7=, Tetracolor ONE (4 b2 T.3) a3
A, 6 KFEDA > F 2 X—FDRRIZ
X407 L —hrJ)—F—ITXDODE
(450-630nm) ZFE L7z, ABkIL n=3
TV, FHUERINFEEREZRD T
75T EER L. ICs 17T 7&K
Dz,
RAW?264.7 FRARIZ KT 32 B FE i 558 -
FEHE DMSO \ZinfELT-1%, RERE

HTHERL, AT VLTIV F—%E@LT-.

70%=1 7 LT NI EIEL- MR 1x10°
cells/100 pL/well L7225 HIZFHELIL 96 7T
<A AAZ—T L —NIEREL T2, 24 B
A%, AR E &R EICRREL,
MREZEEREL -7 =/ 50ul D
ZVRE OREHAE 50 uL L2 BHLL, B
RO4EE% 100 uL L7, 37°C 5% CO,
TT 48 BEfRA L FaX— E1To7218,
XTT 3 ZF (Roche) #INZ, A F=a—h
DHBIZ~vAruS L —R ) —&—|ZX) 0D
& (450-630nm) ZHIEL7-. BRI n=3 T
TV, LHEERD TTI7E2IERL,
ICso ZRDT=. RUT 73 ba—uid”
n7 7Y — LREAITHS MG132 (10 uM)
THERLTZ.
MG63 FHliAE k42 HEFE A | 2R -
FEHET DMSO IR LT-1%, AEEsE

WTHERL, AT VL7 VEZ—%E LT,

70%= 7 V= NI BIEL MR E 2x10°
cells/100 pL/well L7225 XHIZFARIL 96 X
~A7aFAZ—T L — NIRRT, 24 K
A%, AR S REICHARL,
R BRI =L 50 ul DL
ZIBEDOREHANR S0 uL L2 BHLL, &
JRDEEZ 100 uL L7z, 37°C 5% CO,
TT 48 AL FaN—hEfTo72%%,
Tetracolor ONE (£{LFTE¥E) #Mz, 2
EMOA FaX—rDBIIvAIaT L

38

— ) —&— |21V OD f& (450-630nm) %
EL7z. 3BRIL n=3 TIT\V, ‘EHEZRD
TTI7%VERL, ICsp BRDT=. RLT+4
Tarvro— ) IvaT 7 —ERER TH
% MG132 (10 pM) TIT o 7.

& B -

(1) ZE 3.0 kg)ld, A%/ —IVIZTHE
U X% REMHE 3 EHEED R LA
HU7z. A% =)L TF A, KEFERE
TFIILTHEEL, EHEZRU R T
VY (MIC: 6.25 pg/mL) 2> U5
TIWVAST LA NI T T 40— L
7z (n-hexane: ethyl acetate = 7:3, Silica gel
60N, 40-50 pm, Kanto Chemical Co.,). 73
BLEET I a2 ilDONWT, U—
aRZTVRERERAWENSTT vk
AT, SBIRYBTIVEER T
L8 KT ST 14— (n-hexane: ethyl
acetate = 1:1, UV254 nm, RI range 128).
ODS F—7 > Ao L2 NIT 5T 4
— (methanol: water = 8:2-9/1-95/5-100/0,
Cosmosil 75C18-OPN, Nakalai tesque) .
HPLC Z# DX LIT5 Z&TikaY -1
% #& /= . (HPLC condition : Mobile
Phase/acetonitrile: water-1:1, Detection/UV
at 210 and 254 and 280, RI range 64,
Column/ Shiseido CAPCELL PAK CI18
MG 5 um, ¢20X250 mm, Flow Rate/ 5.0
mL/min).

(2) Bistorta sp.,
Acacia concinna, Tectona hamiltoniana (3
BRI T S O — TR L%, A%
J =)V TIREHHE 60°C)Z 3 ElfT,
BEBHER., TF A&

Cephalandra indica,

C. MFEHRRLVOER
(1) ZEH 572123 oGy LEY



9-11) Z1HT. BHEEEDT T (NMR,
HRMS &) ZAWTHEZHEELZ. £
OFER, &9, 1 IZFHHILEWTH
o7 (K1)

IR, #FBAEw 9, 11 OEREIC

DWTEHMIZIENRS.
a8 91, '"H-NMR IZBWT, >4

Lw N AFIVA 2 K THESE 6H 577).

KEEOMITBOTO N> THEWITH
I (J=42Hz THBEHTA
DF—IVERE) LTWB2EK0D5 T
v RAF, TORT 4 v IITHELE
7Ly b AF M 2 REREININ
5135w 7 U TER (d, J = 9.6 Hz)»
S5FINMMITHD I ENHS NI
7=. —7%. E DMSO HT 11.97 ppm B
L 71 12.88 ppm fHTIZ K FERE G HEE —

o o,CHS OH O
OH
o QLT

CHga
OH O OH O OH
7 8 9 (New)

tectograndone 5-Hydroxydigitolutein
OH

R X X

HO

13

lutein

HO.
CHa Ho\’;} o

DIN2ARBDEN-Z &, /- PCNMR
WZBWTF / ITHEHRI7: 180 ppm 1
WD T FINN2 D N ROk ) 2
)72 160 ppm AHED > 7 FILH 2D
BHElSNZZENS, 1EONA RO
J B EEL. S TRAKEREELT
W5 Z EDUREE XN/ HMBC & TN H-H
COSY ANXT MVIZX D E 2 HEEDM
BAztmat L7z iE R, BB 9 MG %
MR L7 (X 2, HIEEEE CD;OD). &4y
fRBE~ A A X% )V (HRESI-TOFMS)IZ
LT E 3050681 ZEHBIL. FDH
FRE CisH;;0, EHER L=, UV #HIE
WZXO., F/ ITRERIR 488nm DI
NZRUZ. EWSLAREIZ DN T,
BEDOEZANEMELS, SR EEHER
ZEDRFT O TFETHS.

