BIE R T v FAREERBRORR

g /e, AR R, B B, A E, Eh 8A
Development of Assay Systems to Detect and Evaluate the Biological Effects of (Potentially) Illegal Drugs

Kanako SATOH, Nobutaka FUKUMORI, Ryuichi NONAKA, Tatsu FUWA and Toyohito TANAKA

FORHMERELZ R TE e o & —EFER 56075 Bl
2009



R E 48 Ann. Rep. Tokyo Metr. Inst. Pub. Health, 60, 21-35, 2009

BIE R T v FAEREERBROBRR

e BE R, e & OE K, o

B0 R # @, om oo AT

HIERNTZ v 7 (WhbWBBIERNT v 7)) OFLHIE, HEHEORFEHEICE EELT, GEFREEFRT I L,
REMBMBEE o TS AT 174 (2005) , [ENZHEBEIT T THH S 08 HBS 1L IZBE 32 461
EHIEL, ZNETIZMEDO T v 7 2 REEMICEE L., mREMEELZ M #—7TlL, K7 v
EHERERY E T O DICNE R, R v 7 OERIEICET 2E RO ST K OFHMIERIDO—2 L LT, RIv
7 ORERE, MERER, B~ 5 LZBREOTENIR JOMRIEREBIEE, FRRR~ORBEET R, ZORR
ERERRIUCIE S FT7 v FOFHMEER e LTREEL TV D, RRIRTIE, N7 v 70 KREEZRL-D
V2B Lizin vitroB X QinvivoA 7 ) —= v ZEERN T 5 L 4RI, 26 DFIETH KT v ZOERICOW

THET 5.

F—U—REENT v 7, 178, R, MEwE, I AREEN, EREEEER, G-# 37 /a1,
YA REAT VR, BETH), NETEIHIE R E

1. B NT v 73 2R OB Y A

TR R IR ClL, EEERE ORKR 1L, 03k
OB IE K OSSR ELAB LD BT, 199642 B3N D T
ENhvayD, BTFFE, K7y 7GMEENGEER
T 7 (WhbWwAERNT v 7)) EREL, RKHMREEL
Dt 2 — (UL EKT) C, NIy 708
ARIZE L TREBRAEZ TR T 5. ZO/RE, EX
SRR AR S A7 R A D o TV JEEICI,
DRGEF I, EUEDORRREZITV, HERIZ G O fafr: %
AmsE572), AR TR T, Lnl, 1V
=Xy bR EICBIT HRTITH LT, EERT
v TN £ DG EFACMERESHE L, SbIT, Z
no R7y 7oA, BEVARKREEDELH~DAY
H&RD 2 el STz, £ 2 CHREERE, 200544
H 1R THUHR SR O AR 1R 2 B3 2 41l D% haf T L,
AENZPEY , IFSEHD KT v 72-(4-i0do-2,5-dimethoxyphenyl)
ethanamine (UL F2C-1& W§97), N-isopropyl-1-(5-methoxy-1H-
indol-3-yl)-N-methylethan-2-amine (VL F5-MeO-MIPT & l%47),
N-methyl-1-(1,3-benzodioxol-5-yl)butan-2-amine (LA T~ MBDB
L &97), 1-(3-chlorophenyl)piperazine (UL F3CPP & &), 1-
(5-methoxy-1H-indol-3-yl)propan-2-amine (LA T 5-MeO-AMT
L&), 1-(2,4,5-trimethoxyphenyl)propan-2-amine (LA T TMA
2L W%97), 2-(4-ethylthio-2,5-dimethoxyphenyl)ethanamine (LA
T2C-T-2& W%37), 1-(4-methoxylphenyl)-N-methylpropan-2-
amine (UL FPMMA & l%47), 2-methylamino-1-(3,4-methylene
dioxyphenyl)propan-1-one (LA T methylone & I&97) % FnHF5E
DL L, B 2B 278 oTE 2. ZOEBNTH N T M
FRREEY) L1, TRRIERE, TEOAITHE, B3R
KON RSERRE, AL, K OB EGRHERTT
SCTHEITIEDEZRS OO B, Zhb LR, B

1] 1
JDD

®, A%, MRt 58T HERE AORBHIC K
ETHT, FNEEAT S Z LIk 0 ADREICHENA
L2EROLNDIHEDOTHD. | EEXELTVD. £,
ZOEFORIE, RT v ZOEGERENY TR, #E50
HCOFFRCIRE, AT 2 & amo Ttk ititd
DUVIREFET D Z LIz oW T H B TE D L 2 AILH D,
T OHIHEROT Y #2520 T, ENT S E E R ORE D
5 H4fE4H (MBDB, 3CPP, TMA-2, methylone) % JEVRIFR
HAFEL, IHIC2007F4A1HICEE R T v 7 2 ESK
e LTHEIT 27200 TEFEO A ET DIk
DEWAT UTZ. ZORER, E55MENEFIERRERY (5
HIZ20084E1 A IZ2C-1 L 2C-T2& FRIRFEE) L7280, Mg
TEFPORAN T N THERIC L Y 2EICHEBl SN D Z &
Lotz EEIEREEY 2L, TR O FETR L
AT LROMER  CURLIER OMER TR Lo E A
FEL. ) EATHIERERELS, o, AOERICHEH S
NEGEITREAE EOBERREETLIBEZNRH 51
LT, BAEBBRENEETAMETHD.

