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General Information

INRC 2001

General Information

® Badges
Namebadgesmust beworn at al timesduring the confrence. Badgesarereguired for entranceinto
al medls, events, and scientific venues.

B Registration Desk

Theregistration desk will assst indl conference needs. It will be openfrom Saturday, July 14 at the
Scandic Hotel Grand Marinaand from Sunday, July 15to Thursday, July 19 at theMarinaCongress
Center. Theregistration desk will be open at thefollowing times:

Saturday, July 14 14.00 - 16.00

Sunday, July 15 07.30 - 15.00

Monday, July 16 08.00 - 15.00

Tuesday, uly 17 08.00 - 12.00

Wednesday, July 18 08.00 - 15.00

Thursday, July 19 09.30 - 12.00
m Posters

All postersare on display from Sunday, July 15 to Wednesday, July 18. The posters should be
mounted during lunch break on Sunday and taken down by lunch break on Wednesday. Poster
sessionswill take place on Sunday and Monday from 16.30to 18.30. Posters have been organised
under the topics of the symposiaand the number refersto the respective poster board. Poster
abstractsarein alphabetical order according to presenting author (*).

B Meals

Buffet lunchisprovided for al delegatesfrom Sunday, July 15 to Wednesday, July 18 at 12.30 at
the MarinaCongress Center.

B Social Programme

Saturday, July 14 Opening Reception at the University of Helsinki
Tuesday, July 17 Reception by the City of Helsinki
Wednesday, July 18 Banquet at the MarinaCongress Center

B Accommodations

ScandicHotel Grand Marina Eurohostd

Katgjanokanlaituri 7, FIN-00160 Helsinki Linnankatu 9, FIN-00160 Helsinki
Td: +3589 16661 Td: +3589 6220470

Fax: +3589664 764 Fax: +3589655044

E-mail: grandmarina@scandic-hotels.com E-mail: eurohostel @eurohostel fi

Hostel Academica
Hietaniemenkatu 14, FIN-00100 Helsinki
Tel: +358913114334

Fax: +3589441 201

E-mail: hostel.academica@hyy.fi
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Conference Program

Conference Programme

Saturday 14.7.

14.00-16.00
17.00-19.00

Registration at the Scandic Hotel Grand Marina
Opening reception at the University of Helsinki

Sunday 15.7.

8.15-8.30

8.30-9.30

9.30-10.00

10.00-12.30
10.00-10.15

10.15-10.40

10.40-11.05

11.05-11.30

Opening remarks. E. Kalso and C. Chavkin

R. Huxtable: The opium poppy and its alkaloids. A historical perspective
Plenary lecture 1, Chair P. Paakkari

Coffee break

OPIOIDS FROM CLINIC TO CHEMISTRY (SYMPOSIUM 1)
Chair E. Kalso and M. -J. Kreek: Introduction

J. Traynor: Activation of G-protein by opioid receptors: effects of agonist properties
G. Pasternak: Alternative splicing as an explanation

F. Porreca: Mechanisms of opioid-induced pain and tolerance

Free papers (oral presentations of submitted abstracts)

11.30-11.50

11.50-12.10

12.10-12.30

12.30-14.00

14.00-16.30
14.00-14.15

14.15-14.40

14.40-15.05

Zimmer A, Valjent E, Ksnig M, Zimmer AM, Clarke S, Robledo P, Chen C-C,
Hahn H, Valverde O, Hill RG, Kitchen |, Maldonado R: Absence of delta-9-
tetrahydrocannabinol dysphoric effectsin dynorphin-deficient mice

Schulz S, Koch T, Pfeiffer M, Hollt V:

Differentia agonist-induced phosphorylation of four mouse -opioid receptor splice
variants

Wang D, Raehal KM, Bilsky E, Sadée W: Inverse agonists and neutral antagonists
at p-opioid receptor (MOR): possiblerole of basal receptor signaling in narcotic
dependence

Lunch

G-PROTEIN RECEPTORS AND PAIN (SYMPOSIUM 2)
Chair C. Chavkin: Introduction

J.E. Zadina: Endomorphinsin chronic pain

M. Scheinin: o -adrenergic modulation of opioidergic systems

INRC 2001



INRC 2001

15.05-15.30 R.Maldonado: Involvement of the endogenous opioid system in cannabinoid
responses

Free papers (oral presentations of submitted abstracts)

15.30-15.50 Gomes |, Jordan BA, Ansnoff M, Pintar J, Devi LA: A role for dimerization/
oligomerization in opioid receptor cross-talk

1550-16.10  Schulz R, Wehmeyer A: Confoca microscopy studies of GRK2 and GRK 3 on
sequestration of p-, - and K-opioid receptors

16.10-16.30  Marindli S, Schnell S, Wessendorf M, Vaughan CW, Christie MJ:
Opioid responses of spinally projecting rostral ventromedia medullaneurons

16.30-18.30 Tea and Posters

Monday 16.7.

8.30-9.30 A. Kastin: Peptides and the blood brain barrier
Plenary lecture 2, Chair P. Panula

9.30-10.00 Coffee break

10.00-12.30 OPIOID MODULATORY PEPTIDES (SYMPOSIUM 3)
10.00-10.15 Chair P. Panula: Introduction

10.15-10.40  P. Panula: FRMF-related peptides
10.40-11.05 H. Ueda: Distinct roles of ppN/OFQ-derived peptidesin pain control
11.05-11.30 L. Negri: A novel pronaciceptive peptide
Free papers (oral presentations of submitted abstracts)
11.30-11.50 Inoue M, Kawashima T, Matsunaga S, Sakurada T, Ueda H:
Potent nociceptive activity by nociceptin/orphanin FQ C-terminal fragmentsin

nociceptors and spinal cord in mice

11.50-12.10 N. T. Zaveri, C. J. Green, W. E. Polgar and L. Toll:
Transcriptional regulation of the human prepronociceptin gene

12.10-12.30 Brandt A, Pietila P, Ostergérd M, Panula P:
RF-amide peptidesin the mouse CNS

12.30-14.00  Lunch/INRC executive committee meeting

MYA304] aaugmfuog
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14.00-16.30
14.00-14.15

14.15-14.40

14.40-15.05

15.05-15.30

INRC 2001

SYNTHETIC LIGANDS (SYMPOSIUM 4)
Chair B. Roques. Introduction

F. Noble: New trueinhibitors of enkephalin inactivity enzymes
L.H. Lazarus: Dmt, the opioid affair

H. Schmidhammer: HS 378 - ahighly selective delta-opioid receptor antagonist with
immunosuppressive properties

Free papers (oral presentations of submitted abstracts)

15.30-15.50

15.50-16.10

16.10-16.30

16.30-18.30

Schiller PW, Lu Y, Weltrowska G, Berezowska |, Wilkes BC, Nguyen TM-D:
A generd structural modification to transform opioid peptide agonistsinto potent and
selective k-, &- or p-antagonists

Lengyel I, Biyashev D, Kocsis L, Al-Khrasani M, Ronai A, Fuesrt Zs, Toth G,
Orosz G, Borsodi A: Changing the binding properties and biological activity of
endomorphin 2 by structural modifications

Holzgrabe U, Kuhl U, Campareri A, Brandt W: Mechanism of action of
diazabicyclononanone-typek-agonists

Tea and Posters

Tuesday 17.7.

8.30-9.30

9.30-10.00

10.00-12.00
10.00-10.15

10.15-10.40

10.40-11.05

11.05-11.30

Mart Saarma: Receptors for neurotrophic factors
Plenary lecture 3, Chair L. Ahtee

Coffee break

PROGRESS IN RECEPTOR BIOLOGY (SYMPOSIUM 5)
Chair E. Simon: Introduction

B. Kieffer: New in sightsinto opioid pharmacology and physiology using triple
W/o/K-opiod receptor knockout mice

V. Hdllt: Genetic variations on the theme of - and d-opioid receptors

A. Borsodi: Endomorphins: Peculiar binding properties

Free papers (oral presentations of submitted abstracts)

11.30-11.50

11.50-12.10

McL aughlin JP, Myers LC, Zarek PE, Mackie K, Chavkin C: Phosphospecific
antibody recognizes the desensitized form of the kappa opioid receptor (KOR)

Xu N-J, Zheng R, Fan H-P, Pei G: Proteome analysis of hippocampal protein
expression following morphine trestment
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12.10-12.30

12.30-14.00

14.00
18.00

Yosef Sarneand Ma anit Shapira: Various protein kinases mediate delta opioid
receptor down-regulation within the same cell

Lunch

Free afternoon
Reception by the City of Helsinki

Wednesday 18.7.

8.30-9.30

9.30-10.00

10.00-12.00
10.00-10.15

10.15-10.40

10.40-11.05

11.05-11.30

P. Eriksson: CNS regeneration
Plenary lecture 4, Chair F. Nyberg

Coffee break

OPIOID ADDICTION/BEHAVIOUR (SYMPOSIUM 6)
Chair L. Ahtee: Introduction

T. Shippenberg: Modulation of sensitization by endogenous opioid systems

J. van Ree: The dynamics of drug addiction: implication of endogenous opioids and
dopamine

N.T. Maidment: OFQ/naociceptin and the mesolimbic dopamine system

Free papers (oral presentations of submitted abstracts)

11.30-11.50

11.50-12.10

12.10-12.30

12.30-14.00

14.00-16.30
14.00-14.15

14.15-14.40

14.40-15.05

15.05-15.30

Bohn LM, Gainetdinov RR, Sotnikova TD, Lefkowitz RJ, Caron MG:
Morphine-induced locomotor activity isaltered in beta-arrestin-2 knockout mice

Yanai J, Metsuyanim S, Shahak H: Neurobehavioral teratogenicity of heroin:
cholinergic and non-cholinergic signaling defects

Erdtmann-Vourliotis M, Mayer P, Riechert U, Ammon S, Hdllt V:
A distressing environment sensitizes the brain’sresponse to morphine

Lunch

OPIOIDS AND PLEASURES OF LIFE (SYMPOSIUM 7)
Chair F. Nyberg: Introduction

P. Hyyti&: Opioidsand alcohol addiction
A. S. Levine: Opioid systemsin food intake

I. Kitchen: Opioids and mother love

MVAS04] ayuawfuog
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Free papers (oral presentations of submitted abstracts)

15.30-1550  Yoshikawa M, Takenaka Y, Nakamura F, Jinsmaa Y, Lipkowski AW:
Enterostatin asan antiopioid peptide

1550-16.10  Gerrits MAFM, van den Berg CL, Martens RJ, van Ree JM:
Long-term effects of early social isolation on adult social behavior and susceptibility
for drug dependence: involvement of opioid systems

16.10-16.50  Sinclair JD: The use of pharmacological extinction in the treatment of drug addicition
16.30-17.00 Tea
17.00-17.30  Business meeting
17.30-18.15  Founders lecture
Chair C. Chavkin: Introduction

P. Portoghese: From models to moleculesin opioid research

19.30 Banquet

Thursday 19.7.

9.30-10.00 J. Khalsa: Medical consequenses of drug abuse: Research at NIDA
Chair: C. Chavkin

10.00-11.05 OPIOIDS AND IMMUNE FUNCTION (SYMPOSIUM 8)
10.00-10.15 Chair C. Stein: Introduction

10.15-1040  S. Chang: Chronic exposure to morphine affects the neuroendocrine-immune axis

10.40-11.05 R. Weber: Immunopotentiating effects of non-peptide opioidsoninvitro T-
lymphocytefunction

Free papers (oral presentations of submitted abstracts)

11.05-11.25 Hauser KF, Gurwell J, Goody RJ, Turchan J, Nath A.: Morphine exacerbates
HIV TAT toxicity with differential effectsin neurons and astroglia.

11.25-11.45 Kraus J, Bérner Ch, Giannini E, Hickfang K, HGllt V: [ receptor expression in
immune cellsisinduced by IL-4 and TNF-a

11.45 End of the Meeting

10
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® Albert Herz Symposium
Chairpersons V. Héllt (Magdeburg) and C. Stein (Berlin)

14.30-14.35

14.35-14.55

14.55-15.15

15.15-15.35

15.35-15.55

15.55-16.25

16.25-16.45

16.45-17.05

17.05-17.25

17.25-17.55

V. Hollt (Magdeburg): Introduction
E. Simon (New York): Historical overview

P-Y Law & H. Loh (Minneapolis): Deltaopioid receptor activation of Akt in
cell surviva

V. Hallt (Magdeburg): Polymorphisms of opioid systems

R. Schulz (Munich): Mechanisms of opioid tolerance

Coffee break

R. Spanagel (Mannheim): The effects of kappa-agonists on drug addiction
R. Przewlocki (Cracow): Opiatesin chronic pain

M. Millan (Paris): Central analgesic mechanisms

C. Stein (Berlin): Peripheral opioid analgesia

11
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Posters

Thenumber after thetitlereferstothenumber of therespective poster board.
® Opioids from clinic to chemistry

TOPICAL OPIOID AND CLONIDINEINTERACTION INMICE (1)
Yuri Kolesnikov* and Gavril Pasternak

INTRATHECALLY ADMINISTERED SUBSTANCE PENHANCESMORPHINE-INDUCED ANTINOCICEPTION
THROUGH THE PRODUCTION OF SUBSTANCE PN-TERMINUS(2)
Tomoko Moriyama, Chikai Sakurada, K oichi Tan-no, Shinobu Sakurada, and Tsukasa Sakurada

NOCICEPTIVEBEHAVIORPRODUCED BY INTRATHECAL DY NORPHIN PEPTIDESIN MICE (3)
Koichi Tan-No*, Akihisa Esashi, Osamu Nakagawasai, FukieNiijima, Takeshi Tadano, Georgy Bakalkin, Lars Terenius
and Kensuke Kisara

COMPARISON OF NOCISTATIN LEVELSIN CSFAMONG CHRONIC, ACUTE, NON-PAIN PATIENTSAND
NORMAL VOLUNTEERS(4)
STachibana*, T-L Lee, M GRicos, FM Y Fung, G Zhang, F-G Chen, N Chou, and E Okuda-Ashitaka, Slto

TOLERANCE AND CROSS-TOLERANCE STUDIESWITH [DMTYDALDA (5)
Guo-Min Zhao, Dunli Wu, Yi Soong, Megumi Shimoyamaand Hazel H. Szeto*

PEPTIDE SECRETION FROM THE BRAIN TOTHE BLOOD VIA MULTIDRUG RESISTANCE ASSOCIATED
PROTEIN (6)
W, Su,; M.A. King; G.W. Pasternak

IDENTIFICATION AND CHARACTERIZATION OF A NOVEL SPLICEVARIANT, MOR-1R, OF THEHUMAN MU
OPIOID RECEPTOR GENE(OPRM) (7)
Ying-Xian Pan*, Jin Xu, Mingming Xu, Loriann Mahurter, Elizabeth Bolan and Gavril W. Pasternak

INVITROTRANSFER OF L-ACETYLMETHADOL (LAAM) ACROSSHUMAN PLACENTA (8)
T. Nanovskaya, S. Deshmukh and M.S. Ahmed*

DEXTROMETHORPHAN AND COLONICTRANSIT - A PHARMACOLOGICAL ANALYSIS(9)
A. Cowan*, M.R. Pietrasand S.F. Rittenhouse

COMPARISION OF THE INHIBITORY EFFECTS OF MU-OPIOID RECEPTOR AGONISTS ON MOUSE
GASTROINTESTINAL TRANSIT (10)
F. Niijima*, K. Tan-No, O. Nakagawasai, T. Tadano and K. Kisara

CHARACTERISATION OF THEACUTEANTINOCICEPTIVEAND CONSTIPATORY PROPERTIESOF DIFFERENT
OPIOIDSIN RATSAND GERBILS(11)
VesaK. Kontinen*, AlexisK. Baker, Jef Vermeire, Theo F. Meert

FUNCTIONAL ROLESOFTHEMU-, DELTA- AND KAPPA-OPIOID RECEPTORSAND THEIRSUBTYPESIN THE
MEDIATION OF OPIOID-INDUCED HY POTHERMIA IN MICE (12)
AlexisK. Baker*, Nancy Aerts, Theo F. Meert

INOTROPIC AND CARDIOPROTECTIVEACTION OF[DMTYDALDA (13)
Dunli Wu, Yi Soong and Hazel H. Szeto*

NON-PEPTIDIC DELTA-OPIOID RECEPTOR AGONISTSREDUCE IMMOBILITY IN THE FORCED SWIM ASSAY
IN RATS(14)
Emily M. Jutkiewicz*, Daniel C. Broom, John E. Folk, John R. Traynor, Kenner C. Rice, JamesH. Woods

CONVULSANT ACTIVITY OF NONPEPTIDIC DELTA-OPIOID RECEPTOR AGONISTSISNOT REQUIRED FOR
ANTIDEPRESSANT-LIKEEFFECTS(15)

Daniel C. Broom*, Emily M. Jutkiewicz, John E. Folk, John R. Traynor, Kenner C. Rice, JamesH. Woods

12
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MORPHINE PROMOTESBREAST TUMOR PROGRESSION AND ANGIOGENESISBY ACTIVATING PRO-
ANGIOGENIC AND SURVIVAL-PROMOTING SIGNAL TRANSDUCTION PATHWAYS IN VASCULAR
ENDOTHELIUM (16)

KalpnaGupta*, SmitaK shirsagar, Gui-Hua Zhang, Robert Schwartz, Liming Chang, Ping Y. Law, DouglasYeeand
Robert P. Hebbel

SHARED PROCESSING IN THEROSTRAL ACC DURING OPIOID AND PLACEBOANALGESIA (17)
P Petrovic’, E Kalso, K -M Petersson, M Ingvar

THE SIGNIFICANCE OF THEUGT2B7 HIS268TY R POLY MORPHISM IN THE FORMATION OF MORPHINE 3-
GLUCURONIDE AND MORPHINE 6-GLUCURONIDE FROM MORPHINEIN HUMANS(18)
MonicaHolthe*, Pal Klepstad, Petter Borchgrevink, Stein Kaasa, Jeffrey R. Idle, Hans E. Krokan and Frank Skorpen

ISTHE PAIN RELIEF OBTAINED FROM METHADONE AND DEXTROMETHORPHAN IN A RAT MODEL OF
MONONEUROPATHY DUEONLY TOOPIOID AGONISM?(19)
Hyytidinen A., Brugioni A.,LaTurracaA. and Malmberg-Aiello P,

B G-protein receptors and pain

INVOLVEMENT OFMODALITY -SPECIFICLOSSOFNOCICEPTOR SIGNALINGIN THEMORPHINE-INSENSITIVE
NEUROPATHIC PAIN (20)
Hiroshi Ueda*, Makoto Inoue, Takayuki Matsumoto and Toshiko Kawashima

PRONOCICEPTIN AND PRODYNORPHIN SY STEMSIN NEUROPATHIC PAIN (21)
PrzewlockaB.*, MikaJ, Schafer M .K., Obaral., SigaA., Przewlocki R.

DOESTHEHUMAN MU OPIOID RECEPTOR COUPLE DIFFERENTLY TOGilaOR Gi2a?(22)
D. Massotte* & G. Milligan

SPINAL ANALGESIC SYNERGY BETWEEN THE ENDOMORPHINS AND CLONIDINE, BUT NOT THE
ENDOMORPHINSAND 2-METHY L-5-HT (23)
DennisPaul*!, Maria Sayah and James E. Zadina

VENLAFAXINEAND MIRTAZAPINE: COMMON OPIOID-MEDIATED ANTINOCICEPTIVE EFFECTS(24)
Shaul Schreiber, TovaRigai ‘Chaim G. Pick*

MU AND ORL1RECEPTOR CROSSTOLERANCE ISMEDIATED BY G PROTEIN-COUPLED RECEPTORKINASE
2(GRK2) UPREGULATION (25)
D. R. Thakker* and K. M. Standifer

THEINFLUENCE OF NOISE STRESSON CENTRAL OPIOID SYSTEM (26)
Huel-Yann Tsai*, Hsiu-Mel Chiang, Jim-Shoung. Lai, Cheng-Chieh Lin and Yuh-Fung Chen

PKC-INVOLVEMENT IN THEACUTE TOLERANCE TO PERIPHERAL MORPHINEANALGESIA IN THEMOUSE
CAPSAICIN TEST (27)
Takayuki Matsumoto, Rashid Harunor, Hiroshi Ueda*

ACTIVATION OF PERIPHERAL ORL1 RECEPTORSINHIBITSCAPSAICIN-INDUCED THERMAL NOCICEPTION
IN RHESUSMONKEY S(28)
M.C. Holden Ko*, John R. Traynor, Norah N. Naughton, Alexander T. McKnight and James H. Woods

P-GLYCOPROTEIN INVOLVEMENT IN OPIOID ANALGESIA (29)
M.A. King*, W. Su, S.P. Milo and G.W. Pasternak

DIFFERENTIAL EFFECTSOFENDOMORPHIN-1AND ENDOMORPHIN-2 ON BEHAVIORAL ACTIVITY: MOR-1
ANTISENSE PROFILE (30)
G.C.Rossi*, Y-X. Pan, C.Abbadie, and G.W.Pasternak

EFFECTS OF ACUTE AND CHRONIC CLONIDINE AND PRAZOSIN ON MORPHINE TOLERANCE AND
WITHDRAWAL IN MICE (31)

Umit Ozdogan*, Janne L ahdesméaki, Mika Scheinin

13
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B Opioid modulatory peptides

PEPTIDEAND ALKALOID AGONISTSDICTATE THE DIFFERENT FATE OF INTERNALIZED DELTA OPIOID
RECEPTOR(32)
AlloucheS., MarieN. and Jauzac Ph.

DESENSITIZATION OFHUMAN DELTA OPIOID RECEPTOR (HDOR) BY ALKALOID (ETORPHINE) AND PEPTIDE
(DPDPE AND DELTORPHINE ) AGONISTS: IMPLICATION OF DIFFERENT KINASES(33)
MarieN., Allouche S., and Jauzac Ph.

PRE-TREATMENT WITH A GUINEA PIGANTISERUM RAISED AGAINST AGMATINE INCREASESSENSITIVITY
TOINDUCTION OF SPINAL OPIOID ANTINOCICEPTIVETOLERANCE (34)
C.A. Fairbanks*, L.L. Kaminski, H.O. Nguyen, J. C. Roberts, K.F. Kitto, L., G.L. Wilcox

INTRAHYPOTHALAMICINJECTION OF DELTORPHIN-II, A DELTA2 AGONIST, INDUCESHY PERTHERMIA
VIA DELTA AND MU OPIOID RECEPTORS(35)
S.M. Rawls, E.B. Geller*, J. Cabassa, and M.W. Adler

LOCALIZATION OF NEUROPEPTIDE FF, SUBSTANCE PAND THE MU AND DELTA OPIATE RECEPTORSIN
THERAT SPINAL CORD (36)
K Kuokkanen*, A Brandt, JKorhonen, R Elde? and P Panula

IDENTIFICATION OF NOVEL PROTEINSINTERACTING WITH MU-OPIOID RECEPTOR (37)
Y.Liang, Z.Han, L.Brandenburg, T.Koch, T.Krodak, and V.HdlIt

BIOLOGICALLY ACTIVE PEPTIDE FROM HUMAN LEUKEMIA DIFFERENTIATION FACTOR
IDENTIFICATION AND ITSPROTECTIVE PROPERTIES(38)

I.A. Kostanyan*, E.V. Surina, M.V. Astapova, A.P. Bogachuk, S.M. Dranitsyna, .M. Molotkovskaja,
T.N. Lepekhova, E.V. Navolotskgja, V.M. Lipkin

CORRECTION WITH THEHLDF6 PEPTIDE OF ENDOGENOUSOPIOID SY STEM PATHOLOGY OF MORPHINE-
TOLERANTANIMALSF POSTERITY (39)
LitvinovaS.V., Kostanyani.A.*, AristovaV.V., Shulgovsky V.V., Bogachuk A.P,

[EBH]SUPER DALDA BINDING TOBRAIN MEMBRANES (40)
C.L.Neilan*, I. Berezowska, T.M-D. Nguyen, PW. Schiller, and G.W. Pasternak

A TETRAPEPTIDE OF DERMORPHIN ANALOGUE PRODUCESAN EXTREMELY POTENT ANTINOCICEPTIVE
EFFECT IN MICE (42)
K. Okuyama*, A. Yonezawa, S. Ogawa, M. Hagiwara, T. Morikawa, T. Sakuradaand S. Sakurada

ANTINOCICEPTIVEAND ANTI-OPIOID EFFECTSOF SPINALLY ADMINISTERED NOCICEPTIN RELATED
PEPTIDESIN THE CAPSAICIN TEST (42)
Tohru Orito’, Tomoko Moriyama, Chikai Sakurada, Koichi Tan-No Shinobu Sakuradaand Tsukasa Sakurada

INVOLVEMENT OF SPINAL k-OPIOID RECEPTORSIN TY R-D-ARG-PHE-SARCOSINE(TAPS)-INDUCED
ANTINOCICEPTION (43)
S. Sakurada, T. Hayashi, T. Orito, K. Okuyama, A. Yonezawa, C. Sekurada, T. Sakurada

NOCICEPTIN-INDUCED INTERNALIZATION AND RECY CLING OF THEHUMAN OPIOID-RECEPTOR-LIKE 1
(HORL1) INVOLVESBETA-ARRESTIN 2(44)
Santi Spampinato

MORPHINE-INDUCED IN VIVO RELEASE OF SPINAL CHOLECY STOKININ ISMEDIATED BY DELTA-OPIOID
RECEPTORS- EFFECT OF PERIPHERAL AXOTOMY (45)
Henrik Gustafsson, Abdullahi Warsame Afrah and * Carl-Olav Stiller

ROLE OF CHOLECY STOKININ IN THE REDUCTION OF ENDOMORPHIN-2-INDUCED ANTINOCICEPTION IN
DIABETICMICE (46)
*K. Zushida, H. Nagase, J. Kamei

INDUCTION OFN/OFQLEVELSBY TRAUMATICBRAIN INJURY (47)
BeataBuzas*, Jassir Wittaand Brian M. Cox
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INVITROSTUDY OF ENDOMORPHINS METABOLISM (48)
CsabaTomboly*, GezaToth

METABOLISM OF ENDOMORPHIN-2 BY SYNAPTICMEMBRANESOFMOUSEBRAIN (49)
Chikai Sakurada’, Shinobu Sakurada, Takafumi Hayashi, K oichi Tan-No and Tsukasa Sakurada

NOCICEPTIN/ORPHANIN FQINCREASESANP SECRETION IN NEONATAL CARDIACMY OCYTES(50)
*K.W. Kim, R.S.Woo, E.Y. Perk, Y.G. Cho, K.H. Seul, S.Z. Kim, K.W. Cho, SH. Kim

DY NORPHIN: NON-OPIOID MECHANISMSOFTOXICITY (51)
R.J. Goody*, S.M. Goebdl, K. Martin & K.F. Hauser

EFFECTSOF PROLIFERATION AND DIFFERENTIATION ON ADULT HIPPOCAMPAL PROGENITORSIN RAT
(52-1)
P. Anders|. Persson, Thorleif Thorlin and Peter S. Eriksson

IDENTIFICATION OF COMPOUNDS THAT MODULATE N/OFQ TRANSCRIPTION
WillmaE. Polgar, Naunihal Zaveri, Lawvrence Toll* (52-2)

® Synthetic ligands

KAPPA-BINDING PROPERTIESAND G-PROTEIN ACTIVATION OF DY NORPHIN-A-1-17 (53)
Benyhe*, S., Orosz, G., Szatmari, |, Farkas, J., Toth, G. and Borsodi, A.

ANEWMODEL OF THEKAPPA OPIOID RECEPTOR: DOCKING OF SELECTIVEAGONISTSAND ANTAGONISTS
(54)
S.L. Black*, S.M. Husbands, JW. Lewis, W. Brandt

DOCKING OF DELTA SELECTIVEAGONISTSAND ANTAGONISTSTOTWOBINDING SSTESOF THEDELTA
OPIOID RECEPTOR (55)
W. Brandt’, M. Boegd , H. Schmidhammer

DOCKING OFMU SELECTIVEAGONISTSAND ANTAGONISTSTO TWOBINDING S TESOFTHEMU OPIOID
RECEPTOR (56)
W. Brandt

DOCKING OFKAPPA SELECTIVEAGONISTSAND ANTAGONISTSTOTWOBINDING SITESOF THEKAPPA
OPIOID RECEPTOR (57)
W. Brandt’, S.L. Black, U. Holzgrabe

NEW ASPECTSOFA SIGNAL TRANSDUCTION PATHWAY SBASED ON DOCKING STUDIESOFMU, DELTA
AND KAPPA OPIOIDSTO THEIR CORRESPONDING RECEPTORS(58)
W. Brandt

STRUCTURE-ACTIVITY RELATIONSHIPSIN THE SERIESOF DIAZABICY CLONONANONE-TY PE KAPPA-
AGONISTS(59)
Holzgrabe, U., Kuhl, U., Cambareri, A., Siener, T., Brandt, W., Englberger, W., Haurand, M., K6gel, B.

AFFINITY AND SELECTIVITY OF N-SUBSTITUTED CY CLORPHAN DERIVATIVES(60)
NicholasJ. DeNunzio*, Xiao-Hui Gu, Alexander van Vliet, S. StevensNegus, Nancy K. Médllo, John L. Neumeyer, and
Jean M. Bidlack

INHIBITORY EFFECTSOF 3113397, A NEWLY DEVEL OPED ANTAGONIST OF NOCICEPTIN RECEPTOR (ORL1),
ON[355|GTPGSBINDING TOORL1RECEPTORIN MOUSEBRAIN A (61)
D. Ichikawa*), S. Ozaki, T. Azuma, H. Nambu, H. Kawamoto, Y. Iwasawa, H. Takeshimaand H. Ohta

DAMCK, ANEW IRREVERSIBLEMU OPIOID AGONIST (62)
M. Sziics*, E.Kics, A. Magyar, J. Farkas, M. Mécsai, G. Szabd

EXCLUSIVELIGANDSFORMU OPIOID RECEPTORS(63)
CsabaTomboly*, GézaToth
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NEW ENDOMORPHIN ANALOGUESUSING Dmt IN POSITION 1(64)
GézaToth', Csaba Tomboly, Dauren Biyashev, Katalin Kovér, Antal Péter, AnnaBorsodi, Mahmound Al-K hrasani,
AndrésRénal, Dominika L abuz and Barbara Przwewlocka

B Progress in receptor biology

COMPARISON OF G PROTEIN-COUPLED RECEPTOR DIMER MODEL S(66)
D.J. Daniels*, D.M. Ferguson, G. Poda, PS. Portoghese

HETEROLOGOUSBLOCKADE OF 3-OPIOID RECEPTOR DESENSI TIZATION BY INVERSE 32-ADRENOCEPTOR
AGONISTS(67)
H. Ammer*, D.A. Eisinger and R. Schulz

QUANTITATIVEAUTORADIOGRAPHY OF MU, DELTA, KAPPA, ORL-1AND A1RECEPTORSIN THEBRAINS
AND SPINAL CORDSOF A2A ADENOSINE RECEPTOR KNOCKOUT MICE (68)
A.Bailey*, M.D.W.Kdlly, S. M. O. Hourani, C. Ledent, I. Kitchen

DELINEATION OF THEMECHANISM OF ERK REGULATION BY MU OPIOIDS(69)
M. M. Belcheva*, P. Haas, Y. Tan, and C. J. Coscia

THEOPIOID-INDUCED REGULATION OF TRANSCRIPTION AT THECELLULARLEVEL (70)
W. Bilecki, R. Przewocki

EFFECTSINDUCED BY CB-1RECEPTOR AGONISTSON VISUAL EVOKED RESPONSESAND OSCILLATORY
POTENTIALSIN THEMOUSE (71)
A. Capasso*, G. Galietta, T. Siniscalchi, M. Festaand A Loizzo

EXPRESSION OF THE CLONED MU OPIOID RECEPFTORMOR-1AND ITSSPLICEVARIANTSIN LUNG (72)
Feng-Ching Chang, Ying-Xian Pan and Gavril W. Pasternak

CO-EXPRESSION OF DELTA OPIOID RECEPTORSWITH MU RECEPTORSIN GH3 CELLSCHANGESTHE
FUNCTIONAL RESPONSE TOMU AGONISTS(73)
Andrew Charles*, Megan Dankovich, and Tim Hales

COMPLETELOSSOF [3H] NALOXONEAND [3H] BREMAZOCINE BINDINGIN THEBRAINSOFMU, DELTA,
KAPPA TRIPLEKNOCKOUT MICE (74)

Sian Clarke* , Traci Czyzyk, Michael Ansonoff, Zhengping Chen, Ming-Sing Hsu, John Pintar, Ray Hill and lan
Kitchen

UPREGULATION OF THEMU, DELTA AND KAPPA RECEPTORSBUT NOCHANGE IN THEORL 1RECEPTORIN
THEBRAINSOF DY NORPHIN/ENKEPHALIN DOUBLE KNOCKOUT MICE(75)
Sian Clarke, Andreas Zimmer, Ray Hill, lan Kitchen

THE CELLULAR DYNAMICS OF THE ORL1 RECEPTOR IN LIVING CELLS: INTERNALISATION AND
DIMERISATION (76)
M. Corbani*, C. Gonindard, M.P. Puisségur and J.C. Meunier

6-OPIOID RECEPTOR CONSTITUTIVELY INTERNALIZED VIA A DYNAMIN-DEPENDENT PATHWAY (77)
SmitaKshirsagar, Laurie J. Erickson* and PY. Law

THEROLE OF AGONIST EFFICACY INMU OPIOID DESENSI TIZATION RATESFOR RECEPTORS EXPRESSED
IN XENOPUSOOCYTESAND IN MOUSE HIPPOCAMPAL SLICES(78)
Wenzhen Jin*, Jeremy P. Celver, Abdel-Azim Assi, and Charles Chavkin

KAPPA AND DELTA HETEROMERIC RECEPTORSIN RAT SPINAL CORD: EVIDENCE FOR KAPPA-2 OPIOID
RECEPTORS(79)
King, C.D., Perez, F.,, Mannes, A. J., and Caudle, R. M
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DETECTION OF SINGLE NUCLEQOTIDE POLY MORPHISMSOF THEHUMAN MU OPIOID RECEPTOR GENE
USING MULTIPLEX PCR AND SINGLE-NUCLEOTIDE EXTENSION ON OLIGONUCLEOTIDE GELPAD
MICROARRAY S(80)

K. Steven LaForge*, Dmitri Proudnikov, Vadim Yuferov, Gennadiy M. Yershov, Alexander V. Kukhtin, Andrei D.
Mirzabekov and Mary Jeanne Kreek

EFFECTSOFEBPSO/NHERF ON REGULATION AND SIGNAL TRANSDUCTION OF THEHUMAN KAPPA OPIOID
RECEPTOR (81)
J-G.Li*, C.ChenandL.-Y. Liu-Chen

MOLECULARBAS SOF DIFFERENCESIN U50,488H-INDUCED PHOSPHORY LATION AND DESENSITIZATION
BETWEEN HUMAN AND RAT KAPPA OPIOID RECEPTORS (82)
J.Li, J-G. Li, C. Chen, F. Zhangand L .-Y. Liu-Chen

DIFFERENTIAL ORL1AND MU OPIOID RECEPTOR MEDIATED CROSS-TOLERANCE INHUMAN NEURONAL
CELLS(83)
ChitraD Mandyam* Ghazi F Altememi and Kelly M Standifer

MU AND DELTA OPIOID RECEPTORSFORM COMPLEXESIN SH-SY5Y CELLS(84)
Amy L. Parkhill*, Ahmed Hasbi And Jean M. Bidlack

ATYPICAL PROCESSING OF HUMAN DELTA OPIOID RECEPTOR MRNA INMALIGNANT CELLS(85)
P. Mayer*, H. Tischmeyer, T. Kroslak, H. Teschemacher, V. Hollt

FORMATION OF HETERODIMERSBETWEEN THE MU-OPIOID RECEPTOR AND THE sst2A SOMATOSTATIN
RECEPTOR PROMOTESHOMOL OGOUSCROSS-DESENSI TIZATION (86)
ManuelaPfeffer*, Stefan Schulz, ThomasKoch, and VVolker Hollt

REGULATION OF OPIOID RECEPTORSAFTER CHRONIC MORPHINE ADMINISTRATION IN AMPHIBIANS
(87)
Steven S Sands, David R Wallace, and Craig W Stevens

THE RAT MOR-1C SPLICE VARIANT IS EXPRESSED BY SEROTONERGIC AND NONSEROTONERGIC
BULBOSPINAL NEURONS(88)
S.A. Schnell and M.W. Wessendorf*

IDENTIFICATION OF A NEURORESTRICTIVE SUPPRESSOR ELEMENT (NRSE) IN THEHUMAN MU-OPIOID
RECEPTOR GENE (89)
Matthew L. Andriaand Eric J. Simon*

PHOSPHORY LATION S TESON ¢-OPIOID RECEPTOR AND AGONIST-INDUCED RECEPTORDESENSI TIZATION
(90)
Jonathan Solberg, Laurie J. Erickson, Odile Maestri-El Kouhen, HoraceH. Lohand PY. Law

TEMPORAL DYNAMICSOF CELLULAR OPIOID AND OPIOID RECEPTOR GENE-EXPRESSION DURING
HIPPOCAMPAL LONG-TERM POTENTIATION (LTP) (92)
Ralf Stumm, Chun Zhou, Stefan Schulz, Heinz Rithrich, Martin Schéfer, Maria\Wagner and Volker Hollt

IDENTIFICATION OF INTRACELLULARPROTEINSTHAT INTERACT WITH MU RECEPTORUSING A YEAST-
BASED GENETICASSAY (92)
J. B. Wang and W. Guang

POSTNATAL MU-OPOID RECEPTOR SUBCELLULARTARGETINGIN THERAT CAUDATE-PUTAMEN NUCLEUS
(93)
H. Wang* and V.M. Pickel

CHRONICMORPHINEALTERSG-PROTEIN FUNCTION IN CELLSEXPRESSING THE CLONED MU RECEPTOR
(94)
Heng Xu*, Y-Feng Lu, Richard B. Rothman

ENHANCED p-OPIOID RESPONSESIN THE SPINAL CORD BY A DELETION OF PROTEIN KINASE CyGENE (95)
Y. Yajima*, M. Narita, H. Mizoguchi, T. Suzuki, M. Narita, N.J. Dun, S. Imai, H. Nagase, T. Suzuki and L.F. Tseng
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U50,488H-INDUCED INTERNALIZATION AND DOWN-REGULATION OF KAPPA OPIOID RECEPTORS:
MOLECULARBASISOF DIFFERENCESBETWEEN RAT AND HUMAN RECEPTORS(96)
F. Zhang, J. Li, J-G. Li, C. Chen, L.-Y. Liu-Chen*

DIFFERENTIAL EFFECTSOF REGULATORSOF G PROTEIN SIGNALING (RGSS) ON ADENYLATECYCLASE
INHIBITION MEDIATED BY L AND 6 OPIOID RECEPTORS(97)
Dechang Zhang*, Zhi huaXie, Cai ying Ye, Hui fen Yang, Jian-Guo Li, Lee-Yuan Liu-Chen

FUNCTIONAL EXPRESSION OF MOUSE DELTA-OPIOID RECEPTOR AND HUMAN NPFF2-RECEPTOR IN
Xenopus|aevisOOCY TES (98)
Minna-LiisaAnkd, SirpaL ehti-Koivunen, AnnikaBrandt, EsaKorpi and Pertti Panula

MUTATIONAL ANALY SISOF CONSERVED RESIDUESOF THE DELTA- OPIOID RECEPTOR
RESPONSIBLE FORRECEPTORACTIVATION AND FUNCTION (99)
Gazouli M., Morou E., Mazarakou G., ArvanitakisL ., and Georgoussi Z.*

CLONINGAND CHARACTERIZATION OF A NEW OPIOID RECEPTOR LIKE FROM ZEBRAFISH (100)
F.Alvar, R.Gonzdez, | .Rodriguez and R.E.Rodriguez.*

INSULIN REGULATES OPIOID RECEPTOR FUNCTION AND NUMBER THROUGH DIRECT TYROSINE
PHOSPHORY LATION (101)
*Ken Kramer, Matthew L. Andria, Stephanie A. Kushner, Jacob M. Hiller, LisaB. Haddad, and Eric J. Simon

MU OPIOID RECEPTOR-MEDIATED ERK-ACTIVATION INVOLVESCALMODULIN-DEPENDENT EGFRECEPTOR
TRANSACTIVATION (102)
M. M. Belcheva, M. Sziics, D. Wang, W. Sadeeand C. J. Coscid

PI3KINASE: ROLEIN OPIOID DESENSITIZATION IN DORSAL ROOT GANGLION NEURONS(103)
L.Linand CW.Xig*

FILAMIN-1BINDSTO THE CARBOXY TAIL OF THEHUMAN MU OPIOID RECEPTOR (104)
I. Onoprishvili, M.L. Andria, JM. Hiller and E.J. Simon’

MORPHINE EXPOSURE ALTERS ORL1 RECEPTOR mRNA EXPRESSION AND OFQ-STIMULATED
[359 GTPgammaSLEVEL S(105)
C. S. Norton*, E. J. Curran, H. Akil and S. J. Watson

DEFECTIVEOPIOID PEPTIDE PROCESSING CORRELATESWITH DECREASE IN OPIOID RECEPTOR SY STEM
IN CPEFT/CPE™T MICE (106)
Oleg Yegorov, Anna Sterling-Dubrovsky, Lakshmi Devi, YemiliyaBerman*

B Opioid addiction/behaviour

MOUSE MU-OPIOID RECEPTOR SPLICEVARIANTSMOR1, MOR1C, MOR1D, AND MORIEDIFFERIN THEIR
MORPHINE-INDUCED INTERNALIZATION, DESENSITIZATION AND RECEPTOR RESENSITIZATION (107)
T.Koch, S. Schulz, M. Pfeiffer, H. Schroder, E. Kahl, and V. Hollt

OPIOID WITHDRAWAL DECREASESBASAL MAPKINASE LEVELSTHROUGH PROTEIN KINASE A (PKA)
(208)
*LisaB. Haddad, Jacob M. Hiller, Eric J. Simon, and Ken Kramer

EXTRACELLULAR SIGNAL-REGULATED PROTEIN KINASE (ERK) ACTIVATION IN RAT VENTRAL
TEGMENTAL AREA BY THE -OPIOID AGONIST FENTANYL: AN EX VIVOSTUDY (109)
H.M.B. Lesscher*, J.PH. Burbach, J.M. van Reeand M.A.FM. Gerrits

MORPHINEWITHDRAWAL ALTERSEXPRESSION OF NEUROTROPHIC FACTORSIN THE RAT BRAIN (110)
Ammon S, Erdtmann-VourliotisM, Mayer P, Riechert U, Hollt V

ACUTEAND CHRONIC MORPHINE AFFECT PROOFQ/N GENE EXPRESSION IN DIFFERENT RAT BRAIN AREAS
(1)
S. Candeletti*, D. Landuzzi, C. D.Addario, P. Romualdi

18



INRC 2001

CHANGESIN NNOSIMMUNOREACTIVITY ARECOMPANIED BY THEDOPAMINERGICACTIVATION INDUCED
BY APOMORPHINE (112)
Choon-Gon Jang*, Han-Kyu L ee, and Seok-Yong Lee

L-NAMEPREVENTSEEG AND BEHAVIORAL ALTERATIONSINDUCED BY DELTORPHIN Il IN THERABBIT
(113)
A. Capasso, G. Galietta, T. Siniscalchi*, M. Festa, A. Pergamoand *A. Loizzo

THEEFFECT OF PAEONIFLORIN ON DRUG-INDUCED BITING AND SCRATCHING BEHAVIOR (114)
Yuh-Fung Chen* Hsun-Lang Fang Huei-Yann Tsai

MOTIVATIONAL EFFECTSOF N/OFQADMINISTERED INTO THENUCLEUSACCUMBENSAND VENTRAL
TEGMENTAL AREA (115)
Michael A. Misilmeri, Geremy Gregory, Huda Akil, and Darragh P. Devine*

ENDOMORPHIN-1AND -2 INDUCE NALOXONE-PRECIPITATED WITHDRAWAL SYNDROMESIN RATS(116)
Eagle Yi-Kung Huang, Pao-L uh Tao, Jihn-Yih Li, and Jin-Chung Chen

INFLUENCE OF THENOVEL PEPTIDE HLDF6 ON MORPHINE TOLERANCE AND DEPENDENCE (117)
Gruden, M .*, Kostanyan, |., Sewell, R.*, Storogeva, Z., Basharova, L., Lipkin, V., Pache, D., Surina, E., Proshin, A.,
Sherstnev, V.