enantio-oliveric acid

10R=
11R= OH New)

betulinic acid

1 T grandis JOERESN LG 1-13



7.28(d, 9.8),128.1
7.35(d, 9.8),130.9

X 2

7.43(d,7.7)
118.9

116.3

7.42 (brs)
112.7

{b&4% 11 OfExE (700 MHz, CD;0D)

X 3

t&% 11 1%, '"HNMR 2B W T, AF
NELZERASNT, YOT 4 v I
WELEY T Ly MAF N 5 REH
SN, INSEBFAYTY S TERENS A
HHRLDHD (d, J=2.1Hz), TV MLD
HOD (d,J=84Hz), ZTDOA) MIOD
EDOOTOREAIMTHLHD

(d, J = 2.1 Hz) OFENHASNIIRo 7.

—75, B DMSO HT 12.48 ppm i IZ7K
SHEHRE—IDN 1 RRBD SN X
7= 3C NMR, HMBC K& XN H-H COSY &
R27 MVIZ X O HEEOHEE Z M E
LI-fsER, 7908 /A REREZET S
EMB SN/ T2 (K 3, BlEiEE
CD:OD). B MEENY A AR ~b
(HRESI-TOFMS)IZ X U 43 F& 301.0461
ZEBIL. 202 FXE CsHO; EHERR
L7z,

iz, BEE SN2 lbahon) —2av
ZTYEHORRER LITRL .

40

1.39(s),1.36(s)
24.3,23.7

Chis

CH
070.4 3
./ R4

d::;)é -* 4.53(d, 4.2)
5.53(d, 42) Ay 100.0
70.4 OH

bE% 9 DiEE (700 MHz, CD;0D)

6.25 (d, 2.1)
OH. 455

F1 TXABIOEBEENTZLEHOH
J—ya<w=TIEHRERORE R (ug/mL)

Lm RAW
HElR T F )L 45 8| 6.25

7K53 E 400 -
&4 9 5.40 419
& 10 622 >100
e 11 -

AmB <0.1

U —ra~w=7T8ER (in vitro): ROE
I1ZICso (ug/mL). J& H L promastigote {&
Leishmania major (Lm) % N CERERZAT
~7. RAW264.7 RAW)Z)—va~v=
TIRARERLET IRICRAN VLD~
a7y — T AR EBRRETT DD
AWz, B =F X220 TIEMIC
(ug/mL, = ha— UZxfL25%01). 1k
AT 1ICs (pgmL) TRLEZ. RYVT4T



2> hE—/ L% amphotericin B (AmB)%
AV

Q) Ivrv—IZTAFELEL 3 BOEY
(Bistorta sp., Cephalandra indica, Acacia
concinna, Tectona hamiltoniana) 22V T
THXFAER LI — Y 2~ =T &R
LM RES AT AV a2 —< MG63

AR (MG) 23 D TR HI AR Z T o 72

EEAE 2 ITRLE. TR RL, AF/—L
HHELZbOZE AV,

F 2 Iy~ —EEY X AOTEMEABR
DOFER (MIC: ng/mL)

T AL Lm MG
Bistorta sp. 2 >400  >200
Bistorta sp. iR 400 >200

C. indica i FF >400  >200
A. concinna L EER | 400 >200
T hamiltoniana ¥ 200

AmB (ICs0) <0.1

ZTORR, 2oL EWITH)—v a2~
=T iEM R RE D072, —J5, MG63 T
XL TIE, EO=F AL BN 2 RS2
Mmole N BMBEBRETIZBWT,
Bistorta sp.DRD TF A 50 ug/mL #RINKE
\CBEE DRV REN N DTG0 E
wihi-. (K4)

D. #&&@

Tectona grandis DM III ¥ ~—IZBW
TEIERFEM L TERSh, 0%
ITEESNL QWS BEEETOZET,
P — L a~v =T R B TR EMHER RS
L, EIZEENALEW 1-3 23T RN
BERHFIHFERITROEELH DI LN

41

4. a:z hr—/V, b: Bistorta sp.OORD
T Z 50 pg/mL A0, c: MG132 10nM
MERT 47 arra—)L), B SLEBE
T, x100.

