RIEOBENEETHY, HiaFEORR L
Aot A4 RZRE~OZFERAD LD
HEMRESAEEZLND,

D3R T AP MR ~ D TEE R B O AT
IZBWT, PR RMREFIATSZ &
XERTHD, T, v AKRMEENR
HEEAEMREFALT, 8y FE A
REMIZ L2 MREHEORB ZKRET LT,
CP-55,94, CP-47,497 5 L 1% CP-47,497-C8 O
ML, MlaEMEsFEIN, L
ST, 70 AR EHREE R R F)
A L7 MR ErEiTMEiL. NG108-15 #ifa e &
DAk ZFIR L3R & [FER, 80 v
T/ A R & 3 ia st FI A A
BBTHDHIENHALNTR ST,

AR TIE, BV TE 4 ROEEK
FRREEZFHETAERI AT LOEEELR
K=, BRI TFE /A RCXB 7 LTS
—RRIR TREDOEHEDREHOAELES
W2, EMoBHLBRGEFRET S L T,
FEEGFHHOFRBHER TEH LN
Aoz st, o, BRIV TE/AFR
BIKEIEERMIC T/ 4 F CBl 51K
BB L, FRINDIBREMFEEBIE
THZEITLD, BEKFEO®RENGETX
DI ENHIBA U, BRI D B4 0 iTEN S
AT, BB FRERBRIC L D RELR
EHLIFEARETH D Z ENHL Lo T,

BRI TE A FICLDEBHRREERD
AR 2%, BYOBHELEZIT/RV, &
v ¥/ A K CBl ZREKENEIZL->TH
R ENDBFEIEREDORE ZFBEIC. HERL
BRI T E A ROFIRKER RS %L T
TEBZLHB L,

AFETIT, BRRY T A FO@BMfE
Az, BEREREMER SN, RIZLY
IBEIEENFEHT A ENHGMIZo T,
B, BERIEFEREBITIT. BN/ LT R
U oMRFRB LT = R R OB R E
ENBEE L TWAREEATRE I, Lz
MoT, BRI VT E A FEHLEESIC
BT, BEBOMACKMEENCBITS /

-19-

N7 FLFYrBiotke =5 BOHEM
i, BIRRGEERELE T AERMEE R34
(bFH)v—h—¢ LTERTH D Z LR
iz,
AFETIE, BT/ A4 FEREDRESR
DHEFR I T3 NGI108-15 iz A L <.
BA T/ A NEFEERNC L S HlaE
HEORBIZOWTHI L, TO/KE.
CP-55,940, CP-47,497 33 L 1* CP-47,497-C8 D
N2 BEIR IS, MlREMEORBSERIN
Too BEA Y /A FEEET, MlaEHE
AT IEDBHRINE, BRI UTFE A
RaFEEOMIEEOEMIZBNT, ho)
VA RZEREMDHEE LTS NGI08-15 #
Bl K A mEtid, duE Ao m R I A R
WELh, ARBRGETHALEZLLND,
FERIZ, <7 A KIEREH SRR L
MM Uik M. NG108-15 #ila7z
EORRRAEFIR U R & Rk, AL
YA FEINC X AR st R A
HEETHDZ EBHLMNI T,
BERNF v Z7ELTHRELTWDERS
FTEA FIFHEEFEREEZ AT EEX
bihd, o, BRI TE A Fid, &L
BEOERNFEL TS, BloMigEt:
AT ZEBBALMNIRoT, I LiziEE:
HT5EMIT, FEEFERREL X ORNRE
ffa~DHEEE R TRIREMNH D . FOELA
DYRIZIIFICEBEZETHEE2LND,

E. #5i%

AHETIE, ARV A4 FOFEEK
R REL M T A2 EBR AT LOBEELR
Iy BRI TE A RIZL 2EBIERAR
HORREYBEIC. EWOBMORELELR
ET DI LT, HIKKFESHOERBIHER
STCEBLEMBALNIT ST, Fi-, &K
BT A REEEREEMIC T A
F CBl X BEEHERELZ LB L, FRIh 5
FREGDMEZHEIZ, DEBRSERI T
/A FOFERIKEERELFMETELZ L