OPIATESACTIVEAT SELECTIVELY LOCATED MU-OPIOID RECEPTORSINHIBIT GABAergic VENTRAL
TEGMENTAL AREA NEURONS(118)
A.L. Svingos, E.E.O. Colago, R.S. Leg, S.C. Steffensen and S.J. Henriksen*

THE EFFECT ON OPIOID PEPTIDESIN THE RAT BRAIN, FOLLOWING CHRONIC TREATMENT WITH THE
ANABOLIC ANDROGENIC STEROID NANDROLONE DECANOATE (119)
Pia Johansson, Mathias Hallberg, Anna Kindlundh and Fred Nyberg

MOTORSTIMULATION AFTER SINGLE AND REPEATED COCAINEAMINISTRATION IN ORL-1KNOCKOUT
MICE (120)
K. Lutfy, S. Eitan, H. Takeshimaand N.T. Maidment

ORPHANIN FQ/NOCICEPTIN BLOCK SDEVELOPMENT OF COCAINE-INDUCED BEHAVIORAL SENSI TIZATION
IN RATS(121)
K. Lutfy, . Khaligand N.T. Maidment

A COMPARATIVESTUDY OFN-METHYL-D-ASPARTATEAND DOPAMINE D1 RECEPTORLEVELSINLEWIS
AND FISCHER 344 RATS(122)
YuliaV. Lyupina*, Sonsoles Martin, Begona Gonzalez, Jose Antonio Crespo, Emilio Ambrosio

INVOLVEMENT OF GLIAL GLUTAMATE TRANSPORTERSIN MORPHINE DEPENDENCE AND NALOXONE-
PRECIPITATED WITHDRAWAL (123)
Takayuki Nakagawa, Tohru Ozawa, Kaori Shige, Rie Yamamoto, Masabumi Minami and Masamichi Satoh

REPEATED CENTRAL INJECTIONSOFD-TY R[11]NEUROTENSIN ALTER MORPHINE-INDUCED LOCOMOTOR
ACTIVITY (124)
Pierre-Paul Rompré*, Annie Blackburn and Janick Boissonneault

EFFECTSOF DEXTROMETHORPHAN ON MORPHINE ADDICTION (125)
Pao-L uh Tao*, Te-Chen Liu and Eagle Yi-Kung Huang

THE OPIOID-INDUCED REGULATION OF MITOGEN ACTIVATED PROTEIN KINASESCASCADE
AT THECELLULARLEVEL (126)
G. Zapart,W. Bilecki, R. Przewlocki

INTRA VTA SP..7 MODULATES NUCLEUS ACCUMBENS DOPAMINE IN THE RAT DURING MORPHINE
WITHDRAWAL (127)
Q. Zhou and F. Nyberg
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CONTENTS OF SUBSTANCE P IN BRAIN OF INBRED RATS WITH DIFFERENT LEVEL OF SELF-
ADMINISTRATION OF MORPHINE (128)
O.FEMedvedeva*, S.K.Sudakov, |.V.Figuring, |.V.Rusakova, N.N.Terebilina

® Opioids and pleasures of life

LEPTIN AND THE MELANOCORTIN RECEPTORAGONIST,MT ||, AUGMENT AMPHETAMINE REWARD (129)
S. CabezadeVaca*, M. Omura, G-Y Kim& K.D. Carr

DIPSOGENICACTION OF A NOVEL PEPTIDE: BV8(130)
*E. Giannini, R. Lattanzi and L. Negri

NOCICEPTIN RECEPTORLIGANDSASPOTENT MODULATORSOF THE REWARDING AND CRAVINGEFFECTS
OF ETHANOL (131)
Alexander Kuzmin, Bjorn Johansson, Lars Tereniusand Sven Ove Ogren

THE EFFECT OFADRENALECTOMY AND CORTICOSTERONE REPLACEMENT ON ORPHANIN FQ-INDUCED
FOOD INTAKEIN RATS(132)
J.R. Nicholson, H. Akil & S.J. Watson

EFFECTSOF NEONATAL SEPARATION ON ETHANOL INTAKE AND OPIOID RECEPTORDENSITY IN THE
RAT BRAIN (133)
KarolinaPloj, ErikaRoman and Ingrid Nylander

THE EFFECTSOF NEONATAL SEPARATION ON TISSUE LEVELSOFDYNORPHIN B AND NOCICEPTIN IN
WISTARRATS (134)
ErikaRoman, KarolinaPloj and Ingrid Nylander

NALTREXONEFORIMPULSIVITY,OBSESSIONALITY AND RISK TAKING BEHAVIORS(135)
Somashekar B S, and Chaturvedi SK

B Opioids and immune function

EXPRESSION OF NOVEL IMMUNE DERIVED ORPHANIN FQ/NOCICEPTIN TRANSCRIPTSINHUMAN BCELLS
(136)
J. Arjomand’, S. Cole, C. Evans

CROSSDESENSITIZATION BETWEEN MU OPIOID RECEPTOR AND CHEMOKINE RECEPTOR CCR5 CO-
EXPRESSED IN CHOCELLS(137)
Chongguang Chen, Jin Li, George Bot, Imre Szabo, Thomas J. Rogersand Lee-Yuan Liu-Chen

DELTA AND KAPPA OPIOIDSOPPOSITELY REGULATE GROWTH HORMONE RECEPTORMRNA LEVELSIN
HUMAN IM-9LY MPHOBLASTS (138)
Dan Henrohn, Pierre Le Grevés, Lars Oreland and Fred Nyberg

IMMUNOMODULATORY PROPERTIES OF BETA-ENDORPHIN IN MICE WITH DIFFERENT
IMMUNOREACTIVITY (139)
MasychevaV.l., Danilenko E.D., SysoyevaG.M., FadinaV.A.
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Plenary and Founders’Lectures

PLENARY LECTURE 1

THE OPIUM POPPY ANDITSALKALOIDS
AHISTORICAL PERSPECTIVE

Ryan J. Huxtable*

Department of Phar macology, University of Arizona
Collegeof Medicine, Tucson, AZ 85724, USA

Four topicswill bediscussed: (i) The botanical originsof
Papaver somniferum; (ii) Evidenceof prehistoric & historic
knowledge; (iii) Theisolation & structure determination
of morphine; and (iv) The biosynthesis of morphine. Of
around 250 species of poppies, only the subspecies of P.
somniferum contain meaningful amountsof morphine. P
somniferum isacultigen, aspecies created by humans. It
appearsto dateto Neolithic times, some 10,000 years BP.
Literary and artefactua evidenceindicatesthat the opium
poppy was known to the classical civilizations of the
eastern Mediterranean and Near East. Examination of the
chemistry of opium began in the early 19th century. In
1817, Serturrner reported theisolation of abase, which he
called morphium, that exhibited the pharmacol ogical
effects of opium. Hisreport precipitated an avalanche of
investigations of alkal oid-containing materials. Despite
intensive work by many chemists, the correct structure
for morphine, atetracyclic, rigid, T-shaped moleculewith
five asymmetric centers, was first proposed by Gulland
and Robinson in 1925. The structure was co Along with
consideration of structure went consideration of how
the poppy made such a complex molecule. Winterstein
and Trier proposed in 1910 that benzylisoquinolines
could be formed from two molecules of dopamine and
Robinson (1925) pointed out that cleavage of abond in
morphineyiel ded abenzylisoquinoline. With the advent
of 14Cinthe 1950s, radiotracer experiments established
that biosynthesiswasrapid, the plant converting CO2 to
morphinewithin 2 hr. Tracer studiesalso established the
significan Almost 200 years of research on morphineled
to the development of an enormous body of general
chemical knowledge, and uncovered areas of biology
apparently remote from the poppy and its secondary
metabolites. Thisfruitful interaction of disciplines seems
likely to continue, with continuing work on natural and
synthetic peptide analogs and the pain pathways they
modify.

PLENARY LECTURE 2

PEPTIDESAND THE BLOOD-BRAIN BARRIER
AbbaJ. Kagtin and Wethong Pan

VA Medical Center and Tulane University School of
Medicine, New Orleans, LA, USA 70112-1262, USA
No longer considered a static, impermesble barrier, the
blood-brain barrier (BBB) is a dynamic player in the
regulation of communication between the brain and the
rest of the body. Some peptides (and polypeptides) enter
the brain from the blood by saturable transport
mechanisms whereas most enter by passive diffusion
based on physicochemical propertiessuch aslipophilicity
and hydrogen bonding. Similarly, some peptidesexit the
brain to the blood by saturable transport systems and
othersleave together with the passive bulk reabsorption
of CSF. For quantification of influx, the sensitive
technique of multiple-time regression analysis is
combined with HPLC to verify that the radioactivity
remains on the intact peptide. The capillary depletion
method with washout is used to ensure that the injected
peptide reaches the brain parenchyma rather than being
tightly bound to the lumen of the capillary endothelia
cells that compose the BBB or loosely adherent to the
vasculature. Sizeis not a major determinant of rate or
type of entry, with the polypeptide leptin entering by a
saturable transport system faster than the entry by
passivediffusion of ingestive peptides such asNPY, orexin
A, MCH, or AgRP(83-132). Similarly, theopiatemodul ating
tripeptide MIF-1 (Pro-Leu-NH,) enters brain faster than
morphine or the tetrapeptide Tyr-MIF-1 (Tyr-Pro-Leu-
NH,), whereas Tyr-MIF-1 but not MIF-1 exitsbrain by a
saturable transport system shared with the structurally
dissimilar Met-enkephalin. Saturable transport systems
into the brain exist for some cytokine polypeptides like
IL-1, GMCSF, and LIF, but not for otherslikelL-2 or IFNg,
and for some neurotrophin polypeptides like EGF but
not for others like TGFa. Downregulation of transport
can be seen with leptin after food restriction and
upregulation after preinjection of glucose. Urocortin, like
therelated CRH, does not enter the brain any faster than
the vascular control albumin, but its transport system
can be activated by leptin and pretreatment with glucose.
CRH, but not urocortin, leaves the brain by a saturable
transport system in amounts sufficient to exert an effect
in the periphery. In the spinal cord, transport of TNFa
can be upregulated in experimental allergic
encephalomyelitisaswell asvariousformsof spinal cord
injury. Thus, the BBB exerts can exert an important
regulatory function in the passage of peptides and
polypeptides between the blood and the brain.
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PLENARY LECTURE 3
RECEPTORSFORNEUROTROPHIC FACTORS
Mart Saarma

I nstitute of Biotechnology, Univer sity of Helsinki, P.O.
Box 56, Viikinkaari 9, FIN-00014 Helsinki Finland
Neurotrophic factorsare agroup of secreted polypeptide
growth factors that are important for the intercellular
communi cation during the devel opment, maintenance and
plasticity of the nervous system. Nerve growth factor
(NGF)-family of neurotrophic factors, called
neurotrophins, are best known for promoting neuronal
survival, differentiation, neurite growth, and also as a
regulator of synaptic devel opment and plasticity. Among
important neurotrophic factorsistheglial cell line-derived
neurotrophic factor (GDNF) family of ligands (GFL).
GDNF and other membersof thefamily, neurturin (NRTN),
artemin (ARTN) and persephin (PSPN) support several
populations of neurons in the central nervous system,
including midbrain dopamine neurons and motoneurons.
Since GDNF and neurturin can rescue dopamine neurons
in the animal models of Parkinson disease, as well as
motoneurons in vivo, GFLs have raised hopes as new
drugs for the treatment of neurodegenerative diseases.
In addition, GDNF, NRTN and ARTN also support the
survival and regulate the differentiation of many
peripheral neurons, including sympathetic,
parasympathetic, sensory and enteric neurons. GDNF
also hasimportant functions outside the nervous system,
asamorphogenetic factor in kidney devel opment and as
a regulator of spermatogonia differentiation. GFLs
promote their cellular effects through a unique receptor
system, where areceptor tyrosine kinase c-Ret is shared
by four GDNF family ligands. GDNF family ligands can
not bind directly to c-Ret, but first form a high affinity
complex with the glycosyl phosphatidylinositol (GPI)-
anchored GDNFfamily receptor (GFR) a. The GFL-GFRa
complex then binds to c-Ret thereby triggerring c-Ret
dimerization, autophosphorylation, and intracellular
signaling. GDNF specifically bindsto GFRa 1, NRTN to
GFRa 2, ARTN to GFRa3 and PSPN activates c-Ret via
binding to GFRa4. Theautophosphorylated c-Ret inturn
activates several intracellular signaling proteins that
regulate cell survival, differentiation, proliferation,
migration, neurite growth and synaptic modulation.
Characterisation of GDNF family signalling pathwaysis
important for several reasons. Firstly, to develop small

molecular drugs acting at this pathway for the treatment
of several neurodegenerative diseases. Secondly, to
understand the molecular mechanisms of pathogenesis
of diseases caused by mutations in c-Ret. Activating
mutations in RET cause the inherited cancer syndrome
multiple endocrine neoplasia2 (MEN2) characterised by
medullary thyroid carcinoma. I nactivating mutations of
the RET genelead to the devel opment of Hirschsprung's
disease, characterised by the absence of intrinsic
ganglionic cells in the distal gastrointestinal tract.
Although significant progress has been made in the
characterisation of RET mutations and changes in Ret
downstream signalling in pathological conditions, severa
challenges still remain. Several new discoveries have
further boosted interest towards the GDNF family of
factors. Firstly, an elegant study demonstrated the
potential of GDNF in the regeneration of sensory axons
after spinal cord injury. Secondly, a rather unexpected
role of GDNF in the regulation of biochemical and
behavioral adaptationsto chronic morphine and cocaine
abuse was recently reported.

PLENARY LECTURE4

CNSREGENERATION

Peter S. Eriksson

I ngtituteof Clinical Neur oscience, Gétebor g Univer sity
S-41345 Gotebor g, Sweden

The generation of new neurons (neurogenesis) in the
adult hippocampus is regulated in several steps. Two
major events of significance for cell genesis from
progenitor cells are proliferation and lineage
determination. My laboratory focus on factors of
importancefor theregulation of proliferation and lineage
determination, e.g. ciliary neurotrophic factor (CNTF),
insulin-like growth factorl (IGF-1) and opioids. Recent
studies suggest that CNTF may play arole in reactive
gliosis, a hallmark of most CNS disorders. The CNTF
receptor a-subunit (CNTFRa) wasexpressed in fibroblast
growth factor-2 (FGF-2) expanded adult-derived rat
hippocampal neural progenitors (AHPs). Binding of
CNTF to CNTFRa resulted in activation of the Janus
kinase - signal transducer and activator of transcription
(Jak - STAT) pathway. It was demonstrated that CNTFis
aningtructivesignal for astroglial type2 cell fatein AHPs,
and by electroporation of antisense oligonucleotides
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against STAT3 it was shown that the astroglia lineage
determination is specifically mediated via activation of
STAT3. However, inhibition of the mitogen-activated
protein kinase (MAPK) signalling pathway did not block
CNTF-induced gliogenesis in progenitor cells. These
experiments demonstrated that CNTF is an instructive
signal mediating glial cell fate in undifferentiated
progenitors. These results may have implications for
future strategies aiming at using endogenous progenitors
in brain repair. It has recently been demonstrated that
running is a very potent inducer of neurogenesisin the
dentate gyrus. Thereforeweinvestigated the downstream
mediators of growth hormone (GH) concerning effects
on progenitor cells in the dentate gyrus. In vivo we
investigated the effect of the peripheral administration
of IGF-1 on cellular proliferation in the adult rat dentate
subgranular proliferative zone, and on the subsequent
migration and differentiation of progenitor cells within
the granule cell layer (GCL). Using bromodeoxyuridine
(BrdU) labelling, wefound asignificant increase of BrdU-
immunoreactive progenitors in the GCL after 6 days of
peripheral |GF-1 administration. BrdU-positive cellsaso
increased significantly in animalstreated with | GF-1 for
20 days. Furthermore, the fraction of newly generated
neurons in the GCL increased, as evaluated by the co-
localisation of neuronal markersand BrdU after 20 days
of IGF-I treatment. Thus, our results show that peripheral
infusion of IGF-I increases progenitor cell proliferation
and induces neurogenesis in progeny of adult neural
progenitor cells. This correspondsto a78+17% increase
in the number of new neurons in |GF-I-treated animals
compared to controls. In vitro we found that the IGF-1-
receptor, is expressed in AHPs. |GF-I-treated cultures
showed a dose-dependent increase in DNA synthesis
and number of cells, well separated from the effects
mediated by insulin, demonstrating a proliferative effect
of IGF-I. We also demonstrated by means of inhibitors
and dominant negative constructs that the MAPK
signalling pathway was required for IGF-1-stimulated
proliferation in AHPs. Interestingly we now have
evidence that selective L and & opioid receptor agonists
also modulate neurogenesis. Thesefindings demonstrate
theimportance of extracellular signals and indicate that
proliferation and cell fate determination areregulated by
complex interactions between progenitors and
extracellular cueslikethe CNTF, IGF-I and members of
the opioid systems.

FOUNDERSLECTURE

FROM MODELS TO MOLECULES IN OPIOID
RESEARCH

Philip S. Portoghese

Department of Medicinal Chemistry, University of
Minnesota, College of Pharmacy, University of
Minnesota, Minneapolis, M N 44455, USA

Over the years opioid ligands have been the most
investigated class of compounds. Themolecular diversity
of opioids and the existence of subpopulations of opioid
receptors have posed both challenges and opportunities
for medicinal chemists. In this presentation, models for
the design of opiate-derived ligands as probes are
discussed together with their utilization to investigate
the architecture of opioid recognition sites and
organization of opioid receptors. The combination of
structure-activity studies, site-directed mutagenesis, and
molecular modeling have provided greater insight of
molecular recognition from the perspective of both the
ligand and opioid receptor.
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ACTIVATION OF G PROTEIN BY OPIOID
RECEPTORS EFFECTSOF AGONIST PROPERTIES
JohnR. Traynor

Department of Phar macology, Univer sity of Michigan
Medical School, Ann Arbor, M1, 48109, USA

Opioid receptors coupleto pertussis-toxin sensitive Gi/o
proteins. Agonist occupation of these receptors causes
the dissociation of GDP from the Ga subunit and allows
the binding of GTP. Thisactivation of G protein may be
measured by increased binding of theanalog [®S|GTPgS
to determine agonist potencies and efficacies (including
inverse agonists) and antagonist affinities. However,
agonists can al so facilitate the dissociation of pre-bound
[®S]GTPgS from Gasubunits. Efficacy measuresgained
in these assays are consistent with in vivo and clinical
findings. For example with mu agonists: etorphine >
fentanyl > morphine = methadone > buprenorphine >
pentazocine > butorphanol > nalbuphine; potency varies
in adifferent order with buprenorphine the most potent.
The consequences of desensitization and co-expression
of mu and deltareceptorson [*¥S]GTPgS binding will be
considered. Finally, potential role(s) for RGS proteins
(Regulatorsof G protein Signaling) inthe cellular actions
of opioids will be discussed. Supported by NIH grants
DA 04087 and 00254.

ALTERNATIVE SPLICING ASANEXPLANATION
Gavril Pasternak

The Laboratory of Molecular Neurophar macology,
Department of Neurology, Memorial Sloan-K ettering
Cancer Center, New York, NY 10021, USA

Unlike many areas of pharmacology, opioid research has
long been directed by observations from the clinic. For
example, multiple opioid receptors were proposed based
upon theclinical interactions of morphine and nalorphine.
Despitetheir common classificication asmu, most opioids
used clinically have widely varying analgesic activities
and side-effectsamong patients. Furthermore, they display
incomplete cross tolerance. These observations are
difficult to reconcile with a class of analgesics acting
through a common receptor. Binding studiesimplied the
existence of multiple mu receptors over 25 years ago, a
concept supported by aseries of selective mu antagonists.
However, the definitive identification of multiple mu
receptors required the cloning of the mu receptor. There
are now at least 7 different mu opioid receptors. These
variants display different regional distributions and are
functionally distinct, despite their common, high affinity
and selectivity for morphine and other mu ligands.
Although the functional significance of many of these
MOR-1 variants remains to be defined, their existence
confirms, at a molecular level, the complexity of mu
pharmacol ogy, something clinicians have recognized for
decades.

MECHANISMSOF OPIOID-INDUCED PAIN AND
TOLERANCE

Frank Porreca

Department of Phar macology, Univer sity of Arizona,
Tucson, AZ 85724, USA

Recent evidence suggests that, in addition to analgesia,
opioids produce unexpected, paradoxical pain in both
preclinical and clinical settings. Such opioid-induced
pain limits not only acute antinociceptive efficacy but
also appears to promote the decreased antinociception
seen with sustained exposure (i.e., behavioral opioid
antinociceptive tolerance). Manipulations which block
opioid-induced pain also block the decrease in
antinoci ceptive potency seen with sustained morphine,
suggesting that opioid-induced pain may represent an
important component of opioid antinociceptivetolerance.
Among the manipulations which block opioid-induced
pain and antinoci ceptivetolerance arerostral ventromedial
medulla(RV M) injection of lidocaineand bilateral lesions
of the dorsolateral funiculus (DLF) suggesting atonically
active descending pain modulatory (facilitatory) system
which mai ntai ns opioid-induced pain and antinoci ceptive
tolerance. Cellsin the RVM which are known to mediate
descending facilitation of pain are thought to express
opioid mu receptors. Cytotoxic lesions of mu receptor
expressing cellsintherostral ventromedial medullausing
a dermorphin-saporin conjugate, also block opioid-
induced pain and antinociceptive tolerance. Tonic
activation of descending pain facilitation results in an
upregulation of spinal dynorphin levels. Such abnormal
levels of dynorphin are pronociceptive and act to
maintain opioid-induced pain and apparent opioid
antinociceptive tolerance. Opioid-induced pain, and
antinociceptive tolerance, is not observed in
prodynorphin knock-out mice. Spinal tissues from
morphine pelleted mice show enhanced capsaicin-evoked
CGRPrelease; enhanced rel easeisblocked by antiserum
to dynorphin and by prior lesions of the DLF. These
findings suggest a novel physiological mechanisms of
opioid tolerance which is related to enhanced pain
mediated by activation of cells expressing opioid mu
receptorsin the RVM. Strategies which prevent opioid-
induced pain also prevent antinociceptive tolerance.
Thus, it seems possible that such approaches will alow
for sustained opioid analgesic efficacy and their use in
the treatment of chronic or prolonged pain states.
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ENDOMORPHINSIN CHRONICPAIN

JamesE. Zadina

TulaneUniver sity School of Medicineand VA Medical
Center, New Orleans, LA USA 70112

Chronic pain after nerve injury is associated with
neuroplasticity in primary afferents and the spinal cord
dorsal horn. Most studies of these syndromes have
focused on increased excitatory processes, while an
alternative, theloss of inhibitory processes, hasreceived
relatively little attention. Endomorphin 2 (Tyr-Pro-Phe-
Phe-NH , EM2), an endogenous mu-selective opioid, is
present fn primary afferents and the dorsal horn. We
tested whether EM-2-likeimmunoresactivity (EM2-L1) is
altered after unilateral partial ligation of the sciatic nerve
inmouseandrat. A chronic pain syndromethat included
thermal hyperalgesia and mechanical alodynia was
present within 24h and remained significant for at least 2
weeks. Dramatic decreasesin EM2-L1 inthe spinal cord
ipsilateral to the nerveinjury were also observed during
thistime. The changeswererestricted to lumbar regions
innervated by the sciatic nerve. Consistent with earlier
studies, a modest loss of Substance P-LI was also
observed, but CGRP-LI was unaltered. By contrast,
dynorphin-L1 showed a significant increase. Thus, the
profile of neuroplasticity after nerve injury includes
decreasesin EM-2-L 1. Lossof theinhibitory influence of
this endogenous opioid could contribute to the
development of chronic pain.

a,-ADRENERGIC MODULATION OF OPIOIDERGIC
SYSTEMS

Mika Scheinin

Dept. of Pharmacology and Clinical Phar macology,
University of Turku, FIN-20520 Turku, Finland

ABSTRACT NOT PROVIDED

INVOLVEMENT OF THE ENDOGENOUSOPIOID
SYSTEM IN CANNABINOID RESPONSES
R.Maldonado?, S. Ghozland?, O. Valverde', E. Valjent?,
P.Robledo!, A.M. Zimmer2, M. Ko6nig? A. Zimmer?, D.
Filliol3, F. Simonin®, H.W.D. M atthes®, B.L . Kieffer®

! Lab Neuropharmacology. Univ Pompeu Fabra,
Bar celona, Spain. 2 Psychiatric Clinic Univ of Bonn,
Germany. ® UPR 9050, ESBS, I lIkirch, France
Cross-interactions between opioid and cannabinoid
systems in dependence and reward-related processes
have been shown in many studies. We have recently
established a model of tolerance and dependence to
deltad-tetrahydrocannabinol (THC) in miceaswell asa
model of place conditioning to evaluate both rewarding
and aversive properties of THC in mice. We have used
these behavioral modelsin three strains of knockout mice
lacking either mu, delta or kappa opioid receptors, and
we have observed interesting cross-interactions between
the two systems that may help to understand the
mechanisms of action of cannabinoids. The functional
interactions between the cannabinoid and opioid systems
were also evaluated in pre-proenkephalin and pre-
prodynorphin deficient mice. Antinociception induced
in the tail-immersion test by acute THC was reduced in
these two lines of mutant mice, whereas no difference
between genotypeswas observed in THC effects on body
temperature and locomation. Cannabinoid withdrawal
syndrome was also significantly attenuated in pre-
proenkephalin mutant mice. These results indicate that
the endogenous enkephalinergic and dynorphinergic
systems are involved in the antinociceptive responses
of THC. Endogenous enkephalins also participatein the
expression of the cannabinoid abstinence. The present
study provides new data to clarify the involvement of
the different components of the endogenous opioid
system in the adaptive responses occuring during

chronic THC exposure.
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RF-AMIDE PEPTIDESIN MAMMALIAN BRAIN:
NOVEL MULTIFUNCTIONAL SYSTEMS

Pertti Panula‘? M aijaliisaNieminen*2, AnnikaBrandt?,
JohannaWesterlund*?, K atja K uokkanen!, Minna-Liisa
Ankot, MariaOster gér d, Pirjo Pietilat, VesaK ontinen?,
Me Xu3, Hong Wei“, EijaK also®, Antti Pertovaar a*®
1Department of Biology, Abo Akademi Univer sity, Turku,
Finland, Departmentsof 2Anatomy, *Phar macology and
Toxicology and “Physiology, | nstitute of Biomedicine,
University of Helsinki, Finland, and ®Department of
Physiology, | ngtituteof Biomedicine, Univer sity of Turku,
Finland

A mammalian RF-amide peptide neuropeptide FF recently
cloned from several species acts in the brain as an
antiopioid peptide but potentiates morphineanalgesiain
the spinal cord. The second RFamide peptide, reported
as prolactin-releasing peptide PrRP, could also have
important functionsin sensory and autonomic regul ation.
PrRP peptide was not prominently expressed in aproper
locus for prolactin release, but was abundant in the
medulla oblongata, where it was expressed in a
complementary manner with neuropeptide FF.
Immunoreactivity was absent from the dorsal horn of the
spinal cord. In accordance with thisabsence, no analgesic
effect wasfound after inrathecal administration. PrRP20
in or adjacent to the nucleus of the solitary tract produced
asignificant, naloxone-reversible analgesia, whereasin
the caudal ventrolateral medulla it had a weak
hyperalgesic effect. Further identification of related
peptides and their receptorsin the CNS suggest that RF-
amide peptides operate on different levelsof the CNSto
modul ate multiple functions.

ANEW PRONOCICEPTIVEPEPTIDE

L. Negri

Department of Human Physiology and Phar macology,
Uni.“LaSapienza’, Rome, Italy

From skin secretions of the frog Bombina variegata, we
isolated a small protein termed Bv8. As deduced from
cloned cDNAs, the murine and human Bv8 homol ogues
have identical aminoterminal sequences. Bv8 mRNA is
abundant both in human and in mouse testis and
peripheral leukocytes. In situ hybridization shows that
BvB RNA iswidely expressedintherodent CNS (olfactory
bulb, pyramidal cells of the cortex, limbic regions,
sensitiveand motor nuclei of brain stem, Purkinje cellsof
cerebellum, posterior and anterior horns of spinal cord).
I.c.v. and s.c. injections of Bv8 (30-600 pmol/rat) dose-
dependently reduced the pain threshold to heat
nociceptive stimulus (tail-flick test and plantar test) and
to mechanical nociceptive stimulus (paw pressure test).
Mechanical hyperalgesiainduced by s.c.injection of Bv8
was reverted by pretreatment of rats with clonidine, L-
732, MK 801, MPER, L-NAME, indomethacin, quinacrine,
U-73122, GF109203, PD98059. Bv8 mRNA fromhuman
leukocyteswas 2.5 fold increased after 24 hoursexposure
of peripheral neutrophilsto 50 nM GM-CSF. Moreover,
the sequence of Bv8 precursor containsthetypical signal
peptide sequence for secretion.Thus, BV8 could be a
new mediator of leukocyte-dependent hyperalgesia.

DISTINCT ROLESOF ppN/OFQ-DERIVED PEPTIDES
INPAINCONTROL

Hiroshi Ueda!, Toshiko Kawashima!, Makoto I nouet,
Hiroshi Takeshima?, Girolamo Calo’ *and Richard G.
Allen®

Dept M ol.Phar macol. Nagasaki Univ. Sch.Phar mac.
Nagasaki852-8521, 2K urumeUniv Japan, *Univ. Ferrara,
Italy and “OHSU, USA

Prepro-nociceptin/orphanin FQ (ppN/OFQ) has various
biologically active peptides in its sequence. N/OFQ is
the first peptide, which has been introduced as an anti-
opioid peptide. Nocistatin is the second peptide, which
has been reported to inhibit the N/OFQ action. Thethird
potential peptide is the ppN/OFQ (160-187) whose
pharmacological and physiological actions are not well
reported. In addition to these peptides, we recently found
thefourth candidate, whichisthe C-termina fragment of
N/OFQ, N/OFQ(13-17). Wereport the pharmacol ogical
characterization of pronociceptive actions of these
peptides, and the physiological roles of N/OFQ and ppN/
OFQ (160-187) in the pain control at the level of spinal
cord. N/OFQ, nocistatin and N/OFQ(13-17) activate
capsaicin-sensitive C fibers through Gi and release
substance P into the spinal cord, while ppN/OFQ (160-
187) activates capsaicin-insensitive (A) fibers through
Gsand rel ease glutamate to activate NM DA receptorsin
the spinal cord. From the experiments using N/OFQ
antagonistsand anti-ppN/OFQ (160-187) 1gG, wefound
that N/OFQ and ppN/OFQ (160-187) havedifferent roles
intheregulation of different modalities of pain.

TRUE DUAL INHIBITORS OF ENKEPHALIN-
DEGRADING ENZYMES: DEVELOPMENT AND
CLINICAL APPLICATIONS

F.Noble, M. MasNieto, H. Chen, M.C. Fournié-Zaluski
and B.P.Roques

U266 INSERM, UMR 8600 CNRS, Université René
Descartes, 4 Avenue de |’ Observatoire, 75006 Paris,
France

The discovery that the endogenous morphine-like
peptides, Met- and Leu-enkephalins are inactivated by
two metallopeptidases, which can be blocked by dual
inhibitors represents a promising way to develop new
analgesics, devoid of the side effects of morphine. A
serie of recently designed aminophosphinic NEP/APN
inhibitors leads to enhanced levels of Met-enkephalin-
like immonureactivity in PAG and induces long-lasting
antinociceptive effects. The analgesic responses
mediated by these inhibitors was strongly improved by
association with very low and inactive doses of morphine.
Altogether, these results indicate that these compounds
could be appropriate for treatment of chronic pain.
Furthermore, these inhibitors modulate the functioning
of themesolimbic and nigrostriatal dopaminergic systems,
implicatedin mood control. At thistime, theclinicd trials
reguire an improvement in oral bioavailability of these
dual inhibitors.
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DIMETHYLTYROSNE, THEOPIOIDAFFAIR
Lawrence H. L azarus! Sharon D. Bryant,! Severo
Salvadori,2Remo Geurrini,2Gianfranco Balboni,® Yuko
Tsuda*and Yoshio Okada*

PeptideNeurochemistry, LCBRA, National I ngtitute of
Environmental Health Sciences, Research Triangle
Park, NC 27709, USAL, Department of Phar maceutical
Science, University of Ferrara, 1-44100 Ferrara, I taly,?
Department of Toxicology, Univer sity of Cagliary, 109126
Cagliary, Italy,*and Faculty of Phar maceutical Sciences,
Kobe Gakuin University, Nishi-ku, Kobe 981-8558
Japan.#

A remarkablealteration inthe propertiesof opioidsresides
intheincorporation of 2',6'-dimethyl-L-tyrosine (Dmt) at
the N-terminus of diverse opioidmimetics and
underscoresitsapplicability inthe formation of new and
potent opioid ligands. Introduction of Dmt into the Tyr-
Tic (1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid)-
pharmacophore enhanced receptor affinity (Kid < 0.1
nM) and functional bioactivty by orders of magnitude
[Lazarus et al., Drug Disc. Today 3, 284-294 (1998)]; a
similar augmentation was observed with endomorphin
anal ogues, pyrazinone-based opioids and a unique class
of synthetic opioidmimetic substances [Okada et al.,
unpublished datd]. Intheabsenceof Tic, Dmt facilitates
high affinity interaction for p receptors (Kip < 1 nM).
Our systematic analyses extends and verifies the
hypothesis that Dmt is a universal residue for the
acquisition of high affinity for both & and p-opioid
receptors, which suggest a similar binding site within
these receptor types,; Tic was considered responsible
for antagonism, however, H-Dmt-Tic-NH exhibited
inverseagonism (EC =2.66nM). Evolution of the Dmt-
Tic pharmacophores? a o antagonist (pA , 8.2), into
bifunctional/ heterofunctional ligands was associated
with the nature of the spacer and its length between Tic
and a C-terminally extended aromatic/hydrophaobic
substituent. The Dmt-Tic pharmacophore based on the
formulaDmt-Tic-X-Y (X = diphaticlinkersto Y, athird
aromatic center) coupled with 1H-benzimidazo-2-yl,
phenyl or benzyl groups converts a d antagonist into a
ligand with potent &-agonist activity (pEC , 9.90), which
could serve as non-addictive analgesics duri ng surgery,
or mixed o antagonism/pL agonism. Dataverify that thep
receptor requires larger, hydrophobically-enhanced
ligandslacking an anionic function, which discriminates
between & and p receptors. Some hydrophobically
extended analogues effectively inhibited the P-
glycoprotein responsible for multidrug resistance in
cancer.

HS378—AHIGHLY SELECTIVE DELTA-OPIOID
RECEPTORANTAGONISTWITH
IMMUNOSUPPRESS VE PROPERTIES

Hdmut Schmidhammer

Division of Pharmaceutical Chemistry, Institute of
Phar macy, Univer sity of Innsbruck, I nnrain 52a, A-6020
Innsbruck, Austria

HS 378 —a 14-alkoxy-substituted indolomorphinan—isa
potent pure delta opioid receptor antagonist with much
higher deltaselectivity than naltrindole. Thiscompound
exhibited an anti-proliferative activity against
concanavalin A stimulated T-cells. HS 378 reduced
significantly thedegree of chronicinflammation andtissue
damage associated with adjuvant arthritisintherat. The
attenuation of clinical symptoms of arthritis was
accompanied by aca. 60% decreasein paw volume. The
mechanismsresponsiblefor the anti-inflammatory actions
of HS 378 are at least partly due to the modulation of
cellular immune responses. Thus, HS 378 may be a
potential anti-arthriticimmunoregulatory drug for human
inflammatory arthritic diseases.

NEW INSIGHTSINTO OPIOIDPHYS OLOGY AND
PHARMACOLOGY USING TRIPLE MU/DELTA/
KAPPA OPIOID RECEPTORKNOCKOUT MICE
Brigitte L. Kieffer™, Frédéric Simonin?, Claire
Gavériaux-Ruff!, HansMatthest, DominiqueFilliol?,
Migud Martin?and Rafael M aldonado??

UPR 9050 CNRS, ESBS, llIkirch, France; 2Univer sitat
Pompeu Fabra, Bar cdona, Spain

We have recently generated mice lacking either the m-
(MOR), d- (DOR), or k- (KOR) opioid receptor gene. We
now haveinterbred these mutant mice to generate mutant
micelacking al three genes. Binding studies confirmed
the absence of m-, d-, and k-opioid receptor sitesin the
triplehomozygous mutants. Themiceareviableand fertile
and the observation of spontaneous behavior shows
modifications of locomotor activity and nociceptive
thresholds in mutant mice. These mice allow now to
investigate the genetic origin of non-classical opioid
binding sites or activities. Here we will present data on
our investigation of k2 receptor sites, defined by the
pharmacol ogy asnon-k1 [®H] bremazocine binding sites.
Also we have examined possible mechanisms of thewell-
described immunosuppressive activity of naltrindolein
the graft rejection process.
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GENETICVARIATIONSON THE THEME OF p- AND
& OPIOID RECEPTORS

Volker Hdllt, Jirgen Kraus, Thomas Kroslak, Peter
Mayer, Stefan Schulz

Department of Pharmacology, Otto-von-Guericke
Univer sity, Magdebur g, Germany

Candidatesfor genetic predisposition to substance abuse
are defectsin genes of opioid receptors. A high number
of polymorphisms has been detected in the p- and &-
opioid receptors. Several of themutationsselectively alter
physiological properties of the receptors. Examples are
the phosphorylation site mutant of Ser268Pro in the p
opioid receptor which impairs down regulation and G-
protein coupling or the absence of the complete third
intracellular loop in ad receptor variant which abolishes
G-protein coupling but may preserve coupling to other
pathways. In addition to coding regions several
polymorphisms exist in the promoter regions of the p
opioid receptor gene. One of them impairsthe binding of
the Stat-6 binding factor which mediates transcriptional
regulation of the L opioid receptor by cytokines such as
IL-4. Variants of the uand the &- opioid receptors showed
postive associationswith opiate and/or a cohol addiction
in some studies. However, these association were weak
indicating only asmall, if any, contribution of the opioid
receptor genes to these disorders.