FHAEH T, K7 v 7 OfEBIEICET 2 %MoV T
FAEZITV, TORFEEMFICHRET D7D DN B &
LT, WAL R T v VHEMgIEZ RS (T EESLE
M3) VERRE L-. ZESTIE RS v 7 OfECHRGE
YEOERE, B TCOITECMHRER 2 E0 G, B R TO
TERZHRIL KT v 7 %FHMEL T\ 5. #MERFCIE, K
7 v 7 OFERYEC BT D IEHRO S L O 2 3 5 7291
VBl KT v 7 OMERER, HERE, TR R~OR
BRI, FERHRMOT -2 L LTRIELTWS.

2. EELTWAERERTI Y TORI ) —=V TR R
HIE R T v 7Nk D, SRk, ORSEOERE

YRR AT v X —BREEIRAEEE 169-0073

TRRUAR T TE XA AT 3-24-1



JEIR E LT, EREMICEB O CIHMEICHERT S Z L I13Es
LW, FHEEITRT v 7 O R A~ OB LT~
AT, invivoB X QRinviroD A7 ) —= o T2 DO %
AT, ATHIIFT, BHEH 45O TERBMNHLT
ITEHRIEIR 2R T 52 & T b TOMRER~DIEH
ZIHHET A ZENTRETH DY, KEBITHAHH T v 7
WZOWTIE, EREMW) TITEIR L OMRIER 2 58+ 25 2
EWHEETH LD, ZOTEEAEFLCHL, Fov 7
DN FEEREN D1TENIS L OIRAER A B E - 1E i % il i
HESEBIINCTHE T 272D A7 U —= 2 JiRERE % B
LT DI, N7 v 7O IEH 2 MG BRI,

b b ~OREEERET 57D, B E > - TEEE
BRBINBIET — 2 & LTEMIZHET 5 Z & D3R T

Presynaptic
terminal

Transmitter
Dopamine
Serotonin
Norepinephrine |

| Close—up
| _THTEHY T?},;
= T' M 1‘ || J { | Cell
transporter —JL JLd f\’ Membrane
COOH |
receptor / > Activation
% o
p ’ \
~liy Y
G-protein

Postsynaptic
terminal

Structure of receptor | |
‘ |

Fig. 1. Actions of assessed drugs in pre- and post synaptic
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Table 1. Characteristics of assessed drugs
Drugs Abbreviations Purity (%) Control Law®
Phenethylamines
3,4-methylenedioxymethamphetamine MDMA 98.0 N.CL.”
2-methylamino-1-(3,4-methylenedioxyphenyl)propan-1-one Methylone 98.8 N.C.L
1-(3,4-methylenedioxyphenyl)butan-2-amine BDB 97.1 PA.L®
N-methyl-1-(1,3-benzodioxol-5-yl)butan-2-amine MBDB 99 N.C.L.
1-(3,4-methylenedioxyphenyl)-2-(pyrolidin-1-yl)pentan-1-one MDPV 80 PA.L.
2-(4-chloro-2,5-dimethoxyphenyl)ethanamine 2C-C 94.2 PA.L.
2-(4-ethyl-2,5-dimethoxyphenyl)ethanamine 2C-E 100 PA.L.
2-(4-iodo-2,5-dimethoxyphenyl)ethanamine 2C-1 99.1 N.C.L.
3,4,5-trimethoxyamphetamine TMA 99.3 N.C.L.
1-(2,4,5-trimethoxyphenyl)propan-2-amine TMA-2 98.6 N.C.L.
1-(2,4,6-trimethoxyphenyl)propan-2-amine TMA-6 98.1 PA.L.
1-(4-methoxylphenyl)-N-methylpropan-2-amine PMMA 96.3 PA.L.
1-(4-fluorophenyl)propan-2-amine 4FMP >98 PA.L.
-..methamphetamine . MAP 2999 SCLY
Tryptamines
3-(2-aminopropyl)indol AMT 99.0 N.C.L
1-(5-methoxy-1H-indol-3-yl)propan-2-amine 5-MeO-AMT 92.7 PA.L.
N,N-dipropyltryptamine DPT 96.9 PA.L.
3-[2-(diisopropylamino)ethyl]-5-methoxyindol 5-MeO-DIPT 96.1 N.CL
N-isopropyl-1-(5-methoxy-1H-indol-3-yl)-N-methylethan-2-amine ~ 5-MeO-MIPT 99.5 PA.L.
5-methoxy-N,N-dimethyltryptamine 5-MeO-DMT 91.7 PAL.
_____ N.N-diallyl-5-methoxytryptamine ... SMeODALT ____ 878 __ ____PAL_ ____
Piperazines
1-(3-chlorophenyl)piperazine 3CPP 98.0 N.C.L
1-(4-methoxyphenyl)piperazine 4MPP 90.0 PA.L.
1-benzylpiperazine Bzp 98.0 N.C.L

a) As 0£2009/08/20. b) Narcotic Control Law of Japan. c¢) Pharmaceutical Affairs Law of Japan. d) Stimulant Control Law

of Japan.
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Table 2. Average value of observation compared with AMT and 5-MeO-AMT for behavior