EBRIBRE THLNI o7, Bohni ks
VDSH AR OF R EWINZHIEE
7RiEMEE R LTz, (ICs0 0.43-0.47 pg/mL)
SEl, VAVF—NLVIEEER TR
X OITTEREE RHL, SbIZ2FE



DTITRIAREHEBELT-(10, 11). (L&D
100X — > a~v=TEEEZEL TN
RWENRBEALMNIRo7. ITOWTITER
EREIFTHD. IEED RENTLE WY
i3, v AT InT 77— U FIRAW264.7
WL CHBR A B 2 SRV D E M3 FERR
iz,

Flo X —FUINT =T 4T
ANFELEEZTBAT XN 4 O fh
Bistorta sp. BLOv L —EXEHRE
ERICTAFLI2EOEY . vVRF
R Cephalandra indica, R ION% I J FF}
F 2 & 2 Acacia concinnald, BT TEA
ELTANAARRREDEEEE(C. indica)
R, FIRESWEEAEL T, concinna)
RSN TWDR, EEERBROFB R, 2
HIZHL — v a~v=TIERIT RN
7o LINLIRH G, e MERES AT 4L
T\ T DRI RER I BV T
Bistorta sp.DFRAZ /) — L% 2R D

SREE LR IR B 5 ADTLDTR
I NTo. MR EEZ T L7 7 F 2
BEILMOPDEBEEZTVWHENE
ZOENDI | SHEER G E R
HFETHD. v /XL —% K Tectona
hamiltoniana DAL /— )V 23 A Zi3HY
—Yav=TERITRLNR DT

) IRER. ME#H 2.
. EoTE . B HE (20
— 3 aXZTIENEEARET
Mow®w (£022)

i
A

Ju—
—t
~—
A—_"

-~
-~
—_

—

42

Y UOR—EWMEPWKYUN Tectona
grandisD 71 DWW T —. HAZE
e 128 %, FK23F3H, B
i .

2. B (KR MEXR. BB Z.

BE &, FEMoriE. BHEF(20
1. iV —2ax_7EEZ2ET
LSHEHAMEMOBRSKE (F023) — 3
Y X —EBEYWKYUN Tectona

grandisD 3 IZDONWT—. HA4E
HERXESSEFER, FR23FE0H,
R

3. &I IIEEEK. BVEHEYIN S OFU —

AT EEMEORR HAEZES
EERRY RIS B, 554
EEGHEFES DRI L, FRR23F10H,
AL

F. @ HER

1. Rangel, M; Cabrera, M. P. S
Kazuma K.; Ando, K.; Wang, X.; Kato,
M.; Nihei, K.; Hirata, I. Y.; Cross, T.
J.; Garcia, A. N.; Mauro, E. L. F.; Fran
zolin, M. R.; Fuchino, H.; Yasumoto, K.
M.; Sekita, S.; Kadowaki, M.; Satake,
M.; Konno, K. (2011). Chemical and bi

ological characterization of four new lin

ear cationic o-helical peptides from the
venoms of two solitary eumenine wasps,
Toxicon, 57(7-8), 1081-1092.



II-4. 7 HEPZEmREE

RIFROD DNA S8 Z B & L7zd J LASARIEICBE T 50158

BiHEE BLE FE EEERAY

HEET R

MsEs

ERRA IR RBRIR R 2 R

RKIEDOFEYTH L7 HEIMAFITHHTLIENG FEEITEL DL
RIENERET . B UNEOKE. B, £ (REA), BF (KEE, BR) &
IRz K7z THC &A=, THCA A G RERER
TRz, THCA A G REEREL T ORI, THE OZHFRICIL->TLIDDH A
Tieanne (HCmaa Rk DB, KSERMK FA)., DRI ET 51T D-1 &,
D-2 BIMNFEL 7z, FROZIEF-1 84, F-2 8, F-3 8, F-4 8, F-5 &, F-6 284, F-7
MO T FATINFREL. 5507z 30 RMOBEBIFE. TCASHE, THA £E&
RERBLETFHOEERED LT — I RXN—ADEEEIT S T,

A. WIFEERY
TEDNEIZBIT 2 BERKKEILOA
HIZE D, UKD EE OB
LTWa, ZOBEGICHREENFL TV
HDNKETH DI EDLANBET
HbH. MATEHE, BELEZD>OTHS
DN, HEIWEMENSEOZITHD
THDHOMNBEEINLET D2HEND 5,
FBERRRESEM T, eSO
AL TWEETFRHERAKKTH S0,
HDWIRFOMEAHE ERFTEHEDOHAET
HRBENFE—DHDTHDMNE D MMNEAT
ATHDMNERENDD, ZOXDMEE
fRRT 5 —FBELT. KKOEEYT
HDT7 YV OEENFECRERS. DNA
R EEZREMICEEMN T T —4F X
—AMPBETH 5, 7 HIHAFITHAE
THIENS, EYFHITIT—ETHS
DHNMND ST, IEFHITE S DLHEMEN
FETBEIENMENTNS, EDOHER
JRETIL/NEDKES IR, ETHEE

& (Ffa, RERE), BFTIERESPR
BRZEIZRHECEITEMEZRALTWS,

ERBEERATH S T SERICHA

43

ERFHEENHIENTNDS, ZN5HD
¥ & DNA HEERLSIIERZE —DICBhE S
BT —IR—ADOHEEEZITo 7=, DNA
B E U TEERBEORE 2 H W, THCA
EEREREL TR ZRN,

B. W7k

(HEIA L)
EMIZDORELREREICEL ST, #
BRI ERP B (L ZERT
TENHD, TITREEROENNT
NHICHET L L2 HRT S
mH, —ERESGETHEMKEZERT S
NIRRT (25 °C, 24 FrRE )
TERROT I EFERL =,

(THC 43#7)