MODULATION OF SENSITIZATION BY
ENDOGENOUSOPIOIDSYSTEMS

T.S. Shippenberg, J. Pintar*, T. Czyzyk* and V.I. Chefer.
I ntegr ative Neur oscience Section, NIH/NIDA Intramural
Resear ch Program, Baltimore, M D, USA and *UM DNJ-
Robert Wood Johnson M edical School, Piscataway, NJ,
USA.

The repeated use of psychostimulants leads to a
progressive enhancement of their behavioral effects. This
process, referred to as sensitization, has been implicated
in drug-craving and the paranoid psychosis that occurs
in some individuals following the reinstatement of
stimulant use. Marked alterations in the activity of
endogenous opioid receptor systems are also observed
in human addicts and experimental animalswith ahistory
of psychostimulant abuse. This talk will discuss
neuroadaptations that occur in kappa opioid receptor
systemsfollowing the repeated administration of cocaine
and present evidence that alterations in the activity of
these systems not only modulate the development of

ENDOMORPHINS - PECULIAR BINDING
PROPERTIES

A.Borsodi, . Lengyd, D. Biyashev, Cs Tomboly, G. Toth,
|. Szatmari, K. Monory. J. Hanoune* and S. Benyhe

I ngtituteof Biochemistry and | sotopeL aboratory of the
Hungarian Academy of Sciences, H-6701 Szeged, P.O.B.
521, Hungary; *INSERM U99, Creteil, France

It is generally accepted, that endomorphins bind with
high affinity and exclusively to the mu opioid receptor.
However, our recent data indicate that tritiated
endomorphin 1 with aspecific radioactivity of 42 Ci/mmol
- prepared by catalytic dehalogenation - isableto bind
to a second, naloxone insensitive site. This site is not
recognized by heterocyclic opiate ligands, neither
agonists, nor antagonists. On the contrary, endomorphin
lisdisplaced fromitslow affinity, high capacity site by
several peptides, including methionine-enkephalin Arg-
Phe, nociceptin, angiotensin, FMRF-amide, etc. This
binding site seems to be present in tissues carrying low
density or no mu receptors. The naloxone insensitive
siteisnot coupled to G proteins, nor does affect adenylyl
cyclaseactivity. Supported by OTKA T-032907 T-03086
and T-035211 grantsand Janos Bolyai Fellowship (1.L.).

drug-induced sensiti zation but may also play animportant
rolein mediating individual differencesin vulnerability
to the behavioral and neurochemical effects of at least
one class of abused drugs. Wewill present evidence that
pharmacological or genetic ablation of kappa opioid
receptors exacerbates the behavioral effects of cocaine;
an effect that is associated with an enhanced
responsiveness of mesocorticolimbic dopamine neurons
to cocaineand anincreasein basal dopamine uptake and
release. In contrast, an increase in the activity of kappa
systems prevents the development of sensitization to
cocaine as well as aterations in dopamine transporter
function that occur asaconsequence of repeated cocaine
use. Anatomical, and biochemical evidence that these
actions may result from the ability of kappa opioid
receptor agoniststo regulate the activity and cell surface
expression of the dopamine transporter will be presented.
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THE DYNAMICS OF DRUG ADDICTION:
IMPLICATION OF ENDOGENOUSOPIOIDSAND
DOPAMINE

Van Ree .M., Gerrits M.A.FM.

Rudolf Magnus Institute for Neurosciences, Utrecht, the
Netherlands

Different stagesin the addi ction course can be delinested:
the initiation phase, the maintenance phase, the
withdrawal phase and the relapse phase. Various
psychological and biological mechanisms seem to be
important for the drug use in these stages. The
psychological mechanismsincludeliking thedrug, which
has been linked to reinforcement and euphoria, and
wanting the drug, playing arole in the daily pattern of
drug intake during maintenance, but also in the
phenomenon of craving which may be important for
relapse. There are indications that endogenous opioids
play arolein modulating drug reinforcement, which may
be pertinent to the individual susceptibility with respect
to development of (psychic) dependence, in thedynamics
of drug taking behaviour during the maintenance phase
of drug dependence and in certain motivation effects
induced by repeated drug (self)administration, which may
be involved in craving and relapse. Another important
substance may be dopamine. The role of this
neurotransmitter in opioid reinforcement has been
guestioned. However, there are data suggesting that
dopamine systems are involved in the daily intake of
drugs of abuse. Dopamine has also been implicated in
models of craving.

OPIOIDSANDALCOHOL ADDICTION

P.Hyytid, M. Koigtinen, P. Tuomainen and K . Kiianmaa
Department of Mental Health and Alcohol Resear ch,
National PublicHealth I nstitute, Helsinki, Finland
Several lines of evidence suggest that the endogenous
opioid system mediates partly the reinforcing effects of
alcohol. A genetic predisposition towards alcohol
drinking isaccompanied by altered basal levelsof opioid
peptides in the brain and an increased sensitivity of the
endogenous opioid system to alcohol. For example, the
AA (Alko Alcohol) and ANA (Alko Non-Alcohal) rats
lines, selected for high and low voluntary a cohol drinking,
differ with respect to the amount of opioid peptides and
their mRNA levels in distinct brain areas. Consistent
with therol e of the endogenous opioid system in al cohol
reinforcement, both nonselective and selective opioid
receptor antagonists suppress alcohol
administration. The nucleus accumbens and amygdala
may be important sites for the mediation of their
suppressive effects that could result partly from an

self-

interaction between the mesolimbic dopamine pathway
and the opioidergic system.

ORPHANIN FQ/NOCICEPTIN AND THE
MESOLIMBICDOPAMINE SYSTEM

N.P.Murphy, K.Lutfy, S. Narayanan, A.M. Tan, H.A.
Lam, J.E. Pintar,H. Takeshimaand N.T. Maidment*
Dept. Psychiatry and Biobehavioral Sciences,
Neuropsychiatric I nstitute, UCLA, Los Angeles, CA
90024, U.SA.

Accumulating evidence suggests that orphaninFQ/OFQ/
N (OFQ/N) regulates mesolimbic dopamine (DA)
neurotransmission. OFQ/N reduces extracellular DA in
the nucleus accumbens, an action mediated in the VTA.
This effect is also apparent in primary cultures of rat
midbrain DA neurons, with an IC50 of 3nM. The
behavioral significance of this action is suggested by
OFQ'sahility to block the acquisition of morphine place
preference and to attenuate the acute |ocomotor response
to cocaine. We have used ORL.1 knockout mice to
determine if endogenous OFQ/N is an important
modulator of the behavioral and neurochemical response
to single or repeated heroin or cocaine administration.
Theextracellular DA elevationinresponseto acute heroin
or cocainewassimilar in WT and ORL.1 knockout mice.
Thelocomotor response to acute cocaine, but not heroin,
was attenuated in knockout mice. However, preliminary
data indicate that behavioral sensitization to both these
drugs may be accentuated in knockout mice.

OPIOID SYSTEMSINFOOD INTAKE

Allen S.Levine. Minnesota Obesity Center, Minneapolis
VA Medical Center and theUniver sty of Minnesota, USA
There is a long history suggesting that opioids are
involved in the rewarding aspects of feeding behavior.
Our group has found that naloxone potently decreases
intake of preferred foods and solutions. For example,
nal oxone decreases intake of a sucrose or polycose diet
infood restricted rats, but has no effect on consumption
of aless preferred starch based diet in restricted rats.
Doses as low as a 0.01 mg/kg naloxone will decrease
intake of apreferred diet, whereas doses ashigh as3 mg/
kg fail to affect intake of a less preferred diet in food
deprived rats. While opioid receptor blockade decreases
intake of sweet substances, it does not appear to do so
by altering taste preference. Using atastediscrimination
protocol, we found that naloxone had no affect on the
ability of ratsto recognize sweet tasting solutions. Human
trials demonstrate a reduction in the pleasantness, but
not recognition, of sweet foods/solutionsafter naltrexone
administration. Thus, opioids may be involved in the
reinforcing qualities of foods and may contribute to the
development of hyperphagia leading to obesity.
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OPIOIDSANDMOTHERLOVE

lan Kitchen and Rob Goody, School of Biomedical and
Life Sciences, Univer sity of Surrey, Guildford, Surrey.
GU27XH, United Kingdom

Opioid peptides have been shown to play arole in
developmental processesincluding cell proliferation and
in the activation of behavioural responses such as
suckling. Maternal stimuli have also been shown to
regulate the development of opioid peptides and
receptors and these effects may have an important
bearing on how opioid systems function in the adult.
We have previously shown that removal of the mother
from her pups activates a population of delta opioid
receptors in the brain which are involved in mediating
stress-induced analgesia. By studying these behavioural
responses in lactating and non-lactating surrogates we
have been able to show that the key stimulus for the
development of this delta receptor population is the
removal of themother’smilk. Moreover, by carrying out
substitution experimentswith casein-rich and casein-free
milk we have now identified casein asthe key constituent
of maternal milk that isresponsiblefor regulating opioid
receptor development. The story thus returns to the
guestion of the importance of the beta-casomorphins
(milk-derived proteins with opioid receptor activity)
isolated more than twenty years ago. |s mother’s milk
simply the best?

CHRONIC EXPOSURE TO MORPHINE AFFECTS
THENEURO-IMMUNEAXIS

SulieL.Chang

Department of Biology, Seton Hall University, South
Orange, New Jersey 07079, USA

Our studies focus on morphine’s ability to disrupt the
hypothalamic-pituitary-adrenal (HPA) axis, and the
subsequent consequences of that disruption on the
body’s defense mechanisms. A pathological stimulus
can affect both the nervous and immune systems.
Activation of the HPA axis serves to modulate immune
responses through a negative feedback mechanism. We
have shown that chronic morphine exposure attenuates
theactivation of the hypothalamic paraventricular nucleus
(PVN) whichinitiatesthis cascade of modulatory events,
thus, indirectly suppressing theinhibitory feedback from
theHPA axis. Morphine also potentiatesthe detrimental
inflammatory response by increasing the secretion of pro-
inflammatory cytokines. Additionally, treatment with
morphine appears to directly enhance the permeability
of vascular endothelia cell (VEC) barriers. Thus, our
data indicate that chronic morphine can severely
compromise the body’s defense system through both
direct and indirect mechanisms (supported in part by DA
07059).

MEDICAL CONSEQUENCES OF DRUG ABUSE:
RESEARCH AT NIDA

JagH. Khalsa, Jonathan Pollock, Sander Genser, and
Henry Francis, National I nstituteon Drug Abuse, NIH,
Bethesda, Maryland, USA.

TheUSNational Instituteon Drug Abuse (NIDA), apart
of the National Institutes of Health (N1H) supports about
85% of the worlds research on drug addiction and
associated consequences. Drug abuseis associated with
serious medical and health consequences affecting
amost every physiologica systeminthebody. Currently
NIDA’'s Basic Division supports research on basic
mechanismsof drug actioninthebrainincluding therole
of genetics in drug action; the Epidemiologic division
supports studies of incidence, prevalence, study of
etiological factors of drug abuse, and intervention
strategies; and the Center on AIDS and Other Medical
Consequences of Drug Abuse supports research on
medical consequences, including developmental effects
of pre and postnatal exposure to drugs; and of co-
occurringinfectionsincluding HIV, hepatitis, TB, STDs,
and others. It manages and coordinates NIDA's AIDS
budget of about $240 million. Some of the most recent
programs it has supported include: research on drug
abuseand AIDS; metabolic and endocrine complications
of drug abuse and HIV/AIDS; pharmacokinetic/
pharmacodynamic drug interactions among drugs of
abuse and pharmacotherapeutics used in the treatment
of addiction, infections including HIV/AIDS
(antiretrovirals) and mental disorders (e.g.,
benzodiazepines), and “ natural remedies’. New initiatives

that are in development will be discussed.
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IMMUNOPOTENTIATING EFFECTS OF NON-
PEPTIDE OPIOIDSONINVITROT-LYMPHOCYTE
FUNCTION

R.Weber

Dept. of Biomedical and Ther apeutic Science, Preoria,
[llinois 61656-1649, USA

ABSTRACT NOT PROVIDED
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ABSENCE OF DELTA-9-
TETRAHYDROCANNABINOL DYSPHORIC
EFFECTSINDYNORPHIN-DEFICIENT MICE
*Andreas Zimmer*?, Emmanud Valjent?., Monika
Konigt, Anne M. Zimmer!?, Sian Clarke’, Patricia
Roblede®, Chih-Cheng Chen?, Heidi Hahn'?®, Olga
Valverde®, Ron G. Hill5, lan Kitchen* and Raphael
Maldonado®

1L aboratory of Genetics, National I nstitute of Mental
Health, Bethesda, MD 20892, USA,

2Pgychiatric Clinic, Univer sity of Bonn, Sigmund-Freud-
Str. 25, 53105 Bonn, Ger many

SLaboratori deNeur ofar macologia. Facultat deCiencies
delaSalutidelaVida, Universitat depompeu Fabra, C/
Dr Aiguader 80. 08003 Bar celona, Spain

The involvement of dynorphin on THC and morphine
responses has been investigated by using mice with a
targeted inactivation of the prodynorphin (Pdyn) gene.
The absence of dynorphine leads to a substantial
reduction of late-phase nociceptive responses in the
formalin test, while acute pain responses are unaltered.
Dynorphin deficient mice also show specific changesin
the behavioral effects of Deltad-tetrahydrocannabinol
(THC), including a reduction of spinal THC analgesia
and the complete.

INVERSE AGONISTS AND NEUTRAL
ANTAGONISTSAT ?OPIOID RECEPTOR (MORY):
POSSIBLE ROLE OF BASAL RECEPTOR
SIGNALINGINNARCOTICDEPENDENCE.

Danxin Wang, Kirsten M. Raehal, 2Edward J. Bilsky
and *Wolfgang Sadée

University of California at San Francisco, San
Francisco, CA and 2Univer sity of Northern Colorado,
Greeley, CO 80639, USA

The mu opioid receptor, MOR, displays spontaneous
(basal) G-coupling invitro. Antagonistsweretested for
intrinsic basal MOR signaling in vitro before and after
morphine-pretreatment measuring GTP?S binding to cell
membranes and CAMP levelsinintact cells. beta-CNA,
C-CAM, BNTX, and nalmefenewereidentified asinverse
agonists (suppressing basal MOR signaling). Naloxone
and naltrexone were neutral antagonists (not affecting
basal signaling) in untreated cells whereas inverse
agonistic effects became apparent only after morphine
pretreatment. In contrast, 6alpha- and 6beta-naltrexol
and —naloxol, and 6beta naltrexamine were neutral
antagonists regardless of morphine pretreatment. In an
acute and chronic mouse maodel of morphine-induced
dependence, 6beta-naltrexol caused significantly reduced
withdrawal jumping compared to naloxone and naltrexone,
at doses effectivein blocking morphine antinociception.
This supports the hypothesis that naloxone-induced
withdrawal symptoms result at least in part from
suppression of basal signaling activity of MOR in
morphine—dependent animals. Supported by DA04166
fromNIDA

DIFFERENTIAL AGONIST-INDUCED
PHOSPHORYLATION OF FOURMOUSEMU-
OPIOIDRECEPTOR SPLICEVARIANTS

Stefan Schulz, Thomas Koch, Manuela Pfeiffer and
Volker Hollt

Department of Phar macol ogy and Toxicology, Otto-von-
GuerickeUniver sity, Magdebur g, Germany

The C-terminal splice variants (MOR1C, MORI1D,
MORIE) of the mouse p-opioid receptor (MORL1) differ
substantially in their agonist-selective membrane
trafficking. These variants add various lengths of
sequenceto thetail including serines and threonines. In
the present study, we performed whole cell
phosphorylation assays, to test the hypothesis that these
additional serines and threonines are phosphoacceptor
sites for G protein-coupled receptor kinases. We show
that the mouse p-opioid receptor is rapidly (20 min)
phosphorylated in the presence of the opioid peptide
[D-Al&, MePhet, Glyol®|enkephalin (DAMGO) but not
in response to morphine. In contrast, the p-receptor splice
variants MOR1C, MOR1D and MORI1E are
phosphorylated in the presence of both DAMGO and
morphine. Thus, thesefindingsmay provideamechanistic
basis for the observed differences in morphine-induced
internalization and downregul ation of the mouse p-opioid
receptor splice variants.

AROLEFORDIMERIZATION/OLIGOMERIZATION
INOPIOID RECEPTOR CROSSTALK.

|.Gomes, B.A. Jordan, M. Ansonoff@, J. Pintar @, & L.
A.Devi*

Department of Pharmacology, NY U School of Medicine,
New York, and @UM DNJ, Rutgers University, New
Jersey, USA

A number of G-protein coupled receptors (GPCR) have
recently been shown to physically associate with each
other to form homo- or hetero-oligomers. We have
previously shown that delta and kappa receptors
heterodimerize with each other and that heterodimerization
alterstheligand binding and signaling properties of the
receptors. Recently we have found that co-expression
of mu and deltareceptorsin heterologous cellsresultsin
heterooligomerization. Treatment of these cellswith lotor
function in the presence of TIPP(psi) is due to delta
receptors. In arelated study we examined the ability of
opioid receptors to interact with other members of the
GPCR family. When co-expressed in heterologouscells,
delta and kappa receptors are able to oligomerize with
beta2-adrenergic receptors. Although theligand binding
properties of the receptorsare not atered, agoni st induced
trafficking propertiesare significantly altered asaresult
of heteromerization. Taken together these results support
arolefor dimerization/oligomerization inthe modulation.
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CONFOCAL MICROSCOPY STUDIESOFGRK2AND
GRK30ON SEQUESTRATION OF p-,d- AND k-OPIOID
RECEPTORS

Schulz, Ruediger*, Andrea Wehmeyer, and Karin
Schulz

Institute of Phar macology, K oeniginstr. 16, D-80539
Munich, Germany

Stimulation of opioid receptors triggers their
phosphorylation by G protein-coupled receptor kinases
(GRK) which may befollowed by receptor sequestration.
We examined the effect of GRK2 and GRK 3 on p-, d- and
human-k-opioid receptor internalization by means of
confocal microscopy. Each receptor typewasfused with
Green Fluorescence Protein (GFP), and the GRKswere
fused with Red Fluorescence Protein (DsRed). HEK 293
cells stably expressing the p-, d- and khuman-receptor,
respectively, were p-receptor failed to trigger
translocation of GRK?2 or 3, and internalization of the
“green” p-receptor was never accompanied by one of
the kinases tested. Thus, the function of GRK2 and 3
was found to be linked to d- and k-receptors, while p-
opioid receptorsfailed to interact with these GRKs.

POTENT NOCICEPTIVEACTIVITY BY NOCICEPTIN/
ORPHANIN FQ C-TERMINAL FRAGMENTSIN
NOCICEPTORSAND SPINAL CORDINMICE
Makoto Inoue*, Toshiko Kawashima, Shinobu
Matsunaga, Tsukasa Sakurada,Hiroshi Ueda

Dept. Mol. Pharmacol. Nagasaki Univ. School
Pharmac.Sci. Nagasaki 852-8521, Japan
Nociceptin/orphanin FQ (N/OFQ), heptadecapeptide is
reported to be metabolized by aminopeptidase N and
endopeptidase 24.15. Herewe report the potent algogenic
activity by its C-terminal fragments, but not by the N-
terminal ones. In the present experiments, various N/OFQ
fragments (metabolites) were intraplantarly injected to
seeif they induce nociceptive flexor responsesin mice.
N/OFQ (13-17) showed the most potent nociception
among these peptides. The pharmacological
characterization revealed that this C-terminal fragment
causes anociception through Gi activation and substance
P-release from nociceptor endings, just like in the case
with N/OFQ-induced nociception. However, there was
no significant difference in the potency between wild-
type and N/OFQ receptor (NOR) gene knock-out mice.
These results suggest that N/OFQ (13-17) could
potentially mediate the nociception through a novel
mechanism independent of NOR activation in the
nociceptors. [Supported by HFSP]

OPIOID RESPONSESOF SPINALLY PROJECTING
ROSTRAL VENTROMEDIAL MEDUL LA NEURONS
S Marinélli @2, S Schnell ®, M Wessendorf &, CW
Vaughan @, MJ Christie* @

@ RCCS, ClinicaSLucia, Rome, Italy, ®Phar macol,
Univ Sydney, Sydney, Australia, @ Neurosci, Univ
Minnesota, MinneapolisMN, USA

Previous models based on opioid actions in the rostral
ventromedial medulla (RVM) in brain dlices (eg. Pan,
Nature 389:382-5 1997) have suggested that mu-opioids
directly inhibit GABAergic neuronsto disinhibit spinally
projecting serotonergic antinociceptive neurons
expressing k-receptors. This model is at odds with
immunohistochemical and in vivo studies. Rhodamine
beads were injected into rat dorsal horn to investigate
properties of identified RVM projection neurons using
whole cell patchd 9% unresponsive. A subset of each
cell typea so responded to sel ective delta-ligands. Opioid
sensitivity of spinally projecting RVM neuronsin vitro
suggests a new model of organization of opioid
responses of the RVM.

TRANSCRIPTIONAL REGULATIONOFTHEHUMAN
PREPRONOCICEPTINGENE
N.T.Zaveri,C.J.Green, W.E. Polgar and L. Tall

SRI International, 333 Ravenswood Ave, M enlo Park,
CA 94025, USA

We have previously sequenced and characterized the
promoter region of the human prepronociceptin (ppN/
OFQ) gene. Inclusion of 120 bp DNA adjacent to the
firstintron 23 bp ahead of the ATG start codon causesa
significant enhancement in transcriptional activation of
the 1.2 kb promoter, as determined by stimulation of
luciferase activity when transfected into apGL 3 reporter
vector. This 120 bp region iswell conserved in mouse
and human ppN/OFQ genes and contains putative Spl
and Etf transcription factor binding sites. Electrophoretic
mobility shift assays (EMSAS) using a 30 bp oligo
containing the putative Spl site caused a significant
retardation in the EMSA, although Etf-containing and
control oligos were ineffective. When we used Spl
antibody in supershift assays, there was a partial
supershifting of the bound oligo. To determine if the
Spl-containing 30 bp DNA was important in
transcription, we deleted this region. Transient
transfection experiments using 1.2 kb of promoter with
this 30 bp deletion mutation showed very poor
transcriptional activity compared to full length
constructs, but greater transcriptional activity than the
mutation deleting the full 120 bp.
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RF-AM|DE PEPTDESIN THEMOUSE CNS

Annika Brandt*%,Pirjo Pietilal, Maria Ostergard?,
Pertti Panulal,?

1. Department of Biology, Abo Akademi University,
Artillerigatan 6A, 20520 Turku, Finland; 2. I nstitute of
Biomedicine/Anatomy, Univer sity of Helsinki, Finland
The expression of RFamide peptide precursor mRNASs of
neuropeptide FF (NPFF), prolactin releasing peptide
(PrRP) mRNA and RFamidere ated peptide (RFRP) mRNA

was analysed by in situ hybridisation,

immunohistochemistry and receptor autoradiography in
ICR, Balb/c and C57BL/6 mouse strains. Each type of
peptide precursor was observed to have a specific but
essentially nonoverlapping, neuroanatomical origininthe
mouse CNS. Immunohistochemical analysis revealed
closely associated neuronal netwd. Further studiesusing
a recently devel oped NPFF-deficient mouse model are
likely to revea possible compensatory changes in the
other two peptide gene products. This information is
useful in evaluating theroles of these related peptidesin
e.g. hormonal regulation and autonomic functions.

CHANGING THE BINDING PROPERTIES AND
BIOLOGICAL ACTIVITY OFENDOMORPHIN2BY
STRUCTURAL MODIFICATIONS

*|. Lengyel, D. Biyashev, L. Kocsis®’, M. Al-K hr asani?,
A.Ronai*, Zs. Furs*, G. Téth, G. Orosz® and A. Bor sodi
Biological Resear ch Centre, Szeged; SE6tvosUniver sity;
and *SemmelweisUniver sity, Budapest, Hungary

We investigated whether C-terminal modifications and
N-methylation of Phe® could improvethe binding affinity
and the biological activity of endomorphin 2 (E2). A
number of C-terminal modificationsresulted in peptides
with decreased binding affinity to the mu opioid receptor
(MOR) (determined by displacement of tritiated E2; Spetea
et a., BBRC, 1998) and decreased level of [®*S]GTPyS
binding. However, YPF-Pheol (Pheol=phenylaanilol)
showed increased binding affinity to MOR and higher
potency in stimulating [®S]GTPyShinding, but itsmaximal
stimulation was lover than that induced by E2. N-
methylation of Phe® (MePhe) attenuated the binding
affinity and produced arightward shift in the stimulation
of [®S]GTPyS binding. Some of the modified peptides
partially, while Y PF-phenyl-ethyl-N-allyl amide fully
inhibited the E2 or DAMGO stimulated [*S]GTPyS
binding. In contrasts, Y P-MePhe-Pheol had no inhibitory
effect. Experiments on mouse vas deferensindicated that
theobserved changes arerel ated to the agonist properties
of E2. [Supported by JanosBolyai Fellowship (1.L.) and
Grantsfrom OTKA (T032736, T03086, T03841, T032907)

and ETT (15/2000)]

A GENERAL STRUCTURAL MODIFICATIONTO
TRANSFORM OPIOID PEPTIDEAGONISTSINTO
POTENT AND SELECTIVEK-,& ORp-ANTAGONISTS
PW. chiller, Y. Lu, G. Wetrowska, | . Berezowska, B.C.
Wilkes, T.M .-D. Nguyen, C. Lemieux and N.N. Chung
Clinical Research Ingituteof Montreal, 110 PineAvenue
West, Montreal, Que., CanadaH2W 1R7
Tore-examinetheroleof the positively charged N-terminal
amino group of k-, & or p-opioid peptides in the
interaction with their receptors, we prepared analogs
containing a2',6-dimethyltyrosineresiduein placeof Tyr?,
in which the amino group was either del eted or replaced
with an alkyl, phenyl, hydroxy or halogen group.
Antagonists were obtained in al cases, indicating that
positive charge deletionin combination with 2',6'-dimethyl
substitution at the Tyr' aromatic ring promoted binding
to inactive conformations of k-, &- and p-receptors.
Importantly, the receptor sel ectivity was often maintained
or even improved upon agonist to antagonist
conversion. For example, replacement of Tyrt with (29)-
2-methyl-3-(2,6-dimethyl-4-hydroxyphenyl)propanoic
acid [(25)-Mdp] (methyl substitution) in dynorphin A-
(1-11)-NH, resulted in the first highly potent dynorphin
A-derived Kk antagonist (dynantin) which showed
significantly higher k selectivity than norbinaltorphimine.
Other [(29)-Mdp']-anal ogs of opioid peptidesturned out
to bethefirst potent and selective opioid peptide derived
M antagonists and the first cyclic & opioid peptide
antagonists.

MECHANISM OFACTION OF
DIAZABICYCLONONANONE-TYPEKAPPA-
AGONISTS

Holzgrabe, U.*, Kuhl,U.,Cambareri, A., W. Brandt®

I nstitute of Phar macy, University of Wirzburg, Am
Hubland, 97074 Wirzburg, and ®Institute of
Biochemistry, University of Halle, Kurt-Mothes-Str. 3,
06120 Halle, FRG

HZz2, 2,4-di-2-pyridyl-3,7-dimethyl-3,7-
diazabicyclo[3.3.1]nonan-9-one-1,5-diester, wasfound to
exhibit high affinity and selectivity to the kappa-opioid
receptor. In addition, HZ2 showed a unusual long
duration of action which cannot be explained by the
affinity tothereceptor cal culated from molecular modeling
(Score). However, the keto group in position 9 wasfound
to have ahigh reactivity. In presence of protonsthe keto
function can form ahemiamind using apyridine* nitrogen.
Correspondingly, the diazabicyclononanone may react
with OH, NH or SH groupsof thereceptor protein. Docking
studies of HZ2 to the kappa-opioid receptor offer the
chance that the keto function may react either with the
side chain of acysteineor aserineresidue. Semiempirical
calculationswere carried out toinvestigate the mechanism
of theintra- and intermol cular hemiaminal formationin
comparison. These calculations confirm the principal
possibility of the hemiaminal formation from
thermodynamic aswell kinetic point of view. The covalent
hemiaminal binding can explain thelong-lasting activity
of the compound. Since a hemiaminal formation is
revers blethe diazabicyclononaneistill ableto dissociate
fromthereceptor. U. Kuhl, A. Cambareri, U. Holzgrabe et
a., J. Chem. Soc. Perkin 2, 2083-2088 (1999)
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PHOSPHOSPECIFICANTIBODY RECOGNIZESTHE
DESENSITIZED FORM OF THE KAPPA OPIOID
RECEPTOR (KOR)

J.P.McLaughlin,L.C. Myers, P.E. Zarek, K. Mackie
and C. Chavkin

University of Washington, Seattle, WA 98195, USA
Phosphorylation of serine 369 of the KOR isrequired for
G-protein receptor kinase 3 (GRK)-induced
desensitization (Appleyard, 1999). An affinity purified
rabbit polyclonal antibody (anti-KOR-P) generated to a
phosphopeptide based on this region displayed
selectivity for the phosphopeptide in ELISA assays.
Moreover, the anti-K OR-P showed ahigher reactivity in
Western blotsto phosphorylated KOR. When solubilized
mouse brain membrane (MBM) protein was incubated
with purified GRK3, anti-KOR-P labeling increased
67+13% over untreated KOR. Conversely, when MBM
protein was pretreated with protein phosphatase-1, anti-
KOR-P labeling decreased by 56+4%. Anti-KOR-P
[abeling in Western blotsincreased 59+22% over controls
inmice pretreated with asingle acute dose of U50,488 (30
mg/kg, i.p.), and 110+29% in mice made behaviorally
tolerant following 5 days of U50,488 (escalating dose,
i.p.). Acute administration of U50,488 to GRK 3 knockout
mice did not increase anti-K OR-P labeling in Western
blots, despite evidence of behavioral analgesia. Finally,
using confocal microscopy, the intensity of anti-K OR-P
labeling of 293 cells transfected with KOR-GFP was
dramatically increased after treatment with 1 uM U50,488.

VARIOUSPROTEIN KINASESMEDIATE DELTA
OPIOID RECEPTOR DOWN-REGULATIONWITHIN
THESAMECELL

Yosef Sarner, Ma' anit Shapira, Mikhal Gafni and Ora
Keren

Department of Physiology and Phar macology, Sackler
School of Medicine, Td Aviv Univer sity, Tl Aviv 69978,
Israd.

Various protein kinases (PKs) have been proposed to
mediate opioid receptor (OR) down- regulationin different
experimental preparations. The present study wasaimed
to test whether different PKs can mediate OR down-
regulation within the same cell. For this purpose we
studied HEK -293 cellstransfected with rat dOR aswell
as N18TG2 cells that endogenously express dOR. We
exposed the cells to the opioid agonist etorhine in the
absence or presence of various PKs inhibitors, and
measured the binding of the opioid ligand
[®H]diprenorphine. We found that at |east two tyrosine-
kinases (TKs) mediate dOR down-regulation in parallel
routes in HEK-293 cells. G protein-coupled receptor-
kinase (GRK) had only aminor rolein these cells. Onthe
other hand, GRK was the predominant kinase mediating
dOR down-regulationin N18TG2 cells, withaminor role
for TKs. We conclude that down-regulation can involve
divers protein kinases within the same cell, and that, in
different cells, down-regulation ismediated by different
PK s depending on the kinase profileof the cells.

PROTEOME ANALYSIS OF HIPPOCAMPAL
PROTEIN EXPRESS ON FOLL OWING MORPHINE
TREATMENTINMICE

Nan-Jie Xu, Rong Zheng, Hua-Ping Fan, Gang Pei*

I nstitute of Biochemistry and Cell Biology, Shanghai
Ingtitutesfor Biological Sciences, Chinese Academy of
Sciences, 320 Yue Yang Rd, Shanghai 200031, China
Our previous study has shown that chronic morphine
treatment significantly affect the neuronal function (such
as LTP) in hippocampus. We continued in the present
study to conduct the proteome analysis of hippocampal
protein expression following acute or chronic morphine
treatment in mice. The hippocampal extracts were
separated by high resolution two-dimensional
electrophoresis (2-DE), and over 1200 protein spotswere
ableto bevisualized by diver staining in narrow pH range
(4-7) gel. Ascompared with the saline control mice, the
significant changesin protein expression were observed
inmicefollowing the acute treatment with 100 mg/kg (but
not with 10 mg/kg) morphine. There were 141 protein
spots (more than 10%) showing quantitative and
qualitative variationsby image analysis (>2 fold increase
or decrease in quantification). Some of the variation
seemed to result from the shift of the adjacent spots,
suggesting the morphine treatment may alter the post-
transl ational modification or/and isoform expression of
these proteins. Protein spots excised from 2-D gelswere
further subjected to in-gel digestion with trypsin, and
the resulting peptides were characterized by MALDI-
TOF-MS and database searching. Among six proteins
with most significant differentiation identified so far, the
three down-regulated ones were synaptosomal-
associated protein 25 (SNAP-25), actin, and one unknown
protein. Thethree up-regulated spotswere calregulin and
two othersthat did not match any protein in the database.
The preliminary results from the 2DE revealed that the
variations of protein expression were |less dramatic and
with different pattern in the chronic morphine treatment
(from 10 mg/kg to 100 mg/kg in 6 days) when compared
to those in the acute treatment (100 mg/kg). Our data
from proteome analysisclearly indicate that the morphine
treatment would induce significant alteration of protein
expression in hippocampus and the expression of some
of those proteins might adapt to the chronic morphine
treatment.
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MORPHINE-INDUCED LOCOMOTORACTIVITY IS
ALTEREDINBETA-ARRESTIN-2KNOCKOUT MICE
L.M. Bohn, R.R. Gainetdinov, T. D. Sotnikova, R.J.
L efkowitz,and M .G. Caron

Howard HughesMed. I nst., Depts. of Cell Biology and
Medicine, DukeUniv. Med. Center, Durham, NC 27710
The GPCR regulatory element, Barrestin-2, isinvolved in
mu opioid receptor desensitizationinvivo. Micelacking
Barrestin-2, experience enhanced morphineanalgesia, do
not devel op morphine antinociceptive tolerance, yet still
undergo naloxone-precipitated withdrawal. We have
evaluated other morphine-induced behaviors in these
mice. Surprisingly, the Barr2-K O mice displayed much
lesslocomotor activation following morphine treatment
than their WT littermates. The dose-response curve for
morphine (5 - 40 mg/kg, s.c.) was significantly shifted
rightward for locomotor activity. Ininvivo microdialysis
experiments, morphine induced acomparable elevation
in striatal dopamine release in both genotypes. In
addition, cocaineinduced the same degree of locomotor
activity in both groups of mice; suggesting that the
dopaminergic system is unatered. Since dopamine is
presumably a central component of both locomotor
activity and reward, it will beinteresting to evaluate the
rewarding effects of morphinein these mice which lack
morphine antinociceptive tolerance yet still experience
morphine dependence. DA006023 (L.M.B.), HL16037
(RJ.L.), and NS19576 (M.G.C.).

ADISTRESSING ENVIRONMENT SENSITIZESTHE
BRAIN'SRESPONSE TO MORPHINE

Martina Erdtmann-Vourliotis*, Peter Mayer, Uta
Riechert, Susanne Ammon, Volker Hollt

I ngtitutefor Phar macology and Toxikology, Univer sity
of Magdebur g, Germany

Commencing spontaneous opiate intake is favored by
stress, in humans aswell asin experimental animals. To
elucidate the neuronal background, we exposed rats to
moderate stress and measured morphine-induced c-fos
expression in the brain. The rats were either briefly
immobilized or, more akin to the situation of human
addicts, exposed to a distressing environment. In each
case, the morphine-induced c-fos synthesisin the dorsal
striatum doubled as compared to unstressed animals.
Further links between morphine and stress were
established by the observations that a moderate dose of
morphine counteracted the stress-induced c-fos
synthesis and that the c-fos response to stress was very
similar to the response to morphine withdrawal. These
findings provide a connection between distressing
factors and gene expression response to opiates.

NEUROBEHAVIORAL TERATOGENICITY OF
HEROIN: CHOLINERGICANDNONCHOLINERGIC
S GNALINGDEFECTS

Yanai*, J., S. Metsuyanim, H. Shahak

RossL ab. for Neural Birth Defects, Dept. Anat. & Cell
Biol., Hebrew Univ.-Hadassah M ed. School, Jerusalem,
Israel

Micewere exposed transplacentally to heroin by injecting
dams with 10 mg/kg daily on gestational days 9-18. At
adulthood, they showed behaviora deficits related to
septohippocampal cholinergic synaptic function,
concomitant with both pre- and postsynaptic cholinergic
hyperactivity. Most significant wastheincreasein basal
membrane-bound protein kinase C (PK C) activity, and a
consequent desensitization of PKC to cholinergic input,
both of which were highly correlated with behavioral
perfasal adenylyl cyclase activity and caused suppression
of receptor-mediated stimulatory responses, in this case
involving beta-adrenergic input. (Supported by the NC-
Israel Partnership and Thelsragli Anti-Drug Authority.)

ENTEROSTATINASANANTIOPIOID PEPTIDE

M. Yoshikawa®™, Y. Takenaka!, F. Nakamural, Y.
Jinsmaat and A.W. Lipkowski?

Div. Food. Biosci. & Biotechnal., Kyoto Univ., Uji 611-
0011, Japan, and 2Medical Research Centre, Polish
Academy of Science, War saw, Poland

Enterostatin (VPDPR) isrel eased from theamino terminus
of procolipase on its activation. Enterostatin-
immunoreactive material has been also found in brain.
Enterostatin has been reported to suppress food intake
after icv administration in animals fed high-fat diet.
Antiopioid mechanism has been suggested for the
inhibition of food intake induced by enterostatin. Here,
we examined the effect of enterostatin on opioid-induced
analgesia. Analgesic activity of morphin measured by
tail pinch test in mice was suppressed by VPDPR given
by icv administration. However, those by deltaand kappa
opioids were unaffected by enterostatin. Although
enterostatin has been reported to have affinity for opioid
receptors, we could not detect any measurable affinity.
The antianalgesic activity of enterostatin was inhibited
by RU486, an antagonist for glucocorticoid receptor. It
has been reported that enterostatin elevated
corticosterone level and that dexamethasone inhibited
morphin analgesia. These results suggest that
antianalgesic activity of enterostatin is mediated by
corticosterone. The antianalgesic activity of
corticosterone might be not mediated by nuclear
glucocorticoid receptor because it was observed
immediately after the administration. Among enterostatin
fragment peptides, DPR exhibited higher antianalgesic
activity than VPDPR. However, DPR did not suppress
food intake suggesting that antianalgesic and anorectic
activities of enterostatin are mediated by different
mechanisms.
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LONG-TERM EFFECTS OF EARLY SOCIAL
ISOLATION ON ADULT SOCIAL BEHAVIOR AND
SUSCEPTIBILITY FOR DRUG DEPENDENCE;
INVOLVEMENT OFOPIOIDSYSTEMS

Mirjam A.F.M. Gerrits*, CarolineL. van den Berg,
Rodof J, Martens, Jan M. van Ree

Rudolf Magnuslnstitutefor Neur osciences, Univer sity
Medical Center Utrecht, Univer siteitsweg 100, 3584 CG
Utrecht, TheNetherlands

Clinical research has demonstrated an important
association between substance dependence and ‘early
onset’ psychiatric disorders, such as antisocial
personality disorder and attention deficit hyperactivity
disorder. These disorders are usually present before the
addiction habit starts, indicating that preceding abnormal
social behavior may coincide with the susceptibility to
become dependent on drugs. Furthermore, preclinical
research has shown that early social attachment is
important for In the present study the effects of early
social isolation (week 4-5 of life) in rats on adult socia
behavior and on the sensitivity for intravenous cocaine
self-administration were assessed. As opioid systems
areimplicated a variety of rewarding behaviors, opioid
systems are also suggested to be involved in the long-
term effects of early social isolation. To study this the
consequences of early social isolation on mu-, delta,
and kappa-opioid receptors in the adult brain were
investigated usinginvi  Early social isolation reduced
social exploration in adult rats. Morphine treatment
counteracted thisreductioninisolated rats, but decreased
social exploration in socially housed rats. With respect
to the opioid receptors, early social isolation resulted in
regiospecificincreasesin mu-opioid binding siteswitha
58% increase in the basolateral amygdala and a 33%
increase in the bed nucleus stria terminalis. Morphine
treatment in isolated reversed this upregulation in both
areas. The number of delsed aleftward shift in the dose-
response curve for cocaine intake, indicating that the
animal s have become more sensitive for cocaine reward
after early social isolation. The results show that early
social isolation causes long term effects on social
behavior, self-administration behavior and on the number
of mu-, delta-, and kappa-opioid receptorsindistinct brain
areas. The data seem to confirm the suggestion that
disruption of early social relationships producesabnormal
(social) behavior which, in turn, may coincide with the
susceptibility to become a drug addict later in life. In
addition, endogenous opioid systems may have an
important modulatory roleinthis.