Observation items

Groups Timing Stereotypy Verticalness Sound response Touch response Pain response
AMT  5-MeO-AMT  AMT  5-MeO-AMT AMT  5-MeO-AMT AMT  5-MeO-AMT  AMT  5-MeO-AMT

0.5h 0 0 0 0 0 0 0 0 0 0
Control 1 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0
0.12mgkg 05h 0 0 0 0 0 +02 0 0.6 0 +0.4
body 1 0 +0.2 0 +0.4 0 +04 0 F0.6 0 F0.6
weight 2 0 +0.2 0 +02 0 +04 0 12 | +02 [ 14 |
12mgkg 05h 06 0.8 F0.6 F0.8 F0.6 +04 406 F0.6 F0.6 F0.6
body 1 F0.8 0.8 F0.6 F0.8 F0.6 0.8 F 1.0 F1.0 | +08 1.4
weight 2 +02 +0.6 +04 +0.8 +0.6 +04 | +1.0 12 | +1.0 +12
2mgkg 05h +08 | +14 | +06 [__-14 | +o02 +0.4 0 £0.6 +0.2 £0.6
body 1 F0.8 F0.6 F0.8 +04 F0.6 F0.6 0.8 12 0.8 F1.0
weight 2 +0.6 +0.6 +0.6 +0.6 +0.6 +0.6 1.2 1.2 +1.2 1.4

Table 3. Average value of observation compared with AMT and 5-MeO-AMT for central nerves

Observation items

Groups Timing  Spontaneous activity Pinna reflex Corneal reflex Tendon reflex Tremor
AMT  5-MeO-AMT  AMT  5-MeO-AMT AMT  5-MeO-AMT AMT  5-MeO-AMT  AMT  5-MeO-AMT

05h 0 0 0 0 0 0 0 0 0 0
Control 1 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0
0.12mgkg 05h 0 0 0 +0.4 0 +0.4 0 +0.6 0 0
body 1 0 +02 0 +0.6 0 +0.6 0 +0.6 0 0
weight 2 0 +02 0 +0.6 0 +0.4 +0.2 +1.0 0 0
12mghkg 05h  +04 +08 0 +0.4 0 +0.4 +0.4 +0.8 0 0
body 1 +0.6 +0.8 +04 +0.4 +08 | +10 +1.4 0 0
weight 2 +02 +0.8 +0.6 +0.8 +0.6 +0.8 0.8 T 14 0 0
12mgkg  0.5h o [ o +0.6 +0.2 +0.4 +0.2 +0.4 0 +08
body 1 | +1.0 | -0.2 +0.6 + 0.8 +0.4 +0.4 + 0.6 +1.0 0 0
weight 2 +0.8 +0.6 +04 +04 +06 |_+12 +1.4 0 0

Table 4. Average value of observation compared with AMT and 5-MeO-AMT for autonomic nerve

Observation items

Groups  Timing Exophthalmos Paipebral opening Heart rate Piloerection Skin color
AMT  5-MeO-AMT AMT  5-MeO-AMT AMT  5-MeO-AMT AMT  5-MeO-AMT  AMT  5-MeO-AMT

05h 0 0 0 0 0 0 0 0 0 0
Control 1 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0
0.12mgkg 05h 0 0 0 0 0 0 0 0 0 +02
body 1 0 0 0 0 0 0 0 0 0
weight 2 0 0 0 +0.4 0 0 0 0 0 0
12mgkg  0.5h 0 +0.4 0 +28 0 0 0 0 +02 +0.6
body 1 0 +0.6 F18 +24 0 0 0 +02 +02 +0.8
weight 2 0 +02 1038 22 0 0 0 +0.4 0 +0.6
2mgkg 05h 0 £0.6 £0.6 F2.6 0 F L4 0 +04 £0.6
body I +04 +0.4 3.0 +30 +0.6 0 +02 +0.4 +0.6 0.8
weight 2 +02 +0.6 +24 238 0 0 +0.6 +0.4 +0.6 +0.8

W, PR RSB RRL L B S ey T R Y — A, T IVESH LXK T v 7 CIEMHAIL L= GTPYSHE & ED b,
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FHIZ, 10 uM 8-cyclopentyl-1,3-dipropylxanthine (LA FDPCPX Wk IEMBIERZER L, 7 v 7 D50%EMAL
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BASEAR (Striatum) 1, 1F & A 82 TOMRIGEDEIEE
PEAEE O EHFRIECRNFAE L, AR 5 D 2 IR AN A
W=, ~Af7uaf ATV v ATa—7 LI F7ua—7¢
WE3) ZHA - BB - BETDMBLEOERS THY, &
RRELORIUZHND Z ENZW. 65T, Frx bRRSIE
Do OERFEZREINT 5 Z L2 L.