RO RBREZREE, 50°CT 12 K
WREELELZHDZ R E L, &



Bzt rTsy /) —)eilz, BIRT 2
RefVE I U 7z fl R 2 320 77 B (7,000
Xg, Smin)L., E&ZoHaE & L HPLC
\Z& o Tt &fr o7z, HPLC &3, 7
= I @ Waters Symmetry C18 3.5um. ¢
4.6 mm X 100 mm, Waters), 71T ARE -
30C. Solvent system : MeOH — H,O (85:15,
v/v, 0.6 ml/min flow rate), f&tH: UV 210 nm
EL7z,

(THCA A= & PRl SR B T34 )

WK DAEZE 150 mg 25 genomic
DNA %2157z, ZZ/Mn5 THCA 4& kLB
ZEGRTZHELRE, 7514 < —a
(5-TGA AGA AAA AAA ATG AAT TGC
TCA GCA TTT TCC -3") &I 14<— b
(5-TCT ATT TAA AGA TAA TTA ATG
ATG ATG CGG TGG -3'), PfuTurbo® DNA
polymerase (STRATAGENE)Z A VY, PCR
ROGEMAIE95C 2437 L E— K.95TC 30
. 50C 308, 72C 2430 % 30 9127 )L
#%. 72°C 104 & L7z, PCR E¥ % TOPO
TA Cloning Kit (Invitrogen) {Z & ¥ Cloning
Kit (Invitrogen) 2K D27 O0—=>27 L7,
BigDye Terminator Cycle Sequencing FS
Ready Reaction Kit (PE biosystems)iZ & D
TI3TA NEAIZRE Lz, >—V T
CARMGIZIE, T4 —a, b KW ¢
(5-CAA ACT GGT TGC TGT CCC
ATC-3°). d (5’-AGC TGG GAA GAA GAC
GGC TTT CTC A-3’), e (5-CGT CTT CTT
CCC AGC TGA TCT-3’). f (5°-CGC CAA
CAG TAG GGC AAT ACC-3’) Z R\,

C. WHFehsR

44

B 1IN TRREH FCHERLEY

1 AZRREHTTRELETHEYME

MK ZR LTz, RRETHESNZ 30
RO T YA D RS, THC &
A, THCA £6MERERTFHZX 2-
O—@IzxRr LTz,

FhEEHRET—IXR—ZAV T [T
FAIA—=F— Proll] ZHWTTF—%
RN—2ftL7= (K3).

THCA 4 & sk SR B fmF D DNA Ed4113,
THC DEBERITL ST 2DDZ A TiTH



EMES

EwE

ERE

BFHBE(TREe fw)

THCEHE
(%, dw)

THCA% AR
BREEFH

001

1.41-1.66

D-2%

187 A—C
366 A—T
399 A—G
1179 A—T

004

0.13

005

\\\\\

‘lxx;:‘iii RERRN
22.87

S iniiing

P11

?
|

0.12

F-78

46 A—T

79 T—A
800 G—A
1398 C—T

007

0.09

009

W
W
W
W
e

15.17

not
detected

F-28

79 T—A

198 G—A
800 G—A
1398 C—T

* THCAX AR EBREGTFE
DEIID BT L TERDIEEBLUBEEZRT
FRBF- 1R TELIEEBLNEERT

HE2-D BEHFHOREMNZY. THCEFE, THCAL A B 758

45




THCEHEER | THCAXERK
I~ ! fw 3
RMES EmkE ERRE | BTHRE(THE g W) (%, dw) EBEREETFE
oro 1.19 D-15
F-424
79 T—A
011 0.06 619 G—T
800 G—A
1398 C—T
1560 G—A
16.19
. b‘.. 5 G %lj
013 0 Q Q : 2.79~17.51 ol
015 0.21
not
016 detected
26.51

* THCAXEREBREGTFE

DEFID-1BITH L TRLEHEEELMBERT
FREFF BT L TRLGPEREELNEERT

H2-Q &ZRFOFERIEH. THCEHE, THCAX S RLEETE

46



THCEEE | THCAXER
RES ERRE ERE | EFRE(THEg fw) (%. dw) BERETE
5“ @Rq | | o=
15.63
18.19
028 * i % 0.06
11.63
031 * :
17.18

* THCAAEREBZRERTFE
DRI BICHLTELIBREBLABELTRT
FRIGF1BICHLTELRREREBLUERZRT

H2-Q &ZHOAEEMIEH . THCEAE, THCAX S RLEEFE

47




RGES R LB | ATRE(FHEs M) | oo T | [HOAEAR
034 * 0.08
044 * 0.08+0.19
045 w 0.05 15
053 & 1.63 D-1%

29.20

* THCAA ERERELFE
DEIDABIH L TERIEEBLUBERT
FREF1BRICHLTERIEREEMEEZRT

H2-@ {/ZHFOMEMNEE. THCEEE THCAL S HIBEFE

48




THCEERE | THCAXAR
RHES ERRE ERE EFRE(THE g w) (%. dw) BERE TR
N w b D_1%U
059 * 077
062 * 1.61
064 $ 0.06
065 * 0.06
13.90