THEUSEOFPHARMACOLOGICAL EXTINCTIONIN
THETREATMENT OF DRUGADDICTION

J.D. Sinclair

Department of Mental Health and Alcohol Resear ch,
National PublicHealth I nstitute, Helsinki, Finland
Thekey featurein thedevelopment of addictionislearning
reinforced by the pharmacological effects of the drugs.
It haslong been known, however, that learned behaviors
can beremoved by extinction, amechanism triggered by
the failure to obtain reinforcement after the learned
response has been made. Therefore, Wikler in 1976
proposed that opiate addiction could be treated with
extinction induced pharmacologically by blocking
reinforcement with opi oid antagonists such as naltrexone.
His hypothesis has been supported by both the
preclinical and clinical tests. Preclinical studies
demonstrated that opiate self-administration by animals
isextinguished when the behavior ismadewhilean opioid
antagonist is present. A large NIDA double-blind,
placebo-controlled clinical trial showed that patients
taking naltrexone before self-administering heroin or
methadone had significantly better results than those on
placebo, but there were no significant benefits from
naltrexone under conditions precluding extinction.
Reinforcement from the opioidergic system is also
important for the development of alcoholism.
Consequently, it was proposed that pharmacological
extinction with opioid antagonists would be effectivein
the treatment of alcohol dependence (Sinclair, 1989). A
long seriesof preclinical studiesdemonstrated extinction
of drinking and lever pressing for ethanol. Datafromthe
recent Finnish factorial double-blind, placebo-controlled
trial plusdatafromearlier clinical trialshave now shown
that opioid antagonists are effectivein treating a coholism
when used with protocols favorable for extinction but
not when instructions prevent extinction (e.g., taking
naltrexone only during abstinence). Theoretically,
pharmacological extinction is a new form of medical
treatment with wide possibilities. With naltrexone or
nalmefene, it should be effectivein treating addiction to
all drugsfor which the reinforcement is mediated by the
opioid system, and for treating other opioidergically
reinforced compulsive behaviors, such as gambling,
kleptomania, self-injurious behavior, and bulimia.
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MORPHINE EXACERBATESHIV TAT TOXICITY
WITH DIFFERENTIAL EFFECTSINNEURONSAND
ASTROGLIA

K.F.Hauser*,J. Gurwdll, R.J. Goody, J. Turchan, &
A.Nath

Dept. Anatomy & Neurobial., Microbiol. & Immunal., &
Neuroal., Univ. Kentucky, Lexington, K'Y, USA

Opiate drug abuse may increase the incidence of AIDS
associated dementiacomplex in humanimmunodeficiency
virus (HIV) exposed individuals. To assesspotential toxic
interactions, mouse neuron or astroglia-enriched striatal,
or human forebrain neuronal, cultures were treated with
opioids and/or HIV-1 Tatl-72 (Tat) protein.
Subpopulations of neurons and astroglia possessed 4,
d, or ? opioid receptors (OR). Morphine significantly
increased caspase activation and cell deathin Tet exposed
human and/or murine neurons at 24 h, while morphine
plusimmunoneutralized Tat or Tat?31-61 (inactive) was
nontoxic. In astroglia, morphine plus Tat caused
synergistic increases in calcium, but cell survival was
unaffected. All effects of morphine were markedly
attenuated by naloxone. Thus, opiates potentially
exacerbate HIV neurotoxicity through mechanisms that
target both OR-expressing neurons and astroglia.
Support: NIH NS39253, DA13559 & DA13728.

MURECEPTOREXPRESS ONINIMMUNECELLSIS
INDUCEDBY IL-4AND TNF-ALPHA

Jurgen Kraus, Christine Bérner, Elisa Giannini,
Kathrin Hickfangand Volker Hollt

Theaim of thisstudy wasto investigate regul ation of mu
opioid receptor expression inimmune cells by cytokines.
Under unstimul ated conditions no mu receptor transcripts
were found by RT PCR inimmune cells (cell lines of B
cells(Raji), monocytes (U937) and endothelium (HMEC-
1); primary T cells and granulocytes). A dramatic
induction of transcription wasobservedin al these cells
after stimulation with either 1L-4 or TNF-alpha. Transient
expression of reporter gene constructs in combination
with promoter deletion and mutation analysis in Raji,
HMEC-1and SH SY5Y cellsrevealed asinglecis-active
promoter element in the human geneat nt -997 and therat
gene at nt -727 conferring IL-4 regulation of mu
transcription. Gel shift assays (EMSA) identified the
elements as binding sites for transcription factor Stat-6.
Furthermore, reporter gene analysisand EM SA revealed
that TNF-alpha regulates mu receptor transcription via
NFkappaB, for which several binding sites on the gene
promoterswerefound. I nterestingly, apolymorphism has
been reported in humans within the Stat-6 binding site
which decreases transcription factor binding and trans-
activation of reporter gene transcription.
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INVITROTRANSFER OF L-ACETYLMETHADOL
(LAAM)ACROSSHUMANPLACENTA (8)
T.Nanovskaya, S. Deshmukh and M .S. Ahmed*

Univ. of Missouri-K ansas City Schoolsof Pharmacy and
Medicine, KC, MO 64108-2792, USA

LAAM is being investigated as an alternative for
treatment of the pregnant opiate addict. We report on
the kinetics for transplacental transfer (TPT) of LAAM
under steady state conditions and its effectson the tissue
(T) utilizing dual perfusion of placental lobule. LAAM
(35ng/ml) was perfused with antipyrine (AP, asamarker)
inthe maternal (M) circuit (C). LAAM appeared in the
fetal (F) Cwithalagtimeof 7.45 min, twicethat for AP,
The% Ftransfer rateof LAAM was 16.9 and itsclearance
0.54 ml/min., /2 that for AP. The concentration of LAAM
inthe T was 185.5 ng/g vs. 7.5 for AP. The distribution
ratiosfor LAAM were T/F, 36.6 and T/M 5.6 respectively
and its elimination t1/2 was 6 hrs dueto its slow release
from the T. These data indicate that LAAM is highly
retained by the T and its TPT to FC is low. The
concentration of LAAM sequestered by T did not
adversely affect itsviability parameters namely, oxygen
consumption, glucose utilization and lactate production.
Our datasuggest that the tested concentration of LAAM
may have neither an indirect (via placenta) nor direct
effect on the fetus.

HETEROLOGOUS BLOCKADE OF &OPIOID
RECEPTOR DESENSITIZATIONBY INVERSE B2-
ADRENOCEPTOR AGONISTS(67)

H.Ammer*, D.A. Eisinger and R. Schulz

Institute of Pharmacology, University of Munich,
Germany

Receptor sensitivity changesareimportant in modulating
thecdll* sresponsivenessto extracel lular stimuli. Whereas
chronic agonist treatment results in receptor
desensitization, internalization and down-regulation,
exposure of the cells to “inverse agonists’ produces
opposite effects, i.e. sensitization and up-regulation of
the persistently inactivated receptor. Using stably 3 2-
adrenoceptor (B 2-AR) transfected NG108-15 hybrid cells,
the present study investigated whether inverse 3 2-AR
agonists could possibly interfere with agonist-induced
desensitization of &-opioid receptor (6-OR) function.
Although the inverse 3 2-AR agonist ICI-118,551 had
any effect on acute d-OR activities, inactivation of
spontaneously active 3 2-ARs during the course of
chronic [D-Al&2, D-Leu’]enkephalin (DADLE; 1 uM)
treatment completely prevented agonist-induced 6-OR
desensitization, internalization and down-regulation.
Pretrestment of the cellswith monensin (preventsreceptor
recycling) and ocadaic acid (protein phosphatase blocker)
both reversed the inverse 3 2-AR agonist effect. Thus,
inverse B 2-AR agonists appear to overcome agonist-
induced 6-OR desensitization possibly by accelerating
receptor recycling and resensitization.

PEPTIDEANDALKALOIDAGONISTSDICTATETHE
DIFFERENT FATEOFINTERNALIZEDDELTAOPIOID
RECEPTOR (32

AlloucheS., MarieN. and Jauzac Ph.

L aboratoiredeBiochimie A, CHU cotedeNacr e, 14033
Caen, France

In a previous study, we observed a more robust
desensitization of the human delta opioid receptors
induced by peptide agonists (DPDPE and deltorphin I)
after a30 min pretreatment when compared to an alkaloid
agonigt, etorphine (Alloucheet d., 1999). Weinvestigated
whether this faster desensitization could be linked to a
different fate of the agonist-induced receptor
internalization. Using binding experiments, we observed
that peptides induced an important receptor
internalization to lysosomal compartments while
etorphine produced a sequestration to a lesser extent
and that these receptors were probably targeted to
endosomes. These results suggest a different fate of
internalized opioid receptor depending on the chemical
nature, peptideor alkaloid, agonists. Alloucheet a. (1999),
Eur. J. Pharmacal ., 371, 235-240.

MORPHINEWITHDRAWAL ALTERSEXPRESSION
OF NEUROTROPHICFACTORSIN THE RAT BRAIN
(110) SusanneAmmon*, Martina Er dtmann-Vourliotis,
Peter Mayer, UtaRiechert, Volker Hallt

Institutefor Phar macology and Toxicology, Otto von
GuerickeUniver sity Magdebur g, Magdebur g, Ger many
Recent evidence suggests that various psychotropic
drugsater geneexpressioninthebrain. Strong induction
of immediate early genes has been reported under
conditions of morphine withdrawal. Alterations in late
response genes which may play arolein neuroplasticity
such as neurotrophic factors are less well documented.
Thuswe now report the regul ation of two neurotrophins
in response to precipitated morphine withdrawal. Rats
were treated with ascending doses of morphine for 10
days. Withdrawal was induced by application of
naloxone. Animals were decapitated 180 min after drug
application. Asrevealed by in situ hybridization BDNF
(Brain Derived Neurotrophic Factor) mRNA expression
and FGF-9 (Fibroblast Growth Factor-9) mRNA
expression was downregulated in the hippocampus
(BDNF mRNA decreased by 34% in the dentate gyrus
(p<0.01), FGF-9 mRNA decreased in CA 1 (-42%, p<0.05))
and FGF-9 mRNA expression decreased additionally in
the red nucleus (-44%, p < 0.05). In contrast, MRNA
expression of the receptor for BDNF, TrkB, remained
unchanged. We conclude that neurotrophins are
regulated in asimilar way in the hippocampus in opiate
withdrawal, thisresponse could berelated to withdrawal
induced stress. Downregulation of neurotrophic factor
expression in the hippocampus as a part of the limbic
system could beinvolved in adaptive changes ultimately
leading to opiate addiction.
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EXPRESSION OF NOVEL IMMUNE DERIVED
ORPHANIN FQ/NOCICEPTIN TRANSCRIPTSIN
HUMAN B CELL S(136)

J.Arjomand®, S.Col€?, C. Evans®

INeuroscience IDP; 2Dept of Medicine; 3Dept. of
Psychiatry, UCLA.,LosAngeles, CA, USA

Previous studies reported that the novel opioid like
receptor (NOP) was expressed in variousimmunetissues
and human cell lines. In order to determine if NOP
signaling could be induced by immune derived peptide
agonist, we sought to determineif human peripheral blood
mononuclear (PBM) cells could also express Orphanin
FQ/Nociceptin (OFQ/N). Previously, we demonstrated
that following mitogen activation of mixed lymphocytes,
full-length OFQ/N transcripts were upregulated. Here,
we report the isolation and characterization of shorter
transcripts, which appear to be ubiquitously expressed
in both resting and activated PBM. Using5 RACE and
cDNA library screens, we isolated OFQ/N transcripts
containing anovel 5" exon, 108 bp inlength. Expression
of these transcripts is likely to be regulated by a novel
promoter and seemsto belimited toimmunetissues. Cell
sorting experiments demonstrate that theimmune derived
OFQ/N messages are limited to CD19+ PBMs or B
lymphocytes.

FUNCTIONAL ROLESOF THE MU-, DELTA- AND
KAPPA-OPIOID RECEPTORS AND THEIR
SUBTYPES IN THE MEDIATION OF OPIOID-
INDUCEDHYPOTHERMIAINMICE (12)
AlexisK.Baker*, Nancy Aerts, TheoF. Meert

CNS Discovery Research, Janssen Research
Foundation, Turnhoutseweg 30, B-2340 Beer se,
Belgium

We have investigated the roles of the mu-, delta- and
kappa-opioid receptors and their subtypes in the
mediation of opioid-induced hypothermia in mice.
Measuring rectal temperature after i.p. injection, wetested
opioid agonists (morphine, fentanyl, SNC80, U50,488H
and loperamide) alone and combined with opioid
antagonists (naloxone, beta-funaltrexamine,
naloxonazine, naltrindol, BNTX, naltriben, nor-
binaltorphimine, DIPPA and methyl-naltrexone). All
agonists produced hypothermia. The effects of mu-
agonists were antagonised by naloxone and by the mu-
1-antagonist naloxonazine. The delta-2-antagonist
naltriben potentiated the effects of mu-agonists. SNC80-
induced hypothermia was blocked by the delta-
antagonist naltrindol but not by the delta-1-antagonist
BNTX. U50,488H-induced hypothermiawas antagonised
by naltriben and the kappa-antagonist nor-
binaltorphimine. The peripherally acting opioid
loperamide produced hypothermia which was blocked
by several antagonistsincluding the peripherally acting
antagonist methyl-naltrexone. In summary, mouse body
temperature can be used to study interactions between
receptor-sel ective opi oid agoni sts and antagonists acting
centrally aswell asperipherally

QUANTITATIVE AUTORADIOGRAPHY OF MU,
DELTA,KAPPA,ORL-1AND A1RECEPTORSINTHE
BRAINSAND SPINAL CORDSOF A2A ADENOSINE
RECEPTORKNOCKOUT MICE (63)
A.Bailey*,M.D.W.Kdly, S M.O.Hourani, C. Ledent#,
I.Kitchen

Phar macology Group, School of Biomedical and Life
Sciences, Univer sity of Surrey, Guildford, UK. # nstitut
deRecherchelnterdisciplinaire, Facultede M edecine,
UniversiteLibredeBruxelles, Belgium

There is evidence for interactions between adenosine
and opioids and mice deficient in adenosine A2A gene
are hyperalgesic. To further study these interactions we
have carried out quantitative receptor autoradiography
to determine any changes in the binding of mu, delta,
kappa and ORL-1 opioid as well as A1l adenosine
receptors in A2A receptor knockout mice. Adjacent
coronal sectionswere cut from the brainsand spinal cords
of +/+ and -/- mice and binding of [SBHIDAMGO,
[3H]DELT-I, [3H]CI-971 receptorsinthebrainand of delta
and kappa opioid receptors in the spinal cord but not in
the brain of A2A knockout mice.

DELINEATION OF THE MECHANISM OF ERK
REGULATIONBY MU OPIOIDS(69)
M.M.Becheva*, P.Haas, Y. Tan,and C. J. Coscia
Dept. Biochem.& Moal.Bidl., &. LouisUniv. Sch.of Med.,
St. Louis,MO 63104, USA

In previous studies on the neurotrophic actions of
opioids, we reported on the mechanisminvolved in kappa
opioid activation and chronic mu inhibition of MAP
kinase phosphorylation in rat C6 glioma cellsthat were
grown under conditions in which they express an
astrocytic phenotype. Here we demonstrate that acute
(2-5min) mu opioid agoni sts, endomorphin and morphine,
stimulate phosphorylation of the MAP kinase, ERK.
Selective inhibitors of L-type calcium channels,
intracellular Ca?* release, clathrin-mediated endocytosis,
PKC, FGF receptor and matrix metall oproteases attenuated
acute mu agonist stimulation of ERK phosphorylation.
Taken together with previous findings, the data suggest
that acute mu and kappa opioid signaling to ERK is
initiated via a similar Ca?* and phosphatidylinositide
dependent mechanism. However, mu and kappasignaling
appear to differ in their requirement for receptor-
endocytosis. Finally, evidence is presented to suggest
that opioid signaling converges with the growth factor
receptor pathway by transactivation of a receptor
tyrosine kinase in C6 cells. Supported by NIH grant
DA05412.
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KAPPA-BINDING PROPERTIESAND G-PROTEIN
ACTIVATION OF DYNORPHIN-A-1-17 (53)

Benyhe*, S., Orosz#, G., Szatmari, | ., Farkas, J., Toth,
G.and Borsodi, A.

I nstitute of Biochemistry, Biological Research Centre,
Hungarian Academy of Sciences, Szeged, Hungary,
and #Resear ch Group for PeptideChemigtry, Hungarian
Academy of Sciences, Budapest, Hungary

The aim of this study was to develop and characterise
novel radiolabelled probefor kappa-opioid receptor based
on the structure of endogenously occurring dynorphin
peptides. Dynorphin-A-1-17 was prepared by solid phase
peptide synthesisbothin unlabelled and in tritiated form
(40 Ci/mmol). Receptor binding and G-protein activation
of the ligands were evaluated in membrane fractions of
rat brain and chinese hamster ovary cells expressing K-
opioid receptors. Dynorphin-A-1-17 dose-dependently
stimulated theincorporation of 355-1abelled GTPgammaS
into brain and cell membranes and this effect wasinhibited
by naloxone. The tritiated compound bound to kappa-
receptorsin specific manner with high affinity. Equilibrium
Kd vaueswere below or around 1 nM depending on the
tissue used and the assay type. Chemical integrity of the
radioligand under incubation conditions was proven by
HPLC. Rank order potencies of ligands in competition
assays are consistent with a kappa-binding profile. It is
concluded that the radiolabelled dynorphin derivativeis
avaluabletool in studying k-receptor function at cellular
and molecular level. Supported by OTKA T-25711 T-
03086, T-30841 and T-35211 grants.

THE OPIOID-INDUCED REGULATION OF
TRANSCRIPTIONAT THE CELLULARLEVEL (70)

W.Bilecki*, R. Przewlocki.

I nstitute of Phar macology, 12 Smetna Street, 31-343
Krakdw, Poland

Opiates, acting on opioid receptors (coupled to G/G

classes of the G proteins) inhibit cyclic AMP (CAMPY
formation, Ca?* conductance and activate potassium
conductance, leading to the suppression of neuronal
excitability. However, opioidscan a so causeanincrease
in intracellular Ca* and activate mitogen-activated
protein kinases (MAPK). Therefore it appears that
opioids, at the cellular level, exert both inhibitory and
stimulatory effects. The adaptationsin cAMP and Ca?*
levels result in alterations in the activity of severa
transcription factors. Especially Ca? /cAMP Responsive
Element Binding Protein (CREB) and Activated Protein
1 (AP-1) can establish a direct link between opioid-
regulated signal transduction pathways and the
modulation of gene expression. It wasfound that acute
administration of opioids increased CREB
phosphorylation and binding to consensus CRE and
AP-1 elementswithout affecting total CREB proteinlevel.
In contrast, prolonged opioid treatment normalized back
to basal the levels of CRE and AP-1 DNA binding
activity and slightly decreased the levels of
phoshorylated CREB. Withdrawal from thedrug elicited
anincreasein phosphorylated CREB levelsand induced
CRE and AP-1 DNA binding activity. Consequently,
opioidsregulated CRE- and AP-1- directed transcription
of luciferase reporter gene as well as the expression of
target genes (e.g. proenkephalin). Our findings provide
evidence that the regulation of gene expression may
contribute to devel opment of tolerance and addiction.
Our resultsal so highlight the role of transcription factors
in the adaptations to opioids at the cellular level.

This study was supported by KBN grant P05A.107.20

DEFECTIVE OPIOID PEPTIDE PROCESSING
CORRELATES WITH DECREASE IN OPIOID
RECEPTOR SYSTEM IN CPE ™T/CPE T M| CE (106)
Oleg Yegorov, Anna Sterling-Dubrovsky, L akshmi Devi,
YemiliyaBerman. *

Department of Pharmacology, New York University
School of Medicine, New York, NY, USA
Carboxypeptidase E (CPE) isinvolvedinthebiosynthesis
of anumber of neuropeptidesincluding opioid peptides.
A point mutation in the carboxypeptidase E (CPE) gene
resultsin aloss of CPE activity and development of late
onset obesity. We found alterationsin the processing of
peptides derived from Prodynorphin (ProDyn) and
proopiomelanocortin (POMC) in discrete brain regions
of Cpe @ mice. This precedes the development of late
onset obesity. We also examined how changes in the
level of opioid peptides affect the receptor system. We
found that the functional activity of p and k opioid
receptors (evaluated by [35S] GTP gammasShinding) is
reduced inthebrain of Cpe™ mice. Thesechangesarein
good agreement with increased level of 3-endorphinl-31
and Dynorphin A-17 in Cpe ™ mice. In arelated study,
we found that Cocaine —and amphetamine regulated
transcript (CART 55-102) level sdecrease only after 10-12
weeks, correlating with the devel opment of obesity. Itis
possible that the changes in the level of the anorectic
peptide CART 55-102 may promote obesity in Cpe™ mice
through a novel pathway, however the involvement of
the opioid system is evident also.

ANEW MODEL OF THEKAPPA OPIOID RECEPTOR:
DOCKING OF SELECTIVE AGONISTS AND
ANTAGONISTS(54)

S.L.Black*,SM.Husbands, J.W. Lewis, W. Brandt
Department of Phar macy and Phar macology, Univer sty
of Bath, Bath, UK ; Department of Biochemistry and
Biotechnology, Martin-Luther University, Halle-
Wittenber g, Germany

Using homol ogy modelling, we have devel oped amodel
for the kappa opioid receptor based on the recently
reported high resolution structure of bovine rhodopsin.
The residueswhich wehaveidentified to form part of the
active site, are similar to those proposed in other models
and are consistent with site-directed mutagenesis and
chimera studies. Firstly, we tested our receptor model
against a pharmacophore model proposed by Brandt et
al. inwhich the orientation of the basic NH group in the
kappa agonist, ketazocine (KCZ), is equitorial. The
message portion of the kappa selective ligands under
study, bind to apocket formed by extracellular loop (EL)
2 and transmembraneregions (TM) 3 and 6. The address
portion of the kappaantagonists, asecond basic nitrogen,
interacts with the negatively charged Glu 297 residue as
previously reported. A new finding is that the
hydrophobic portion of the address is able to occupy
either of two lipophilic pockets, formed by EL 2 and 3 or
TM 6 and 7 respectively. For norBNI, these pockets are
occupied by the cpm and phenolic moeities of the 2nd
pharmacophore, respectively. This has allowed us to
identify new synthetic targets for evaluation as kappa
selectiveligands. Funded by NIDA grant DA00254
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DOCKING OF DELTA SELECTIVE AGONISTSAND
ANTAGONISTSTO TWOBINDING SSTESOF THE
DELTA OPIOID RECEPTOR (55)

W. Brandt'3, M. Boegel 2, H. Schmidhammer ®

@ Department of Biochemistry and Biotechnology, Martin-
Luther-University Halle-Wittenberg, Halle, Germany

b Division of Pharmaceutical Chemistry, Department of
Pharmacy, University of Innsbruck, Innsbruck, Austria
Based on the recently reported high resolution structure
of bovine rhodopsin, we have developed a molecular
model of the deltaopioid receptor. Aninitial model was
formed by homology modelling and loop search
agorithms. Refinement of the model was performed using
the AMBER force field. Inspection of the model with
PROCHECK showed ahigh quality model with regard to
dihedral angle distribution. We then performed docking
studies using a multitude of delta selective opioid
agonistsand antagonists, including 14-alkoxy substituted
indolo- and benzofuromorphinans, beta-casomorphins
and others. We detected two possible binding sites, one
formed by the extracellular loops and another further
insidethetransmembrane helix bundle. Theseresultsare
consistent with site-directed mutagenesis and chimera
studies. The docking studies help to understand structure
activity relationshipswhich arein agreement with earlier
proposed models. Aspects of the differing modes of
action of agonistsand antagonistswill also be discussed.

DOCKING OF KAPPA SELECTIVEAGONISTSAND
ANTAGONISTSTO TWOBINDING SSTESOF THE
KAPPA OPIOID RECEPTOR (57)

W.Brandt™, S.L.Black®, U. Holzgr abe®

@ Department of Biochemistry and Biotechnology,
Martin-Luther-University Halle-Wittenberg, Halle,
Germany

b Depar tment of Phar macy and Phar macology, Univer sity
of Bath, UK;

¢ Institute of Pharmacy, University of Wirzburg,
W rzburg, Germany

We have devel oped amolecular model of the kappaopioid
receptor based on the recently reported high resolution
structure of bovine rhodopsin. Homology modelling and
loop search algorithmswere used to createacrudeinitial
model. The AMBER force field was used to refine the
modél. Ingpection of themodel with PROCHECK showed
a high quality model with regard to dihedral angle
distribution. Docking studieswere then performed using
a multitude of kappa selective opioid agonists and
antagonists, including 2,4-diaryl-substituted 3,7-
diazabicylononanones, several aryl-acetamides, KCZ,
norBNI and others. Two possible binding sites were
detected, one formed by the extracellular loops and
another inside the transmembrane helix bundle. The
docking studies hel p to understand the structure activity
relationships of different classes of kappa selective
ligands. The results are in agreement with a model of
structure activity relationshipswhich we proposed earlier.
Further aspects of the different modes of action of
agonists and antagonists will also be discussed.

DOCKING OF MU SELECTIVE AGONISTSAND
ANTAGONISTSTO TWOBINDING SS TESOF THE
MU OPIOID RECEPTOR (56)

W. Brandt

Department of Biochemigtry and Biotechnology, Martin-
L uther-Univer sity Halle-Wittenber g, Halle, Ger many
We have devel oped amolecular model of the mu opioid
receptor based on the recently reported high resolution
structure of bovinerhodopsin. Firstly, acrude model was
formed by homology modelling and loop search
algorithms. Refinement of themodel was performed using
the AMBER force field. Inspection of the model with
PROCHECK showed ahigh quality model with regard to
dihedral angle distribution.Subsequently, docking
studieswere performed using amultitude of mu selective
opioid agonists and antagonists including morphine
derivatives, fentanylsand several mu selective peptides.
We detected two possible binding sites, one formed by
the extracellular loops while the other was inside the
transmembrane helix bundle. The docking studies help
to understand structure activity relationships of mu
selective ligands belonging to different classes of
compounds. Theresultsarein agreement with model s of
structure activity relationships we proposed earlier.
Aspects of the different modes of action of agonistsand
antagonists will also be discussed.

NEW ASPECTSOF A SIGNAL TRANSDUCTION
PATHWAY SBASED ON DOCKING STUDIESOFMU,
DELTA AND KAPPA OPIOIDS TO THEIR
CORRESPONDING RECEPTORS(59)

W. Brandt

Department of Biochemigtry and Biotechnology, Martin-
L uther-Univer ity Halle-Wittenber g, Halle, Ger many
Here we present a summary of our docking studies of
mu, delta and kappa selective opioid ligands and their
corresponding receptor models. Inall three cases, different
possible modes of binding could be detected. From the
analysisand comparison of thebinding Sites, certain areas
could be detected which are highly similar among the
three receptor types, while otherswhich are not assimilar
might be responsible for selectivity. These results also
alow for discussion of possible modes of activation or
pathways of signal transduction within the receptors

when occupied by aligand.
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CONVULSANT ACTIVITY OF NONPEPTIDICDELTA-
OPIOID RECEPTOR AGONISTSISNOT REQUIRED
FORANTIDEPRESSANT-LIKE EFFECTS(15)

Danid C. Broom*, Emily M. Jutkiewicz, John E. Folk,
John R. Traynor, Kenner C. Rice, JamesH. Woods
Departmentsof Phar macology (D.C.B.,EM.J.,J.R.T,,
J.H.W.) and Psychology (J.H.W.), Univer ity of Michigan
Medical School, Ann Arbor, Michiganand NIDDK (J.E.F,
K.C.R.), Bethesda, Maryland, USA

Recent studies have shown that nonpeptidic delta-opioid
receptor agonists possess antidepressant-like activity
when tested in the rat forced swim assay. As these
compounds have previously been shown to also possess
convulsant propertiesin mice, theaim of the present study
was to observe such convulsions in rats and to assess
the relevance of convulsive activity to antidepressant-
like activity. The nonpeptidic delta-opioid receptor
agonists SNC80 and (+)BW373U86 both produced dose-
dependent convul sant activity inratssimilar to that seen
inmice. Thedelta-opioid receptor antagonist naltrindole
prevented the convulsant activity of (+)BW373U86 and
the effects of this drug in the forced swim assay. This
indicated a delta-opioid mechanism of action for both
effects. The anticonvulsant, midazolam prevented
convulsions but did not prevent the antidepressant-like
activity of (+)BW373U86. In addition, animalstolerant
to the convul sant effects of (+)BW373U86 till displayed
antidepressant-like effects. |n summary, delta-mediated
convulsions do occur in rats but are not required for the
antidepressant-like activity of these drugs. Research
supported by USPHS grants DA00254, GM07767 and
DAQ7267.

ACUTE AND CHRONIC MORPHINE AFFECT
PROOFQ/N GENE EXPRESS ON INDIFFERENT RAT
BRAIN AREAS(111)

S.Canddletti*, D. Landuzzi, C. D.Addario, P. Romualdi
Dept. of Phar macology, Univer sity of Bologna, Irnerio
48- 40126 Bologna, Italy

Nociceptin or orphanin FQ (OFQ/N) has been suggested
to play afunctional antiopioid role at cerebral level. We
investigated the possible effects of acute and chronic
morphine treatments upon pronociceptin (proOFQ/N)
geneexpressionintherat CNS. Morphine (10 mg/kgi.p.)
was administered acutely or twice daily for seven days
and proOFQ/N mRNA levelswereevaluated inrat brain
areas by Northern analysis. Acute morphine caused
significant (p<0.05) changes of proOFQ/N mRNA levels
inthe striatum (145% vscontrols), hippocampus (242%),
nucleus accumbens (158%), temporal-parietal cortex
(149%) and midbrain (47%). Chronic morphineinduced a
significant increase of proOFQ/N mRNA levelsin the
brainstem (174%), midbrain (172%), hippocampus (265%)
and ventral tegmental area (148%) whereas a decrease
was observed in the striatum (59%) and nucleus
accumbens (51%). These data show that morphine can
modulate proOFQ/N gene expression in several brain
areas including those related to pain transmission, thus
supporting the interplay between OFQ/N and opioid
systems and suggesting the involvement of OFQ/N in
the mechanisms underlying the devel opment of morphine
tolerance.

INDUCTION OF N/OFQLEVELSBY TRAUMATIC
BRAININJURY (47)

Beata Buzas*, Jassir Wittaand Brian M. Cox

Dept. of Phar macology, Unifor med ServicesUniver sity,
Bethesda, MD 20814, USA

Nociceptin/Orphanin FQ (N/OFQ) is an opioid-related
neuropeptideinvolvedin stress, anxiety, and inflammatory
responses. We have reported earlier that N/OFQ gene
expression is dramatically increased in vitro by factors
induced in the CNS after ischemic, excitotoxic and
traumatic injuries. Here we describe the induction of N/
OFQ peptide levelsin vivo after traumatic brain injury.
We have detected a profound increase in N/OFQ
immunoreactivity inthe cerebral cortex inthevicinity of
a stabade in the elevation of N/OFQ immunoreactivity
by traumatic brain injury. We have administered
SB202190, asdlective p38 inhibitor, through the Hamilton
syringe used to inflict the stab wound injury. Control
animals received vehicle during injury. SB202190
significantly reduced theincrease of N/OFQ levelsinthe
lesion area. Thus p38 MAP kinase pathway appears to
mediate N/OFQ induction after stab wound injury. The
function of N/OFQ in injury-induced responses in the
brain is currently being investigated.

EFFECTSINDUCEDBY CB-1RECEPTORAGONISTS
ON VISUAL EVOKED RESPONSES AND
OSCILLATORY POTENTIALSINTHEMOUSE (71)
A.Capaso*, G. Galietta, T. Siniscalchi, M. Festaand A
L oizzot

Dipartimento di Scienze Far maceutiche, Univer sitadi
Salerno. !l gituto Superioredi Sanitd, vialeRegina Elena
299, 00161 Roma, Italy

Oscillatory potentials (OPs) consist of short lasting (15-
30 ms) low voltage (5-30 microV) bursts of sinusoidal
waves, which are embedded inside traditional visual
evoked response waveforms, and can be extracted
through off-line high-pass filtering. In view of the
diffusion of cannabinoids as drugs of abuse, and the
presumed physiological influence exerted by OP in the
synchronization of some electrical signals along visual
pathways, we started a series of studiesin order to verify:
1) whether CB-1 agonistsinduce excitatory (or vice-versa
depressant) effects on visual evoked responses induced
by flash stimuli (F-VER) and onOP in the free-moving,
unanesthetized mouse. 2) whether CB-1 agonists may
influence cerebral excitability in a model of inherited
epilepsy in DBA/2Jmice. Preliminary results show that
anandamide at lower dose (5 mg/kgi.p.) induce decrease
of amplitude (from an averageof 75 microV ES9,t052, ES
8) and of latency (from 31ms, ES 4 to 26.5, ES 4) of F-
V EPs, with quiteanal ogous changes of OPs, whilehigher
doses (15 and 45 mg/kg) induce dose-dependent
decrease of amplitude and increase of latency. Inherited
spike-and-wave epileptiform pattern, which are recorded
in the electroencephalogram of DBA mice was not
modified by single administration of thedrug. Thesedata
suggest that some CB-1 agonists induce an excitatory
effect onthevisual pathways, without influencing general
brain excitability. Further studies are in progress to
compare anandamide effectswith methanandamide, with
WIN 55,212-2 and with delta-9 THC, and to have
information on effectsinduced by repeated doses on the
visual sistem.
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EXPRESSION OF THE CLONED MU OPIOID
RECEPTORMOR-1ANDITSSPLICEVARIANTSIN
LUNG (72)

Feng-Ching Chang, Ying-Xian Pan and Gavril W.
Paster nak.

Laboratory of Molecular Neurophar macology, Memorial
Sloan-K ettering Cancer Center, New York, NY 10021, USA
Opioid receptors have well documented actions within
the central nervous system. However, evidence hasbeen
accumulating for perpipheral actions as well. Topical
opioids are analgesic through activation of peripheral
nerves and evidence has been accumulating for opioid
receptors in immune cells. Opioid receptors also have
been proposed with the lung (for review, see Life Sci.
66:2221, 2000), perhapsexplaining the utility of nebulized
morphinefor dyspnea. Sincetheinitial description of the
cloned mu opioid receptor (MOR-1, also described as
MOP1), anumber of splice variants have been reported.
In the current studies, we now report the presence of
MOR-1 and several additiona splicevariantswithinthe
lung using RT-PCR. Using primersdefined by thevariants
previously reported, we obtained evidence for the
expression of MOR-1, aswell asMOR-1C, MOR-1G and
MOR-1K. These variants have been cloned and
sequenced and correspond to the same splice variants
previously reported in mouse brain. Additional work
exploring the significance of these variantswill hopefully
extend our understanding of theclinica utility of morphine
for non-analgesic uses.

THE EFFECT OF PAEONIFLORIN ON DRUG-
INDUCED BITING AND SCRATCHING BEHAVIOR
(114)

Yuh-Fung Chen* Hsun-L ang FangHuei-Yann Tsai
Department of Phar macology, ChinaMedical College,
91 Hsueh-Shih Road, Taichung, 404 Taiwan, R.O.C.
Paeony roots (Paeonia lactifloria PALL) has been used
in gynecological disorders as an spasmolytic and
analgesic in Chinese literature. From our preliminary
studies, we found that paeoniflorin, a major component
of paeony roots, has antinociceptive effect on both
writhing response and formalin test. In this study, it
showed that paeoniflorin attentuated the seizure-like
excitation induced by high dose morphine (80 mg/5ml)
which was a so inhibited by MK-801(18 ng/5mL ). This
inhibitory effect of paeoniflorin was potentiated by
treatment with MK-801. In addition, paeoniflorin did
inhibit drug-induced biting and scratching behavior.
Drugs, such as glutamate, NMDA, AMPA and trans-
ACPD etc were used in this study. Moreover, we
investigated the inhibitory effects of paeoniflorin and
antisense oligodeoxynucleotide (ODN) of NMDA
receptor subunits (NR1, 2A, 2B, 2C) on NM DA-induced
biting and scratching behavior. The results showed that
paeoniflorin potentiated theinhibitory effect of antisense
ODNson NMDA-induced biting and scratching behavior.
In conclusion, it was suggested that the inhibitory effect
of paeoniflorin on drug-induced biting and scratching
behavior might beviatheinactivation of NMDA receptor.

CO-EXPRESSION OF DELTA OPIOID RECEPTORS
WITHMU RECEPTORSIN GH3CELLSCHANGES
THEFUNCTIONAL RESPONSE TOMUAGONISTS
(73)

Andrew Charles*, Megan Dankovich,and Tim Hales
Dept. of Neurology, Univer sity of CaliforniaL osAngeles,
LosAngeles, CA 90095 and Dept. of Phar macology,
TheGeor geWashington Univer sity, Washington, D.C.
20037, USA

GH3 cells show spontaneous activity characterized by
bursts of action potentialsand oscillationsin [Ca2+]i. In
GH3 cellsexpressing only mu receptors(GH3MOR cells),
the mu receptor-specific ligand DAMGO inhibits
spontaneous Ca2+ signaling. By contrast, in cells
expressing both mu and deltareceptors (GH3MORDOR
cells) DAMGO hasan excitatory effect on Ca2+ signaling
that is mediated by thapsigargin-sensitive intracellular
Ca2+ stores. The electrophysiological effects of mu or
delta recept formation of a mu/delta heterodimer with
distinct functional properties. Supported by NSF IBN-
9982585 (A.C.) and NIDA DA05010(T.H.and A.C.)

CROSSDESENSI TIZATION BETWEEN MU OPIOID
RECEPTOR AND CHEMOKINE RECEPTOR CCR5
CO-EXPRESSED INCHO CELL S(137)

Chongguang Chen, Jin Li, George Bot, Imre Szabo,
ThomasJ. Rogersand Lee-Yuan Liu-Chen
Departmentsof Phar macology and Micrabiology and
Immunology, Temple University School of M edicine,
Philadel phia, PA 19140, USA

It has been shown that chemokines and opioids cause
chemotactic responses in immune cells and opioids
desensitize chemotactic responses to some chemokines
and vice versa. We established CHO cell clones stably
co-transfected with the mu opioid receptor and the
chemokine receptor CCR5 to examine biochemical
mechanisms underlying cross-desensitization between
the two receptors. DAMGO and RANTES exhibited
profound inhibitory effects on chemotaxis caused by the
other, validating the use of the CHO cells as a model.
DAMGO pretreatment enhanced phosphorylation of the
CCRS5 receptor and profoundly reduced RANTES-
promoted [*S]GTPgS binding and p44/42 MAP kinase
phosphorylation without changing the K, and B__
valuesof [*®]MIP-1b binding for the CCR5. Eonversah Y,
RANTES preincubation slightly increased
phosphorylation of the mu opioid receptor, significantly
reduced DAMGO-induced [®S]GTPgS binding and
dlightly decreased DAM GO-caused p44/42 M AP kinase
phosphorylation; however, it did not alter the K, and
B, values of [*H]diprenorphine binding for the mu
opioid receptor or cause internalization of the mu opioid
receptor. Thus, activation of either receptor enhanced
phosphorylation of the other and affected receptor-G
protein coupling and downstream effector response.
(Supported by NIH grantsDA 04745, DA06650, DA 11263,
DA13429)
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COMPLETE LOSSOF [3H] NALOXONE AND [3H]
BREMAZOCINE BINDING IN THE BRAINSOFMU,
DELTA,KAPPATRIPLEKNOCKOUT MICE (74)

Sian Clarke* @, Traci Czyzyk@, Michadl Ansonoff®,
Zhengping Chen @, Ming-Sing Hsu®, John Pintar @,
Ray Hill ®and lan Kitchen ®

MSchool of Biolomedical and Life Sciences, University
of Surrey, Guildford, Surrey. GU7XH. @ UM DNJ-Raobert
Wood Johnson Medical School. Piscatway. NJ 08854.
USA. @ Neuraoscience Resear ch Centre, Merck, Sharp
and Dohme, Harlow, Essex. CM2020QR. UK.

Mice deficient in the mu, deltaand kappa opioid receptor
gene have been generated by a number of groups and
their phenotype characterised. Morerecently micelacking
all three opioid receptors have been generated. Here we
have carried out autoradiography of the opioid receptors
using [3H] naloxonein the brains of mu, deltaand kappa
triple knockout miceto determineif thereare any further
opioid receptors encoded for by other genes. [3H]
bremazocine binding was aso carried out to detygous
animalsindicating that there are no further geneswhich
encode for opioid receptors and there are no kappa sub-
types encoded for by anothergene.

THE CELLULAR DYNAMICS OF THE ORL1
RECEPTORINLIVING CELLS INTERNALISATION
AND DIMERISATION (76)

M. Corbani*, C. Gonindard, M.P. Puisségur and J.C.
Meunier

I nstitut de Phar macologieet deBiologie Structurale,
CNRS, 31077 Toulouse, France

The pharmacology of internalisation of the nociceptin
(Noc) receptor ORL1 was studied in living cells. ORL 1
carrying at the C terminus one EGFP molecule was stably
expressed in HEK293 cells and checked for its
pharmacol ogical properties. Using confocal microscopy,
the kinetics of internalisation was determined at various
temperatures under saturating concentrations of Noc.
ORL1wasnotinternalisea 4°C, even after 60 min, wherees
more than 80% of receptor wasinternalised at 22°C (t,,=
20min) and 37°C (t, .= 8 min). The agonist |ofentanil was
similarly efficaci oué but not the Houghten hexapeptide
Ac-RRYKWR-NH,. The Banyu antagonist J-113397 but
not the 111-BTD was able to completely block the
internalisation induced by Noc or lofentanil. The latter
could a so be prevented by treating the cellswith 0.45 M
sucrose, implicating the involvement of clathrin-
dependent pathwaysin the ORL 1 internalisation process.
These results suggest that receptor regions necessary
for internalisation include the transmembrane cavity of
ORL1 and that surface exposed regions alone seem not
to be sufficient. Receptorsoligomerisation was monitored
by FRET between ORL1-EBFP and ORL1-EGFP
transiently co-expressed in HEK cells. The addition of
107 Noc Induced within 3 min a shift in the | emission
from 460 nm (blue) to 520 nm (green) when excited at 360
nm (EBFP maximal excitatory |), indicating aneighbouring
of lessthan 100 A between the ORL 1 receptors. We are
currently testing other ligands to compare their relative

efficacy oninternalisation and oligomerisation.