PYHIBA L7,

EHiT, BRI T E A ROBEIEBRR
B, BN/ V7 U U R ARB LY
to b= CHRAOIERRESES L TR,
B T A4 FIBERORMP(KIKEE)
ZBFZ/ AT FLFI B 0Er b=
GRO¥MI. HKEKEERELET AR
MERTERTFH—D—L LTHERATHS
MR EINT, BEBNOE ) T IVE
JUBERHED RO RE IHE» OERE
ThHY, BEFI v WERT YY) O
x5 TH~>—A—L LTHERAT
»HbH, BRI TE ) A ROBFBKRETAEE
EHERIT B AT —D— L LT, BNO
JNVT RLF U rslto b= 0E&§Hn
FIATED LB ILND,

BA Y A4 FOMREEOTFMEICE
WT, ArFE /A FRBEEBRBREL TS
HIREER T D NG108-15 #ifad L U
BERARRIC K AREHE, HuED -SRI
MWERBELN, FRARFETHHEHEZDL
o, o, KIMREV RS X
I, X0 ATV RE TREE~D
RSB FREMIT CE 5%, Al VT
VA FOGBHEFMEEDRBA =R LD
HREAD - DR ICERAEOR W FIETH S,

IHLE—EOFEMm AT ALY, BN
TRENHERINTWARERT v 70Ky
R LU REEORF 21TV, fER(E
EYORERERITERATESLEILND,
F, FRMICELAIERIC 2B B E
RE LA EMIEE~DO RO R ICHH
ThiHLHEZLND,

AEHENLL, BRIV TFTE/ AL FTHD
CP-55940 I IHKKFREE BT HZ LN
oM ->7, RERIZ, CP-55940.
CP-47,497 B X ¥ CP-47,497-C8, 135817248
RMEEEZRLIEND, ZOEHAICEVEK
REREEORENBESNS,

F. EX#

1

2)

4)

5)

7)

8)

9)

-20- -

Administration,
Schedules of
controlled substances: temporary placement
of
5-methoxy-N,N-diisopropyltryptamine into
Schedule I. Final rule. Fed Regist. 68:
16427-1630, 2003.

De Boer D., Bosman I.: A new trend in
the of
phenethylamine designer drugs. Pharmacy
World and Science. 26: 110-113, 2004.
Résner P, Quednow B, Girreser U, Junge T.:

Drug Enforcement

Department of Justice.

alpha-methyltryptamine and

drugs-of-abuse; 2C-series

Isomeric fluoro-methoxy-phenylalkylamines:

a new series of controlled-substance
analogues (designer drugs). Forensic Sci Int.
148: 143-156, 2005.

Lindigkeit R., Boehme A., Eiserloh 1.,
Luebbecke M., Wiggermann M., Ernst L. and
Beuerle T.: Spice: a never ending story?
Forensic Sci Int. 191: 58-63, 2009.
MBEEZ: AlA T8/ A4 RFE kD
WAL IR FEEOFEM. SRR
2 FEREAFBRTHIARME (BEX
o EREBRELX2F M)A
AREHREE) NEIE T v 7 ORIk
I NI HEE ORIERT & ELHER
BRI D% (H21-EFE-—Hi%-031)
MEREE (EEMEE  ALES).
Rodgers RJ, Dalvi A.: Anxiety, defence and
the elevated plus-maze. Neurosci Biobehav
Rev. 21(6): 801-810, 1997.

Walf AA, Frye CA.: The use of the elevated
plus maze as an assay of anxiety-related
behavior in rodents. Nat Protoc. 2(2):
322-328, 2007.

Franklin K.B.J., Paxinos G.: The mouse brain
in stereotaxic coordinates, Academic Press,
San Diego 1997.

Howlett A.C., Barth F., Bonner T.I., Cabral
G., Casellas P., Devane W.A., Felder C.C,,

Herkenham M., Mackie K., Martin B.R.,



Mechoulam R., Pertwee R.G.: International

of XXVIL
Classification of cannabinoid receptors.
Pharmacol Rev. 54:161-202, 2002.

10) Aceto MD, Scates SM, Martin BB.:
Spontaneous and precipitated withdrawal
with a synthetic cannabinoid, WIN 55212-2.
Eur J Pharmacol. 416(1-2): 75-81, 2001.