* THCAAX A REBHRERTFE
DEID-1BRICK L TELIEREBLUBERT
FRIGF-1BICHL TR EERBLUBERT

H2-0 {RZAFDOMEMEH. THCEEE, THCAL SR FE

49




THCEHHE

THCA% &R

RHES ERRE EWRE | EFRE(THE fw (%. dw) B RETE
‘@ 9 F-6 &4
- 0.050.18 S
. “ a 800 G—»AA
18.10
o ‘ F-5%
068 & ° Ly 272991:2
SERRRENRE I AR 800 G—A
]'”'I"*i"‘l”"l 1398 G—T
13.00
069 * ’ 3.93
12.60
@ o F-3%
078 © ¢ [ 0.08 800 G—A
§ o 1398 C—T
I ors

6.67

* THCAR A MEREETE
DENID- 1B L TRAEDIEEBLBERT
FRIBF- 1oL TELIERBENEERT

H2-0 RFJFHOWEMFYE. THCEFE, THCAR S K EBEFR
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Database of Cannabis

BOOBRE LT
B/RT—FLEDT

oRES 012295200
»uEs DOV

®FER

BFEE(TRSLY) 17560

BRES 0134-98-702

BNOREDELT
WEER 01306

THCA synthase gene  TGAAGAAAAAAAATGAATTGCTCAGCATTTTCCTTTTGGTTTGTTTGCAAAATAATATTTTTCTTICTCTC
ATTCAATATCCAAATTTCATTAGCTAATCCTCAAGAAAACTTCCTTAAATGCTTCTCGGAATATATTCCTA
ACAATCCAGCAAATCCAAAATTCATATACACTCAACACGACCAATTGTATATGTCTGTCCTGAATTCGAC
AATACAAAATCTTAGATTCACCTCTGATACAACCCCAAAACCACTCGTTATTGTCACTCCTTCAAATGTCT
COCATATCCAGGCCAGTATTCTCTGCTCCAAGAAAGTTGGTTTGCAGAT TCOAACTCGAAGCGGTGOCCAT
GATGCTGAGGGTTTGTCCTACATATCTCAAGTCCCATTTGCTATAGTAGACTTGAGAAACATGCATACGET
CABAGTAGATATTCATAGCCAAACTGCGTGGGTTGAAGCCGGAGCTACCCTTGGAGAAGTTTATTATIGGA

o ATTTTAGTTTTCE TGCCCTACTGTTGGL CTTT

AGTGGAGGAGGCTATGGAGCATTGATGOGAAATTATGGCCTTGCGGCTGATAATATCATTGATGCACACTT

AGTCAATGT GTTCT, cC CTATTTTGGGCTATACGTGRT
CTTTGGAATCATTGL AAMCTTGTTGTTGTCCCATCAAAGGCTA

CTATATTCAGTGT TGTCAAGTTATTTAACAAATGGCAAAATAT
TGCTTACAAGTATGACAAAGATTTAATGCTCACGACTCACTTCAGAACTAGGAATATTACAGATAATCAT
T/ TAC/ ATGETTACTTCTCTTCCATTTITCT TAGTTGA
CTTGATGAACAAGAGCTTTCCTGAGTTGOGTATTAAMAAAAACTGATTGCAAAGAATTGAGCTGGATTGAT
ACAACCATCTTCTACAGTGGTGTTGTAAATT ACAACACTGCTAATTTTAAMAAGGAAATTTTGCTTGATAG

GTGGTATAATGGATGAGATTTCAGAATCAGCAATTCCATTCCCTCATOGAGCTGRAATAATGTATGAACTT
TOGTACACTGCTACCTGEOAGAAGCAAGAAGAT AMCGAAAAGCATATAAACTGGGTTCGAAGTGTTTACA
ATTTCACAACTCCTTATGTGTCOCAAAATCCAAGATTGGCGTATCTCAATTATAGGGACCTTGATTTAGGA
CCCACCTCTTCCACCGCATCATCATTAATTATCTTTAAATAGA

HER 1665

E3 KT —9N—ADEE
(HEMRZ RENEER . A 1R ¥R, DNATEHR)

M7z, THC mEA FZ#D THCA A& pllE
FEETFOINAKSIZ D B (Drug-type).
THC RSB RO DNA Bl Zz2 F A
(Fiber-type) & L7z, D MO RKITIZ S
SIZ2DDF A TNBEELEZENS,
FnEnEDd-18, D-2BEL, D-2 B
13 D-1 BT LT 4 SHEDBEHNRD 5
NEEREFRCT OO A THOREEL,
FNZFNF-1 8, F-2 &Y, F-3 &Y, F-4 &Y,
F-5 &4, F-6 8, F-TRIE L=, F-1 BT
MLUTENZEN, 48E F-28), 3HEE
(F-3 &), 5 5% (F-48), 43R (F-5

51

&), 3 HE (F-6 &), 4 HHE (F-7 1Y)
DEMENRD 51Tz,

41T D-1 84 (013 R/#e) & F-124(045
%) OBESIZRLTZ.

YR DERBERED S I3 THC S A =,
THCA A& BT EBI#E T 2 FIHITER
DENIRIND T,

SITIEAMFEDE@ME TH SNz RFR
KRB Zz2AET 2EEEEZRLZ. K5
WRLZE3DOERIETHU R (045
R NOEESNTEYEDOEDTH S,
5-ald—RHZEERTH S, K-b. ¢



ECNEMETRY U S LA 720w s

type.
type.

D-1 type.
F-1 type.

type.
type.

type.
type.

type.
type.

1 type.
-1 type.

type.
type.

type.
type.