UPREGULATIONOFTHEMU, DELTA AND KAPPA
RECEPTORS BUT NO CHANGE IN THE ORL1
RECEPTOR IN THE BRAINS OF DYNORPHIN/
ENKEPHALINDOUBLEKNOCKOUT MICE (75)

San Clarke?, AndreasZimmer®, Ray Hill¢, 1an Kitchen?
3Phar macology Group. School of Biological Sciences.
Universty Of Surrey. Guilford. Surrey. GU2 7XH.
®Clinic for Psychiatry. University of Bonn. Sigmud-
Freud Str. 25.53105. Bonn.

°Neur oscience Research Centre. Merck, Sharp and
Dohme. Harlow. Essex. CM202QR. UK.

The cloning of the opioid peptides and receptors hasled
to the devel opment of opioid receptor and opioid peptide
knockout mice. Previous peptide knockout studies in
enkephalin and nociceptin/orphanin FQ knockout mice
have revealed a region specific up regulation of the mu
and deltareceptorsin the enkephalin deficient mice and
of the ORL1 receptors in the nociceptin/orphanin FQ
mutant mice. Dynorphin/Enkephalin double knockout
mice have recently been generated by homologous
recombination. To further investigate compensatory
mechanismsthat exist within and between the opioid and
ORL1 systemswe have carried out detail ed quantitative
autoradiographic mapping of the opioid and ORL1
receptorsintheseanimals. Sectionswere cut from brains
20um using amapping interval of 300um. [*H] DAMGO
(4nM), [*H] ddltorphin-I (7nM), [®H] CI-977 (2.5nM) and
[3H] leucyl nociceptin (0.4nM) were used to label the mu,
delta, kappa and ORL 1 receptors respectively. Here we
report a region specific up regulation of the opioid
receptorswhich reached approximately 15% for mu and
delta and 30% for kappa. No change was seen in the
ORL 1 receptor expression in homozygousanimals.

MU OPIOID RECEPTOR-MEDIATED ERK-
ACTIVATION INVOLVES CALMODULIN-
DEPENDENT EGFRECEPTORTRANSACTIVATION
(102

M. Belcheval, M. Szlics*?, D. Wang®, W. Sadee*and C.
Coscia"

Dept. Biochem. & Mal. Bial., St. LouisUniv. Sch. of
Med., St. Louis, MO; 2Biol. Res. Center, Szeged,
Hungary; *Dept. Biopharm. Sci. & Pharm. Chem., Univ.
of California San Francisco, CA, USA

Phosphorylation of the MAPkinase, ERK, by G protein-
coupled receptors (GPCRs) involves multiple signaling
pathways. One pathway entails EGF receptor (EGFR)
transactivation followed by ERK activation. Thisstudy
demonstratesthat asimilar signaling pathway isused by
themu opioid receptor (MOR) expressed inHEK293 cells
and involves calmodulin (CaM). Stimulation of MOR
resulted in both EGFR and ERK phosphorylation. An
intermediate role of EGFR activation, involving
endogenous EGF release, is supported by using
inhibitors of EGFR Tyr kinase and of membrane
metalloproteases. To test whether CaM contributes to
EGFR transactivation and ERK phosphorylation by MOR,
we compared wild type MOR with mutant (K273A-MOR),
which binds CaM poorly but couples normally to G
proteins. Stimulation of K273A-MOR with DAMGO
attenuated ERK phosphorylation. Wild type MOR
stimulated EGFR Tyr-phosphorylation 3-fold morethan
K273A-MOR, indicating that direct CaM-MOR interaction
plays akey rolein transactivation. Thisnovel pathway
of EGFR transactivation may be shared by other GPCRs
shown to interact with CaM. Supported by NIDA grant
DA0412.
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DEXTROMETHORPHANAND COLONICTRANST
—APHARMACOLOGICAL ANALYSS

A.Cowan*, M.R. Pietrasand SF. Rittenhouse

Dept. of Pharmacology, Temple Univ. Sch. Med.,
Philadelphia, U.SA.

We have identified a new action of dextromethorphan
(Dex) —slowing colonic transit in the mouse glass bead
test —and now present additional pharmacological data.
Male Swissmice (25-30 g; n=8-10) were pretreated with
Dex 20 min (s.c.) or 30 min (p.o.) beforea3-mm glassbead
was inserted 2 cm into the rectum of each animal.
Expulsion of the bead wastimed over 30 min. Antitransit-
50 (A50) values obtained with Dex were 20 (13-27) mg/kg
s.c. and 88 (55-121) mg/kg p.o. The A50 value obtained
for dextrorphan, the primary metabolite, was 32 (23-42)
mg/kg s.c. Tolerance developed to the slowing effect of
Dex (50 mg/kg s.c. daily) onday 5. (-)-Naloxone (0.001-1
mg/kg s.c.) antagonized the antitransit action of Dex (50
mg/kg s.c.) in a dose-related manner whereas this
antagonism did not occur with (+)-naloxone (1 mg/kg
s.c.), naloxonemethiodide (1 and 3mg/kgs.c.) or rimcazole
(3 mg/kg s.c.). These results with Dex, the non-
competitive NMDA antagonist and antitussive, implicate
acentrally located opioid link in the mediation of delayed
colonic transit. Our findings may have importance for
future drug development in the treatment of colonic motor
dysfunction.

AFFINITY AND SELECTIVITY OFN-SUBSTITUTED
CYCLORPHAN DERIVATIVES(60)

NicholasJ. DeNunzio*?, Xiao-Hui Gu? Alexander van
Vliet?, S. Stevens Negus?, Nancy K. Méllo?, John L.
Neumeyer? and Jean M. Bidlack?

tUniver sity of Rochester, Rochester NY, and 2M cL ean
Hogpital, Harvard M edical School, Belmont, MA, USA
Mixed kappa agonists and mu agonists/antagonists are
potential pharmacotherapeutics for cocaine abuse.
Cyclorphan possessesthese propertiesand isacandidate
for therapeutic useto reduce cocaine abuse. Thiscurrent
study evaluated the affinity and selectivity of four
cyclorphan derivativesfor the multiple opioid receptors.
The parent compound (-)cyclorphan had a Ki value of
less than 0.1 nM for both the kappa and mu receptors,
with adightly higher affinity for the kappareceptor thass
for the mu receptor. Thus, unlike the parent compound
cyclorphan or the MCL-119 and -120 derivatives, MCL -
121 and -122 had a higher affinity for the mu receptor
than the kappareceptor. Also, thefunctional efficacy of
these compounds, asmeasured by the[35S]GTPgammaS
binding assay will be presented. (Supported by NIDA
grantsK05-DA00360, DA03742, U-19-DA11007, and KO5-
DAQ0101.)

COMPARISON OF G PROTEIN-COUPLED
RECEPTOR DIMER MODEL S(66)

D.J. Daniels*, D.M. Ferguson, G. Poda, P.S. Portoghese
Department of Medicinal Chemistry, College of
Pharmacy, Univer sity of Minnesota, Minneapolis, MN
55455, USA

Burgeoning evidence suggests that G protein-coupled
receptors can dimerize to form either hetero- or
homodimers. The role of dimerization remains to be
clarified, but some possihilities include the modulation
of function and trafficking of receptors. GPCR
dimerization may involve contact or domain swapped
dimers, but neither model hasbeen confirmed. Recently,
we have modeled dimeric opioid receptors that have the
dimer interface between either transmembrane helices 5,6
or 4,5. Themodelswere constructed using x-ray datafor
rhodopsin as an initial design template. Interactive
mani pul ation of the geometry using Insight 11, followed
by minimization and molecular dynamicsusing Discove,
led to refined models. We have docked bivalent ligands
with known mu opioid agonist activity to therecognition
sitesof these dimerizied receptor models. Comparison of
our models with data from earlier studies containing
bivalent ligands will be discussed.

MOTIVATIONAL EFFECTS OF N/OFQ
ADMINISTEREDINTO THENUCLEUSACCUMBENS
ANDVENTRAL TEGMENTAL AREA (115)

Michadl A. Misilmerit, Geremy Gregory?, Huda Akil?,
and Darragh P. Devine'*; University of Florida,
Department of Psychology, Gainesville, FL, 32611-2250,
USA., and University of Michigan, Mental Health
Research Institute, Ann Arbor, M1. 48109-0720. USA.
We have previously examined motivational effects of N/
OFQ using an unbiased conditioned place preference
procedure with intracerebroventricular (i.c.v.)
administration. Surprisingly, repeated conditioning with
N/OFQ did not produce place preference or aversion in
that study. We have now examined themotivational effects
of N/OFQ with microinjectionsinto limbic regions of the
rats brains. N/OFQ (1.0 nmoles) produced conditioned
place aversion after microinjections into the ventral
tegmental area, and conditioned place preference after
microinjectionsinto the nucleus accumbens. Injections
into surrounding sites were ineffective. These findings
concur with previous reports that N/OFQ decreases
mesolimbic dopamine neurotransmission through actions
in the ventral tegmental area, and increases dopamine
neurotransmission through actions in the accumbens.
The lack of apparent motivational effects after i.c.v.
administration (previous study) may have resulted from
motivationally-unrelated actions of N/OFQ on sensory
processing, or learning and memory — actionsthat could
have interfered with the formation of conditioned
associations.
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3-OPIOID RECEPTOR CONSTITUTIVELY
INTERNALIZED VIA ADYNAMIN-DEPENDENT
PATHWAY (77) o
SmltaKshlrsa%ar, LaurieJ.Erickson* and P.Y.Law
Department of Phar macolog& Univer sty of Minnesota,
Minneapolis, MN 55455, U o
The ability of GPCR such as the opioid receptor to
modul ate the growth response has been well documented.
Previously we demonstrated that pertussis toxin (PTX)
pretreatment of fibroblasts in the quiescent phase of the
cell cycle could attenuate serum-induced growth. A
Erob Ie mechanism for such an observationisthat PTX
locksthe congtitutive activity of the GPCRs such asthe
opioid receptor. In order to demonstrate a robust
constitutive activity for the opioid receptor, the ahility of
the receptor to intérnalize in the absence of agonist was
examined. A d-opioid receptor-green fluorescent protein
chimera was constructed and stably expr in an
NIH3T3 fibroblast cell line. When these cells were
cultured under a sub-confluent proliferative condition
opioid agonists could inhibit the forskolin-stimulat
adenylyl cyclase activity, could activate the Erk1/2 and
could induce internalization of the receptor. However,
when these cellswere growth arrested either by contact
inhibition or by serum withdrawal, these activities were
not observed under the same agonist concentrations.
The absence of agonist activities could be traced to a
time-dependent decrease of the d-opioid receptor
expressed at the cell surface, as determined by *H-
diprenorphine bindi nP with whole cells or by FACS
anaIKssof thetotal cell fluorescence. Thedisappearance
f the d-opioid receptor could be detected also by
confocal microscopy. Thelossof thecdll surface d-opioid
receptor was mediated b% the dynamin-dependent
pathway. Co-expression of the dominant negative mutant
of dynamin, K44A, inNIH3T 3 cdllsexpressing the d-opioid
recéptor could attenuate the magnitude of the receptor
decrease when the cells were made quiescent. These
data suggest that d-opioid receptor has robust
constitutive activity, and that the ability of the receptor
to constitutively internalize could have great impact on
the receptor function both extracellularly and
intracellularly. (Thisresearch is supported in parts by
DAO07339

INTRAHYPOTHALAMIC INJECTION OF
DELTORPHIN-II, A DELTA2 AGONIST, INDUCES
HYPERTHERMIA VIA DELTA AND MU OPIOID
RECEPTORSE?S&

SM. Rawls, E.B. Gdler*, J. Cabassa, and M .W. Adler
Center for Substance Abuse Resear ch, TempleU. Sch.
of Med., Phila., PA USA

It |sweI| established that central mu and kaﬁpareceptqrs
mediate opioi d-induced hyperthermiaand hypothermia,
respectively. In contrast, the role of deltareceptorsin
thermoregulation is unclear, although several lines of
evidence suggest an involvement. First, delta opioid
receptor binding and mRNA expression are present in
hypothalamic nuclei that regulate body temperature.
Second, delta agonists have been reported to alter the
thermosensitivity of hypothalamic neurons. Therefore,
the present study investigated the effect of deltorphin
(DELT), a selective deltaaNagonlst on the bod
temperature of male Sprague-Dawley rats§25(}350 grams).
Injected into thel_Fre?___ptlc area of the anterior
hypothalamus (POAH), DELT (0.1-20 mg/mL) (;)roduc,ed
hyperthermiain adose-dependent manner. To determine
whether the hyperthermiawas deltaor mu opioid receptor-
sengitive, either the selective delta, antagonist, naltriben
(NTB), or the sel ective mu antagonist, CTAP, wasinjected
into the POAH 30 min prior to theadministration of DELT
(Img/mL). NTB (1 mg/mL) attenuated the DEL T-induced
hyperthermia. CTAP (0.5 mg/mL) delayed the onset of
the hyperthermia. hen CTAP and NTB were
coadministered, DELT-induced hyperthermia was
completely blocked. The present data support the
_hy[)otheusthat the POAH isthe primary functional site
inthermoregul ation and suggest that intra-POAH delta,,
as well mu, opioid receptors mediate the hyperthermi
responseto opioids. (Supported by Grant DA 00376 and
T32DA 07237fromNIDA).

PRE-TREATMENT WITHA GUINEA PIGANTISERUM
RAISED AGAINST AGMATINE INCREASES
SENSITIVITY TOINDUCTION OF SPINAL OPIOID
ANTINOCICEPTIVETOLERANCE (34)

C.A. Fairbanks*, L.L. Kaminski, H.O. Nguyen, J. C.
Roberts, K.F.Kitto,L.,G.L. Wilcox

Departmentsof Phar macology and Neuroscience, Univ.
of Minnesota, Minneapolis, MN, USA 55455, USA
Agmatine (AG) is present in the mammalian central
nervous system. Exogenously adminstered AG hassince
been shown to modify opioid-induced tolerance, and
reverse pain dueto inflammation, neuropathy, and spinal
cordinjury. AGinhibitsNOS and antagonizestheNMDA
receptor. Therole of endogenous agmatine remainsto be
assessed. Anti-AG 1gG (but not normal 1gG) reversed
exogenous AG-mediated (but not MK801-mediated)
inhibition of NM DA -evoked behavior in mice, suggesting
specificity of the |G also modulates other plasticity-
related events remains to be determined. (Supported by
NIH/R01-DA-11236 to GLW and NCCAM grant
P50AT00009-02 supports CAF.)

MUTATIONAL ANALYSIS OF CONSERVED
RESIDUESOF THE DELTA-OPIOID RECEPTOR
RESPONS BLE FORRECEPTORACTIVATIONAND
FUNCTION (99)

Gazouli M.,Morou E.,Mazarakou G., ArvanitakisL .,
and Georgoussi Z. *

Laboratory of Cell Signaling and Molecular
Pharmacology, Institute of Biology, N.C.S.R
«Demokritos», Agia Paraskevi, Athensand * Molecular
Virology L aboratory, Hellenic Pasteur I ngtitute, Athens,
Greece

A remarkably conserved sequence that is shared among
most G protein-coupled receptors is the aspartate-
arginine-tyrosine (DRY') motif that islocated at theamino
terminus of the putative second intracellular loop,
considered to be critical in G protein recognition and
activation. Using site-directed mutagenesis, we
investigated the possibility of an identical role for the
aspartate of thisDRY motif in the mouse d-opioid receptor.
Mutation of the aspartate 145 into alanine, resulted in
reduced expression and loss of antagonist binding in
membranes of transiently transfected COS-7 cells,
abolished DSLET mediated-inhibition of forskolin-
stimulated cAM P accumul ation and phosphatidylinositol
formation in cells expressing similar levels of receptor.
Moreover, mutation of the asparagine 67, located at the
first transmembrane domain of the d-opioid receptor,
considered to be critical in the formation of the receptor
binding polar pocket to alanine, improves DSLET
mediated inhibition of CAMP accumulation and retains
phosphatidylinositol hydrolysis at the same levels as
thewild type. Taken together, our data demonstrate that
both highly conserved amino acids, aspartate-145 of the
DRY motif and asparagine-67 of thefirst transmembrane
domain, play important rolesin d-opioid receptor function
and activation. (Supported by Y PER6 and EPETII grants
t0Z.G).
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DIPSOGENICACTIONOF A NOVEL PEPTIDE: BV8
(130)

*E. Giannini, R. Lattanzi and L. Negri

Department of Human Physiology and Phar macology,
University of Rome* LaSapienza”, Italy

The small protein Bv8 has been isolated from Bombina
frog. BV8 mammalian homologueis expressed in testis,
brain, dorsal and ventral horns of spinal cord, cardiac
muscle, skeletal muscle, gastro-intestinal tract, kidney,
liver and peripheral leukocytes. Bv8 dose-dependently
(0.05-10 meg/rat, icv) enhanced drinking in rats (maximum
cumulativeeffect = 11.9+0.9 ml). Comparabl e dipsogenic
effect was obtained with 40-100 times higher s.c.doses.
Angiotensin |1 receptor antagonistslosartan (5 mcg, icv)
and EXP73174 (0.5 mcg, icv) did not antagonize BV8
dipsogenic effect. Pretreatment with atropine (2 and 15
nmol, icv) or with the beta-adrenergic antagonist
propranolol (10 and 20 mg/kg, s,c,) did not significantly
reduce Bv8 dipsogenic effect. | cv Bv8-induced drinking
was blocked by the a pha2-adrenergic agonist clonidine
(30 meg/kg, i.p.; 1 meg/rat, icv), by the NMDA receptor
antagonist MK801 (1 and 30 nmol/rat icv) and by
intragastric administration of 10 ml water. Arterial blood
pressure (130+10 mmHg) or plasmaosmolality (303+11
mmol/kg) were unchanged. Dipsogenic doses of BV8
activated c-fos expression in the sub-fornical organ, a
brain area reach in osmoresponsive neurons subserving
drinking.

MORPHINE PROMOTES BREAST TUMOR
PROGRESSION AND ANGIOGENESIS BY
ACTIVATING PRO-ANGIOGENIC AND SURVIVAL-
PROMOTING SIGNAL TRANSDUCTION
PATHWAY SINVASCULARENDOTHELIUM (16)
Kalpna Gupta*, Smita K shirsagar, Gui-Hua Zhang,
Robert Schwartz, Liming Chang, Ping Y. Law,
DouglasYeeand Robert P. Hebbd

Departmentsof M edicineand Phar macology, Univer sty
of Minnesota M edical Schoal, 420 Delawar e Street SE,
Minneapolis, M N 55455, USA

Opiates are used to treat pain in patients with cancer.
Cancer progression depends upon angiogenesis. Here
we show that morphine promotes breast tumor growth
and elucidate arolefor morphinein tumor angiogenesis.
Morphine and the mu selective agonist, DAMGO,
stimul ate human microvascular endothelial cell (HMEC)
proliferation and angiogenesis, in vitro and in vivo.
Morphine induced HMEC tube formation on Matrigel
(45+15%) invitro. Inmice, Matrige implantsadmixed with
10 UM morphine showed acomparatively dense network
of blood vessels, qualitatively and quantitatively,
compared to controls (p<0.05). Morphine effects were
mediated by phosphorylation of MAPK/ERK via a Gi
coupled G-protein receptor and NOS, Rasand P13-Kinase
signaling pathway. Morphine prevented apoptosis in
serum starved HMEC by 35%, preserved asignificantly
higher number of cellsin‘ S’ phase (p<0.01, vs. untrested)
and promoted cell cyclingin G2/M phase. Pro-angiogenic
activity of morphine may beclinically significant because
morphine (in clinical doses) promoted breast tumor growth
of human MCF7 cell xenografts in mice. We speculate
that opiate analgesics may promote tumor progression
in cancer patients.

DYNORPHIN: NON-OPIOID MECHANISM S OF
TOXICITY (52)

R.J. Goody*, SM.Goebd,K.Martin & K.F. Hauser
Anatomy & Neurobiology, Univ. Kentucky, Coll.
Medicine, Lexington, K'Y 40536, USA

Dynorphin A (dyn) (1-17) has demonstrated toxicity in
striatal neuronsviaNMDA and non-opioid/non-NMDA
mechanisms. We studied the mechanisms of dyntoxicity
in neuron-enriched cultures derived from embryonic
mouse striata using time-lapse photography. After 48 hr,
dyn (1-17) was significantly neurotoxic, and this was
unaffected by either naloxone or MK-801, but was
attenuated by CNQX. The (13-17) dyn fragment also
produced marked neurotoxicity-that was not prevented
by naloxone, MK-801 or CNQX, while (3-13) and (6-17)
fragment toxicity was significantly attenuated by MK-
801. Dyn may activate AMPA/kainate receptorsdirectly
or indirectly viaglutamate release, although our culture
conditions do not support glutamate retention or
accumulation. -Our findings suggest that, in addition to
actions at ?- and NMDA receptors, dyn can be toxic to
striatal neurons via an AMPA/kainate receptor
mechanism. NIDA 13559 & DA13728.

INFLUENCE OF THE NOVEL PEPTIDEHLDF6ON
MORPHINE TOL ERANCE AND DEPENDENCE (117)
1Gruden,M *, 2K ostanyan, | ., Sewell, R.*, 1Storogeva,
Z.,“Basharova, L.,2Lipkin, V., *Pache, D.,?Surina, E.,
Proshin, A., Sherstnev, V.

1PK.Anokhin Instituteof Normal Physiology, RAMS;
2M. M. Shemyakin and U.A. Ovchinikov I nstitute of
Bioor ganic Chemistry, RAS, M oscow, Russia; *Welsh
School of Phar macy, Car diff Univer sity, Car diff, UK;
“Institute of General Pathology and Pathophysiology,
RAMS, M oscow, Russia

The novel hexapeptide HLDF6 is a fragment of an 8.2
kDacell differentiation factor derived fromthe HL-60 cell
line (Kostanyan et al., 1994, FEBS Lett., 356: 327-9).
Initially, we used a conditioned place preference (CPP)
schedule in male Wistar rats to determine whether this
peptide possessed dose-related motivational properties
in comparison with morphine. It was revealed that
morphine (1.5 mg/kg) produced CPP by thethird cycle of
a 7-day repeated conditioning schedule (P<0.05, one-
factor ANOVA), but no effect was observed with either
vehicleor HLDF6 (1-100 meg/kg), suggesting that HLDF6
lacked positive motivational properties as assessed by
this CPP schedule. In subsequent experiments, chronic
subcutaneous administration of increasing doses of
morphine (20-60 mg/kg) twicedaily over 14 daysin adult
male C57BI/6 mice caused both dependence, asindicated
by observed signs of naloxone-precipitated withdrawal
abstinence, and also tolerance, as evidenced by a
decrease in morphine antinociception in the hot plate
test. The HL DF6 peptide (4 mg/kg) wasadministered 24
hours prior to testing and it was noted that it restored up
to 96% of the antinociceptive effect of morphine in
tolerant subjects. It wasa so devoid of inherent behavioral
effects, but it altered certain features of nal oxone-induced
morphinewithdrawal (jumping, sniffing, aggression and
shaking). Moreover, in 25 % of cases, HL DF6 prevented
the manifestation of abstinence hyperal gesia suggesting
that this peptide modifies the expression of not only
tolerance but also dependence to morphine. Supported
by INTC grant # 1554 and Wellcome Trust BRC Grant #
059823.
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OPIOIDWITHDRAWAL DECREASESBASAL MAP
KINASE LEVELSTHROUGH PROTEINKINASE A
(PKA) (108)
*LisaB. Haddad, Jacob M. Hiller, EricJ. Simon, and
KenKramer
Department of Psychiatry, New York Univer sity School
of Medicine, New York, New York, USA
It has been established that opioid receptors, like many
other G protein-coupled receptors (GPCRs) can signal to
downstream effectors through the activation of
extracellular signal-regulated protein kinases (ERK 1 and
2). Repeated exposure to opioid agonists leads to a
progressive loss of opioid receptor function, and two
separate phenomena — receptor desensitization and
down-regulation — appear to contribute to this decrease.
Studies have shown that ERK activation may contribute
to the development of opioid receptor desensitization
and down-regulation, although no clear mechanism of
action has been established. During opioid withdrawal,
several biochemical and molecular eventsoccur including
a super-activation of adenylyl cyclase, an increase in
protein kinase A (PKA) activity, and a rise in CAMP
response-element binding protein phosphorylation
(pCREB). We now have evidencethat the withdrawal of
opioids from chronically exposed C6-uOR-expressing
cells has a profound impact on phospho-ERK levels.
Nal oxone-precipitated withdrawal produces a decrease
in phospho-ERK to near undetectable levels. This
phenomenon appears to be totally dependent on an
Increase in PKA activity, as it was abolished by the
resence of H89. Furthermore, an increase in pCREB
evelsoccurssimultaneously with thelossof ERK activity,
suggesting that an imbalance in ERK- and pCREB-
regul ated gene transcription may exist during withdrawal.
Lastly, we will present evidence on the putative
mechanismsby which PKA abolishescdlular ERK 1and
2 levelsduring opioid withdrawal. (Support from NIDA
in the)form of RO1-DA00017 to EJSand KO1-DA00437 to
HKK).

DELTA AND KAPPA OPIOIDS OPPOSITELY
REGULATESGROWTH HORMONE RECEPTOR
?/IsRSIEIA LEVELSINHUMANIM-9LYMPHOBLASTS
1
Dan Henrohn %, 2 PierreLeGreves?, LarsOreland 2
and Fred Nybergh1 . o o
Department of Phar maceutical Biosciences, Division of
Biological Research on Drug
Dependence!, Department of Neuroscience,
Phar macology 2, Uppsala Univer sity, Sveden
Theimmune system and the neuroendocrine system have
been shown to befunctionally interactive. Lymphocytes
possess opioid receptors as well as growth hormone
receptors (GHR) by which opioids and growth hormone
(GH) may modulate immune functions. We have
Pre\/lously demonstrated that morphine ug-regulate
evelsof GHR mRNA aswell asGH bindingin human IM-
9 lymphoblasts in a time- and dose-dependent manner.
Changes that was abolished by pretreatment with
naloxone, indicating involvement of classical opioid
receptors. The present study was undertaken to
investigate the effects of subtype selective opioid ligands
on the regulation of GHR gene expression in the IM-9
cell line. Treatment with DADLE, adeltaselective opioid
agonist, at aconcentration of 0.01 mM for 3 hsignificantly
incressed the expression of GHRMRNA intheIM-9 cdlls.
An effect that was completely abolished when the cells
were pretreated with 0.05 mM naltrindole. Converse to
the effects of DADLE, three hours of treatment with the
kappa selective opioid agonist U69, 593 at 0.1 uM for 3
hours significantly decreased the expression of GHR
MRNA. The effect of U69, 593 was blocked by
pretreatment with nor-binaltorphimine, akappaselective
opioid antagonist.

OPIATESACTIVEAT SELECTIVELY LOCATED MU-
OPIOIDRECEPTORSINHIBIT GABAergicVENTRAL
TEGMENTAL AREA NEURONS(118)

A.L. Svingos~, E.E.O. Colago~, R.S. Leet#, S.C.
Steffensen”™.and S.J. Henriksen#*

~Weill Medical Collegeof Cornell University, New York,
NY 10021, *Brigham Young University, Provo, UT
84604, and #T he ScrippsResear ch Institute, La Jolla,
CA 92037, USA

Opiate attenuation of GABAergic neurotransmissionin
the ventral tegmental area (VTA) playsamajor rolein
disinhibiting mesocorticolimbic dopamine neurons. We
combinedinvivo extracellular recording withintracel lular
neurobiotin filling and immunocytochemistry to identify
the 1) effects of mu-opioid receptor (MOR) activation,
and 2) cellular distribution of MORin VTA GABAergic
neurons. Theeffectsof heroinand [D-Ala2, N-Me-Phe4,
Gly-al]-Enkephdin (DAMGO) administration onthefiring
rates of VTA GABA neurons in anesthetized rats were
evaluated. Heroin administration (0.06 - 0.6 mg/kg, i.p.)
inhibited the firing rates of all VTA GABA neurons
studied. Naloxone (1.0 mg/kg, i.p.) reversed the effects
of heroin and produced a marked rebound excitation on
thefiring rate of these neurons. Theinhibitory responses
of VTA GABA neuronsto microelectrophoretic DAMGO
waslesspronounced. Electron microscopic examination
of neurobiotin-filled VTA GABA neurons showed MOR
gold-silver particles that often were associated with
intracellular organelles in large-sized dendrites. In
contrast, small neurobiotin-labeled dendrites showed
MOR labeling along nonsynaptic portions of dendritic
plasma membranes. These findings indicate that this
population of VTA GABAergic neurons are markedly
sensitive to opiates that activate MOR strategically
located on distal dendrites. This suggests that opiate
facilitation of VTA dopamine transmission results from
disinhibition produced by aprimary inhibitory effect of
heroin on this homogeneous population of MOR-
containing GABA neurons. Thiswork is supported by
PHSgrantsDA11768to ALSand DA08301 to SJH.
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THESIGNIFICANCEOF THEUGT2B7HIS268TYR
POLYMORPHISM IN THE FORMATION OF
MORPHINE 3-GLUCURONIDE AND MORPHINE 6-
GLUCURONIDE FROM MORPHINEINHUMANS(18)
MonicaHolthe', Pal K lepstad*, Petter Bor chgrevink*,
Stein Kaasa*, Jeffrey R. Idlet, Hans E. Krokan! and
Frank Skorpen™.

Y nstitute of Cancer Research and Molecular Biology,
Faculty of Medicine, Norwegian Univer sity of Science
and Technology, and “Clinical Cancer Research Group,
Palliative M edicine Unit, The Univer sity Hospital of
Trondheim, Trondheim, Norway.

UGT2B7 isthe major UGT isoform responsible for the
formation of morphine 3-glucuronide (M3G) and
morphine6-glucuronide (M6G) from morphinein humans.
Theability to generate M 3G and M6G varies substantially
between different individuals, which may be related to
genetic variation in UGT2BY. In the present study the
significance of the only known polymorphismin UGT2B7,
His268Tyr, with respect to morphine glucuronidation was
investigated by restriction enzyme analysisin 77 cancer
patients on chronic morphine therapy. M3G/morphine
and M6G/morphine plasmaratioswere 38.7+17.6 (18.0-
82.2) and 7.5+3.3 (2.4-15.4), respectively, inindividuals
with the His/His genotype (n=20), 42.7+30.0 (7.7-244.4)
and 7.446.4 (0.7-50.0) in individuals with the His/Tyr
genotype (n=35), and 36.0+20.2 (11.4-87.6) and 6.1+3.6
(1.3-14.4) inindividua swith the Tyr/Tyr genotype (n=22).
These results indicate that the UGT2B7 His268Tyr
polymorphism does not account for the considerable
variability in morphine glucuronidation in humans.

ISTHEPAINRELIEFOBTAINED FROM METHADONE
AND DEXTROMETHORPHANINA RAT MODEL OF
MONONEUROPATHY DUE ONLY TO OPIOID
AGONISM?(19)

Hyytidinen A.*? Brugioni, A.*La Turraca, A.* and
Malmberg-Aidlo, P!

1Department of Pharmacology, Univer sity of Florence,
VialeG. Pieraccini 6, 50139 Florenceltaly, 2Department
of Phar macy, Division of Phar macology and Toxicology,
PO Box 56, FIN-00014 Univer sity of Helsinki, Finland
Neuropathy is characterised by hyperalgesia in which
the effectiveness of opioid drugsiscontroversia. Indeed,
atricyclic antidepressant, amitriptyline, isclinicaly the
onemost used. It hasbeen reported that the known opioid
agonist, methadone, and a widely-used antitussive,
dextromethorphan, also have ionotropic glutamate
NMDA-receptor antagonistic properties. We studied
these drugsin amodel of mononeuropathy (Bennett and
Xie, Pain 33:87-107,1988). The nociceptive threshold was
determined 14 days after nerve injury by using the
mechanical Randall-Selitto method. Methadone (1 and
5mg/kg i.p.) dose-dependently and significantly
decreased the hyperalgesia and, at higher doses, had a
strong, long-lasting antinoceptive effect. The reference
drugs, morphine (5 mg/kgi.p.) and amitiptyline (15 mg/kg
i.p.) had only antihyperal gesic effects. Dextromethorphan
(45mg/kg s.c.) elevated the pain threshold significantly
to the level of the non-operated, naive rats. Although
nal oxone (2 mg/kg s.c.) wasfound to be hyperalgicinthe
non-operated paw, the methadone and dextromethorphan
effects were not completely antagonized by this drug,
thus suggesting their action on the NM DA receptor and,
therefore, their incomplete opioid nature.

STRUCTURE-ACTIVITY RELATIONSHIPSINTHE
SERIESOF DIAZABICYCLONONANONE-TYPE
KAPPA-AGONISTS(59)

Holzgrabe, U.*, Kuhl, U., Cambareri, A., Siener, T.,
Brandt®, W., Englberger*, W.,Haurand*, M., Kégd, B.*
Institute of Phar macy, University of Wiirzburg, Am
Hubland, 97074 W ir zbur g, *I ngtitute of Biochemistry,
University of Halle, Kurt-M othes-Str. 3, 06120 Halle,
and *Gr tinenthal GmbH, Depar tment of Phar macol ogy,
Zieglerstr. 6, 52078 Aachen, FRG

The 2,4-di-2-pyridyl-3,7-dimethyl-3,7-diazabicyclo
[3.3.1]nonan-9-one-1,5-diester, HZ2, ischaracterised by
ahigh affinity and selectivity to the kappa-opioid receptor,
in additionto afavourable pharmacological profile, long
duration of action and good oral bioavailability. In order
to study theinfluence of the substituents on the k-affinity
the pyridine rings in 2- and 4- position were replaced
with various different substituted arene rings, and the
methyl groupsin 3 and 7 position with alkyl, cycloalkyl,
and substituted alkyl chains. Applying adouble Mannich
reaction 80 different diazabicylononanes could be
synthesised. Pharmacological evaluation revealed the
pyridine ringsin position 2 and 4 to be replaceable with
m-fluoro-, m-hydroxy- and p-methoxyphenyl rings
without a loss of affinity to the kappa-receptor.
Substituents of increasing size in position 3 and 7
considerably diminished the affinity to the k-receptor.
TheHZ2-methoiodide (N7), wasfound to exhibit the same
pharmacological profile as the base HZ2. Molecular
modelling studies using the most active
diazabicyclononanes in comparison with various
arylacetamides gave rise to a binding site close to the
outer part of helix 5and 7 of the kappa-receptor.

INHIBITORY EFFECTS OF J-113397, A NEWLY
DEVELOPED ANTAGONIST OF NOCICEPTIN
RECEPTOR (ORL 1), ON [*S]GTPgSBINDING TO
ORL1RECEPTORINMOUSE BRAIN (61)
D.Ichikawa'", S.Ozaki?, T. Azuma®, H. Nambu?, H.
Kawamoto?, Y. lwasawa?, H. Takeshima? and H. Ohta?
YBanyu Tsukuba Research I nstitutein collabor ation
with Merck Research Laboratories, Banyu
Phar maceutical Co., Ltd., 30kubo, Tsukuba, | bar aki
300-2611, Japan, ? Division of Cell Biology, | nstitute of
LifeScience, KurumeUniver Sty, 2432-3 Aikawa-machi,
Kurume, Fukuoka 839-0861, Japan

Wedetermined in vitro functiona profileof 3113397, the
most potent and selective antagonist of nociceptin
receptor (ORL 1), on [®S]GTPgS binding to mousebrain,
and compared it with that of [Phe'psi(CH,-
NH)Gly?]nociceptin(1-13)NH, and naloxone
benzoylhydrazone. J-113397 antagonized nociceptin-
stimulated [*S]GTPgS hinding to mouse brain with an
IC_, valueof 7.6 nM, but had no effect on basal [*S]GTPgS
binding by itself. Schild plot analysis demonstrated
competitive antagonism of J-113397. The selective
antagonism of J-113397 on ORL 1 receptor was confirmed
by a [®S]GTPgS binding study using ORL 1 receptor-
deficient mice. [Phe'psi(CH.-NH)Gly?]nociceptin(1-
13)NH, and naloxone benzoyl%ydrazone showed partial
agonistic activity on ORL 1 receptor and strong agonistic
activity on other opioid receptor, respectively, suggesting
that these are unsuitable for characterization of ORL1
receptor. We conclude that J-113397 is the most potent
and sdlective antagoni st of ORL 1 receptor inmousebrain,
and thereforewill beauseful tool for characterization of
ORL 1 receptorsinthebrain.

50

INRC 2001



INRC 2001

CHANGESINNNOSIMMUNOREACTIVITY ARE
COMPANIEDBY THEDOPAMINERGICACTIVATION
INDUCED BY APOMORPHINE (112)

Choon-Gon Jang*, Han-Kyu L ee, and Seok-YongL ee
Department of Phar macology, College of Phar macy,
Sungkyunkwan Univer sity, Suwon 440-746, K orea

It is well known that dopaminergic activation plays an
important role in opioid-induced psychological
dependence and behavioral sensitization. An
administration of dopamine agonist, apomorphine2 mg/
kg (s.c.), produces the cage climbing behavior in mice,
showing a typical dopaminergic activation. Previous
studies indicated that NOS inhibitors attenuate the
climbing behavior induced by apomorphine. The present
study investigates the expression of neuronal NOS
(nNOS) within the striatum and hhippocampus of the
mouse brain at 7h after apomorphine treatment. These
findings suggest that the activation of dopamine receptor
is companied by increase in the expression of NNOS in
the striatum and hippocampus of the mouse. (Supported
by the K orea Research Foundation Grant, K RF-2000-003-
F00091).

THE EFFECT ON OPIOID PEPTIDESIN THE RAT
BRAIN,FOLLOWING CHRONICTREATMENT WITH
THE ANABOLIC ANDROGENIC STEROID
NANDROL ONE DECANOATE (119)

PiaJohansson, MathiasHallber g, AnnaKindlundh and
Fred Nyberg

Department of Phar maceutical Biosciences, Division of
Biological Research on Drug Dependence, Uppsala
University, Box 591, S-751 24 Uppsala Sweden
Clinical evidence suggest that abuse of anabolic
androgenic steroids (AAS) may result in profound
changesin personality, depressive symptoms, irritability
and increased aggression. It is still unknown whether
these aterations are related to changes in any particular
transmitter system or if they are persistent or reversible.
In this study we have focused on AAS effect on the
endogenous dynorphin and enkephalin system in the
brain. Male rats were given im injections of the AAS
nandrolone decanoate (15 mg/kg), once daily for two
weeks. Opioid peptide immunoreactivities (ir) were
assessed by radioimmunoassay in two groups
immediately after the treatment and in two other groups
after additional three weekswithout any drug treatment.
Chronic AAS treatment increased the activity in the
dynorphin B-ir aswell asMEAP-ir in the hypothalamus,
striatum and periaqueductal gray (PAG). In addition, the
steroid induced an imbal ance between the dynorphin and
enkephalin opioid system in the nucleus accumbens,
hypothalamus and PAG. Thisimbalance remained after
therecovery period. Sinceincreased peptide activity was
found in brain regions regulating emotions and
aggression it was suggested that the actual endogenous
opioid systemsareinvolved in AAS-induced changesin
these behaviours.