(3) MU DAEAEFRBIEI

W2 B AE KRB 2RI D~ A 7 d ATV v ADFE
20 5. —2lF, BOKWART U LRSS T 2N
AR AT L UTHRITHIA - BE - &L, ZOHEF
NS HAMBREORIE 27> T, Yua—T7%2 0 A K34
THIHAT L HIETH D, T OHEE, HikoRiE %25
THRTENTHDLR, MO~ ADOEE, HOKES
WH L CRTE 2340 RIS, Ik O # BRI
BERENKEREDT, ELLTT v MIfEbh, <
TADEBRIEAESND Z ENDRV. b)) oL, EHE
K7 —7 (=4 a24D-) 2RI EES LA TR
TLHETHD. ZOFEE, #ith3 B LI CBIEEERE
F o TRBIEI AR 2 5. 56~ T, g2 B BINIC< A

ITaBEAT IV AERBIRIMERND D, £z, FIAMED
D R RIR REE 2 I BUBHR I 2 7o, RIS iz
REINZELIZSWZ ENBAE IS, LLRRDL, <
U AT m =T RN - [EE - RENT O RREED HRI3RERITR 1T
HEVL, ARFIROE I EHOBREZRD, 178
WICRFEIRD LN, T, N7 v JEGRIOMRIEE

WEREZHE LR, ZThOOMIIRELTRY, &5
BORBEESRETE R 0D, ZOEEMN o —
Tafiol HikERALEZ. B, <7 2OBERITER
-BROESIImmBEEH D 2 L, 72, BITEOR W
DARARIEHE ORLRN LN LD, 2 mmOBEHTEE
Ffomx A 2 MEOD-I2W & L 722 .

REBRTIL, Fox OBR LAEFEICHY, T a—TH)
ABAE R OB AIKAED KZ7 > 7, e BICEAE
DRy 7EESL, AERREIZEI L. FilF2 6ol
WEMER LI~ 2%30cm x 30cm x 40 cm®D 7 7 U LKl

AN, HHITEI T T u—7%~A4 7 ukRr 7 (=4
o AFEESP-64) (ZHEHG LT, @ENTIK A 4 pnL/min® i i# T90
ST U eV T2 uL/min® i T3043 i L 72 I 5UBHE
I Bith LTz, SUBHRIBIAAD 5300 %% IR BEK 2% 0 4%
H Ul ZREKESEPHIERZIC N v 72 RO#EE L,
57 B 3R F CRUBHREU A i 1) 72, B2 wl/min

DWIETEN L, 777 varalb g Z— (A aittil
EFC-82) #MWT, ZNZFHI1055I220 pl/ARBRE 4k
B & [EN U7z, BN L 7230BHE, EDTA - NaH,PO, %/ 0.03
MV R (pH 3.0) H THyHTIEE T-80°C THUERAT
L.

(4) [ENR U7z A RBB D43 47 51k

~ A7 aFZ AT VALY B L7 AR R
EEWEIL, WD TIREZRO T, mRE IR TOH L,
YoV T DBHEEED A T T U A e GO TMLO
HEENMIE L%, Fhxlx, DA, 5-HT, NEZ [FRIKHCHIE
3572912, HPLC-ECD#:# (= = A#FHTEC-500) % f
ALz, W& 3mBin 7 &, =4 2 AEBEIKOMPAK
CAX; BEhfH, A&/ —/1:0.05 MFEEET kU ™7 2 =50 mg/L
EDTA-2Nad 0.1 MEFlE T o & =7 LiEE (3:7, pH
60)-@@ﬁﬁﬁ,%mmmm-”ﬁﬁg,ww;W%%
W, 7777 A Mok SMREMR, 8- ER ; EEE,
+450mV vs. Ag/AgCITH > 7.

Bonizrsa~ b7 T A0BIE, KE T I BORE
TlbzRD-. K~ XZHONT, FREh, Ke#b+
DRI OEET ) T IV EOTEHHEZ100%E LT, £
NENDOEHEERD, FEBFHEOE ) T I ORFZE(L
7 T7 L. R v IlBEICL0ACEEOREN
X, N7y ZREFBSH ORI 5/ EARE
(t-test, p<0.01) [ZX > THIELZ.

4, FRA Y —=V TRBBIZ L DR RO
1) BOITEIR L O REIRE 2R
AR L-RBEA TR Y —= 7 LR8BI RS
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Fig. 4. Behavior of mice treated with 20 mg/kg MDPV.
a‘ control mouse, b: after 30 min.treatment, c: after 1 hr.treatment

v 7 OHRT, EEEBEEM L -T2 KT v 71220 T,
T D OBEELUACH DRI L Ll LR R AR~ 5.

