 23. WEROHET
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CRCIOR R

BEAEY S ZDRE

24, {EMERRFE 25, B7EE

3. {E3A0FHMRIR | EREMOREFMICET MR
(1) EREY O SETFMIZRE T 2558

AAERFOZBREBEHELHY LT, HBAEORERFLERCERT 572010, BAERHHBNE
REFIEREROBREB I o TWh, RAWHEOAERIIFRSOENKE (, FBENLED/NS — Y 2RT
AERERES L LTHREL, EELROBAFOREL LI ZEICL), ERORELHATLFRE T
LR APERABY LY ¥ — 0BV THZoTWh, Y X¥ ¥y eIV PHBILINTE TV A,

(2) MEERMNBEAEYEROBRECET 2%

SR A & B IR R REOER L LT, V=Y a v THEEZNRICHEL T D, VY22 T
Rk CEE IR ST A BREETH ) £ FUT1,2005 ADBHE LA, F 1 BIRFISEIEHA
BBIHTH VIEHFTHL20F L DBELEOBREPEHTE RVHEND 5,

NS OBBERRIT B O IABRSED S IBOMEM A B LY R RO, BIfER O R WEf &4
WEE BT IT-oTwb, HREHMOHME A ) —= Vv LE A, ATFFORSTTY I VT
BOWERSRE LN, AT FIECHAOEEE L AN —CTHEE S AT V3V 3 ARFEFEET R
FRCfio TaREZAELPREBENRENR LN, 4%, BRABREZEELIZWEE o T,

v a &
NS
$ ;
RN

N

i
o

@ Y~y v =T oo
LR Y — v a e T

26, U~ AR TEEEDDH
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4 =
R,

shikonin (R4=0H, Ry=H)
alkannin (Ry=H, R,=0H)

27. NI—THAL LEKEE 28. LZHFOKEHL A=

3. FUFATRRELARE 32. BEHBHE. BEIRNL L
AlEZEr s~ 1T AMREE (BEARME) (H13~H18)

HBERiEorMEES S iEEER

(1) [ERtemisEst & mEfHbEs] (BEHEEEELVTER Part1 ~Part10)

EIEDEFREIZ P2 TIHAEMYOREICH s T2, RBICHEFAMSINL LI > TETCRL, HPETIE
AERRICEROBRENBEAIC LD FOREEMOREHIEDNTLE ST, —HOboRfEASRLTW
b

B, WM OREOEER R UHE - REFHIOHRE L OENT, £ OEFRWICHLT, HLv
WCHIECHII L, BICZOEEMOFEFMFELHLEINTE WS,

19864F & 1) JEAE S84 13 38 A s & S MIEst OB 23T B L, FEAL LBIRYEZ MM U Bk
ELIERAEYOEBR~ORKO/Z- DI, WIRIREEHEFHELED . RAMYOBBIRAL? Mo /2 W5 O
BIIFEICERTEL L HIC. BEAEOESEICEENKELIMERAZEORBN G THF - "Bz B 5N,
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&R W 7 O R 5
BN Z DR
VERREHE & RERRIE O 7 — ¥ BRI D ) RO WAL 6 £HO1992FE TH otz L L. TOREER
AR S . 10, SN HR SN2, B LB 2 REBI T T b, I E ZEXRINIC. RICH
L7z
19924 (Partl) AL ¥, YVF v, ¥447, boF, 3<% a
19934F (Part2) kv Faw, X=NF, NPAF, FXay, FVav
19944F (Part3) TY R, AFHZXT, FAHL, ¥V, Y¥r¥7
19954 (Partd) way, #/avw, Y75, xINFT I, 55T F
19964E (Part5) 4 v FUY KRy, FANFAF S, FIAX=V IV, Fy /o vava, Ky
19974 (Part6) H3I VL, FNFFIX, FUF7F, abFxnNF, F7F3
19984 (Part7) A4 AFAWY, FNF, 73, y<aAFEE, tuntirs
199948 (Part8) 7+, ¥ 7Y), bIRFXRY 7Y, 77 Javy, NFMYATH
20004 (Part9) H7F3EF, yryav, £ryF, e¥xFay, Evav, ¥4V
20014E (Partl0) 7 I HH LY, wANYA Ty, ORI, AT, AYIUY. FEFLUNT eF
A4 aARXF
WA 1. Mg, 2. RIS, 3. EolK, 4. EEOBEB LOER, 5. BEEORE. 6. K
Beyk, 7. AMOEEEM. 8. HMESEE. 9. HHEE. 100 B8 OMHICEBRINTVE, 36T
MY O & BIEH B L CEEORRNEICETAEE L2 D BB L., EAMEYRIE MO TRY M
A% bh ) T VAR E 25 L) LB FEREN TS, ZZORAFEHRLLZTFEATRAL
Foo AL YE P TFOER (No33~49) &R,
Part 1 #obLY

33.

36.