THEROLE OF AGONIST EFFICACY INMUOPIOID
DESENSITIZATION RATES FOR RECEPTORS
EXPRESSED IN XENOPUS OOCYTES AND IN
MOUSE HIPPOCAMPAL SLICES(78)

Wenzhen Jin*, Jeremy P. Celver, Abdel-Azim Ass, and
CharlesChavkin

Department of Phar macology, Univer sty of Washington
School of Medicine

Box 357280, Seattle, WA 98195-7280, USA
Desensitization by mu agonists of different efficacieswas
studied in Xenopus oocytes and mouse dentate gyrus.
Atlow levelsof MOR expression (no sparereceptors) in
oocytes coexpressing Kir3.1and Kir3.4, DAMGO evoked
a larger maximal response than Methadone which
produced alarger response than Morphine (this efficacy
ranking is different than others have reported). When
MOR was over-expressed (spare receptors), the agonists
produced the same maximal effect. Treatment with
DAMGO produced arobust GRK 3/arrestin3-dependent
reduction in response, whereastreatment with the partial
agonists, methadone and morphine produced lesser
desensitization consistent with their lower agonist
efficacies. We next examined the desensitization ratesin
hippocampal dices. The maximal effects of DAMGO,
fentanyl, morphine and methadonewere not significantly
different, indicating spare MOR in the dentate gyrus.
Prolonged treatment (60 min) with saturating doses of
either morphine or methadone produced a significant
desensitization that was not different from fentanyl or
DAMGO. Thuswith receptor saturation, efficacy did not
control opioid receptor desensitization rate in
hippocampus. Supported by DA11672

NON-PEPTIDIC DELTA-OPIOID RECEPTOR
AGONISTSREDUCEIMMOBILITY INTHEFORCED
SWIM ASSAY IN RATS(14)

Emily M. Jutkiewicz*, Daniel C. Broom, John E. Falk,
John R. Traynor, Kenner C. Rice, JamesH. Woods
Departmentsof Phar macology (D.C.B.,EM.J.,J.R.T.,
J.H.W.) and Psychology (J.H.W.), Univer sity of Michigan
Medical School, Ann Arbor, Michiganand NIDDK (J.E.F,
K.C.R.), Bethesda, Maryland, USA

The present study examined the effect of opioid receptor
agonists on the rat forced swim assay. The delta-opioid
receptor agonists SNC80 and (+)BW373U86 produced a
decreaseinimmobility indicating an antidepressant-like
effect. Thekappa-opioid selective agonist C1977 showed
asignificant changeinimmobility that wasnot identifiable
by dose. No changes were seen with the mu-selective
agonist morphine. A delta-opioid mechanism of action
intheforced swim assay waslikely since naltritivity and
potential tolerance. Taken together, the delta-agonists
in the forced swim assay differ from typical
antidepressants. Research supported by USPHS grants
DA00254, GMQ7767 and DA07267.
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NOCICEPTIN/ORPHANIN FQ INCREASES ANP
SECRETIONINNEONATAL CARDIACMYOCYTES
(50)

*K.W.Kim,R.S.Woo, E.Y.Park, Y.G. Cho, K .H. Seul1,
S.Z.Kim1,K.W.Chol, SH.Kim1

Dept. of Phar macology and Physiology1, I nstitutefor
Medical Sciences, Chonbuk Natl University M edical
School

Nociceptin/orphanin FQ (N/OFQ) is a novel
heptadecapeptide with an amino acid sequence similar
to that of endogenous opioid peptide dynorphin A. The
present study was designed to investigate the direct
effect of N/OFQ on the ANP secretion in cultured
neonatal cardiac myocytes via N/OFQ receptor (NOP)
activation. The secretion of ANP from cultured neonatal
rat cardiac myocyteswasincreased in termsof incubation
time. N/OFQ, at adose of 0.3, 1, 3, and 10 mM, caused
increasesin ANP secretibranes reveal ed the presence of
two distinct sites. The high affinity site (10.9 (%2 1.6 nM)
isfar less abundant than the low affinity site. Therefore,
these results suggest that N/OFQ causes an increase in
ANP secretionin cultured neonatal cardiac myocytes by
decreasing CAMP through its binding sites.

ACTIVATION OF PERIPHERAL ORL1RECEPTORS
INHIBITS CAPSAICIN-INDUCED THERMAL
NOCICEPTIONINRHESUSMONKEYS(28)
M.C.Holden Ko*, John R. Traynor, Norah N. Naughton,
Alexander T.McK night and JamesH. Woods
Departmentsof Pharmacology (M.CH K., JR.T.,.JH.W)
and Anesthesiology (N.N.N.), The University of
Michigan Medical School, Ann Arbor, M1 48109, USA;
Pfizer Global Research and Development (A.T.M.),
CambridgeL aboratories, Cambridge, CB220QB, UK
The aim of the study was to investigate the potential
nociceptive or antinociceptive function of peripheral
ORL 1 receptorsin non-human primates. An experimental
pain model has been established in rhesus monkeys by
using capsaicin. Capsaicin 100 ug injected
subcutaneously into the tail evoked a nociceptive
response manifested asareduced tail-withdrawal |atency
in 46C water, from amaximum of 20 secto 2-3 sec. Co-
administration of orphanin FQ (1-30 ug) with capsaicin
dose-dependently inhist-induced local antinociception
in the tail. These results provide the first functional
evidence that activation of peripheral ORL1 receptors
can diminish thermal nociception in primates (Supported
by USPHS Grant DA00254).

KAPPA AND DELTAHETEROMERICRECEPTORSIN
RAT SPINAL CORD: EVIDENCE FOR KAPPA-2
OPIOID RECEPTORS(79)

1King,C.D.,* Perez, F,, #Mannes, A. J.,and * Caudle,
R.M

1. University of Florida, College of Dentistry,
Department of Oral and M axillofacial Surgery andthe
McKnight Brain Institute, Gainesville, Florida, USA
2. Univer gty of Pennsylvania, Department of Anesthesia,
Philadelphia, Pennsylvania, USA

A long-standing debate exists between pharmacol ogical
and genetic studies of opioid receptors. Pharmacol ogical
investigations have identified arelatively large number
of opioid receptor subtypes, whereas genetic studies
have only identified three receptor genes corresponding
to mu, delta, and kappa. One recent explanation for the
discrepancy is the formation of heteromers by opioid
receptors. Invitro studiesdemonstrated that kappa- and
delta-opioid receptors form heterodimers when co-
expressed in cell lines. Theligand binding profile of the
heterodimers suggest that the receptors are the kappa-2
receptor subtype. However, theability of these receptors
to dimerizein vivo is still uncertain. The current study
examined the existence of kappa-delta heteromersin rat
spinal cord. Rat spinal cords were removed, and kappa
and delta receptors were immunoprecipitated. \Western
blot analysis of the spinal preparations suggests the
presence of heteromers composed of the kappaand delta
receptors. 1na[3H]-naloxonedisplacement assay U69,593
displaced the radioligand from a single site in spinal
cord membraneswith aKi of approximately 3 micromolar.
When the membranes were reduced with dithiothreitol a
second site was exposed. The Ki for U69,593 at this
second site was approximately 1 nM. These findings
suggest that heteromeric opioid receptors exist in vivo
and that these heteromers add to the diversity of opioid
function.

P-GLYCOPROTEIN INVOLVEMENT IN OPIOID
ANALGESIA (29)

M.A.King*, W. Su, SP.Miloand G.W. Paster nak
The Laboratory of Molecular Neurophar macol ogy,
Department of Neurology, Memorial Sloan-K ettering
Cancer Center, New York, NY 10021, USA

I nteractions between the brain and the body are complex.
The ability of the Pgp transport system to pump
functionally active compoundsfrom the brain to periphery
definesapotentially important mechanism for the central
nervous system to modul ate peripheral systems. In Pgpl
antisense treated mice, lowering Pgpl expression
significantly enhanced systemic morphine analgesiaand
prevented tolerance, but diminished the analgesic activity
of centrally administered morphine, implying that suprase
Pgpl'srolein the production of opioid analgesia.
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MOUSE MU-OPIOIDRECEPTOR SPLICEVARIANTS
MOR1,MOR1C,MOR1D,AND MOR1EDIFFERIN
THEIRMORPHINE-INDUCED INTERNALIZATION,
DESENSITIZATION AND RECEPTOR
RESENSITIZATION (107)

T.Koch, S. Schulz, M. Pfeiffer, H. Schroder, E. Kahl, and
V. Hallt

Department of Phar macology and Toxicology, Otto-
von-Guericke University, Magdebur g, Germany
The p-opioid receptor is rapidly internalized after
activation by DAMGO, but not after activation by
morphine. Replacement of the p-receptor C-terminuswith
the C-tail of the &-receptor led to areceptor chimerawhich
isinternalized after morphine treatment, indicating that
the C-terminus of the p-opioid receptor can influencethe
agonist selectivity of endocytosis. Recently three new
C-termind splicevariants(MOR1C, MOR1D, and MOR1E)
of the mouse mu-opioid receptor (MOR1) wereidentified.
We stably expressed these splice variants in HEK 293
cells. As detected by confocal microscopy all splice
variantswere internalized after DAMGO treatment, but
only MOR1D and MOR1E wereinternalized after morphine
treatment. |n addition CAMP measurementsrevealed no
differencefor the DAMGO-induced desensitization and
receptor resensitization of all receptor types, whereas
morphinetreatment led to aslower desensitization and a
faster resengitization of the MOR1D and M OR1E receptor
type compared to the MOR1-wildtype. These results
reinforce the hypothesis that receptor internalization is
animportant mechanism for receptor recycling conferring
resistance to agonist-induced desensitization.

CHARACTERISATION OF THE ACUTE
ANTINOCICEPTIVE AND CONSTIPATORY
PROPERTIESOF DIFFERENT OPIOIDSINRATSAND
GERBILS(11)

VesaK. Kontinen*, Alexisk . Baker, Jef Vermeire, Theo
F. Meert

CNS Discovery Research, Janssen Research
Foundation, Turnhoutseweg 30, B-2340 Beerse,
Belgium

Although opioids have been extensively studied in
animal modelsovert thelast decades, therearerelatively
few direct comparisonswhere several different, clinically
used reference compounds have been tested for both
analgesic and adverse effects. We have investigated the
antinociceptive and constipatory propertiesof six opioid
analgesics: morphine, fentanyl, codeine, pentazocine,
tramadol and buprenorphineinratsand gerbils (Meriones
unguiculatus) using both oral and subcutaneous
administration routes. These opioids produced dose-
related antinoci ceptive effectsin thermal (tail-withdrawal
reaction and hot plate tests) and chemical (formalin and
writhing tests) pain models. Opioids also produced dose-
related inhibition of castor oil-induced diarrhoea, and
reduced intestinal propulsion, measured by
gastrointestinal transit of a charcoal test meal. Different
potency ratios between the antinociceptive and the
constipatory effects of the opioids studied seemto reflect
clinically recognised differences. Thiswould indicate that
these models are valid for studying novel opioid
compounds.

TOPICAL OPIOIDAND CLONIDINEINTERACTION
INMICE (1)

Yuri Kolesnikov* and Gavril Paster nak

Deps Anesthesiology and Neurology, MSKCC, New
York, NY,10021, USA

It is well known that spinal morphine and clonidine
produce synergistic effects. Theaim of the current study
was to explore the use of topical opioid and clonidine.
Male CD-1 mice were used in al studies. To examine
peripheral analgesic mechanisms, we used topical opioid
and clonidine paradigm in which the tail wasimmersed
either in dimetyl sulfoxide (DM SO) or propyleneglycal,
containing various drugs. Analgesia was determined in
thermal tail-flick assay. DM SO solutions containing
clonidine produced potd the effects of combination.
Synergistic potentiation of analgesia through topical
administration opioid/clonidine composition provides a
new and improved approach to peripheral pain

management.

BIOLOGICALLY ACTIVE PEPTIDE FROM HUMAN
LEUKEMIA DIFFERENTIATION FACTOR.
IDENTIFICATION AND ITS PROTECTIVE
PROPERTIES(39)

I.A. Kostanyan*, E.V. Surina, M.V. Astapova, A.P.
Bogachuk, SM. Dranitsyna, | .M. Molotkovskaja, T.N.
Lepekhova, E.V. Navolotskaja, V.M. Lipkin.
Shemyakin& Ovchinnikov Institute of Bioorganic
Chemistry RAN M oscow, Russia

Human L eukemiaDifferentiation Factor (HLDF), isolated
from culture medium of human promyelocytic HL-60line
cells, treated with retinoic acid, hasbeen studied. During
investigation of the HLDF the six-membered peptide
(HLDF®6) was identified, which kept the ability of the
whole factor to cause differentiation of HL-60 cells. We
failed to detect the receptors to HLDF6 peptide on the
surface of HL-60 cells. HLDF6 was shown to influence
on binding of a number of cytokines participating in
proliferation processes. Besidesthe peptide revealed the
expressed antiapoptotic properties. It protectsasthe HL -
60 cellsso primary culture of cerebellar granule neurones
from al cohol, sodium azide, C2 ceramide and cold shock.
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CORRECTIONWITH THEHLDF-6 PEPTIDE OF
ENDOGENOUSOPIOID SYSTEM PATHOLOGY OF
MORPHINE-TOLERANT ANIMALSF, POSTERITY
(39)

ILitvinova S\V., *Kostanyan |.A.*, *Aristova V.V.,
IShulgovsky V.V., 2Bogachuk A.P.

M oscow State Univer sity, 2Shemyakin& Ovchinnikov
I ngtituteof Bioor ganic Chemistry RAN M oscow, Russia
In recent years in the context of drug abuse widespread
occurrence theinvestigators attention has been attracted
to the study of different types of pathologies in
functioning of morphinized animal s posterity organisms
and also to elaboration of precaution and correction
modes. We reveal ed the pathol ogy in endogenous opioid
system of these animals posterity, expressed in the rise
of nociceptive reactionsthreshol d, when analgesic doses
of morphinewere used to form the parents’ tolerance. At
the sametime it is known that dynamics of nociceptive
reactionsthresholds are the basic marker of endogenous
opioid system state. We studied the possibility to correct
the revealed form of endogenous opioid system
functioning pathology at morphine-tolerant animals
posterity with natural biologically active HL DF-6 peptide.
The peptide was intraperitoneally injected to young rats
fromthe age of 4 to the age of 10 weeksdaily at dose 0,2
mg per kg of animal weight. The thresholds of
thermonoci ceptive reactionswere measured with tail-flick
test on automatic anal gesimeter. The peptidewasinjected
after nociception measurement to exclude the influence
of the procedure on thresh olds magnitudes indicators.
Two seriesof control animalswere used: 1 —F1 posterity
from “pure’ not morphinized rats; 2 — F1 posterity from
morphinized rats. The following picture was observed,
when the peptide was not injected: the threshold of
nociceptive reactions at pure rats posterity was stable,
the threshold dynamics at morphine-tolerant animals
posterity sharply increased from 6-weeked age. Therats
of experimental group after peptide injection
demonstrated some increase in threshold at the age of 6
weeks, however from 7-weeked to 9-weeked age the
thresholds correction, i.e. not the increase, but the
decrease to the level of the background and control
animals from pure parents magnitudes took place.
Therefore the systematic HL DF-6 peptide injection was
shown to reduce essentially the thermonociceptive
reactionsthresholds dynamics. Themechanism of peptide
action is under investigation.

INSULIN REGULATES OPIOID RECEPTOR
FUNCTION AND NUMBER THROUGH DIRECT
TYROSINEPHOSPHORYLATION (1012)
*KenKramer, MatthewL . Andria, SephanieA. Kushner,
Jacob M. Hiller, LisaB. Haddad, and EricJ. Simon
Department of Psychiatry, New York University School
of Medicine, New York, New York USA

Recent studies have demonstrated that significant cross
talk occurs between single-transmembrane receptor
tyrosine kinases (RTKs) and seven transmembrane G
protein-coupled receptors (GPCRS). Both receptor types
are capable of undergoing agonist-dependent tyrosine
phosphorylation, which appears to be crucial for their
coupling to certain signal transduction cascadeslikethe
activation of extracellular signal-regul ated protein kinases
(ERK 1 and 2). Insulin, which bindsto and activates its
own RTK, was shown to affect mu opioid-mediated
analgesia, in vivo, in a process that was inhibited by a
tyrosine kinase inhibitor. Previously, our laboratory has
reported that tyrosine phosphorylation of cloned delta
ORs via the protein tyrosine kinase, Src, facilitates
agonist-stimulated receptor desensitization,
internalization, and down-regulation. Our present study
examined whether insulin regulates mu- or delta OR
function, in vivo and in vitro, via tyrosine
phosphorylation. A single exposuretoinsulin (1 mg/ml)
induces a rapid and dose-dependent increase in the
appearance of phosphorylated tyrosine residues in both
mu- and delta opioid receptors expressed in C6 glioma
cells. Insulin-mediated tyrosine phosphorylation of ORs
occurred in the absence of opioid agonists, but was
significantly increased by the presence of DAMGO or
DSLET. PP1, a selective Src inhibitor, prevented this
response under al conditions. Hyper-phosphorylation
of opioid receptors was accompanied by a decrease in
agonist-mediated ®*SGTP-g-S binding, in the absence of
changes to receptor number, suggesting receptor
desengitization had occurred. Chronic exposuretoinsulin
(2 mg/ml x 4 days) produced the opposite effect, and
potentiated opioid-mediated ®*SGTP-g-S binding, both
invitro andinvivo, by increasing opioid receptor density.
These results suggest that the insulin RTKs modulate
the basal number and function of GPCRs via aterations
in tyrosine phosphorylation (Supported by NIDA grants
R01-DA00017 and K05-DA00364 to EJSand K 01-00437
toKK).
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LOCALIZATION OF NEUROPEPTIDE FF,
SUBSTANCE PAND THEMUAND DELTA OPIATE
RECEPTORSIN THE RAT SPINAL CORD (36)

K Kuokkanen**, A Brandt?, J Korhonen!, R Elde?and P
Panula'®

Department of Biology, Abo Akademi University,
Artillerig. 6 A, 20520 Turku, Finland 2Department of
Cdl Biology and Neur oanatomy, Univer Sity of Minnesota,
and 3l nstitute of Biomedicine/Anatomy, Univer sity of
Helsinki, Finland

Neuropeptide FF (NPFF) is involved in opiate
dependence, tolerance and abstinence. High levels of
NPFFimmunoreactivity, mRNA and receptor binding sites
arefound in the spinal cord. In this study coexistence of
NPFF, substance P and the deltaand mu opiate receptors
was studied on different levels of the rat spinal cord. A
high density of immunoreactivefibers containing themu
and delta opiate receptors, substance P and NPFF were
located in the superficial laminae. The immunoreactive
fibersfor the opiate receptors and substance P extended
deeper into laminall than the ones immunoreactive for
NPFF. Fibersand terminal simmunoresctivefor substance
P and the mu and delta opiate receptors were more
numerous than the ones for NPFF. Very little or no
colocalization could be seen in the nerve terminals,
suggesting that spinal and afferent neurons which
possess mu and delta opiate receptors or substance P do
not produce NPFF, which is thus generated in distinct
neurons.

DETECTION OF SINGLE NUCLEOTIDE
POLYMORPHISMSOF THEHUMAN MU OPIOID
RECEPTOR GENE USING MULTIPLEX PCR AND
SINGLE-NUCLEOTIDE EXTENSION ON
OLIGONUCLEOTIDE GELPAD MICROARRAY S(80)
K. Steven LaForge*, Dmitri Proudnikov, Vadim Yuferov,
Gennadiy M. Yershov', Alexander V. Kukhtin®, Andrei
D. Mirzabekov',and Mary JeanneKreek
TheRockefdler University, New York, NY and Argonne
National Laboratory, Argonne, IL, USA

The recently completed sequencing of the human
genome has led to an increased appreciation of the
importance of defining specific differences or
polymorphisms in the genomes of individuals and
understanding the potential contribution of these
polymorphismsto specific aspects of human physiology
and disease. Of particularly importance is the
identification of singlenucleotide polymorphisms (SNPs),
which, because of their high density within the genome,
will enable fine resolution linkage mapping and which
have particular utility in haplotype analyses. Methods
that allow rapid, inexpensive, and reliable detection of
SNP markers are increasingly important for genetic and
genomic studies. We report here on the devel opment of
custom oligonucl eotide gelpad microarrays as a matrix
for single nucleotide extension or “minisequencing”
reactions that allow detection of specific SNPs of the
human mu opioid receptor gene. In combination with
multiplex PCR of DNA isolated from individual blood
samples, this method can identify multiple SNPs from
multiple exons of the gene. Supported by NIH grants
DA 12848, D05130, DA00049, and RR00102.

NOCICEPTIN RECEPTOR LIGANDSASPOTENT
MODULATORSOF THE REWARDING AND CRAVING
EFFECTSOFETHANOL (131)

Alexander Kuzmin, Bjorn Johansson, LarsTerenius’
and Sven OveOgren

Department of Neur oscience, #Department of Clinical
of Neuroscience, Karolinska Institutet, S-171 77
Stockholm, Sweden

Nociceptin, an endogenousligand of the opioid receptor-
like 1 receptor, has been shown to inhibit hypothalamic
3-endorphinergic neurons, which and are known to
mediate the rewarding properties of ethanol. It has been
reported that nociceptine can modify ethanol intake in
rats and prevent the acquisition of ethanol-induced
conditioned place preferencein rats. Our experimentsalso
have shown, that i.c.v. administration of nociceptine (5
nM) prevented the acquisition of ethanol-induced place
preferencein NMRI mice. Moreover, hociceptinewasalso
found to block the expression of the conditioned place
preference and the ethanol -induced reinstatement of the
conditioned place preference after prolonged extinction.
In experiments with nociceptin-peptide knockout mice
(development of ethanol-induced conditioned place
preference) we failed to observe robust differences
incomparison with wild type mice, although atendency
for increased sensitivity to ethanol rewarding effectswas
found in KO mice. It is concluded, that stimulation of
nociceptine receptors can inhibit the rewarding,
motivational and craving effectsof ethanal. Itis, therefore,
proposed that synthetic analogues of nociceptine (eg.
Ro 64-619) might have high therapeutic potential for the
treatment of al cohol-seeking behavior and relapse.

EXTRACELLULARSGNAL-REGULATEDPROTEIN
KINASE (ERK) ACTIVATION IN RAT VENTRAL
TEGMENTAL AREA BY THE p-OPI1OID AGONIST
FENTANYL: ANEXVIVOSTUDY (109)

H.M.B. Lesscher*, J.P.H. Burbach, J.M.van Reeand
M.A.EM.Gerrits

Div. of Phar macology and Anatomy, Rudolf Magnus
I nstitutefor Neur osciences, Univer sity Medical Center
Utrecht, Stratenum, Universiteitsweg 100, 3584 CG
Utrecht, Nederland

Although the primary sites and mechanismsof action for
different drugs of abuse are diverse, the mesolimbic
dopamine system appearsto mediate reinforcing effects
of psychoactive drugs. Endogenous opioid systems are
also thought to play a significant role in drug
reinforcement. For example, opioid antagoni stshave been
shown to modulate initiation of cocaine self-
administration (SA), i.e. acute natrexone (NTX) inhibited
acquisition of cocaine SA, primarily through the VTA.
Chronic NTX caused a shift in the cocaine SA dose-
response curve, suggesting enhanced reinforcing effects
of cocaine. Taken together, p-opioid receptorsinthe VTA
may mediateindividual differencesin sensitivity to drugs
of abuse. We aim to use signal transduction proteins,
which are activated by the p-opioid agonist fentanyl, to
monitor p-opioid receptor activation in rat VTA with
respect to addiction proneness. VTA slices were ex vivo
treated with fentanyl and stained with phospho-specific
antibodies for different signal transduction proteins. A
dose-dependent and naloxone reversible activation of
ERK was observed. Currently the possibility to use ERK
as a tool to monitor sensitivity of the VTA p-opioid
receptor system isexplored.
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EFFECT SOF EBPSONHERF ONREGULATION AND
SIGNAL TRANSDUCTION OF THEHUMAN KAPPA
OPIOIDRECEPTOR (81)

J.-G.Li*, C.ChenandL.-Y.Liu-Chen

Department of Phar macology and Center for Substance
AbuseResear ch, Temple Univer sity School of M edicine,
Philadel phia, PA 19140, USA

EBP50/NHERF is a PDZ-domain-containing
phosphoprotein. We have investigated whether EBP50/
NHERF is associated with the human kappa opioid
receptor (HKOR) and whether it playsaroleinregulation
and signaling of HKOR. When expressed in CHO cells
stably transfected with HKOR, EBP50/NHERF co-
immunoprecipitated with HK OR. Expression of EBP50/
NHERF, but not atruncated form which lacksthe ERM-
binding domain, abolished U50,488H-induced down-
regulation of HKOR. However, EBP50/NHERF did not
affect U50,488H-stimulated [®*S]GTPgShinding and p42/
p44 M AP kinase activation, nor did it affect U50,488H-
induced desensiti zation and internalization of HKOR. To
determinethemotif of HKOR involved in EBPSO/NHERF
binding, we generated two HK OR mutants, HKOR-A and
HKOR-EE, in which one Ala or two Glu residues were
added to the C-terminus, respectively. Neither HKOR-A
nor HKOR-EE co-immunoprecipitated with EBP50/
NHERF. Inaddition, U50,488H-induced down-regulation
of HKOR-A and HK OR-EE werenot significantly blocked
by EBPSO/NHERF. Thus, EBPSO/NHERF bindstothe C-
terminus of HKOR and plays an important role in the
trafficking of HKOR. (Supported by NIH grantsDA04745
and DA11263).

IDENTIFICATION OF NOVEL PROTEINS
INTERACTINGWITHMU-OPIOID RECEPTOR (37)
Y.Liang, Z.Han, L .Brandenburg, T.Koch, T.Krodak, and
V.Hallt

Department of Pharmacology, Otto-von-Guericke
Universty, Magdeburg, Germany

Our earlier experiments have demonstrated that the
carboxyl terminusof p-opioid receptor play animportant
role in the agonist-induced receptor internalization,
desensitization and membraneretargeting. | nthe present
study we used the yeast two-hybrid system to search for
proteins that act directly with the rat p-opioid receptor.
We used full length of p-opioid receptor, c-terminus of
p-opioid receptor, and the c-terminus plus the third
intracellular loop of p-opioid receptor as m-opioid
receptor and three proteins modulating the opioid
receptor activity, as 23PEBP, beta-arrestinl and beta-
arrestin2.

MOLECULARBAS SOF DIFFERENCESIN U50,483H-
INDUCED PHOSPHORYLATION AND
DESENSITIZATIONBETWEEN HUMAN AND RAT
KAPPA OPIOID RECEPTORS(82)
J.Li,J.-G.Li,C.Chen,F.Zhangand L .-Y.Liu-Chen
Dept of Phar macology, Temple Univ. Med.Sch., Phila,,
PA,USA

The human kappaopioid receptor (hkor) and Flag-tagged
hkor (Flag-hkor), but not the rat kappa opioid receptor
(rkor) and Flag-tagged rkor (Flag-rkor), stably expressed
inCHO cdlls, weredesensitized by U50,488H pretrestment
asdetermined by [3S]GTPySbinding. In addition, Flag-
hkor, but not Flag-rkor, was phosphorylated by U50,488H
stimulation. Over-expression of GRK2 plus arrestin2 or
GRK3 plus arrestin3 did not result in desensitization or
phosphorylation of the rkor by U50,488H. We constructed
two chimeric receptors, Flag-h/rkor and Flag-r/hkor, in
which the C-terminal domains of Flag-hkor and Flag-rkor
were swapped. Flag-r/hkor, but not Flag-h/rkor, was
desensitized and phosphorylated by U50,488H, indicating
that the C-terminal domain plays a critical role in the
difference. To further characterize, we generated two
mutants, Flag-hkorS358N and Flag-rkorN358S. Flag-
rkorN358S, but not Hag-hkorS358N, underwent U50,488H-
induced desensitization. However, neither Flag-rkorN358S
nor Flag-hkorS358N was phosphorylated by U50,488H.
These results indicate that the C-terminal domain,
particularly the 358 locus of kor, playsacrucia roleinthe
speciesdifferencein U50,488H-induced desensitization
and phosphorylation. Our findings suggest that one
should be cautious in extrapolating studies on kor
regulation from ratsto humans. (Supported by NIH grants
DA04745and DA11263)

U50,488H-INDUCED INTERNALIZATION AND
DOWN-REGULATION OF KAPPA OPIOID
RECEPTORS: MOLECULAR BASIS OF
DIFFERENCES BETWEEN RAT AND HUMAN
RECEPTORS(96)

F.Zhang, J.Li,J.-G.Li,C.Chen,L.-Y. Liu-Chen*
Department of Phar macology and Center for Substance
AbuseResearch, TempleUniver sity School of Medicine,
Philadelphia, PA, USA

We showed previously that prolonged activation by
U50,488H led to internalization and down-regul ation of
the human kappa opioid receptor (hkor), but not the rat
kappa receptor (rkor). Here we investigated molecular
basis underlying these differences using receptor
constructs epitope-tagged with Flag and stably expressed
in CHO cdlls. Flag-hkor, but not Flag-rkor underwent
internalization and down-regulation after exposure to
U50,488H. Two chimeric receptors, Flag-h/rkor and Flag-
r/hkor, were generated, in which the C-terminal domains
of hkor and rkor were swapped. Flag-r/hkor displayed
significant U50,488H-induced internalization and down-
regulation, whereas Flag-h/rkor did not, indicating that
the C-termina domain of the hkor is essential for the
processes. To further characterize, we generated two
mutants, Flag-hkorS358N and Flag-rkorN358S. Flag-
hkorS358N displayed greatly reduced U50,488H-induced
internalization compared with Flag-hkor, but was not
down-regulated by U50,488H. However, Flag-rkorN358S
was internalized, but not down-regulated. Thus, Ser358
inthehkor iscritical for U50,488H-induced internalization
and down-regulation and the trafficking of Flag-
rkorN358S appears to be more complex than the
wildtypes. (Supported by DA04745 and DA11263)
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L-NAME PREVENTS EEG AND BEHAVIORAL
ALTERATIONSINDUCEDBY DELTORPHINII INTHE
RABBIT (113)

A. Capasso, G. Galietta, T. Siniscalchi, M. Festa, A.
Pergamoand *A. Loizzo

Dipartimento di Scienze Far maceutiche, Univer sitadi
Salerno, Via Ponte Don Meélillo (84084) Fisciano,
Salernoand 1l stituto Superioredi Sanita, vialeRegina
Elena 299 (00161) Roma, Italia.

Central administration of deltorphin |1 (selectived opioid
receptor agonist) produces EEG seizure activity in rats
and in rabbits, associated with wet-dog shakes,
myoclonic twitches and convulsive activity. These
deltorphin I1-induced effectswere antagonized in rats by
pretreatment with naltrexone. Opioid peptide naloxone-
reversible EEG seizures are reported after i.c.v. peptide
administrationin ratsand rabbits. Inrabbits, EEG seizures
induced by opioid peptide were unaccompained by
convulsive motor activity and wet-dog shakeswere also
present. Recently, we have demonstrated that L-N®-nitro
arginine methyl ester (L-NAME) was ableto reduce EEG
and behavioural alterations induced by morphine (less
selective opioid receptor agonist) in therabbit indicating
an important interaction between nitric oxide (NO) and
opioid system. The present study was undertaken to
verify whether L-NAME was ableto influencedeltorphin
I1-induced EEG seizurein rabbits. |.c.v. administered (20
mi/toto) did not induce EEG or behavioral aterations.
Also, power spectral EEG recorded from cortex and
hippocampus were similar to those observed in
nontreated animals. Deltorphin |1 administeredi.c.v. (5,
15, 50 and 100 mg/toto) induced dose-related EEG
alterations. All animalstreated with the highest dose (100
mg/toto) showed ictal EEG episodes limited to the
hippocampus and consisting of continuous high-voltage
spikes. During ictal episodes, rabbit maintained frozen
posture and neither wet-dog shakes nor other behavioral
alterationsor clonic or tonic convulsionswere observed.
After these ictal episodes, hippocampa EEG voltage
showed a progressive slowing in frequency and
displayedtypica deltorphin Il EEG synchronized activity,
consisting of high-voltage dow waveswith superimposed
spikes. This EEG pattern appears 5 to 10 min after
deltorphin |l and lastsfrom 30 min to 3hr after deltorphin
I administration, depending on the dose. During these
tardive EEG dlterations, animalsremained motionlessand
exhibited after respiratory depression with loss of corneal
reflex and exophthalmos. L-NAME (3-300 mg/i.c.v./mouse)
did not induce significant EEG or behavioral changes
whereaswhen injected 15 min beforei.c.v. deltorphin 1
(100 mg/toto) dose dependently prevented the EEG ictal
episodes, the spiking activity and the synchronized EEG
pattern induced by deltorphin I1. Behavioral alterations
as well as the frozen posture, the appearance of
exophthalmos, loss of the corneal reflex and the
respiratory depression induced by deltorphin Il wereaso
prevented. Theinhibitory effect of L-NAME on deltorphin
Il sei zureswas dose-dependently reversed by L-arginine
(3-300 mg/i.c.v./mouse) but not by D-arginine. Finally,
glyceryl trinitrate on its own (3-300 mg/i.c.v./mouse)
significantly increased deltorphin |1 seizuresin the rabbit
and it wasal so ableto reversetheinhibition on deltorphin
Il seizures operated by L-NAME. The results of the
present study provide astrong evidence that NO may be
involved in the control of brain excitability induced by
opioids: further studiesarein progressin order to better
understand the above involvement.

MOTOR STIMULATION AFTER SINGLE AND
REPEATED COCAINE AMINISTRATIONINORL-1
KNOCKOUT MICE (120)

K.Lutfy!, S Eitan?,H. Takeshima?and N.T. Maidment*
Dept. of Psychiatry, NPI, UCLA, Los Angeles, CA
90024. 2Division of Cell Biology, Institute of Life
Science, KurumeUniver sity, Japan

We have shown that orphanin FQ/nociceptin blocks
cocaine-induced behavioral sensitization or induces a
sensitized response to cocaine, depending on the dosing
regimen. The present study was designed to evaluate if
cocaine-induced motor stimulation and behavioral
sengitization are affected in opioid receptor-like (ORL-1)
receptor knockout (KO) mice. Onday 1, micewereinjected
with cocaine (15 mg/kg) and total distance traveled was
recorded for 1 hr. The same treatment was given for 4
more days. Following aperiod of withdrawal, micewere
tested after a challenge dose of cocaine (7.5 mg/kg) on
day 11. The motor stimulatory action of cocaine was
significantly attenuated inthe ORL-1 KO miceonday 1.
However, the ORL-1 KO mice sensitized to cocaineto a
greater degree such that there was no significant
difference in locomotor response to cocaine challenge
onday 11. (Supported by DA 05010; KL was supported
by DA00411 from NIDA and a NARSAD Young
Investigator Award)

ORPHANIN FQ/NOCICEPIN BLOCKS
DEVELOPMENT OF COCAINE-INDUCED
BEHVIORAL SENSITIZATIONINRATS(121)
K.Lutfy,I.Khaligand N.T. Maidment. Dept. of Psychiatry
and Biobehavioral Sciences, Neur opsychiatriclngtitute,
UCLA, 760 Westwood Plaza, L osAngeles, CA 90024.
Previous data from our laboratory indicated that intra-
VTA OFQ administration failed to block the devel opment
of cocaine sensitization. Given previousreportsof rapid
tolerance to OFQ, we sought to investigate the effect of
escal ating doses of OFQ on cocaine-induced behavioral
sensitization. Rats were injected either i.c.v. or directly
into the VTA with aCSF or OFQ. Rats were then
immediately injected with saline or cocaine (20 mg/kg)
andtotal distancetraveled wasrecorded for 1 hr. Similar
treatment was given for the next 2 days except the dose
of OFQ was doubled each day. Rats were then left
untreated for 4 days. On day 8, ratswere challenged with
cocaine (7.5 mg/kg). The sensitized response, observed
in the control group, was completely blocked in rats
pretreated with OFQ. Theresultsdemonstrate that OFQ
is capable of blocking cocaine-induced behavioral
sensitization, an effect mediated, at least in part, in the
VTA. (Supported by aKO1 award DA00411 from NIDA
and aNARSAD Young Investigator Award to KL)
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A COMPARATIVE STUDY OF N-METHYL-D-
ASPARTATE AND DOPAMINE D1 RECEPTOR
LEVELSINLEWISAND FISCHER 344RATS(122)
YuliaV. Lyupina*, SonsolesM artin, Begona Gonzalez,
Jose Antonio Crespo, EmilioAmbrosio

*Resear ch Ingtitute of Addictions, 121002 M oscow
Russia; UNED, 28040 M adrid, Spain

Lewis(LEW) and Fischer 344 (F344) ratsdiffer inthere
behavioral response to the novelty, acute amphetamine
and cocaine challenge and susceptibility to drug
addiction. To investigate if differencesin N-methyl-D-
aspartate (NMDA) and dopamine (DA) D1 receptors
could be correlated with behavioral differencesbetween
these strains, a comparative autoradiographic study of
NMDA- and DA D1- receptors within distinct brain
regions was undertaken. We found that LEW rats have
asignificantly greater density of NMDA- receptorsin
frontal and cingulate cortex, caudate putamen, central
amygdaloid nuclei and deep layers of superior colliculus
compared to F344 rats. DA D1 densitiesin somelayersof
CA1, CA2and CA3 areasof hippocampus, dentate gyrus,
posterolateral thalamic nuclei and substantia nigra
reticulataof LEW ratswere significantly higher than the
levelsfound inthe F344 rats. DA D1 density in cingulate
cortex of LEW ratswassignificantly lower thanin F344
rats. These data suggest that differencesin NMDA and
DA D1 receptorsmay contributeto diffrencesin NMDA
and DA related behavior seen between these rat strains.

DESENSITIZATION OF HUMAN DELTA OPIOID
RECEPTOR (HDOR)BY ALKALOID (ETORPHINE)
AND PEPTIDE (DPDPE AND DELTORPHINE 1)
AGONISTS: IMPLICATION OF DIFFERENT KINASES
(33)

MarieN., Allouche S,, and Jauzac Ph.

L aboratoiredeBiochimieA, CHU cétedeNacr e, 14033
Caen, France

In the human neuroblastoma SK-N-BE cells, we
previously demonstrated that etorphine induced hDOR
desensitization, observed on adenylate cyclase (AC).
Moreover, this desensitization is closely correlated to
receptor phosphorylation (Hashi et a., 1998) and involves
probably the GRK 2, the only member of GRK (G-protein
coupled receptor kinase) family expressedinthecell line.
In order to demonstrate the role of this kinase in hDOR
desensitization, we transfected the cDNA of bovine
GRK?2 or itf the peptides-induced hDOR desensitization.
In conclusion, hDOR desensitization is achieved by
different kinases dependending on the chemical nature
of the agonists. Hasbi et al. (1998) J. Neurochem., 70,
2129-2138.

DIFFERENTIAL ORL1ANDMUOPIOID RECEPTOR
MEDIATED CROSS-TOLERANCE IN HUMAN
NEURONAL CELLS(83)

ChitraD Mandyam* Ghazi F Altememi and Kelly M

Standifer

Department of Phar macological and Phar maceutical

Sciences, Univer sity of Houston, Houston, Texas. 77004,
USA

OFQI/N appears to contribute to the development of
morphine tolerance as morphine tolerance is greatly
reduced following blockade of the ORL 1/OFQ/N system.
We recently reported that ORL 1 and mu opioid receptor
(OR) ectivation produced cross-tolerancein BE(2)-C cells
(Mandyam et al., 2000). However, in SH-SY5Y cells
only OFQ/N pretreatment produced mu-OR cross-
tolerance. The mechanismsregulating the cross-tolerance
in both cell lines was examined using PKA (H-89) and
PK C (Chelerythrine chloride) inhibitors. PKC inhibition
blocked OFQ/N mediated desensitization of mu-ORsin
BE(2)-C, but not SH-SY5Y cells. DAMGO induced
desensitization of ORL1-OR in BE(2)-C cells was not
blocked by either inhibitors. When ORL 1 receptor cDNA
from SH-SY5Y cellswas stably transfected in BE(2)-C
cells, the receptor was desensitized by DAMGO
pretreatment indicating that the differential cross-
tolerance was a cell-specific effect. ThusBE(2)-C cells
represent an important model system for understanding
ORL 1 and mu-OR interactions resulting in acute opioid
tolerance, and allow usto investigate how thistolerance
may be prevented. These studies were supported by
fundsfrom NIDA toKMSand CDM.
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DOESTHEHUMANMUOPIOIDRECEPTORCOUPLE
DIFFERENTLY TO GilaOR Gi2a?(22)

D.Massotte* & G. Milligan®

Dept of Receptorsand M embr ane Proteins (UPR9050),
ESBS, F-674001llkirch-Gr affenstaden, France. ®Dept
of Biochemistry and Molecular Biology, IBLS,
Univer sity of Glasgow, UK

Preferential coupling of mu receptor to various Galpha
subunitsis still under debate. Here we investigated mu
opioid receptor selectivity towards Gil and Gi2 subunits
using afusion strategy. Fusions between the human mu
opioid receptor and apertussis-insensitive Gilileor Giz2ile
subunit werestably expressedin HEK 293 cells. Cellswere
treated with pertusssis toxin and the affinities of the 2
fusions for different agonists were determined and
compared to the values obtained with the wild type
receptor. [®S]GTPyS binding was used to monitor the
coupling efficiency of thereceptor to Gilileor Gi2ileand
to detect a possible modulation by the agonist of this
first step of the signalling cascade. The influence of the
ligand or the Gial pha subunit on the signal transduction
mediated by By subunits was also examined using MAP
kinase phosphorylation as a test.

ATYPICAL PROCESSING OF HUMAN DELTA
OPIOIDRECEPTORMRNAINMALIGNANT CELLS
(85)

P. Mayer*, H. Tischmeyer, T. Kroslak, H.
Teschemacher*, V. Hollt

Ingtitutefor Phar macology and Toxicology, Univer sity
of Magdeburg, and *Institute for Phar macology,
Univer Sity of Giessen, Germany

A truncated variant of the human delta opioid receptor
MRNA was identified in melanoma and neuroblastoma
cells. The corresponding receptor proteinispredicted to
lack 48 amino acidswhich represent the third cytoplasmic
loop. Expression studies in NIH-3T3 fibroblasts and
Xenopus oocytes revealed that this receptor variant
bound deltaligands (DPDPE and naltrindol€) but did not
couple to adenylate cyclase nor to inwardly rectifying
potassium channels. The mechanism by which 144
nucleotides are removed from the delta receptor mMRNA
is probably different from alternative splicing since
consensus splice recognition sites were absent. A
transposon-like process seemed morelikely because of a
repeated 13 nucleotide motif flanking the excised
fragment. Not only human tumor cellsexpressing thedelta
receptor naturally did truncate it. Truncation was also
observed in NIH3T3 permanent mouse fibroblasts and
NG 108-15 rat x mouse neuroblastomax gliomacellsupon
transfection. Notably, the rat delta opioid receptor
seguence was not truncated in spite of >90% sequence
homology in the region under question. This argues for
a highly specific process underlying the atypical
processing of the human delta receptor mRNA which
was performed by all (semi-)malignant cells tested.
Further studies may reveal whether this transposon-like
processing is involved in tumor genesis or in the
generation of novel receptor isoforms.