(1) MDMA & MDPV & @ L

MDPVIZE, & M TOBFMHENKIOmgTHD Z L0 b,
bt FOKEEZS0kg: 75 L02mgkgifELRDHDT, Zh
ZIEAEL L, TDO10fFE (2.0 mgkelSE) , 100f5E (20
mg/fRHE) O3HETHRIZHE L7Z. MDPVRE G O Xt HE)
M, —EOHEEITEE KT, F) TED A%
HEERT L A RO bR VIRTEZ R L 7= (Fig. 42). MDPV
P 543045 (Fig. 4b) & 1HF B (Fig. 4¢) Tlx, FEFICIRRICH %
TEB) L XA, FNDNRREREE L 7. MDPVE# G L
ToBEOITHE), PR 3 X OVA EARRRIE IR 0 £ 231
BER~-L A, mHE 20 mgkelRE) 58 TN
BRI, EORNERNBIZR SN, T8O L, 02F
72132 mg/kg R HAE TR R LDGR O HALR VS, 20
mg/kg R 58 CRAGTE - SFBOE - iSUS  JRRE -
SEH BNV EIEOE LWEMN A ST, HARARRER T
1%, 20 mg/kgRE I G- CAISEE OTUME - Wi R X
AT« R - B IECANE - S0 DU OIS O3
Mg sz, BAEMRIER TIE, 0.2 mg/keKEE& G
ICRWTEDNEND, 2 mg/kgREHRGRETIRBA KR E <
BAL, TBEETHEWNRL LN, 20 my/kglE R GHE
THEFEIRERZEHCIE LIRS A H D & T, 2 mg/kgfRE
BHGHLVIRBOBRANEE L ez, FT, BRENSE
DR & DRI DIE U 7= 5320 mg/kgR T AL TRRO 5
iz, ThbOTENE L ORRRIERIZ OWTIE, #5142
R TR < Rt T 28I S0 o2 (BLE, T—# &R
) .

—J7, MDPVOEEELATH HMDMAIL, & b CTOiE
FAEHRE2I100 mgE MDPVOD 105 TH 5 Z & d, KA
Bx2mgkglKEL L, ZOI10f%E (20 mgkglAE) , 100
G (200 mg/kefRE) O3HETHEBRICM L. 1TEIBIZE
TIE, #5 L7230451% 02 me/kgk B S8 CRIEEIMELZ R
TEN A B, T OB HESHE IRV k.
FTo, MBS - RO - AARSUSFIZOWT S, HEICH
B L CHITR Lz, HORARRRAEIR Tk, BEr Wit
REMNE OEHREICY 7252 mg/kegE BRGNS AL
, BEEOHME KICAREBOTUE - BT - AR

KT OBmMAEIE S, AEMRUER T, BEALOBK
N FOFHEIZY 52 mgkgRERGHEN DAL, IR
I DB S B G EOBIMIAEVETR L7213, o
THHEIZBWTHMDPV & R & G- BRI T 2 (EA O
WEBDT Bl T—FERST) .

PLEOFE RS, MDPVOMRERIZE JIET 28T,
MDMA & S8l L 7= BB Y - TREND) - ARl 2 EH < h
b0 EHEINT.

(2) AMT & 5-MeO-AMT & D Hi

5-MeO-AMTIE, & R COBEHHBEHENK6mgTHD Z &
Mo, KHEZ0.12 mgkelRE L L, ZD10f5E (1.2 mgke
KE) , 100f5&E (12 mg/kglhiE) O3IFECHRBRIML L2,
FRERANADNTZIHE 28R LTk 2175 &, 178
B4 a8, KESE - S2H 80 EfE - SRS -
filt SRS - 9 SRS C0.12 mg/kg R B 4% G-RED D IR 7 & AL 7z
(Table2). L72>L, 5-MeO-AMTOHEESALIA TH 5 AMTH
T, ZEAEEDBRBD o7, I DOE
BRIEH TIE, 128 X2 mg/kglREH SR CEFA MR L
T BE SN KESEORHEIT, G2 MX Loy
R EHOEHOHEMTH Y, &EHZEI0DDOFEHNEHD
W, —EEICE R h=UBBE LTV A ER & Wb Ty
DIEACITHY 4 52, kAR T, B REB O T -
HA RS - ABEKY - O OFEEIC W T, 1TEIDSE
& FIRRICHETRIER 23588 i, G420 C, BIEIEBN
FLLTUEL, I En 0 EEL O E R LT

(Table 3) . HAFRPEAER TIL, ARERZEH - IRIGBAZL - 57
E - BEORS % 2 LTz FEIER235-MeO-AMTD 1.2 mg/kg
REZELSRECTHA LN, AMTEE TR LTI - 72

(Table 4) . 12 mg/kgEHRERETIE, AMTHRERHL LW
5-MeO-AMTH¢ G- 2B VEFH 3 2 DT 7%,
5-MeO-AMTH G- LD 5 DA TIEVER 278 L7z,

INHDORERNE, 5-MeO-AMT & AMTIE, BUEEMAB X
QEVREDEDNDIEHEZ R Db D LRI, 5-MeO-AMT
DFBAMT L D RLRLHRVMEH &R LTz,

2) /NENITENRATIEE & F VT2 A R
ZNE TIZBEEYE TH D REWAIMAPE & 10258
BHIZOWTHBITHORE 217> 72. MAPIZEMIEREHIC
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Fig. 5. Movement activity of spontaneous behavior of male mice administered assessed
drugs. A, MDMA (20 mg/kg); B, MBDB (400 mg/kg); C, MDPV (20 mg/kg); D, 3CPP
(60 mg/kg); E, Methylone (90 mg/kg); F, 2C-1 (40 mg/kg). Each value represents the
mean *+ SE. Significant different from controls: *p<0.05, **p<0.01, ***p<0.001.