Part 1 OFHK

yes

: S
g4I L DEZFE

FHEA S L OEEEFEL - EERE ' 37.
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39. FgkA L DTE 40, 4=

i A “ﬁ.\
DEF R

e oo

42, F#FTHbIFx

1l 1

Lk

45, REHOEE (TE) 46. iEHD

WE (BbH) 47. HF D bUFx (KFNHF)
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48. Part 6 H L FT7F 49. Part 7 7721/;;15{1
(2) BEBRENREEY |
HEEAMY OB BHETEE B ko728 306 BAEYOESR Y ENTZBMEIEURD OO E TH %,
MRS EE 2 EME T2 LB OEE L BbhTnid, Z0BOUPOVEN EERE LKW
ECHENOBEL rol bV o VvEESERED [A8L 0 X] WEFCHE SN, £0%. THRSIEE
BOFAXY [VoyvaudyAFy] BEEETEHGIN
BETEG SN ¥ 2 Y2 GREEEWE) . N PAE LEERYE). F4 47 b4y (RERE
T2), VAT (EBFAEE, YAT), ¥Ry Yy BBR). 7Y (KRR F4dH b,
] 77 [ 8 R B R e A B S AL R RBRIEAMERL L 72 Y X 2 v 7 TR L P AFHRE [tolde | 2

AT %o

@D Yxrx¥2 [bEH] FIESNI54R/HD OBEBE SN DO CHRAEFENSE . MERICHENL
B E LCEHIN
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Origin

The utility of hydrogen stable isotope ratio measurement by IR-MS for establishing the origin of
ephedrine and pseudoephedrine (ephedrines), precursors of methamphetamine, was evaluated. There
are two kinds of commercial semisynthetic ephedrines, one produced from molasses and the ather from
pyruvic acid. While the semisynthetic ephedrines derived from pyruvic acid cannot be discriminated
from biosynthetic ephedrines and synthetic ephedrines based on 8'3C and 85N values, they could be
identified from the 32H values. The low deuterium content of biosynthetic ephedrines (8%H: —193 to
~151%.) allows a clear distinction from synthetic ephedrines (82H: —73 to —30%), semisynthetic
ephedrines derived from pyruvic acid (8%H: +75 to +148%) and semisynthetic ephedrines derived from
molasses (8%H: —74 to +243%.). The wide range of 2H values of semisynthetic ephedrines is therefore
very useful for the detailed classification of ephedrines, in combination with the measurement of 53C
and 85N values as described in our previous worlc. This study was carried out on a limited number of
samples reflecting the various routes of ephedrines manufacture. But it has become apparent that this
stable-isotope analysis is an appropriate means by which to screen for manufacturing process of

ephedrines. This approach should be useful for worldwide precursor control of methamphetamine.

© 2009 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

The abuse of amphetamine-type stimulants (ATS) is an
increasing problem. all over the world. In Asia, inciuding Japan,
the abuse of methamphetamine itself is still the most serious
problem. ATS is easily synthesized in clandestine laboratories from
precursor chemicals, so precursor control is essential for prévent-
ing illicit manufacture of ATS. A UNODC report has confirmed that
drug profiling is-a useful tool for monitoring the source and
distribution of illicit drugs and precursors [1]. Trade in precursors
of methamphetamine, such as ephedrine and pseudoephedrine
(ephedrines), is strictly controlled and monitored in various
countries, but nevertheless, a huge amount of illicit methamphe-
tamine is still manufactured. This is because some precursors are
diverted from the licit trade. In order to prevent the production of
illicit methamphetamine, it is important not only to control and
monitor the trade in ephedrines, but also to evaluate the origin of
the ephedrines used as. precursors of seized methamphetamine.

* Corresponding author. Tel.: +81 3 5841 4850; fax: +81 3 5841 4855,
E-mail address: tlong@mol fu-tokyo.acjp (T. Nagano).
! Present address: Tokyo Customs, 2-56 Aomi, Koto-ku, Tokyo 135-8615, Japan.

0379-0738/$ -~ see front matter © 2009 Elsevier Ireland Ltd. All rights reserved,
doi:10.1016/j.forsciint.2009.04.011

We have investigated a multifaceted approach for profiling of
methamphetamine with the aim of identifying the sources and
synthesis routes of illicitly manufactured methamphetamine and
its precursors, in particular ephedrines. Impurity analysis and
enantiomer profiling of methamphetamine have been used to
enable the identification of the synthetic route and precursor for
many seized methamphetamines {2-5]. Route-specific impurities
can be detected by HPLC and GC/MS. But there is no report of
detailed classification of the manufacturing process of ephedrines
based on analysis with HPLC and GC/MS. Sirice stable isotope ratio
mass spectrometry (IR-MS) has® generally proved powerful for
assessing the origin of compounds, we examined in this work
whether it could be used to identify the origin of ephedrines used
as a precursor for illicit methamphetamine production. For this
purpose, we applied IR-MS to a set of licit samples reflecting the
various routes of ephedrine manufacture. Commercial ep hedrines
are produced by three methods (synthesis, semisynthesis and
biosynthesis). We previously reported that analyses of carbonand
nitrogen isotope ratios were very-useful in determining the
synthetic source of ephedrine, even if it is difficult to discriminate
methamphetamine crystals on the basis of their impurity profiles
{6]. The quality of seized methamphetamine has recently risen
markedly, and it is necessary to do further in-depth drug profiling.