D-1 type.
F-1 type.

D-1 type.
F-1 type.

1 type.
-1 type.

1 type.
-1 type.

D-1 type.
F-1 type.

1 type.
-1 type.

D-1 type.
F-1 type.

type.
type.

D-1 type.
F-1 type.

1 type.
-1 type.

D-1 type.
F-1 type.

seq
seq

seq
seq

seq
seq

seq
seq

seq
seq

seq
seq

seq
seq

seq
seq

seq
seq

seq
seq

seq
seq

seq
seq

seq
seq

seq
seq

seq
seq

DTHoTz,

181
181

271
271

361
361

451
451

541
541

631
631

721
721

811
811 §

901
901

991
991

1081
1081

1171
1171

1261
1261

1351
1351

(TS CAAGATTGGCGTATCTCAATTATAGGGACCTTGATTTAGGAAAAACTAATCATGEGAGTCCTAATAATTACACACAAGCACGTATTT GG
1441

KEENGGTGAAAAGTATTTTGGTAAAAATTTTAACAGGTTAGTTAAGGTGAAAACHAAAGHTGATCCCAATAATTTTTTTAGAAACGAACAAAG
1531 - i

BLYARATCCCACCTCTTCCACCGCATCATCATTAATTATCTTTAAATAGA)
1621

E4 D1BELUF-1EOTHCAE S B REETFELS)

(D-181:013% %K. F-12 . 045 % #DEFIZERLT)

180
180
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Simple HPLC method for detection of trace
ephedrine and pseudoephedrine in high-
purity methamphetamine

Yukiko Makino*

ABSTRACT: A simple and sensitive HPLC technique was developed for the qualitative determination of ephedrine and
pseudoephedrine (ephedrines), used as precursors of clandestine d-methamphetamine hydrochloride of high purity. Good
separation of ephedrines from bulk d-methamphetamine was achieved, without any extraction or derivatization procedure
on a CAPCELLPACK C,3 MGII (250 x 4.6 mm) column. The mobile phase consisted of 50 mM KH,PO,-acetonitrile (94:6 v/v %)
using an isocratic pump system within 20 min for detecting two analytes. One run took about 50 min as it was necessary to
wash out overloaded methamphetamine for column conditioning. The analytes were detected by UV absorbance
measurement at 210 nm. A sample (20 mg) was simply dissolved in 1 mL of water, and a 50 pL aliquot of the solution was
injected into the HPLC. The detection limits for ephedrine and pseudoephedrine in bulk d-methamphetamine were as low as
3 ppm each. This analytical separation technique made it possible to detect ephedrine and/or pseudoephedrine in seven
samples of high-purity d-methamphetamine hydrochloride seized in Japan. The presence of trace ephedrines in illicit
methamphetamine may strongly indicate a synthetic route via ephedrine in methamphetamine profiling. This method is
simple and sensitive, requiring only commonly available equipment, and should be useful for high-purity methamphetamine

profiling. Copyright © 2011 John Wiley & Sons, Ltd.

Keywords: HPLC; ephedrine; pseudoephedrine; high-purity methamphetamine; profiling analysis
L S 2 B LS S o 0 S SO R e SR 2 L a0 e A e D e S e st =]

Introduction

Clandestine manufacture of methamphetamine is an increas-
ing problem, particularly in East and Southeast Asia, where the
main precursor for illicit methamphetamine has been ephed-
rine or pseudoephedrine for a long time. Impurity profiling of
methamphetamine hydrochloride is a very useful tool for
monitoring the synthetic routes and distribution of drugs and
precursors (Remberg and Stead, 1999). The chemical informa-
tion on the precursor is useful for the strict control of precursor
chemicals, which is a valuable countermeasure to prevent illicit
synthesis. Therefore, the identification of ephedrine or pseu-
doephedrine as a starting material in illicit methamphetamine is
essential to estimate the precursor (Makino et al, 2005;
Kurashima et al., 2009). There have been seizures of high-purity
d-methamphetamine hydrochloride in Japan. It is not possible
to detect ephedrine and/or pseudoephedrine in these samples
by GC-MS (Sasaki and Makino, 2006) or HPLC (Makino et al,
2002). A number of analytical methods have been developed for
the separation and determination of ephedrines in herbal
materials and illicit methamphetamine hydrochloride (Makino
et al., 2002; lwata et al., 2006; Pellati and Benvenuti, 2008). [t may
be possible to determine trace ephedrines in bulk samples if
using HPLC-MS or GC-TOF-MS with high sensitivity and selec-
tivity. However, these instruments are not yet available for many
forensic laboratories in East and Southeast Asia. Therefore, |
have investigated a simple and practical HPLC method for the
detection of trace ephedrine and pseudoephedrine in high-purity
methamphetamine. Few simple methods for the determination
of trace ephedrines in bulk methamphetamine hydrochloride
have been reported in the literature. In our previous work, the