DlooTHELWBBMER 2R LD, ZOEN, LEmbED, THRITIII S NRERRD b
T 5BZP - MDMA (Fig. 5A) - MBDB (Fig. 5B) +MDPV  H o7z,

(Fig. 5C) @ X 912, MAPIZE~RIUEFI S O D LK) &
WHIEEMEZ R R vy 7B o sz, £, &
HE RN P » T LTIV & 78 L 72 RS o
4-hydroxybutyric acid (LA FGHB & I97) 0, 3CPP (Fig. 5D)
BIHIEOER 2R L=, & 512, methylone (Fig. SE) @
oz, 1TEEIEMT 5 L OO H BN RIH S,
BIEESETDIIICBEL WD ETRISNIE LD
7. —J7, 2C-1 (Fig. 5F) O X 9 IZHICFRIEICRE S -

3) InvitroA 7 ) —=>7
1) BBV ALMEEER
Cocaine * MAP - {RZEM72 KT v 7 OFELY AL FHE il
#AETFig. 6Da~flz, WE L KT v 73X TOICsH%E
Table 5I27~9". Cocaineds X UMAPIE, FEFIZHR < FFHL D A
KA MEE L.
7z X FNT I FHR THHMDMA + methylone + BDB -
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Table 5. Re-uptake inhibition and release acceleration of monoamines, and GTPyS binding by various

psychoactive drugsw’ls)

Re-uptake (ICsy, M) ™

Release (ECsy, M)b)

G-Protein Binding

prues DA 5-HT NE DA 5-HT NE ECm(M)(%Of&Hg
maxima
Phenethylamines
MDMA 1.4x10° 7.2x 107 6.6x107[2.0x107 5.8x10® 8.6x 10®| n.e.? -9
Methylone 29x10° 23x10° 7.4x 107[3.8x 107 22x 107 93x10°| ne. -
BDB 79x10° 1.6x10° 2.8x10°|23x10° 1.8x 107 54x107| n.e. -
MBDB 63x10° 1.8x10° 2.7x10°| ne. 54x107 33x10°| ne. -
MDPV 43x10° 1.6x10° 1.7x10°] ne. n.e. n.e. n.e. -
2C-1 ne. 79x10° 3.7x10°| ne. n.e. n.e. nd.? 46
2C-E ne. 72x10° 89x10°| ne. n.e. n.e. n.d. 29
2C-C ne. 31x10° 63x10°| ne. n.e. 1.0x 10*] n.d 77
TMA n.e. n.e. n.e. ne. 16x10° ne. n.e. -
TMA-2 n.c. n.e. n.e. n.e. n.e. n.e. n.c. -
TMA-6 n.c. n.e. n.e. n.e. n.e. n.e. n.c. -
PMMA 1.4x10° 47x107 22x10°[1.6x10° 4.8x10® 94x107| ne. -
4FMP 7.7x107 6.8x10° 42x107]2.0x107 73x107 3.7x10°]| _ne. -
Tryptamines
AMT 73x107 3.8x107 4.0x107|1.8x107 6.8x 10" 7.9x 10®| n.d. 39
5-MeO-AMT  1.8x10° 2.9x10° 3.7x10°|1.5x10° 4.6x 107 89x10°| n.d. 67
DPT 23x10° 29x10° 9.1 x10°] ne. n.e. n.e. n.d. 46
5-MeO-DIPT  6.5x10° 2.2x10° 8.2 x 10°| ne. n.e. ne. |25x10° 49
5-MeO-MIPT ne. 64x10° 2.6x10°| ne. n.e. n.e. n.d. 68
5-MeO-DMT ne. 41x10° 33x10°| ne. n.e. ne. |3.8x107 115
5-MeO-DALT n.e. n.e. n.e. n.e. n.e. n.e. 6.6 x 107 76
Pyperazines
BZP 1.9x10° 20x10° 62x107[6.0x107 ne.  68x10°| ne. -
3CPP 12x10° 33x107 25x10°[63x10° 2.8x10® 1.4x10°[9.3x 107 37
4MPP 48x10° 4.6x10° 6.2x10°[1.1x10° 3.2x10° 1.5 x 10°] n.d. 17
Positive controls
Cocaine 85x107 2.1x10° 3.4x107| ne. n.e. n.e. n.e. -
MAP 3.7x107 4.0x10° 2.0x107|2.8x10®* 7.9x 107 1.1x10®]| ne. -
DA - - - - - - n.d. 68
S-HT - - - - - - [a9x10® 100
NE - - - - - - 3.0x 10° 110

a) Drug concentrations giving half-maximal inhibition.

b) Drug concentrations giving half-maximal acceleration.

¢) The maximal % increase in [**S]GTPyS binding over basal binding is expressed as a percentage of the maximal

5-HT response, which is set to 100 %. d) No effect at 10 M of each drug. ¢) Not calculated.

f) ECs value not determined because binding was not maximum at 104 M.

DA: Dopamine, 5-HT: Serotonin, NE: Norepinephrine.