US., Winkelmann PR,

Pilhatsch M., Nees J.A., Spanagel R. and

Schulz K.;: Withdrawal phenomena and

Union Pharmacology.

11) Zimmermann

dependence syndrome after the consumption
of "spice gold". Dtsch Arztebl Int. 106:
464-467, 2009.

12) Funada M, Hara C, Wada K.: Involvement of
corticotropin-releasing ~ factor  receptor
subtype 1 in morphine withdrawal regulation
of the brain noradrenergic system. Eur J
Pharmacol. 430(2-3): 277-281, 2001.

13) El-Kadi AO, Sharif Sl.: The role of 5-HT in
the expression of morphine withdrawal in
mice. Life Sci. 57(5): 511-516, 1995.

14) Ho BY, Zhao J.: Determination of the
cannabinoid receptors rat
hybridoma NG108-15 cells and rat GH4CI
cells. Neurosci Lett. 212: 123-126, 1996.

15) Melvin L.S., Milne G.M., Johnson M.R,,
Subramaniam B., Wilken G.H. and Howlett
AC.:

cannabinoid receptor-binding and analgesic

in mouse x

Structure-activity relationships for
activity: studies of bicyclic cannabinoid
analogs. Mol Pharmacol 44: 1008-1015,
1993.

16) Manera C., Tuccinardi T. and Martinelli A.:
Indoles and related compounds as

cannabinoid ligands. Mini Rev Med Chem.

8:370-387, 2008.

G. FEHE

21-

1. @wCHEER

) MHAIEE. AP+, A FHEED
BRI L F OELAICOWT. AR
Faa-—-)v - EyET MK 450):
167-174, 2010.

MATLE. EYERFHHO-DOEYE
Fv. BAEEK 68:1459-1664,2010.
WAHIEE. KEROERFER & MK,
EHK v —F/ 46:85-89, 2010.

2)

3)

2. TERR

) MEIEZ, ElufE— HREN, KKE
15, —Bf— fERGESL N EYE. SR
F v/ 4 FEEEORMKFNE L AR
HHOEM. F 40 BB AMEEHEER
¥4, iR, 2010.9.15.

MATFEZ. KEFELAOEERR | Bk
AR & MR T DO RBIZ OV T 45
BREAT7ZLVa—LEHETLE, MR,
2010. 10.8.

ElfE—, fumE, MEIEZ T E
J A4 FEREMFEAEO RGBS L
WpaFENE. B 45 BIHAT Lo — L
EF4, /N, 2010.109.

2)

H. HMMEEOHRE - EHKR

HirlE., ERAFREHE. Fofth
iz L,



A) Classical cannabinoid 35 84&
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CP-55,940 CP-47,497 CP-47,497-(C8)

Fig. 1. Chemical structures of CP-55,940, CP-47,497 and CP-47,497-(C8).
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Fig. 2. Effect of cannabinoid receptor antagonist AM251 on behavioral changes in CP-55,940-treated mice.
Mice were chronically treated with CP-55,940 (1 mg/kg, s.c.) or vehicle for 5 days. AM251 (1 mg/kg,
i.p.) precipitated jumps (A) and rearing (B) in CP-55,940-treated mice (cCP) or vehicle-treated mice
(cVeh). Each column represents the mean total behavior counts with S.E.M. of 10 animals for 30 min
after AM251 (1 mg/kg, i.p.) treatment.
*P<().05 vs. vehicle-treated group (cVeh).
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Fig. 3. Effects of chronic treatment with the synthetic cannabinoid receptor agonist on behavioral perormance
in elevated plus-maze. Mice were chronically treated with CP-55,940 (1 mg/kg, s.c.) or vehicle for 5
days. After 24hr, behavioral changes in CP-55,940-treated mice (cCP) or vehicle-treated mice (cVeh)
were evaluated for 5 min using in elevated plus-maze. (A) percent time spent on open arms (B) activity
counts in closed arms. Each column represents the mean with S.E.M. of 10-12 animals.