detection limit for ephedrines was 500 ppm (Makino et al., 2002).
Iwata et al. (2006) reported the detection limit of ephedrines in
bulk methamphetamine to be 40 ppm by capillary electropho-
resis. In recent years, Indonesia and Malaysia have reported the
increasing scale and sophistication of methamphetamine manu-
facture (World Drug Report by UNODC, 2010), and there is a
need for forensic laboratories in Southeast Asia to obtain
chemical information on seized methamphetamine quickly and
conveniently, using conventional instruments in hand. Most
forensic laboratories in Southeast Asia already have facilities to
determine key impurities of seized methamphetamine by
GC-MS and the optical activity by simple HPLC (Makino et al.,
1999). However, there is no decisive chemical information for
estimating the precursor for high-purity methamphetamine,
because there is no simple and sensitive method that would be
applicable in many forensic laboratories in which only con-
ventional HPLC is available. As a continuation of our previous
work (Makino et al., 2002), the present paper describes a
simple and more sensitive HPLC method for the qualitative
analysis of ephedrine and pseudoephedrine in high-purity
methamphetamine samples from which ephedrines were not
detected by GC-MS or GC as reported in our methamphet-
amine profiling (Sasaki and Makino, 2006).
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Experimental

Materials

I-Ephedrine hydrochloride, d-ephedrine hydrochloride and
d-pseudoephedrine hydrochloride were purchased from Daiichi Fine
Chemical (Takaoka, Japan). 2-Phenylethylamine hydrochloride was
purchased from Tokyo Chemical Industry (Tokyo, Japan). Seven illicit
methamphetamine hydrochloride samples seized in Japan were
provided by the Ministry of Health, Labor and Welfare, Japan. Water
was purified with a Milli-Q system (Nihon Millipore, Tokyo, Japan). All
other chemicals were of analytical reagent grade.

Instruments and HPLC analysis

A Shiseido Nanospace liquid chromatograph equipped with a photodi-
ode array detector linked to a data system (EZChromElite kit for Shiseido,
Tokyo, Japan) was used for data acquisition and storage. The column
effluent was monitored by measuring UV absorbance at 210 nm. The
system consisted of two pumps, a column oven, an autosampler and a
degassing unit. Chromatographic separation was achieved at 40°C on
an octadecylsilyl (ODS)-type column (CAPCELLPAK Cig MGII S-5,
250 x 4.6 mm, 5 pm, Shiseido, Tokyo, Japan) using the following mobile
phase: (A) acetonitrile and (B) 50mM aqueous KH,PO,. Elution was
started with 6% A solution (20min hold) for detecting ephedrines,
changed to 13% A solution at 20.1min (15 min hold) for washing out
bulk methamphetamine, and then turned back to 6% A solution. The
flow-rate was 1 mL/min.

Sample preparation

Standard solution was prepared at a final concentration of 10 pg/mL in
water (10ng/uL) for each analyte. An internal standard solution of
2-phenylethylamine hydrochloride was prepared at a final concentration
of 10pg/mL in water (10ng/pL). A sample without ephedrine and
pseudoephedrine was prepared by recrystallization of seized high-purity
d-methamphetamine hydrochloride in order to examine the accuracy
and precision of this method. The recrystallization was repeated five
times from chloroform by dropping of n-hexane (sample 500mg,
chloroform 30mL and n-hexane 30mL for the first step). The
recrystallized sample (200mg) was dissolved in water (10mL), and
1mL aliquots were added to five vials. The internal standard solution
(20 pL) was added and standard aqueous solution was spiked into each
vial to give final contents of 0, 3, 6, 9 and 12 ppm. Seven seized samples
were selected for this study based on the preliminary impurity profiling
by GC-MS carried out in our earlier work (Sasaki and Makino, 2006). The
optical activities of the seven samples were all dextro-form, and the
impurity characteristics of samples are summarized in Table 1. Each
sample was dissolved at the high concentration of 40mg per 2mL
water. Each sample solution was divided equally into two vials. The
internal standard solution (20pL) was added to each vial. Eighteen
microliters of the standard solution was added into one vial to give a
final content of 9 ppm. The measurement of each sample was carried
out five times. The injection volume was 50 pL for all measurements.

Results and discussion

HPLC conditions

In order to develop a simple and sensitive HPLC technique for
the qualitative identification of trace ephedrines (for structures
see Fig. 1) in pure d-methamphetamine hydrochloride, |
modified our previous method (Makino et al., 2002), in which
an ODS type UG-120 column was used with a mobile phase
containing an ion-pairing reagent, because the detection limit of
ephedrines in bulk methamphetamine was 500 ppm and mobile
phase containing sodium dodecyl sulfate (SDS) was not good for

Table 1. Characteristics of seven samples selected for this
study

Sample no. Key impurity®
Azi Nap Eph

1 + = =
2 —~ + -
3 = + -
4 - + -
5 - - -
6 + - -
7 + = -

+, Detected; —, not detected.

Azi, cis- and/or trans-1,2-dimetyl-3-phenylaziridine;
Nap, 1,3-dimethyl-2-phenylnaphthalene and/or 1-benzyl-3-
methylnaphthalene; Eph, ephedrine/pseudoephedrine.
*Key impuritiy was detected by GC-MS.