MBDB * MDPV - 4FMP{J,

F I DA~DIYERA 2 L5-HT « NEI
X HIZTMA * TMA-2 - TMA-6121%, FELY AR

ST

YERZZBDIRIN-oT.

cocaineX°[F & IZJE T D MAPIZ
PR B1E EYEA D 582 > 7=, LA L, PMMAIZDAIZR
HLVEHOHZBIMAPOZL L Vi L, 2C-1- 2C-E + 2C-CiZ

-
[

55 (R B3 7

)& IUHRTIE, AMTOERMNE bR, HIC5-HT

\Zxt3 2 Ef 23cocaine s MAP L VW 58 <, DAENEIZXT LT

R Ch T, £z,

U7 & I BREORISA

5-MeO-AMT * DPT * 5-MeO-DIPT® X 9 12 & m < 22 B It
> T, DA~OIERNF2IZIHA L, 5-HT - NE~OIEA S
55< 720, SMeO-DALT CIEFHEL ¥ IAAFLEERA AL LT,
BT UUROIEEO KT vV OEAITEL, cocaineX®
MAP LB~ D &, DASDAEHRHWA, 3CPPD L H 1T
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Fig. 6. Re-uptake inhibition and release acceleration

of monoamines by cocaine, MAP and assessed drugs

in rat brain synaptosome.'?

Synaptosome fraction from striatum was used for
the assay of DA, and that from cortex was used for
the assays of SHT and NE. @, DA; l, 5-HT; A,
NE. a- f:re-uptake. g —1: release. a and g, cocaine;
b and h, MAP; ¢ and i, Methylone; d and j, MBDB; e
and k, 5-MeO-DIPT; f and 1, 5-MeO-MIPT.

5-HTIZXF L CTRIOfSIRL 722 D b DR H o 7.

() IFHHREER

Cocaine * MAP - {XE 172 R T » 7 OEfER e dh#7 % Fig. 6
Dg~UZ, WE L7z KT v 7§ X TOECsfl & Table SIZ7R
9. MAPDOTERIFIER 12T, cocainelZFEBEIEHENEH 258
DIl Z LIX T OWE BRI FILY JALFLEAIT
HDHZEEEMITIMERTHST.

7 X F LT IR THLHMDMA + methylone + BDB -

PMMA - 4FMP{XIZIIMAPIZVCHEIT 5 1F EOFRVERA R H

60
@A)

w 0 5-HT
g
£
§ 40 - 2¢-C
E
2 30 -
2
3 2C1
g 20 3CPP
8
B 2C-E

10 - 4MPP

0 v L

10 10°  10° 107 10° 10°  10*

Drug concentration (M)
60 5-MeO-DMT
®)

w 0 S-HT
g
=
£ 40 - 5-MeO-DALT
= 5-MeO-AMT
K 5-MeO-MIPT
S 30+
2 5-McO-DIPT
(=3
2 DPT
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Fig. 7. Representative concentration-response
curves for [**S]GTPyS b1nd1n§ by assessed
drugs in cortical membranes.'

Specific [**S]GTPyS binding was
measured in the presence of various
concentrations of psychoactive drugs. (A) and
(B) indicate the results from phenethylamine,
piperazine, and tryptamine derivatives,
respectively. The results are expressed as the
percentage of the basal binding (0.1 %
DMSO). (A): 1 (dotted line), 5-HT; @, 2C-
C; <, 2C-L; ¥, 2C-E; A, 3CPP; O, 4MPP.
(B): I, 5-HT (dotted line); M, 5-MeO-DMT;
A, 5-MeO-DALT; ¥, 5-MeO-AMT; O, 5-
MeO-MIPT; <, 5-MeO-DIPT; @, DPT; @,
AMT.

%73, MBDBIZREE L CIZ5-HT « NE(ZxF L COEMBHRNOA
DA~DOIER AW L, MDPVIZEERICIER Ao 7.

2C-CIINEIZ, F7=TMAILS-HTIZH9VMER 2785 72723,

2C-1+2C-E - TMA-2 * TMA-6IZ (X R EVE A3 22 v o 72,

FUZFE I RTIE, AMTOEM DR G IRD - 7273,
MAP & Hied 5 &, DAIZKT DAEH VA3, 5-HTIZ R
LTkYiE<, NEZK L TRIRER 7. WIZIER TR
572 D1X5-MeO-AMT T4 ¥, DPT * 5-MeO-DIPT *
5-MeO-MIPT * 5-MeO-DMT * 5MeO-DALT!Z (T HFHEE#E/E A
RO Mo T,

BRI UURO RT v 73N, BZPIZS-HTICRT 2
TERMNENLS, ZNENOE ) T I AT H1EMER
D=, MAPE LT 5 L5572,

3) G- I FEBVER

KT v 7 DG-% /37 fEGHRRIE, £ ENFig 7AB X
UBIZRTBIELZ24RT v 7 OWNI2 R T v ZIZG-Z /N
I RESITER 23D 7=, Cocaine & MAPIZIX, TEF 23R 7
/»o7= (Table5) .