IMMUNOMODULATORY PROPERTIESOF BETA-
ENDORPHIN IN MICE WITH DIFFERENT
IMMUNOREACTIVITY (139)

MasychevaV.l., DanilenkoE.D., SysoyevaG.M ., Fadina
VA.

Research Design and Technology Institute of
Biologically Active Substances, State Resear ch Center
“Vector”, Berdsk, Russia

In the last few years, the data on the participation of
beta-endorphin in the regulation of the immune system
functions has been obtained, however, its role has been
little studied. The present paper is aimed to determine
thebeta-endorphin (BER) effect on the humoral immune
responsein micewith differentimmunoreactivity andto
elucidate the mechanisms of thiseffect. BER (100 mg/kg,
s.c.) enhanced synthesis of hemolysins regardless of the
administration time (24 h before, smultaneoudly or 72 h
after mice immunization). Macrophage phagocytic
activity and glucose level were increased when the
peptide was administered during the productive phase
of the immune response. No modulatory effect of the
BER on synthesis of corticosteroid hormones was
revealed. In stressed mice (6-himmobilization 24 h before
immunization) administration of BER in combination with
immunizationThus, the beta-endorphin enhanced a
specificimmuneresponseinintact animalsand decreased
it in stressed animals. The inhibitory effect of peptideis
likely to be mediated through its effect on the adrenal
cortex function and/or the hormonal system of the
carbohydrate homeostasis regulation.

CONTENTS OF SUBSTANCE P IN BRAIN OF
INBRED RATSWITH DIFFERENT LEVEL OF SELF-
ADMINISTRATION OF MORPHINE (128)
O.F.Medvedeva*, S.K.Sudakov, |.V.Figurina,
I.V.Rusakova, N.N.Terebilina

Resear ch I nstituteon Addictions, Malyj M ogiltzevskij
per.3, GSP-2, M oscow, 121002, Russia

Theam of thisstudy waseva uation of contentsof
Substance P (SP) in hypothalamus, hippocampus
and midbrain of inbred WA G/G and Fischer-344
(F-344) rats during development of craving to
morphine, using experimental model of intravenous
self-administration. Resultswas shown, that first
trying of morphinewasmoreintensivein F-344,
thenin WA G/Grats. During long-lasting morphine
intake F-344 rats decrease their sengitivity to
positive reinforcing property of morphine, and
intravenoussso. Theresultsof our experimentsand
dataof other investigatorsled usto decision that
any kind of acute or chronic morphine
adminigrationinduceleved of SPin hypothdamus
and, possible, in other brain areas. But, only
satisfaction of pathologicd cravingto morphineby
predisposed animals, decrease level of SP in
midbrain.
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INTRATHECALLY ADMINISTERED SUBSTANCE P

ENHANCES MORPHINE-INDUCED
ANTINOCICEPTION THROUGH THE PRODUCTION
OF SUBSTANCE PN-TERMINUS(2)

Tomoko Moriyama?, Chikai Sakuradat, Koichi Tan-no?,
Shinobu Sakurada®, and Tsukasa Sakurada!
Department of Biochemistry, Daiichi College of
Phar maceutical Sciences, Fukuoka 815-8511, 2Depar tment
of Pharmacology, and *Department of Physiology and
Anatomy, Tohoku Phar maceutical Univer sity, Sendai 981-
8558, Japan

The present study was designed to determine whether
the SP N-terminal fragment SP(1-7) produced by
peptidases in the spinal cord is involved enhancement
of morphine-induced antinociception. Morphine(93.8-
1000pmal), injectedi.t., produced antinociception in the
mouse assessed by the capsaicin-induced paw-licking
model. The co-administration of SP (50pmol) produced
markedly an enhanced antinoci ceptive effect of morphine
(62.5 and 93.8pmol) at sub-threshold doses. This
pharmacological effect was reduced significantly by
simultaneous injection of phosphoramidon, an inhibitor
of endpeptidase-24.11. Pretreatment with [D-Pro?, D-
Phe’|SP(1-7), aSP(1-7) antagoni<t, inhibited the enhanced
effect of morphine in combination with SP was also
inhibited by pretreatment with antisera against SP(1-7).
Similarly, antinociception induced by i.t. morphine was
enhanced by co-administration of SP(1-7), which was
inhibited by [ D-Pro?, D-Phe’] SP(1-7) and SP(1-7) antisera
SP(5-11), aSP C-terminal fragment, waswithout effect on
morphine-induced antinociception. These results
suggest that morﬁhi ne-induced antinociception may be
enhanced through SP(1-7) produced by the degradation
of i.t. injected SP.

[*'H]SUPER DALDA BINDING TO BRAIN
MEM BRANES(40)

C.L. Neilan, I. Berezowska*, T.M-D. Nguyen,* P.W.
Schiller,* and G.W. Paster nak

Memorial Sloan K ettering Cancer Center, New York,
NY and *Clinical Research Institute of Montreal,
Quebec, Canada

Thedermorphin-derived peptide[Dmt]|DALDA (H-Dmt-
D-Arg-Phe-Lys-NH ), also known as Super DALDA,
|abels p-opioid recepforswith high affinity and selectivity.
The receptor mechanism of action of [Dmt]DALDA
appears distinct from that of morphine, as evidenced by
antisense mapping studies where [Dmt!]DALDA is
insensitive to MOR1 exon probes that reduce morphine
analgesia. Inaddition[Dmt]DALDA displaysalack of
cross-tolerance to morphine. In an attempt to further
characterize and elucidate the mechanism of action of
[Dmt]DALDA, radiolabeled [Dmt]DALDA has been
synthesized. Binding studiesusing calf brain membranes
revea highest levels of [*H][Dmt]DALDA binding in
thestriatum. [*H][Dmt*]DALDA labels u-receptorswith
high affinity (K = 50pM). K values for unlabeled
[Dmt]DALDA, BAMGO and morphine obtained from
competition binding studies were 0.1, 1.8 and 4.6 nM
respectively. [*H][Dmt']DALDA will clearly provetobe
a useful tool with which to study the pharmacology of
this unusual peptide and may provide some important
answers regarding the mode of action of p-ligands.
Supported in part by grants DA07242, DA00220, and
CA08748.

INVOLVEMENT OF GLIAL GLUTAMATE
TRANSPORTERSINMORPHINE DEPENDENCE AND
NALOXONE-PRECIPITATED WITHDRAWAL (123)
Takayuki Nakagawa, Tohru Ozawa, Kaori Shige, Rie
Yamamoto, Masabumi Minami and Masamichi Satoh
Department of Molecular Pharmacology, Faculty of
Pharmaceutical Sciences, Kyoto University, Kyoto 606-
8501, Japan

We examined the involvement of glial glutamate
transporters, GLT-1 and GLAST, in morphine dependence
and nal oxone-precipitated withdrawal . Ratswere rendered
morphine-dependent by s.c. implantation of two 75 mg
morphinepelletsfor 5days. |.c.v. administration of TBOA,
aglutamate transporter inhibitor significantly facilitated
various naloxone-precipitated withdrawal signs. By
northern blot analysis, the expression of GLT-1 mRNA
wassignificantly decreased in the striatum and thalamus
of morphine-dependent rats, and significantly increased
in the striatum 2 hr after the naloxone-precipitated
withdrawal. On the other hand, there were no significant
changesin GLAST mRNA level inany brainregions. In
vivo microdialysisexperimentsrevealed that extracellular
glutamate level was elevated in the striatum and nucleus
accumbens, in which the changes of GLT-1 mRNA level
were observed, during nal oxone-precipitated morphine
withdrawal. These results suggest that the changes of
GLT-1 expression, which alter the glutamate uptake and
affect the glutamatergic transmission efficiency, play a
role in the development of morphine dependence and
the expression of morphinewithdrawal .

THE EFFECT OF ADRENALECTOMY AND
CORTICOSTERONE REPLACEMENT ON
ORPHANINFQ-INDUCED FOODINTAKEINRATS
(132

J.R. Nicholson, H. Akil & S.J. Watson

Mental Health Research Institute, University of
Michigan, Ann Arbor, U.SA.

Acute central administration of Orphanin FQ (OFQ) has
been shown to dose-dependently stimulate food intake
and corticosterone (B) release in rats. The aim of this
study was to determine whether a relationship exists
between OFQ—-induced B release and OFQ-induced
feeding. In adrena ectomised male rats, the stimulatory
effect of OFQ (5nmoles) on food intake was abolished.
Withalow level of B replacement, (1.975+0.302ug/dl, n=15)
OFQ'sstimulatory effect on food intake was still negated.
However, with higher B replacement (14.10+1.42ug/dl,
n=15) the stimulatory effect of OFQ on food intake was
fully restored, indicating that the stimulatory effect of
OFQonfoodintakeisdependent onrelatively highlevels
of circulating B. We furthered this study by co-
administering the glucocorticoid receptor antagonist,
RU486, with OFQ and found that this agent (80ug/2ul)
blocked OFQ-induced food intake. Overall, these data
demonstrate that B has a permissive effect on OFQ-
induced food intake which may be mediated through
central GR receptors.
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COMPARISIONOFTHEINHIBITORY EFFECTSOF
MU-OPIOID RECEPTOR AGONISTSON MOUSE
GASTROINTESTINAL TRANSIT (10)

F.Niijima, K. Tan-No, O. Nakagawasai, T. Tadanoand K.
Kisara

Depar tment of Phar macology, Tohoku Phar maceutical
University, Sendai 981-8558, Japan

Theinhibitory effect of intracerebroventricularly (i.c.v.)
administered H-Tyr-D-Arg-Phe-beta-Ala-OH (TAPA), a
dermorphin tetrapeptide analogue and highly selective
mul-opioid receptor agonist, on mouse gastrointestinal
transit was compared with that of morphineand DAMGO.
When administered i.c.v. 5 min before the oral injection
of charcoal meal, TAPA (10-100 pmol), morphine (0.25-4
nmol) and DAMGO (20-80 pmol) dose-dependently
inhibited gastrointestinal transit of charcoal. The
inhibitory effect of each mu-opioid receptor agonist was
completely antagonized by naloxone. The inhibitory
effect of morphine and DAMGO was significantly
antagoni zed by both beta-funaltrexamine (beta-FNA), and
naloxonazine. Onthe other hand, theinhibitory effect of
TAPA wasnot affected at all by beta-FNA, naloxonazine,
nor-binaltorphimine and naltrindole. These results
suggest that the inhibitory effect of TAPA on
gastrointestinal transit may be mediated through the
different opioid receptor mechanism from morphineand
DAMGO.

ATETRAPEPTIDE OF DERMORPHIN ANALOGUE
PRODUCES AN EXTREMELY POTENT
ANTINOCICEPTIVEEFFECT INMICE (42)
K.Okuyamat, A. Yonezawat, S. Ogawa?, M. Hagiwar &,
T.Morikawa?, T. Sakurada®and S. Sakurada’

Dept. of Physial. and Anat., Tohoku Pharm. Univ., Japan.,
2Fuji Chemical. Co. Industries, Ltd., Japan., *Dept. of
Biochem., Daiichi Call. of Pharm. Sci., Japan
FYK-1258isanewly synthetized anal ogue of dermorphin
N-terminal tetrapeptide. We investigated the
antinociceptive effect of FY K-1258 in the paw-withdrawal
testinmice. Peripheral administration (s.c. or p.o.) of FYK-
1258 produced potent antinoci ception with extraordinary
durability.  Antinociception induced by
intracerebroventricularly (i.c.v.) administered FY K-1258
was about 1000-fold more potent than that of morphine.
Theantinociceptiveeffect of i.c.v. FY K-1258 was blocked
by pretreatment with b-funaltrexamine (40mg/kg,s.c.) or
naloxonazine (35mg/kg,s.c.). Pretreatment with nor-
binatorphimine (4nmol,i.c.v.) inhibited FY K-1258-induced
antinociception, whereas morphine-induced
antinociception was unaffected by the k-opioid receptor
antagonist. Inaddition, pretreatment with antiseraagainst
a-neoendorphin markedly attenuated FY K-1258-induced
antinociception. These results suggest that FY K-1258
may stimulate the distinct subtypes of m-opioid receptors
through the release of dynorphins. Especialy, a-
neoendorphin may be involved in the antinociceptive
mechanism of FYK-1258.

MORPHINE EXPOSUREALTERSORL1RECEPTOR
MRNA EXPRESSION AND OFQ-STIMULATED
[®S]GTPYSLEVEL S(105)

C.S.Norton*,E. J.Curran,H. Akil and S. J. Watson
Dept. of Psychiatry, Mental Health Research Institute,
University of Michigan; Ann Arbor, M1 48109, USA
The orphanin system may interfere with the behaviora
and neurochemical effects of morphine. To further
addressthisissue we asked if acute or chronic morphine
administration alters expression of orphanin FQ (OFQ)
and OFQ receptor (ORL1) mRNA with in situ
hybridization. Additionally, ORL 1 receptor functionwas
examined using OFQ-stimulated [*S]guanylyl-5'-O-(y-
thio)-triphosphate ([*S] GTPyS) autoradiography. Inthe
chronic treatment paradigm, rats were given morphine
(10mg/kg, i.p.) or sdlinefor 14 daysfoll owed by two weeks
of no drug. On day 29, rats received a single injection
and were decapitated after 60 min. The acute group
received a single injection of morphine or saline on day
29. Chronic morphine increased ORL 1, but not OFQ,
MRNA levels in the ventral tegmental area (VTA) and
substantia nigra compacta (SNc). No effects were
observed in these brain regionsfoll owing acute morphine.
Atthelevel of thereceptor, OFQ-stimulated [*S|GTPyS
levelsincreased in the VTA and SNc following chronic
but not acute morphine. In contrast, levels decreased in
the prefrontal cortex following acute but not chronic
morphine. Taken together, these studies suggest that
morphine influences the expression and function of the
ORL1 receptor in atissue- and time-specific manner.

ANTINOCICEPTIVEANDANTI-OPIOID EFFECTSOF
SPINALLY ADMINISTERED NOCICEPTINRELATED
PEPTIDESIN THE CAPSAICINTEST (42)

Tohru Orito*, Tomoko M oriyama?, Chikai Sakurada?,
Koichi Tan-No® Shinobu Sakurada' and Tsukasa
Sakurada?

Department of Physiology and Anatomy, *Depatment of
Phar macology, Tohoku Pharmaceutical University,
Sendai, Japan. 2Department of Biochemistry, Daiichi
Collegeof Pharmaceutical Sciences, Fukuoka, Japan
The present study was designed to compare the effects
of intrathecally (i.t.) administered nociceptin (NC), NC(1-
13) and NC(1-13)NH, on capsaicin-induced nociceptive
behavioural response consisting of paw-licking or biting
inmice. Thei.t. administration of NC produced a dose-
dependent antinociceptive effect with an ED_; of 830
pmol. Theantinociceptive effect of NC(1-13) wasweaker
thanthat of NC, whereasNC(1-13)NH, was gpproximately
2.0-fold more potent than NC. NC(1-13)NH, exhibited a
long-lasting antinoci ceptive effect as compared with NC
or NC(1-13). Antinociception induced by these three
peptides were not antagonized by pretreatment with
naloxone (1.0 mg/kg, i.p.). When morphine was co-
administered i.t. with NC or NC(1-13), the combination
potentiated the antinociceptive effect of morphine. On
the contrary, NC(1-13)NH, co-administered i.t. with
morphine, resulted in asignificant antagonistic effect on
morphine-induced antinociception. These results
indicate that i.t. NC(1-13)NH, produces an opioid-
independent antinociception with opioid antagonistic
activity, which is distinctly different from spinal action
NC(1-13).
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EFFECTSOF ACUTE AND CHRONIC CLONIDINE
AND PRAZOSINONMORPHINE TOLERANCE AND
WITHDRAWAL INMICE (31)

Umit Ozdogan, JanneL ahdesmaki, Mika Scheinin
Department of Pharmacology and Clinical
Phar macology, Univer sity of Turku, FIN-20520 Turku,
Finland

Morphine tolerance was induced using a 3-day graded
b.i.d.dosage regimen with s.c. doses up to 120 mg/kg.
Tolerance was assessed on day 4 as loss of the
antinociceptive effect of atest dose of morphine (5 mg/
kg), using thetail flick test. Ten h later, withdrawal was
induced with naloxone 1 mg/kg. Singledoses of clonidine
(0.5, 1, 2and 5 mg/kg) and prazosin (0.5 mg/kg) increased
the analgesic potency of the morphine test dose (to 25,
40, 93 and 95%, and 71% of MPE, respectively) (controls
receiving only morphine, 14% of MPE). Nal oxone-induced
vertical jumping and weight loss were reduced by high-
dose clonidine (38/15 min and 0.8%/3 h) and by prazosin
(26 and 2.1%) (controls, 63 and 6.9%). Repeated
administration was less efficacious than acute dosage.
Clonidine given alone was analgesic and sedative but
prazosin was not.

MU AND DELTA OPIOID RECEPTORS FORM
COMPLEXESIN SH-SY5Y CELLS(84)

Amy L. Parkhill, Ahmed Hasbi and Jean M. Bidlack
Department of Phar macology and Physiology, Univer sity
of Rochester, Rochester, NY USA 14642, USA

Recent evidence demonstrates that m and d opioid
receptors form hetero-oligomers and —dimers in
heterologous cells co-transfected with both receptors.
In addition, low concentrations of aligand selective for
one receptor modul ates the binding of aligand selective
for the other receptor. This occurs both in transfected
cdlsandin SK-N-SH neuroblastomacdls. SH-SY5Y cdls,
asubclone of SK-N-SH cells, expressm and d receptors
at arespectiveratio of 2:1. Theaim of thisstudy wasto
identify m-d heterodimers and —oligomersin these cells
using immunopreci pitation and to characterize theligand
binding profile of the hetero-dimer and —oligomer.
Retinoic acid-differentiated cells were solubilized and
immunopreci pitated with anti-m opioid receptor antibody
conjugated to Protein-A Sepharose beads. After
electrophoresis and transfer, the resulting blots were
probed with antibodies against m and d receptors. The
results demonstrated that in SH-SY5Y cells, m and d
receptors exist in hetero-oligomeric and —dimeric forms
aswell asin monomers. Saturation binding experiments
showed that 10 nM naltrindoleincreased the K ,value of
[*H]IDAMGO binding 3-fold without changing the B
value. Thesefindingsprovide apossible explanationfor
the m-d interactions that are observed in vivo.
(Supported by grants K05-DA00360, DA03742 and
DA07232).

IDENTIFICATION AND CHARACTERIZATIONOFA
NOVEL SPLICEVARIANT,MOR-1R,OF THEHUMAN
MU OPIOID RECEPTOR GENE(OPRM) (7)
Ying-Xian Pan*, Jin Xu, MingMing Xu, Loriann
Mahurter, Elizabeth Bolan and Gavril W. Paster nak
Laboratory of Molecular Neurophar macology, Memorial
Sloan-K ettering Cancer Center, New York, NY 10021,
USA

Alternative splicing is a common mechanism used in
eukaryotic gene regulation. Recently, we showed that
the mouse mu opioid receptor gene undergoes extensive
splicing. Fifteen MOR-1 variantswere generated through
differential splicing among the fourteen exons of the
MOR-1 gene which span over 250kb. Herewe report the
identification of anovel splice variant, MOR-1R, of the
mu opioid receptor genefrom human brain. Human MOR-
1R wasisolated by using a3' RACE and RT-PCR strategy.
Sequece sequences. Expression of the MOR-1R mRNA
was examined by Northern blot and RT-PCR analysis.
Binding studiesin CHO cells stably transfected with the
MOR-1R/pcDNA3 construct indicated that MOR-1R
encodes a mu opioid receptor. Supported by: NIDA
grants (DA00296to Y.X.P. and (DA07242,DA02615 and
DA00220) to G.W.P

SPINAL ANALGESIC SYNERGY BETWEEN THE
ENDOMORPHINSAND CLONIDINE,BUT NOT THE
ENDOMORPHINSAND 2-METHYL-5-HT (23)
DennisPaul*!, Maria Sayah' and JamesE. Zadina?

9 Department of Phar macology, and Center of Excellence
for Oral and Craniofacial Biology, L SU Health Sciences
Center and ? VA Medical Center and TulaneUniver sity
School of Medicine, New Orleans, LA, USA
Endomorphin-1 (Endo-1) and Endomorphin-2 (Endo-2)
are endogenous ligands for mu opioid receptors. Spinal
mu opioid ana gesiasynergizeswith al pha2 adrenoceptor
agonist analgesia and is blocked by alpha2 antagonists.
However, spinal mu opioid analgesiais only additive or
less-than-additive with 5-HT agonist analgesia.
Accordingly, we used isobolographic analysis to study
the interaction of the endomorphins with the alpha2
agonist, clonidine (Clon), and the 5-HT3 agonist, 2-
methyl-5-H Thus, the interaction of exogenously
administered endomorphins with monoamines in the
spinal cord issimilar to other mu agonists. Supported by
LA BoG Grant HEF-01-22 to DPand aVA Merit Review
Grantto JEZ.
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EFFECTS OF PROLIFERATION AND
DIFFERENTIATION ON ADULT HIPPOCAM PAL
PROGENITORSIN RAT (52-1)

P. Anders|. Persson, Thorlef Thorlin and Peter S.
Eriksson

Institution of Clinical Neuroscience, Gothenburg
Univer Sty, Sweden

Opioid agonists and antagonists have been shown to
have profound effects on brain development. Few reports
haveinvestigated therole of G-protein coupled receptors
on progenitors/stem cells. This work focus on opioids
effects in vitro on adult hippocampal progenitors from
rat. We first identified opioid receptors on adult
hippocampal progenitors and thereafter studied the
expression of different cell type-specific markersafter 10
days of exposure to different agonists and antagonists
against the opioid receptors. No effect of any substances
used affected the number of cells entering apoptosis.
Opioidsagainst mu- and delta-opioid receptorswereable
to increase [Ca®'] . The effects on proliferation and
activation throughl Ras-Raf-MAPK-signaling pathway
were studied. Our results show acomplex interaction of
opioid receptors in these cultures which suggest that
these cells might specifically be activated by different
combinations of opioid agonists and antagonists.

FORMATIONOFHETERODIMERSBETWEEN THE
MU-OPIOID RECEPTOR AND THE sst,,
SOMATOSTATIN RECEPTOR PROMOTES
HOMOLOGOUSCROSSDESENSI TIZATION (86)
Manuela Pfeiffer, Stefan Schulz, Thomas K och, and
Volker Hollt

Department of Phar macology and Toxicology, Otto-von-
GuerickeUniversty, M agdebur g, Ger many

It has been shown that G protein-coupled receptors can
interact functionally with each other to form homo- and
heterodimers. In the present study, we have examined
dimerization of therat p-opioid receptor (MORL1) and the
sst,, somatostatin receptor in stably transfected HEK
293 cells. We show that MOR1 and sst,, exist as
constitutive homodimers at the plasma membrane.
Moreover, in co-immunoprecipitation studies using
differentially epitope-tagged receptorswe providedirect
evidencefor heterodimerization of MOR1 and sst,,. The
heterodimerswere stable under reducing conditions and
the degree of dimerization was agonist independent. The
MOR1-sst,, heterodimer exhibited high affinity binding
to both the p-selective ligand DAMGO and the sst,, -
selectiveligand L-779,976. I nterestingly, exposure of the
MOR1-sst,, heterodimer to DAMGO induced
desensitization of MOR1 and sst,, . Conversely, exposure
of the MOR1-sst,, heterodimer to L-779,976 induced
desensitization of sst,, and MORL.

SHARED PROCESSING IN THE ROSTRAL ACC
DURING OPIOID AND PLACEBO ANALGES A (17)
P Petrovict, E Kalso?, K -M Petersson?, M Ingvar!

1 Cognitive Neurophysiology, Dept of Clin Neurosci,
Karoalinskalnsitute,Stockholm

2Pain Clinic, University Hospital, Helsinki

Placebo analgesia may be attenuated by the opioid
antagonist naloxone which indicatesinvolvement of the
endogenous opioid systems. In order to investigate
whether similar neural systems are involved in opioid
treatment and placebo analgesia, we compared aplacebo
withan rapidly acting opioid agonist (remifentanil) during
astandard pain stimulus, i.e. tonic heat stimulation of 48°
C for 70 seconds in a PET study while the stimulation
temperature was 38° C in the control conditions. The
following conditionswereincluded inthestudy: 1) painful
heat and opioid (POP), 2) painful heat and placebo (PPL),
3) painful heat only (P), 4) non-painful heat and opioid
(WOP), 5) non-painful heat and placebo (WPL) and 6)
non-painful heat only (W). The subject responses were
studied both behaviourally and in terms of differential
rCBF responsesusing PET. Behaviourally, analgesiawas
induced by both the opioid and placebo treatment. Both
the genera opioid effect [ (POP+WOP)-(P+W) ] and the
effect of placebo analgesia (PPL-P) induced similar
increases of activity intherostral ACC[xy z;84412];Z
= 6.8 for the opioid effect and [18 32 14]; Z= 3.3 for the
placebo analgesia). TherCBF activity of therostral ACC
correlated with similar regions in the brainstem during
placebo treated pain (PPL) and opioid treated pain (POP),
but not during untreated pain (P). This study indicates
that similar regionsareinvolvedin both thegeneral opioid
effect and placebo analgesia and support previous
hypotheses based on behavioural observations that
opioid systems are involved in placebo analgesia.

VENLAFAXINE AND MIRTAZAPINE: COMMON
OPIOID-MEDIATED ANTINOCICEPTIVEEFFECTS
(24)

Shaul Schreiber®, Tova Rigai®® Chaim G. Pick@*
1Department of Psychiatry, Tel Aviv Sourasky Medical
Center, and Tel-Aviv University Sackler School of
M edicine, Td-Aviv, | srad. 2Department of Anatomy and
Anthropology, Tel-Aviv University Sackler School of
Medicine, Te-Aviv, |srad

Venlafaxineand mirtazapine are two antidepressant drugs
of the new generation. Venlafaxineisapresynaptic drug
which blocks the synaptosomal uptake of noradrenaline
and serotonin and, to alesser degree, of dopamine, while
mitrazapine is a postsynaptic drug which enhances
noradrenergic and 5-HT1A-mediated serotonergic
neurotransmission viaantagonism of central a2-auto- and
hetero-adrenoreceptors. Though exerting their
antidepressant action through totally different
mechanisms of action of venlafaxineis mainly influenced
by all opioid receptor subtypes combined with the a2-
adrenergic receptor, while the antinociceptive effect of
mirtazapinemainly involvesm- and k3-opioid mechanisms.
This opioid profile of the two drugs may be one of the
explanations to their efficacy in severe depression, and
may suggest a possible use in the treatment of chronic
pain syndromes.
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EFFECTS OF NEONATAL SEPARATION ON
ETHANOL INTAKE AND OPIOID RECEPTOR
DENSITY INTHE RAT BRAIN (133)

KarolinaPloj, ErikaRoman and I ngrid Nylander
Department of Phar maceutical Biosciences, Division of
Phar macology, Uppsala Univer sity, Uppsala, Sveden.
Accumulating evidence indicates that an animal’s
response to a drug can be profoundly affected by early
environmental influences. Since both ethanol and stress
alter endogenous opioid peptide level stheinteraction of
ethanol and stress could be mediated viathe endogenous
opioid system. The aim of the present study was to
examineif 15 minor 360 min of daily neonatal separation
in male Wistar rats until weaning could affect ethanol
drinking behaviour at adulthood. Wewere also interested
in the effects of neonatal separation on opioid receptor
density intherat brain. Theresultsfrom the present study
show that 360 min daily neonatal separation until weaning
increasesvoluntary ethanol intakein adult rats compared
with rats exposed to 15 min of neonatal separation or
control rats. The results also show that exposure to
restraint stress at adulthood affects the ethanol intake
behaviour. Thesefindings suggest that early experiences,
such as heonatal separation, are useful psychobiological
predictorsof future high ethanol consumption. The effects
of neonatal separation on brain opioid receptor density
using quantitative autoradiography are under
investigation and will also be discussed.

CLONING AND CHARACTERIZATION OF ANEW
OPIOIDRECEPTORLIKE FROM ZEBRAFISH (100)
F.Alvar, R.Gonzélez, | .Rodriguezand R.E.Rodriguez.*
Faculty of M edicine. Univer sity of Salamanca, Spain

A new opioid receptor like (ZFOR3) has been cloned and
characterizated in the teleost Zebrafish (Daniorerio). A
complete cDNA seguence of 2.7 kb long that codifiesa
377 aminoacid protein was obtained. From
hydrophobicity data of the protein sequence of ZFORS,
it can be deducted that it codes seven potential
transmembrane domains. Also, genomic analysis of our
clone showsthat it isformed of four exonsdistributed in
approximate 10 kb. When we compared the aminoacid
sequence correspondig to ZFOR3 with sequences
deposited at EMBL and GenBank data bases, we find
that this protein presents high identity to other opioid
receptors. 70%-72% to human, rat and mouse kappa
opioid receptor; 62%-64% to human, rat and mouse delta
opioid receptor; and 63%-65% to human, rat and mouse
mu opioid receptor. Analyzing the degree of identity
among ZFOR3 and mu, deltaand kappa opioid receptors,
we found that the highest degree of identity appears at
the transmembrane domains and at intracellular loops.
Divergences in seguence are greater in the regions
corresponding to extracellular loops 2 and 3. Our findind
suggests that ZFOR3 may present differencesin ligand
selectivity as compared to other opioid receptors.
Preliminary binding studies indicate that ZFOR3 might
work as adeltaopioid receptor.

PRONOCICEPTINAND PRODYNORPHINSYSTEMS
INNEUROPATHIC PAIN (21)

PrzewlockaB.,MikaJ, Schafer M.K.*, Obaral., Sga
A., Przewlocki R.,

Department of M olecular Neur ophar macology, I ngtitute
of Phar macology, Polish Academy of Sciences, 31-343
Cracow, Poland; *Department of Molecular
Neuroscience, I nstitute of Anatomy and Cell Biology,
PhilippsUniver sity, 35033 M ar bur g, Ger many.

We studied an antiallodynic and antinociceptive effects
of nociceptin after i.th. administration aswell asthelevel
of pronociceptin and itsreceptor MRNASin rats after the
ligation of sciatic nerve. Also thelevel of prodynorphin
and k-opioid receptor mMRNAswas measured. Behavioural
experiments show significant antiallodynic and
antinociceptive effects of nociceptin(5-10 ug i.th.).
Pronoci ceptin and nociceptin receptor mMRNASsremained
unchanged in laminas|-V1 of thedorsal horn. However,
the higher level of nociceptin receptor inthe ventral horn
of the spinal cord was observed. In contrast to
pronociceptin, prodynorphin mRNA was increased in
laminae |-V of the lumbar spinal cord. Ligation of the
sciatic nerve had noinfluence onthelevel of thek-opioid
receptor mRNA. Our study shows that nerve injury
differentially influence pronociceptin and prodynorphin
system in the rat spinal cord. Further, the significant
changesin nociceptin receptor mMRNA level intheventral
horn may indicate that antiallodynic effects of nociceptin
may be partly related to the changes in the postsynaptic
nociceptin receptors. Supported by a grant KBN no. 4
PO5A 093 15.

THE EFFECTSOF NEONATAL SEPARATION ON
TISSUE LEVELS OF DYNORPHIN B AND
NOCICEPTININWISTAR RATS(134)

ErikaRoman, KarolinaPloj and Ingrid Nylander
Dept. of Pharmaceutical Biosciences, Div. of
Phar macology, UppsalaUniver sity, Uppsala, Sveden
Preweaning rearing conditions can have long-term
consequences for neuroendocrine parameters and
behavioural performance. The aim of this study was to
investigate if neonatal separation can induce long-term
neurochemical changesin brain dynorphin B (DY NB)
and noci ceptin/orphanin FQ (N/OFQ) immunoreactive (ir)
levelsin male Widter rats. Neonatal separationfor 15min
and 360 min respectively, significantly increased ir-levels
of DYNB in the neurointermediate lobe of the pituitary
gland as compared to control rats. In the hypothalamus
15 min of neonatal separation significantly increased ir-
levelsof DY NB. 15 minand 360 min of neonatal separation
significantly increased N/OFQ ir-levels in the
hypothalamus compared to control rats. In the medial
prefrontal cortex rats separated for 15 min had
significantly higher ir N/OFQ levelscompared to controls.
The results indicate that manipulations early in life can
induce persistent neurochemical changes.
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REPEATED CENTRAL INJECTIONS OF D-
TYR[11]JNEUROTENSIN ALTER MORPHINE-
INDUCEDLOCOMOTORACTIVITY (125)
Pierre-Paul Rompré*, Annie Blackburn and Janick
Boissonneault

Department of Psychiatry, University of Montreal,
Montreal, Quebec, Canada, HIN 3V2

We have previously shown that repeated central
injections of D-Tyr[11]neurotensin (D-NT), sensitize to
This
experiment was aimed at determining whether repeated
exposure to D-NT also sensitizes to the locomotor

amphetamine-induced locomotion in rodents.

activating effects of morphine, and involves 5-HT3
receptors. Experiments were performed on male Long-
Evans rats. During the induction phase, locomotor
activity was measured for two hours, every second day
for four days (Day 1,3,5 and 7) this effect was not
prevented by tropisetron. These results suggest that
increased central neurotensin transmission may alter
behavioral responses to morphine, an effect that may
not require activation of 5-HT 3 receptors.

INVOLVEMENT OF SPINAL k-OPIOID RECEPTORS
INTYR-D-ARG-PHE-SARCOSINE(TAPS)-INDUCED
ANTINOCICEPTION (43)

S. Sakurada, T. Hayashi, T. Orito, K. Okuyama, A.
Yonezawa, C. Sakurada', T. Sakurada*

Dept. Physiol.& Anat., Tohoku Pharm. Univ., Sendai,
Japan. Dept. of Biochem., Daiichi Call. of Pharm. Sci.,
Fukuoka, Japan

Tyr-D-Arg-Phe-sarcosine (TAPS), an N-terminal
tetrapeptide analogue of dermorphin, has been found to
possess potent antinociceptive effects. The present
study was conducted to characterize the antinociceptive
effect of TAPS after intrathecal (i.t.) injection.
Antinociceptive activity was measured by the tail flick
testin mice. Thei.t. injection of TAPS dose-dependently
suppressed thetail-flick response with an ED50 val ue of
0.94 pmol. The antinociceptive effect of TAPS was
significantly attenuated by pretreatment with b-
funaltrexamine, naloxonazine (NLZ), nor-binartorphimine
or antisera against dynorphin B(1-13), but not antisera
against dynorphin A(1-17). Especially, antinociception
induced by TAPS was more sensitive to NLZ than that
induced by Tyr-D-Arg-Phe-b-Ala(TAPA) or DAMGO.
ID50 values for s.c. NLZ on tail-flick antinociception
produced by i.t. TAPS and TAPA were 2.9 and 12.0 mg/
kg, respectively, whereas DAMGO-induced
antinociception was insenstive to NLZ. The results
indicatethat i.t. TAPS may stimulate m-opioid receptors
sensitiveto NLZ inthe spinal cord, which subsequently
induce the release of dynorphins that act on k-opioid
receptors to produce antinociception.

DIFFERENTIAL EFFECTSOFENDOMORPHIN-1IAND
ENDOMORPHIN-20N BEHAVIORAL ACTIVITY:
MOR-1ANTISENSE PROFILE (30)

G.C.Ross*, Y-X. Pan, C.Abbadie, and G.W.Paster nak

Longlsalnd University, 720 Northern Blvd, Brookville,
NY and Memorial Sloan K ettering Cancer Ctr. 1275
York Ave. NY, NY 10021, USA

Two tetrapeptides, endomorphin-1 and endomorphin-2
wereidentified in 1997 and thought to be the endogenous
ligands for the mu opioid receptor (Zadinaet a., 1997).
Severa studieshave confirmed themu selectivity of these
peptides through antagonist studies (Tseng et al., 2000;
Goldberg et al.,1998 etc), G-protein downregulation
(Sanchez-Blazquez et al., 1999), and anti sense mapping
studies(Rossi et al., inreview). Our lab hasdonefurther
pharmacological evaluation of these two peptideprofiles
asshown by thetailflick test, however the activity assay
provided severa indicesof differential responsesbetween
endomorphin-1 and endomorphin-2. Endomorphin-2(4ug)
significantly blocked ambulatory activity,while
endomorphin-1(10ug) increased stereotypy. Theseresults
and others further indicate that endomorphin-1 and
endomorphin-2 may havedifferent rolesinthe modulation
of pain.

METABOL ISV OF ENDOMORPHIN-2 BY SYNAPTIC
MEMBRANESOF MOUSE BRAIN (49)

Chikai Sakurada!, Shinobu Sakurada? Takafumi
Hayashi?, Koichi Tan-No® and Tsukasa Sakuradat
Dept. of Biochem., Daiichi Call. of Phar maceut. Sci.,
Fukuoka815-8511, 2Dept. of Physiol. and Anat., *Dept.
of Pharmacal., Tohoku Pharmaceut. Univ., Sendai 981-
8558, Japan

Endomorphin-2 (Tyr-Pro-Phe-PheNH,; EM2) isknown
to possess high affinity for the mu-opioid receptor.
Although the function of EM2 as a transmitter or
modulator may cease through therapid enzymatic process
in the synapse of brain, its inactivation in the synaptic
region has still remained obscure. The present study
was conducted to examine metabolism of EM2 by
synaptic membranes of mouse brain. Major metabolites
of EM2wereTyr, Tyr-Pro, Phe, PheNH, and Phe-PheNH,,.
Both the degradation of EM2 and the accumulation of
major metabolites were inhibited by specific inhibitors
of dipeptidyl peptidase 1V. On the other hand, the
accumulation of Phe-PheNH, was increased in the
presence of bestatin, an aminopeptidaseinhibitor, whereas
that of Phe and PheNH, was decreased. Furthermore,
purified dipeptidyl peptidase 1V hydrolyzed EM2 at the
cleavagesite, Pro?>-Phe® bond. Thus, degradation of EM2
by mouse brain synaptic membranes seemsto take place
mainly through the cleavage of Pro%Phe® bond by
dipeptidyl peptidase IV, followed by release of Phe and
PheNH, from the liberated fragment, Phe-PheNH, by
aminopeptidase.
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REGULATION OF OPIOID RECEPTORSAFTER
CHRONIC MORPHINE ADMINISTRATION IN
AMPHIBIANS(87)

Steven SSands, David R Wallace, and CraigW Stevens
Phar macol ogy/Physiology, Oklahoma State Univer sity
Collegeof Osteopathic M edicine, 1111 West 17" Street,
Tulsa, OK 74107 USA

Opioid agents have been shown to elicit antinociception
through three distinct types of receptors (mu, kappa, and
delta) in mammals. Previous behavioral and binding data
from this laboratory has suggested the presence of a
single opioid binding sitein the amphibian, Rana pipiens.
The present study was performed to investigate the
regulation of this unique opioid receptor by chronic
administration of morphine. Antinociception was
assessed using a behavioral assay and opioid receptors
were characterized by radioligand binding techniques.
Daily systemic injections of morphine (100 nmol/g body
weight) produced a tolerance time-course curve which
was significantly different than the saline control group.
Saturation analysis with [3H]-naloxone of brain
homogenates was used to obtain affinity (Kd) and
receptor density (Bmax) values. The saline control group
yielded similar values as in untreated animals. The
morphine-treated group showed no changes in affinity
but a significant decrease in receptor density in brain
tissue. These studies suggest that the regulation of
amphibian opioid receptors is consistent with that
observed in mammalian studies.

FILAMIN-1BINDSTO THE CARBOXY TAIL OF THE
HUMANMU OPIOID RECEPTOR (104)

I. Onoprishvilit, M.L. Andriat, J.M. Hiller* and E.J.
Simon??”

Depar tmentsof Psychiatry and 2Phar macology, New
York University School of Medicine, New York, NY
10016, USA

To detect proteins capable of interacting with the mu
opioid receptor, we used ayeast two-hybrid screen. The
human mu opioid receptor carboxy tail (C-tail, aa 333-
400) was used as bait to screen a human brain cDNA
library. Sequencing of several positive cDNA inserts
resulted in theidentification of several encoded proteins,
which may interact specifically with the mu opioid
receptor C-tail. Because of our interest intheinteraction
of opioid receptorswith the cytoskel eton, weinvestigated
aDNA insert, which encoded the C-terminal portion of
human filamin-1 (ABP 280). Direct binding of filamin-1to
the C-tail of the human m opioid receptor was
demonstrated by column overlay of the GST-fusion
protein of the receptor C-tail and the His-fusion protein
of the C-terminal portion of filamin-1. Mapping of the
interacting regions between filamin and the human mu
opioid receptor C-tail isin progress. We believe that the
association of filamin with the receptor protein could be
of importance in the interaction of the receptor with the
actin-cytoskeleton. The implications of such an
interaction for receptor anchoring, regulation and
signaling is under investigation (supported by grants
R01-DA00017 and KO5-DA00364 to EJS).