*P<0.05 vs. vehicle-treated group (cVeh).
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Fig. 4. Effect of cannabinoid receptor antagonist AM251 on monoamine levels in the cerebral cortex in
CP-55,940-treated mice. Mice were chronically treated with CP-55,940 (C, 1 mg/kg, s.c.) or vehicle
(V) for 5 days. AM251 (1 mg/kg) precipitated changes of monoamine levels in CP-55,940-treated mice
(CA) or vehicle-treated mice (VA) were evaluated. The mice were sacrificed 30 min after i.p. injection
of AM251. The concentrations of monoamines were analyzed using a HPLC system. Each column
represents the mean with S.E.M. of 6 animals.
*P<0.05 vs. vehicle-treated vehicle group (V).
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Fig. 5. Effect of synthetic cannabinoid receptor agonist CP-55,940, CP-47,497 or P-47,497-C8 on NG108-15
cells. NG108-15 cells were plated at 96-well plate and evaluated for toxicity following 2 h exposure to
CP-55,940 (10 pM). Data are expressed as percent of the 0.1% DMSO control, and are presented as
means+SEM from six total wells analyzed across two independent experiments.

*P<0.05 vs. Vehicle-treated group.

26-



(A)

Vehicle CP-55,940 (30)

(B)

b

(34

(=]
1

1004 st

L]
(=]
1

YILLSISS LSS

AM251(20) AM630 (20)

o

Cytotoxicity (% of CP55,940)

CP-55,490 (30)

Fig. 6. Effect of synthetic cannabinoid receptor agonist CP-55,940 on NG108-15 cells. NG108-15 cells were
plated at 96-well plate and evaluated for toxicity following 2 h exposure to CP-55,940 (30 uM). (A)
Photographs of NG108-15 cells treated synthetic cannabinoid receptor agonist CP-55,940 (30 pM).
(B) Pretretament with selective CB1 receptor antagonist AM251 (20 uM) or selective CB2 receptor
antagonist AM630 (20 uM) was given 5 min prior to CP-55,940. Data are expressed as percent of the
0.1% DMSO control, and are presented as means+SEM from six total wells analyzed across two
independent experiments.

*P<0.05 vs. CP-55,940-treated group.

27-



(A) (B)

CP-47,497 (30) CP-47,497-C8 (30)

150+ 150+

100+

1004

Cytotoxicity (% of CP47,497)
Cytotoxicity (% of CP47,497-C8)

50+ 504 *
* %
1] PRA........ 0
AM251(20) AM251(20)

Fig. 7. Effect of “spice-related” synthetic cannabinoid receptor agonist CP-47,497 or P-47,497-C8 on
NG108-15 cells. NG108-15 cells were plated at 96-well plate and evaluated for toxicity following 2 h
exposure to CP-47,497 (30 puM) or P-47,497-C8 (30 uM). Pretretament with selective CB1 receptor
antagonist AM251 (20 uM) was given 5 min prior to synthetic cannabinoid receptor agonists. Data are
expressed as percent of the 0.1% DMSO control, and are presented as means+SEM from six total
wells analyzed across two independent experiments.

*P<0.05 vs. synthetic cannabinoid receptor agonist -treated group.
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Fig. 8. Effect of synthetic cannabinoid receptor agonist CP-55,940, CP-47,497 or P-47,497-C8 on primary
culture of mouse cerebral cortical neurons. The neurons of 10-day old in culture were used for the
experiments. Cytotoxicity was evaluated following 2 h exposure to CP-55,940 (30 uM), CP-55,940,
CP-47,497 (30 pM) or P-47,497-C8 (30 uM). Data are expressed as percent of the 0.1% DMSO
control, and are presented as means+SEM from three total wells analyzed across two independent
experiments.

*P<0.05 vs. Control group.
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Stimulus presentation Food-pellet

Fig. 1. Schematic diagram showing the hole configuration of five-hole poke operant chamber.
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Fig. 2. Results of generalization test in mice (n=12) trained to discriminate CP-55,940 (0.1 mg/kg) from
vehicle (upper panel). Mean (= SEM) percent drug-appropriate responding following administration
of various doses CP-55,940. The animal’s response rates are shown in the lower panel. *Response
rate was significantly (p<0.05) different from the saline control response rate.
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Fig. 3. Results of generalization test in mice (n=12) trained to discriminate CP-55,940 (0.1 mg/kg) from
vehicle (upper panel). Mean (£ SEM) percent drug-appropriate responding following administration
of various doses A THC. The animal’s response rates are shown in the lower panel.
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