Tz X FNNT IVHRTIE, 48T v 7D 5 H2C-1-2CE -
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2C-CIZDAMER RO, 2C-COERNRZR B, KIZ
HH o T2 DD2C-IT, 2C-EN3WEH Tl $ 357> 7= (Table
5,Fig. 7TA) . X 51T, 2C-CL2CINFEA Lz AR, B8
W7 o2 T=2 FERHWERERIS, W H5-HT, Th
otz (F—ZERET) B9,

M THIVRTIERARNZTR T v 7T XTHER &R
L7273, 5-MeO-DMT ik b9 <, 5MeO-DALT &
5-MeO-DIPTA3 %t %, AMT * 5-MeO-AMT - DPT * 5-MeO-MIPT
TIEI0*MT b IR KA /e > 72 (Table 5, Fig.
7B) . 5-MeO-AMT * 5-MeO-DMT -+ 5-MeO-DALTZ A L
72 RIRIE, 5-HT Th otz (F—2EpRET) B,

AT DURTIREED KT v IMERZ R L, 3CPP
DECs 13107 MA— #— T 5 3 5-HT D Ri: & bk
T 25 EH40%DFEEETH Y (Table5) , AMPPOIEMILTES
WEDTh o7, SHREE, WTFNL5-HT, Tho7- (F—
BEarad) B9,

4 w4 7uFAT YA

NE - DA * 5-HT% Z 121010 pg/10 ul& A3 5 IR AT
WikE FT v 7% LI~ 2ADMNb~ A 7 a kA
7Y AEZ L O E L REGRE O 7 aw N 7T A E
HRTORLE (Fig. 8) . BHEE TR LI IEERK O R
22BNE -« DA -« S-HTORFHREIX, £ Eh5.14 - 6.42 -
11345372 o7z, Z DIEMERRIRD ¥ — 7 e R L7 #E
R, AEEREETITIE, NE GRTRT) 230.357 pg/10 pl,
DA (FFT/RT) 236.955 pg/10 pl, 5-HT GRTRT) 730.268
pg/10 plEF N TV,

f# 2z o & £ #W 60,2009 31

72 X FNT I HR KT v T L HNE L DADFRIREZE
b %Fig. 9AIZ, EXT VU RILERT S KT v 712 K A5-HT
DA% Fig. OBIZ/R LTz, #&E& (1, 10, 20 mg/kgikHE)
WK LT, R v 7RRNICENENOE ) 7T IV EN
BIMLTWe, £, RI v IV EENRKRIZRD E
TORERRe, ZI2 T 2R e > Tz,

5. A2V —=v IRBROFE & BE

BIERT v 71, SRESCTURE B, LIRSCHEEH
BoHHEINDHOTHY, HHARRRICKT D8k~ 7o fE
HERSESONTWDEN, ZORRSCVEHBEE R
BRESRE . ARFUCTIBWNTIE, KT v 7 O R
DL LN D T DIC TR A DNEM L 7= 4T 0
BROFIEIC L DR ERBIT Lz,

1) B OITENR L OHRMER 2 H BI85 DR

HETIAESND FT v 7%, 7y — (B8 K- &
A7V s (W) R - Fovih— @) RBLOZh
LOEMEZREL TRT HDICHIT B0, EREYE
HAWTHERBRARCENRE Z BT 22 L2k - T, AN
NIy 7 aGBTHIENARETHD. Fxr DRI L
REIEICBWTE, EREMEEHN L CEHED NS v 7
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Fig. 8. HPLC-ECD Chromatograms of NE, DA, 5-HT standard (each 10 pg/10 pL) and extracellular sample

in mice striatum (red and blue shade).

Detection limit, DA=0.05 pg; NE,5-HT=0.1 pg, Column : EIKOMPAK CAX, Mobile phase: 30%methanol-
sodium aulfate-50 mg/L EDTA-2Na in 0.1 M ammonium acetate Buffer (pH 6.0), Mobile phase flow rate:
250 pl/min, Analysis temperature: 35°C, Working electrode: graphite electrode, Reference electrode: Ag/AgCl,

Setting voltage: +450mV vs. Ag/AgCl.
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(A) Phenethylamine Derivative
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Fig. 9 Mice striatal NE, DA and 5-HT response to single oral administration of
illegal drugs. (A) Effects of phenethylamine derivative on the NE and DA.
(B) Effects of piperazine derivative on the 5-HT. B.W., body weight.
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Development of Assay Systems to Detect and Evaluate the Biological Effects of (Potentially) Illegal Drugs
Kanako SATOH", Nobutaka FUKUMORI *, Ryuichi NONAKA", Tatsu FUWA" and Toyohito TANAKA"

In April 2005, the Tokyo Metropolitan Government enacted an “Ordinance concerning the abuse prevention of the drugs”, which
prohibits the manufacture, cultivation, sales, possession, use, and other similar factors relating to such drugs. In order to contribute to
this these measures, we have devised simple, reproducible assay systems that test the neuro-behavior of mice, their spontaneous
behavior using an animal movement analyzing system, the re-uptake and release of monoamines and G-protein binding in isolated rat
brain synaptosomes, and the amount of neurotransmitters in mouse brains to detect and evaluate the biological effects of (potentially)
illegal drugs. As illustrated in this review, these assay systems can assist in the designation of such drugs as prohibited substances, in

accordance with the criteria set forth by the Tokyo Metropolitan Government.

Keywords: illegal drug, behavior, neural symptom, neurotransmitter, re-uptake, release, G-protein binding, microdialysis,

spontaneous behavior, animal movement analyzing system
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