OH OH OH
WCHs A _sCH: _CHs
NHCH NHCH3 NHCHj,
[-ephedrine d-ephedrine d-pseudoephedrine

Figure 1. Chemical structures of the ephedrines investigated in this
study.

the column’s lifetime. For the present purpose, a CAPCELLPAK
Cy5 MGII column was selected, which offers better retention and
can be more highly loaded with basic amines than the UG-120
column. The ability to inject higher-concentration samples
(20 mg/mL water) on the MGII afforded better sensitivity. The
merit of this column is derived from the ultimately shielded
silanol groups of packing materials and the high ligand density
of octadecyl groups on the surface of polymer-coated silica
(Kanda et al., 2004). The optimum ratio of acetonitrile in buffer
solution was investogated to obtain good separation of
I-ephedrine hydrochloride and d-pseudoephedrine hydrochlo-
ride from bulk methamphetamine without the use of SDS. Too
low a concentration of acetonitrile (5% and under) can degrade
column performance, resulting in poor retention and slow
recovery of performance (Luo et al, 2008). Concentrations of
15-6% acetonitrile in potassium phosphate buffer were exam-
ined. At the acetonitrile concentration of 6%, the resolution value
(Rs) was 1.9, which is sufficient for separation of [-ephedrine
hydrochloride and d-pseudoephedrine hydrochloride. However,
l-ephedrine hydrochloride and d-ephedrine hydrochloride were
not separated with this ODS-type column. Itis important to check
if ephedrine and/or pseudoephedrine used as precursors are
present in high-purity methamphetamine. Samples spiked in the
range of 3-12ppm ephedrines in recrystallized methamphet-
amine were examined. The separation was satisfactory, and no
interfering peaks were seen. A chromatogram of a sample spiked
at the content of 3 ppm is shown in Fig. 2(A). Next, 20 successive
analyses of a bulk sample were performed by isocratic elution
with 50 mM KH,PO,—acetonitrile (94:6 v/v %). The retention time
of each analyte decreased gradually to as little as half of the initial
value by impairment of the column efficiency from sample
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Figure 2. Chromatograms of some samples. (A) Solution spiked with
the analytes at 0.06 pg each in 20mg crystal methamphetamine (final
content: 3 ppm). (B) lllicit d-methamphetamine seized in Japan (sample
no. 1). (O) lllicit d-methamphetamine seized in Japan (sample no. 6).

Table 2. Reproducibility of the peaks of |-ephedrine and
d-pseudoephedrine in bulk methamphetamine

Ratio of peak area® (n=5)

I-Ephedrine d-Pseudoephedrine
Content Mean +RSD (%) Mean £ RSD (%)
3ppm 0.14676 9.3 0.18609 +5.8
6 ppm 0.34134+39 036518 +4.4
9ppm 0.52041+338 053887 +2.6
12 ppm 0.72367 1.1 0.72185x29

®Peak area ratio of /-ephedrine (or d-pseudoephedrine) to
2-phenylethylamine.

Table 3. Results of ephedrines in seven seized samples

Sample no. Ephedrine Pseudoephedrine
1 i+ +

2 + =

3 + +

4 + trace

5 trace -

6 trace +

7 + trace

+, Detected; —, not detected.

d-pseudoephedrine of
Chromatogram (A)

l-ephedrine of
Chromatogram (A)

Absorbance
Absorbance

Peak?2 of
Chromatogram (B)

Peak 1 of
Chromatogram (B)

Absorbance
Absorbance

{
4,

R R T

il Peaklof 1] Peak2of
B Chromatogram (C) =1{ Chromatogram (C)
= <]
Al 306G 40(7 L00 200 ] L 00
nm nm

Figure 3. Spectra of ephedrines in the chromatograms of Fig. 2.

overloading. To achieve good performance in continuous
analysis, bulk methamphetamine containing unknown impurities
must be washed out rapidly. The cleaning of the column was
performed by increasing the acetonitrile concentration in buffer
solution to 13% after elution of ephedrines. The values of
repeatability of retention time for 2-phenylethylamine hydro-
chloride (tg, 12.1 min), l-ephedrine hydrochloride (tz, 14.6 min)
and d-pseudoephedrine hydrochloride (tg, 15.1 min) were 0.63,
0.76 and 0.78%, respectively (RSD for retention times at samples
of 3, 6,9 and 12 ppm ephedrines spiked in bulk methamphet-
amine, n=20), which are acceptable for the qualitative determi-
nation of ephedrines in bulk methamphetamine. In this study,
2-phenylethylamine hydrochloride was used for checking the
column efficiency. The reproducibility of the area for each peakin
bulk methamphetamine is shown in Table 2. Peak areas of each
analyte had good correlation for the content. This method is not
intended for quantification of ephedrines, and so the results are
sufficient for qualitative determination of trace ephedrines in
bulk methamphetamine. The detection limit was examined with
samples containing 3 ppm ephedrines, and the signal-to-noise
ratio was 7.4 for l-ephedrine and 7.5 for d-pseudoephedrine.
Based on the data in Table 2 and the chromatogram of Fig. 2(A),
the limit of detection can be set at 3 ppm for qualitative analysis
of trace ephedrines in bulk methamphetamine; this corresponds
to 60 ng ephedrine or pseudoephedrine hydrochloride in 20 mg
methamphetamine hydrochloride.

Method application

The developed method was used to determine ephedrine and
pseudoephedrine in seven samples of pure d-methamphetamine
hydrochloride seized in Japan. The qualitative detection of
ephedrines was based on the match of retention time and UV
spectrum with those of the standard ephedrines. The results
are presented in Table 3. The trace notation in Table 3 means
that the acquired area of peak was smaller than the area of
peak containing 3 ppm ephedrines. Figures 2 and 3 display
representative chromatograms and the UV spectra of spiked
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