IDENTIFICATION OF A NEURORESTRICTIVE
SUPPRESSORELEMENT (NRSE)INTHEHUMANMU-
OPIOID RECEPTOR GENE (89)

Matthew L. Andriaand EricJ. Simon*

Department of Psychiatry, New York University Medical
Center, New York, NY 10016, USA

Analysisof the DNA sequence of the human MOR gene
revealed that a region overlapping the start codon was
substantially homologousto a DNA element named the
neurorestrictive suppressor element (NRSE). Transient
transfection experimentsin the L929 and HEK non-neura
cell lines showed that expression of a MOR promoter/
reporter gene construct was suppressed by inclusion of
this MOR NRSE. Expression from athymidine kinase
promoter was also suppressed by inserting the MOR
NRSE. The MOR NRSE did not suppress expression of
the reporter gene constructsin neural derived cell lines,
IMR-32 and neuro2a. Thetranscriptionfactor REST binds
NRSE enacting the suppression of transcription. Co-
transfection of REST made IMR-32 cellssensitiveto the
MOR NRSE mediated suppression of reporter gene
expression. Electrophoretic mobility shift experiments
revealed that oligonucl eotides containing the MOR NRSE
were bound by a factor from nuclear extracts of non-
neura cell lines, HeLa and Jurkat. This binding was
specifically competed by oligonucleotides containing
NRSE sequences previously shown to suppress
transcription through REST. (NIDA K21-DA 002700to
MLA and DA-00017 and K05-00364 to EJS)
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L-NAME PREVENTS EEG AND BEHAVIORAL
ALTERATIONSINDUCEDBY DELTORPHINII INTHE
RABBIT (113)

A. Capasso, G. Galietta, T. Siniscalchi*, M. Festa, A.
Pergamoand A. Loizzo

Dipartimento di Scienze Far maceutiche, Univer sitadi
Salerno, Via Ponte Don Meélillo (84084) Fisciano,
Salernoand 1l stituto Superioredi Sanita, vialeRegina
Elena299(00161) Roma, Italia

Central administration of deltorphin |1 (selectived opioid
receptor agonist) produces EEG seizure activity in rats
and in rabbits, associated with wet-dog shakes,
myoclonic twitches and convulsive activity. These
deltorphin I1-induced effectswere antagonized in rats by
pretreatment with naltrexone. Opioid peptide naloxone-
reversible EEG seizures are reported after i.c.v. peptide
administration inratsand rabbits. In rabbits, EEG seizures
induced by opioid peptide were unaccompained by
convulsive motor activity and wet-dog shakeswere also
present. Recently, we have demonstrated that L-N®-nitro
argininemethyl ester (L-NAME) wasableto reduce EEG
and behavioural alterations induced by morphine (less
selective opioid receptor agonist) in therabbit indicating
an important interaction between nitric oxide (NO) and
opioid system. The present study was undertaken to
verify whether L-NAME was ableto influence deltorphin
I1-induced EEG seizurein rabbits. |.c.v. administered (20
ml/toto) did not induce EEG or behavioral aterations.
Also, power spectral EEG recorded from cortex and
hippocampus were similar to those observed in
nontreated animals. Deltorphin |1 administeredi.c.v. (5,
15, 50 and 100 mg/toto) induced dose-related EEG
alterations. All animalstreated with the highest dose (100
mg/toto) showed ictal EEG episodes limited to the
hippocampus and consisting of continuous high-voltage
spikes. During ictal episodes, rabbit maintained frozen
posture and neither wet-dog shakes nor other behavioral
alterations or clonic or tonic convulsionswere observed.
After these ictal episodes, hippocampa EEG voltage
showed a progressive slowing in frequency and
displayedtypical deltorphin Il EEG synchronized activity,
consisting of high-voltage dow waveswith superimposed
spikes. This EEG pattern appears 5 to 10 min after
deltorphin |l and lastsfrom 30 minto 3hr after deltorphin
I administration, depending on the dose. During these
tardive EEG dlterations, animalsremained motionlessand
exhibited after respiratory depression with loss of corneal
reflex and exophthalmos. L-NAME (3-300 mg/i.c.v./mouse)
did not induce significant EEG or behavioral changes
whereas when injected 15 min beforei.c.v. deltorphin I
(100 mg/toto) dose dependently prevented the EEG ictal
episodes, the spiking activity and the synchronized EEG
pattern induced by deltorphin I1. Behavioral alterations
as well as the frozen posture, the appearance of
exophthalmos, loss of the corneal reflex and the
respiratory depression induced by deltorphin Il wereaso
prevented. Theinhibitory effect of L-NAME on deltorphin
Il sei zureswas dose-dependently reversed by L-arginine
(3-300 mg/i.c.v./mouse) but not by D-arginine. Finally,
glyceryl trinitrate on its own (3-300 mg/i.c.v./mouse)
significantly increased deltorphin |1 seizuresin therabbit
andit wasalso ableto reverse theinhibition on deltorphin
Il seizures operated by L-NAME. The results of the
present study provide astrong evidence that NO may be
involved in the control of brain excitability induced by
opioids: further studiesarein progressin order to better
understand the above involvement.

NALTREXONE FOR IMPULSIVITY,
OBSESSIONALITY ANDRISK TAKING BEHAVIORS
(135)

Somashekar B S, and Chaturvedi SK

Dr Somashekar BS, #221, Staff Hostel, National
Ingtituteof Mental Health and

Neurosciences, Hosur Road Bangalore -560029,
Karnataka, India

Naltrexone an opiod antagonist, is used in opiod
dependenceto block the effect of opiatesand in Alcohol
Dependence Syndrome as an anti craving agent. The
effect of naltrexone on impulsivity, risk taking behavior
and obsessive symptoms are not known. We report
psychiatric cases who had substance use disorder,
obsessionality, impulsivity and risk taking behavior. A
20 year old unmarried male, with 10 a year illness
characterized initialy by inability to control impulses,
kleptomaniac and homosexual activities, followed by
obsessive sexual fantasieswith high-risk sexual behavior,
poor control of anger and solvent abuse from the age of
15 year. Naltrexone 50mg/day significantly reduced the
craving for the solvent as well as obsessive sexual
fantasies and anger outburst in 6 weeks. A 41 year old
married male had obsessive symptoms since childhood
and developed alcohol harmful use during adulthood.
He had poor impulse control and severe craving for
alcohol which resulted in poor adherence to treatments.
Obsessive symptoms and craving responded
significantly to Naltrexone 50 mg/day. These patientshad
poor insight into severity of symptoms and used denial
and rationalization to their behavior. The above cases
indicate the role of endogenous opiods in the genesis of
impulsivity, obsessionality and substance abuse as well
as potential therapeutic benefits of opiod antagonistsin

the treatment.
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PHOSPHORYLATION SITES ON 8-OPIOID
RECEPTOR AND AGONIST-INDUCED RECEPTOR
DESENSITIZATION (90)

Jonathan Solberg, LaurieJ. Erickson, Odile M aestri-
El Kouhen,HoraceH.Lohand PY.Law

Department of Phar macology, Univer sity of Minnesota,
Minnesota 55455, USA

The consequence the agonist-induced
phosphorylation of the d-opioid receptor has not been
elucidated completely. The dogma for the G protein-
coupled receptor such as the opioid receptor predicts
that rapid receptor desensitization would follow receptor
phosphorylation. Previous studies from our laboratory
have demonstrated that rapid desensitization of the d-
opioid receptor requires both the phosphorylation and
the internalization of the receptor. Since then, we have
also identified the DPDPE-induced phosphorylation of
the mouse d-opioid receptor occurred hierarchically at
the Thr® and Ser®® residues of the carboxyl tail, with
Ser®2 peing the first one to be phosphorylated. Thus, in
the current studies, the consequence of the agonist-
induced phosphorylation of these 2 Ser/Thr residues on
the desensitization and internalizati on of the receptor was
examined. Severa d-opioid receptor mutants, T358A,
T358D, S363A, S363D, and T358DS363D were stably
expressed in the EcCR293 cells in which the level of
receptor expression was controlled by culturing the cells
in ponasterone A. The receptor mutant in which al the
Ser and Thr residues were converted to Ala with the
exception of Ser®®®was al so stably expressed in the same
cells. The ability of 1 yM DPDPE to desensitize these
receptor mutants were compared to the cells expressing
the wild type ?-opioid receptor. Both the rapid
desensitization (minutes) and the slow desensitization
(hours), represented by the ability of 1 pM DPDPE to
inhibit the forskolin-stimulated intracellular cCAMP
production after agonist pretreatment, were determined
at both high and low receptor concentrations of these
mutants and wild type. Therates of the agonist-induced
receptor internalization, asdetermined by FACSanalysis,
in these cell lines expressing the mutant and wild type
receptors were also examined. The role of agonist-
induced phosphorylation of the Thr®* and Ser®® in these
cellular processes will be discussed. (Supported in part
by NIDA grants: DA07339, DA 11806 and DA0564)

of

NOCICEPTIN-INDUCED INTERNALIZATION AND
RECYCLING OF THEHUMAN OPIOID-RECEPTOR-
LIKE 1(hORL 1) INVOLVESBETA-ARRESTIN 2(44)
Santi Spampinato

Dept. Phar macology, Univer sity of Bologna, Irnerio 48,
40126 Bologna, Italy

Nociceptin/orphanin FQ (NC) promotes the
internalization of the human opioid receptor-like 1
(hORL1) via clathrin-coated pits in a time- and
concentration-manner. This process is more rapid and
effectivein CHO cells stably transfected with the cloned
hORL 1 (79% of cell surfacereceptorsarelost after 10min
exposureto 1 mM NC) thanin SK-N-BE cellsexpressing
the native receptor, where 57% of cell surface receptors
arelost after 30 min. hORL 1 expressed in CHO-K 1 cells
may recycle partialy in the continued presence of NC.
After short (30 min) exposure to NC, hORL1
internalization is partially reversible and recycling is
dependent on acid phosphatases. NC-induced
internalization is significantly reduced by the peptide
[Nphel]nociceptin(1-13)NH2, a new selective ORL1
antagonist, which by itself does not affect hORL1
internalization. Over-expression of rat b-arrestin increases
NC-promoted internalization of the hORL 1 whereasthe
dominant negative mutant rat b-arrestin 2 (319-410)
inhibits this event. These data show a more pronounced
internalization pattern of the cloned receptor expressed
in heterologous cells in comparison to the endogenous
hORL 1 occurringin neuronal cells.

MORPHINE-INDUCEDINVIVORELEASE OF SPINAL
CHOLECYSTOKININISMEDIATED BY DELTA-
OPIOID RECEPTORS- EFFECT OF PERIPHERAL
AXOTOMY (45)

Henrik Gustafsson, Abdullahi Warsame Afrah and
*Carl-Olav Stiller

Department of Physiology and Phar macology, Division
of Pharmacological Pain Research, Karolinska
I ngtitutet, * Department of M edicine, Divison of Clinical
Phar macology, K arolinska Hospital, Stockholm, Swveden
Morphine and other opioid agonistsinduce spinal invivo
release of the antiopioid peptide cholecystokinin (CCK).
Inthe present in vivo microdiaysis study, the morphine-
induced rel ease of CCK -likeimmunoreactivity (CCK-L1)
in the dorsal horn was completely blocked by the delta-
opioid antagonist naltrindole, but not the mu-opioid
receptor antagonist CTOP. In addition, systemic
administration of the delta-opioid receptor agonist
BW373U86 and spind administration of the delta2-opioid
recept administration of morphine and DAMGO altered
the spinal CCK-LI.release in axotomized animals. The
present data indicate that the delta-opioid receptor
mediates morphine-induced CCK release in the spinal
cord.
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TEMPORAL DYNAMICSOF CELLULAROPIOID
AND OPIOID RECEPTOR GENE-EXPRESSION
DURING HIPPOCAMPAL LONG-TERM
POTENTIATION (LTP) (91)

Ralf Stumm?, Chun Zhou?, Stefan Schulzl, Heinz
Ruthrich!, Martin Schafer?, MariaWagner!and Volker
Hallt

Department of Phar macol ogy and Toxicology, Otto-von-
Guericke-Univer sity, Magdebur g, Germany; 2l ngtitueof
Anatomy and Cdl Biology, Philipps-Univer sity Marburg,
Germany

Activity-dependent alterations in neuronal gene-
expression are pivotal for long-term but not short-term
adjustment of synaptic strength. Asamodel of synaptic
plasticity hippocampal LTP was induced by perforant
path stimulation in freely moving rats. LTP-induction
could beinhibited by naloxone. Changesin the mRNA-
expression of the endogenous opioid system members
were analysed by in situ hybridization with *S-labelled
riboprobesat 0.5, 2, 6, 12 and 24 h after stimulation. LTP
transsynaptically induced an early and sustained up-
regulation pf preprodynorphin (PDY N) mRNA levelsin
denate gyrus (DG) granule cells. Constitutive
prepronociceptin MRNA expression was detected in the
DG and the ammons horn (CA 1,3). m-opioid receptor
(MOR) mRNA levelswerehighin (most likely GABAergic)
interneurons of the DG and CA1,3 but virtually absent
fromgranule cells. Mg or LTP-induced changesin MOR
MRNA levels were, however, not observed. Thus,
increased PDY N but not MOR gene-expression may be
involved in the maintenance of hippocampal LTP.

TOLERANCE AND CROSS-TOLERANCE STUDIES
WITH [DMTYDALDA (5)

Guo-Min Zhao, Dunli Wu, Yi Soong, Megumi
Shimoyamaand Hazdl H. Szeto*

Weill Medical Collegeof Cornell Univer sity, New York,
NY,USA

We previously reported that [DmtY]DALDA (SD; Dmt-
D-Arg-Phe-Lys-NH ) is a highly selective mu-opioid
agonist that issignifiéantly more potent and longer-acting
than morphineafteri.t. and s.c. administration. Inaddition,
we reported minimal cross-toleranceto SD in morphine-
tolerant mice, suggesting that tolerance may belessof a
problem with highly selective mu-opioid agonists.
However, more recent data have shown significant
tolerance and cross-tolerance after repeated s.c. or i.t.
SD. Subcutaneous SD in mice (5XED50; qd x 7d) resulted
in arightward shift in ED50 for both SD (3.3x) and M
(3.2x). Similarly, sc M (5xED50; bid x 7d) produced a
similar shift in ED50 for M (3.4x) and SD (2.1x).
Interestingly, tolerance and cross-tol erance between SD
and M were much more profound withi.t. administration.
Intrathecal SD inrats (10xED50; qd x 3d) resultedin a4-
fold shift in ED50; while bid injections produced a 40-
fold shift in ED50. An escalating dose paradigm for 7d
resulted in profound tolerance and the inability to
determine ED50 for either SD or M even at doses
1000xED5S0. Reasonsthat may account for the profound
tolerance to SD in the spinal cord will be discussed.

PEPTIDE SECRETION FROM THEBRAINTO THE
BLOOD VIA MULTIDRUG RESISTANCE
ASSOCIATED PROTEIN (6)

W, Sut; M.A.King? G.W. Paster nak*?

1.Dept of Pharmacol, Cornell Uni Grad Sch Med Sci,
NY,NY USA

2.Dept of Neurology, Memorial Soan-K ettering Cancer
Center, NY, USA

Theblood-brain barrier protectsthe brainfrom circulating
compounds. Recently, we demonstrated the ability of
thebrain to secrete awide range of peptidesdirectly into
the circulation via p-glycoprotein (Pgp). Multidrug
resistance associated protein (MRP), a190 kDaprotein,
has long been known to cause intrinsic multidrug
resistance. Thisprotein, similar to Pgp, iscategorizedin
the ATP-binding cassette (ABC) superfamily of
transporter proteins. Several reports indicate that MRP
confers a pattern of drug resistance similar to Pgp. In
vitro studies have shown that MRP and Pgp efflux the
same anti-tumor agents with different affinities. An
antisense oligodeoxynucleotide targeting MRP was
utilized to modul ate the expression of MRPin the brain.
Immunohistochemical and RT-PCR studiesdemonstrated
a dramatic decrease in expression of MRP protein and
MRNA, respectively, in the choroid plexus of animals
treated with antisense targeting MRP compared to saline
and mismatch controls. Followingi.c.v. administration
of 1%]-$-endorphin and **°I-DPDPE, blood level s of these
compounds were decreased by 60% and 80%,
respectively, in antisense treated animals compared to
control animals. Thedecreasein MRP expressioninthe
brain also significantly enhanced the analgesic potency
of systemic morphine but conversely, diminished the
activity of centrally administered morphine. MRP1
knockout mice displayed similar results. Thus, thisstudy
identifies another transporter protein, MRP, able to
transport endogenous substances from the brain into
the blood, thus suggesting another important pathway
for the brain/body communication.

INOTROPICAND CARDIOPROTECTIVEACTIONOF
[DMTYDALDA (13)

Dunli Wu, Yi Soong and Hazel H. Szeto*

Weill Medical Collegeof Cornell Univer sity, New York,
NY,USA

[Dmt']DALDA (SD; Dmt-D-Arg-Phe-Lys-NH,) isapotent
mu-opioid analgesic that transiently increases blood
pressure after iv administration. Intheisolated perfused
guinea pig heart, SD (107M) significantly increased
contractileforce (F) with no effect on heart rate (HR) or
coronary flow. Theincreasein Fwasblocked by naloxone
(N; 10°M). In contrast, F, HR and flow were all
significantly decreased by morphine (M; 10°M). Globa
ischemia (30 min) produces severe cardiac dysfunction
in the perfused heart. Pretreatment with brief ischemic
episodes, M and N all provided limited protection against
ischemic cardiac dysfunction. Pretreatment with SD
significantly protected against ischemia-reperfusion
injury and preserved contractile function. When
administered after global ischemia, SD till protected
against cardiac dysfunction whereas M had no effect
and N only provided short-term protection. These data
indicate that SD has inotropic and cardioprotective
actionsthat are mediated only partly by its action at the
mu receptor. Inadditionto being asuperior analgesicfor
cardiothoracic surgery, SD may be useful for treatment
of heart failure and coronary artery disease.
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EVALUATIONOFDAMCK,AMUOPIOIDRECEPTOR
SPECIFICAFFINITY LABEL INVIVO ANDINVITRO
(62)

M. Szlcs*, E. Kics?, A.Magyar?, J. Farkas, M. Mé&csai®,
G. Szab6®. Biological Research Center, H-6701 Szeged,
2Department of Organic Chemistry, ELTE, H-1518
Budapest, *Department of Pathophysiology, SZTE, H-
6701 Szeged, Hungary

The mu opioid receptor selective opioid agonist Tyr-D-
Ala-Gly-MePhe-Gly-ol (DAMGO) was equipped witha
chloromethyl ketonegroup at the C-termind. Theresulting
compund Tyr-D-Ala-Gly-MePhe-CH_-Cl (DAMCK)
retained the mu receptor specificity of the parent
compound. Nanogram doses of DAMCK administered
intracerebroventricularly produced dose-dependent,
opioid receptor mediated, profound antinociception
measured with therat tail-flick assay. The effect persisted
for 4 hrs that was only partially reversed by naloxone
indicating irreversiblelabeling of opioid receptors. This
finding was confirmed by measuring wash-resistant
blockade of [*H]DAM GO binding in crude membranes of
certain brain regions, e.g. amygdala, hippocampus,
hypothalamus, PAG. Chronic administration of DAMCK
for 5-8 days resulted in the development of analgesic
tolerance. This was accompanied by a decrease in the
density of surface mu opioid sites. Covalent labeling of
proteins of about 50 kDa was detected by SDS-PAGE
and fluorography in membranes affinity labeled by
[3H]DAMCK in vitro. It is concluded that DAMCK is
ableto bind irreversibly to mu opioid receptors both in
vivo and invitro. Supported by OTKA T-033062 research
fund and the Foundation for the Hungarian Peptide and
Protein Research.

NOCICEPTIVE BEHAVIOR PRODUCED BY
INTRATHECAL DYNORPHINPEPTIDESINMICE (3)
Koichi Tan-No*, Akihisa Esashi, Osamu Nakagawasai,
FukieNiijima, Takeshi Tadano, Geor gy Bakalkin®, Lars
Terenius*and KensukeKisara

Department of Phar macol ogy, Tohoku Phar maceutical
Univer sity, 4-4-1 K omatsushima, Aoba-ku, Sendai 981-
8558, Japan and “Experimental Alcohol and Drug
Addiction Resear ch Section, Department of Clinical
Neur oscience, Karolinska I nstitute, Stockholm S-171
76, Sweden

Intrathecal (i.t.) administration of big dynorphin (1-10
fmol), a prodynorphin-derived peptide consisting of
dynorphin A (Dyn A) and dynorphin B (Dyn B), tomice
produced the biting and/or licking of the hindpaw and
the tail along with slight hindlimb scratching directed
toward the flank, which peaked at 5-15 min after an
injection. Dyn A produced a similar response, though
the doses required were higher (0.1-30 pmol) whereas
Dyn B was practically inactive even at 1000 pmol. The
behavior smediated through the activation of the NMDA
receptor ion-channel complex by acting on the polyamine
but not the glycine recognition site and does not involve
opioid or non-NMDA glutamate receptor mechanismsin
the mouse spinal cord.

COMPARISON OF NOCISTATINLEVELSIN CSF
AMONG CHRONIC,ACUTE,NON-PAIN PATIENTS
ANDNORMAL VOLUNTEERS(4)

STachibana*, T-L Lee,M G Ricos FM Y Fung, G Zhang,
F-G Chen, N Chou, and E Okuda-Ashitaka’, SIto*
Anes, Nat Univ Hospital, Singapore 117543 and M ed
Chem, Kansai M ed Univ*, M origuchi 570-8506, Japan
We have devel oped auniqueidentification method using
HPLC combined with RIA specific for nocistatin, and
identified two formsof human nocistatin-17 (h-NST-17)
and—30 (h-NST-30) together with their precursorsinbrain
and cerebrospinal fluid (CSF) ( NeuroReport 10, 1537,
1999; 11, viii, 2000). Our aim is to find possible
rel ationships between pain perception and CSF level s of
nocistatin. CSF sampleswere collected from chronic pain
(>6 months), acute pain (<1 week) and non-pain
(hospitalized) patients. Further, 6 normal CSF samples
donated by male volunteers were analyzed.. The CSF
extractswere subjected to HPL C with aODS column and
the eluateswere collected, 1 ml/min, and nocistatin-like
immunoreactivity determined by RIA. The amounts of
three NST-IRsin CSF obtained from volunteers appeared
to be lower than those of other patients.

EFFECTSOF DEXTROMETHORPHANON
MORPHINE ADDICTION (125)

Pao-Luh Tao*, Te-Chen Liu and EagleYi-Kung Huang
Dept. of Phar macology, National Defense M edical
Center, Taipei, Taiwan, R.O.C.

Continuous use of morphine may lead to the devel opment
of tolerance, physical dependence and psychological
craving to morphine. NM DA receptor antagonists have
been reported to be able to block the development of
morphine tolerance and dependence. Dextromethorphan
(DM) is an antitussive drug and also have NMDA
receptor antagonist property. In this study, we have
investigated the effects of DM on morphine addiction.
Male Sprague Dawley rats (250-350g) were separated into
four groups: control;AA and HVA in Nucleus Accumbens
were determined by microdialysis and HPLC. Acute
morphineor M+DM increased their levelssimilarly. After
thetreatment of morphineor M+DM for 3 days, the basal
level of DOPAC and 5-HIAA significantly increased
compared with thelevel before drug treatment.

70

INRC 2001



INRC 2001

MUAND ORL1RECEPTOR CROSSTOLERANCEIS
MEDIATED BY G PROTEIN-COUPLED RECEPTOR
KINASE 2(GRK2) UPREGULATION (25)
D.R.Thakker* and K. M. Standifer

Department of Phar macol ogical and Phar maceutical
Sciences, Univer sity of Houston, Houston, TX 77204,
USA

Chronic morphinetreatment resultsin morphinetolerance
and increased GRK 2 and orphanin FQ/nociceptin (OFQ/
N) levelsin thebrain; morphinetoleranceisreduced when
theactions of GRK2 and OFQ/N areblocked. Therole of
GRK2 and OFQ/N in the development of mu receptor
tolerance was examined in two human neuroblastomacell
linesnatively expressing ORL 1 and mu opioid receptors.
Chronic (24 h) treatment of BE(2)-C and SH-SY5Y cells
with DAMGO desensitized both mu and ORL 1 receptor-
mediesmu receptorsviaERK 1/2 induction of GRK 2, while
the homologous desensitization of ORL1 receptors
occurs via ERK1/2-dependent and -independent
pathways. This work was supported by an NIH grant
(DA10738) toKMS.

IN VITRO STUDY OF ENDOMORPHINS
METABOLISM (48)

CsabaTomboly*, GezaToth

I nstitute of Biochemistry, Biological Research Centre,
Hungarian Academy of Sciences, P.O.Box 521 H-6701
Szeged, Hungary

Invitro metabolism of Endomorphins (EM1: H-Tyr-Pro-
Trp-Phe-NH2, EM2: H-Tyr-Pro-Phe-Phe-NH2) was
examined in rat brain homogenate, in membrane and
cytosolic fraction of that. Kinetics of the metabolism of
EMs was characterized by analysing the digestion
mixtures with HPL C, then velocity constants and half-
liveswere calculated based on pseudo first-order kinetics
(t1/2 (EM1inbrain homogenate) =4.94 min, t1/2 (EM2in
brain homogenate) = 3.81 min). Some general and specific
enzymeinhibitoroductsof the catabolism areamino acids,
and the fragments, Tyr-Pro-OH and Pro-Trp-Phe-NH2
were present asintermediates. Biological examination of
the fragments of EM1 and EM2 identified and also the
synthesized theoretical onesrevealed that the fragments
had low or zero affinity for m opioid receptors. Therefore
the catabolism of EMs results in deactivation of them.
Supported by OTKA T030086.

IDENTIFICATION OF COMPOUNDS THAT
MODULATE N/OFQ TRANSCRIPTION (52-2)
WillmaE. Polgar, Naunihal Zaveri, LawrenceToll*
SRI International, 333 Ravenswood Ave. Menlo Park,
CA,USA

Nociceptin/Orphanin FQ has significant effects on
analgesia, anxiety, and a variety of other CNS actions.
Small molecule receptor agonists and antagonists have
now been shown to act as anxiolytics and analgesics
respectively. Another method for alteration of these
responses could be the modulation of the endogenous
levels of N/OFQ. To explore this possibility, we have
cloned the promoter region of the human preproN/OFQ
andinserteditinto the pSEAP reporter vector. Thisalows
us to determine transcriptional activity by measuring
secreted alkaline phosphatase in transfected cells. By
plating cellsina96-well format, compoundscan berapidly
screened for ability to up- or down-regulate the
production of akaline phosphatase, and thus N/OFQ.
Initially, we have screened a large number of steroid
structures and found two compounds that modulate
transcriptional activity. One compounds causes adlight
(25%) increase in transcription at low concentrations,
and the other compound significantly decreases (60%)
transcription at higher concentrations. We now expect
to inject these and other compounds into mice to
determine whether they can modulate N/OFQ levelsin
vivo.

EXCLUSVELIGANDSFORMUOPIOIDRECEPTORS
(63)

CsabaTombdly*, GézaTéth

I nstitute of Biochemistry, Biological Research Centre,
Hungarian Academy of Sciences, P.O.Box 521 H-6701
Szeged, Hungary

Endomorphins (EM 1: H-Tyr-Pro-Trp-Phe-NH2, EM 2: H-
Tyr-Pro-Phe-Phe-NH2) are endogenous peptides acting
at m opioid receptors. Tritiated endomorphinswith high
specific radioactivity labelled in different positionswere
prepared for in vitro binding, signalling and degradation
studies and characterisation of different EM analogues.
Precursor peptides prepared by solid phase peptide
synthesis contain iodinated tyrosine or phenylalanine

or dehydroproline. Supported by OTK A T030086.
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NEW ENDOMORPHIN ANALOGUESUSING DmtIN
POSITION 1(64)

GézaT 6th*2, Csaba Tombdolyt, Dauren Biyashevt, Katalin
K ovér?, Antal Péter3, AnnaBorsodit, Mahmound Al-
Khrasani4, Andrés Rénai4, Dominika Labuz® and
Bar baraPrzwewlocka®

I ngtituteof Biochemistry, Biological Research Centre,
Szeged, Hungary; 2 Department of Inorganic and
Analytical Chemigtry, Univer sity of Debrecen, Hungary;
3Department of I norganicand Analytical Chemistry,
University of Szeged, Hungary; “ Department of
Pharmacology, Semmelweis University of Medicine,
Budapest, Hungary; ® Department of Molecular
Neurophar macol ogy, K rakow, Poland

Two new endomorphin analogues (Dmt-Pro-Trp-Phe-
NH and Dmt-Pro-Phe-Phe-NH ) were designed and
synthesized using Boc-2',6' -diméthyl-tyrosine by solid
phase peptide synthesis. The more hydrophobic peptides
were characterized by radioreceptor assays in rat brain
membrane preparation, and MV D and GPl invitro assays,
and [*S]GTPyS binding. According to the results both
peptides were more active (10 and 100 times) and less
selective for | opioid receptors compared to the parent
peptides in binding assays. Both analogues are partial
agonist in the in vitro assays and [®*S]GTPyS assays. In
acute pain antinociceptive activity Dmt-EM2 intail-flick
and paw pressure tests was much more effective than
EM2. Interesting to note the peptide bond between Dmt
and Pro was cis and trans bond and cis peptide bonds
are favourable and this is unexpected ration (2:1). The
ratio was determined by 2D-NMR and HPLC in low

temperature. Supported by OTKA T0030086.

INVOLVEMENT OF MODALITY-SPECIFICLOSSOF
NOCICEPTOR SIGNALING INTHE MORPHINE-
INSENSI TIVENEUROPATHIC PAIN (20)

Hiroshi Ueda*, M akoto | noue, Takayuki Matsumotoand
ToshikoKawashima

Department of Molecular Pharmacology and
Neuroscience, Nagasaki University School of
Pharmaceutical Sciences, Nagasaki 852-8521, Japan
It is known that morphine shows no analgesic action on
the neuropathic pain due to deafferentation. Here we
intended to clarify molecular mechanismsunderlying this
weakness of morphine by use of the peripheral
nociception test evaluating the flexor reflex upon
intraplantar (i.pl.) injection of various algogenic
substances. Previously we classified such responsesinto
three types of nociceptors-mediated ones, and
demonstrated the morphine analgesia specific for type |
nociceptors which are by BK. Pharmacological
characterization revealed that BK stimulated B1 receptors
instead of B2 receptors in such neuropathic pain model
mice. These results suggest that the loss of nociception
signal due to type | nociceptors may be involved in the
resistance of neuropathic pain to morphine. [Supported
by HFSP]

THE INFLUENCE OF NOISE STRESSON CENTRAL
OPIOID SYSTEM (26)

Huei-Yann Tsai'***, Hsu-Mei Chiang'?, Jim-Shoung.
Lai?, Cheng-Chieh Lin*and Yuh-Fung Chen*
Department of Pharmacology and 2l nstitute of
Environmental Health, ChinaM edical College, Taichung,
Taiwan

*Department of Phar macy and “Department of Medical
Resear ch, China M edical CollegeHospital, Taichung,
Taiwan

Noise was thought to be the culprit in inducing stress
becauseit affected our health in many ways. The effects
of noise on the central nervous system have shown in
many studies. Unfortunately, there arefew reportsfocused
on its effects on central opioid system. Therefore, we
attempted to understand the effects of noise on those
neurons, and tried to find out their mechanisms. In the
preliminary experiment, when mice were exposed to
different intensities of noise (60~110 dB(A)), the pain
threshold was increased in a dose-dependent manner
which was determined with the writhing response
induced by acetic acid and with the licking timeinduced
by formalintest. Inthisstudy, we attempted to investigate
the antinoci ceptive mechanismsinduced by noise stress
intheformalin test. The results obtained are asfollows:
nal oxone (ap-opioid receptor antagonist; 1 mg/kg, i.p.),
3-FNA (ad-opioid receptor antagonist; 5, 10 pg, i.C.v.)
and naltrindole (ad-opioid receptor antagonist; 1,5 mg/
kg, i.p.) reversed the antinociceptive effect of noise, but
nor-BNI (a?-antagonist; 1pg, i.c.v.) did not affect. From
the above results, it was suggested that the noise stress
induced-pain threshold increase might primarily berelated
to the - and d-opioid receptorsin the opioid system.

PKC-INVOLVEMENT INTHEACUTE TOLERANCE
TOPERIPHERAL MORPHINEANALGESAINTHE
MOUSE CAPSAICINTEST (27)

Takayuki M atsumoto, Rashid Har unor, Hiroshi Ueda*
Department of Molecular Pharmacology and
Neuroscience, Nagasaki University School of
Pharmaceutical Sciences, Nagasaki 852-8521, Japan
In our previous reports we demonstrated the PKC
involvement in the acute morphinetolerancein our unique
peripheral nociception test in mice (JPET 293, 662-669,
2000; J. Neurosci. 21, 2967-2973, 2001). Inthisexperiment
we evaluated the opioid-mediated inhibition of
nociceptiveflexor responses by bradykinin which drives
type | nociceptors using substance P as a spinal
nociceptive neurotransmitter. Here we attempted to
confirm this hypothesis by use of different widely used
tests. As morcute tolerance was abolished by the co-
administration of calphostin C with the first morphine.
On the other hand, the DAMGO-induced analgesia did
not show acute tolerance. All these results support our
hypothesis of agonists-specific acute tolerance and its
PKC involvement in the different nociception test.
[Supported by HFSP]
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LEPTINAND THEMELANOCORTIN RECEPTOR
AGONIST,MT Il,AUGMENT AMPHETAMINE
REWARD (129)

S.CabezadeVaca*,M.Omura, G-Y Kim& K.D. Carr
NY U School of M edicine, Psychiatry Dept., 550 For st
Avenue, Millhauser-HN611, New York, USA

Recent discoveries have been made concerning the
regulation of feeding and body weight by leptin, insulin
and a variety of orexigenic and anorexigenic
neuropeptides. Of particular interest are the POMC-
derived, aMSH, and agouti-related protein which are
agonist and antagonist, respectively, a2 melanocortin
receptors (MCR). This study examined effects of i.c.v.
injections of insulin, leptin, and the MCR agonist and
antagonist, MTIl and SHU9119, respectively, on
overnight food intake and amphetamine reward.
Amphetamine reward was measured in terms of the
threshold-lowering effect on lateral hypothalamic self-
stimulation (LHSS). Leptin (2mg) and MTI1 (1 mg) both
decreased food intake but augmented amphetamine (50
mg) reward. SHU9119 (1 mg) increased food intake but
had no effect on amphetamine reward. These findings
suggest that acute stimulation of the leptin-MCR axis,
while suppressing appetite and the incentive effects of
food, may facilitate other expressions of incentive
motivation mediated by the brain dopamine system.

IDENTIFICATIONOFINTRACELLULARPROTEINS
THAT INTERACT WITH MURECEPTORUSING A
YEAST-BASED GENETIC ASSAY (92)

J.B.Wangand W. Guang

Department of Pharmaceutical Sciences, School of
Pharmacy, Univer sty of Maryland, Baltimore, Maryland,
USA

Over the past few years several groups have provided
increasing evidence that opioid receptors are regulated
by numerous mechanisms designed to rapidly modify
the receptor signaling following ligand activation. In
thisstudy, we examined themolecular basisfor thecel lular
regulation of pLreceptor and, specifically, toidentify novel
intracellular proteins that participate in the cellular
regulation of p receptor signaling, using a yeast-based
genetic assay to screen proteins that may associate with
the p receptor. The Clontech Matchmaker two-hybrid
system was used to screen arat brain library with baits
corresponding to intracellular domains of the pLreceptor.
Initial experimentswere performed using the C-terminus
of the p receptor. DNA fragment corresponding to this
domain was generated by PCR and subcloned into the
GAL4 DNA binding domain of pAS2-1. The fusion
construct was used to screen arat brain library. Several
plasmid DNA from positive clones were isolated. The
identity and the function of these positive clones are
currently under investigation. Important new information
leading to the devel opment of novel therapeutic strategies
inthetreatment drug abuse may be acquired through the
characterization of the molecul esthat regul ate L receptor
signaling.

POSTNATAL MU-OPIOID RECEPTOR
SUBCELLULARTARGETINGINTHERAT CAUDATE-
PUTAMENNUCLEUS(93)

H.Wang* and V.M. Picke

Divison of Neur obiology, Department of Neurology and
Neuroscience, Weill Medical College of Cornell
University, New York, New York 10021, USA

A specific role for opioids in the regulation of
neurogenesisin the devel oping caudate-putamen nucleus
(CPN) issuggested by the early appearance of mu-opioid
receptors (MORYS) in this region. We used electron
microscopic immunocytochemistry to determinewhether
there are age-dependent changesin subcellular targeting
of MOR in the rat CPN. Sections were processed for
detection of antisera against MOR at postnatal (PO, P5,
P10, P15, P20) and adult age points. During PO—P5, MORs
weremainly localized in somatodendritic profiles, some
of which were connected by dendrodendritic membrane
specializations. At P10, afew spinesand axonterminals
showed immunoreactivity to MOR. After postnatal third
week, the peak of synaptogenesis, MOR distribution
patterns in spiny dendrites and terminals were already
similar to those of adult. Our resultsindicate that there
are age-dependent changes in MOR distribution from
cytoplasmic to plasmalemmal and from postsynaptic to
presynaptic sites. These data support the hypothesis
that the plasmalemmal availability of MOR iscorrelated
with the period of maximal synaptogenesis. (Supported
by grantsfrom NIDA DA 14214 for HW and DA 04600 for
VMP)

THERAT MOR-1C SPLICEVARIANT ISEXPRESSED
BY SEROTONERGIC AND NONSEROTONERGIC
BULBOSPINAL NEURONS(88)

S.A. Schnell and M .W. Wessendor f*

Department of Neuroscience, Univer sity of Minnesota,
MinneapolisM N, 55455, USA

Spinally projecting neurons of the rostral ventromedial
medulla (RVM) express the cloned p-opioid receptor
(MOR1). Totest whether MOR1 splicevariantsarealso
expressed, we have obtained acDNA fragment from rats
that is highly homologous to the carboxyl terminus of
mouse MOR-1C. Combining in situ hybridization for
MOR-1C with immunocytochemistry for tryptophan
hydroxylase (TPH) and retrogradetract-tracing, wefound
that many spinally projecting RVM cellsexpressed MOR-
1C mRNA and that somealso expressed TPH. Inaddition,
MOR-1C-immunoreactivity coexisted with serotonin-
immunoreactivity in the neck of the spinal dorsal horn,
theintermediate gray, and the ventral horn. We conclude
that many bulbospinal serotonergic neurons express the
MOR-1C variant and that activation of MOR-1C might
modulate spinal serotonin release. Supported by
DA09642 and DA 05466.
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PI3KINASE: ROLEINOPIOID DESENSITIZATION
INDORSAL ROOT GANGLIONNEURONS(103)
L.Linand C.W.Xie*

Neuropsychiatricl ngtitute, Univer sty of California, Los
Angeles, CA 90024, USA

We have previously shown that activation of mu
receptors inhibits high voltage-gated Ca2+ channel
(VGCC) currentsin dorsal root ganglion (DRG) neurons,
and the inhibitory effect diminishes with prolonged
exposureto the agonist. Thisstudy further examined the
involvement of phosphoinositide 3 (PI3) kinase in the
desensitization process. The VGCC currents were
recorded with whole-cell voltage-clamp techniquesfrom
cultured mouse DRG neurons. Brief applications of
DAMGO (1 microM, 1-2 min) reduced VGCC currentsby
33+/-6% (n=13). The inhibitory action decreased in
neurons pretreated with DAMGO for 1 hr and nearly
completely disappeared after 24 hr pretreatment. Co-
administration of a PI3 kinase inhibitor wortmannin
attenuated chronic DAMGO-induced desensitization.
Following 1 or 24 hr preincubation with both drugs, acute
DAMGO till produced a39+/-11% or 20 +/- 7% reduction
in Ca2+ currents, significantly greater than the
corresponding effect in neurons pretreated with DAMGO
alone. These results suggest that PI3 kinase may play a
crucial rolein mu opioid desensitizationin DRG neurons.

ENHANCED p-OPIOID RESPONSESIN THE SPINAL
CORDBY ADELETION OF PROTEINKINASE Cg
GENE (95)

Y. Yajima*!, M. Narita*?, H. Mizoguchi?, T. Suzuki, M.
Narita?, N.J. Dun*, S. Imai!, H. Nagase®, T. Suzuki® and
L.F. Tseng?

1 Dept. of Toxicol., Hoshi Univ., Tokyo, Japan

2 Dept. of Anesthsiol., Med. Col. of Wisconsin, Milwaukee,
USA

3Pharmaceut. Res. Lab., Toray Ind. Inc., Kamakura, Japan
4 Dept. of Pharmacol., James H. Quillen College of Med.,
East Tennessee State Univ., Johnson City, USA

The present study was investigated whether a deletion
of the protein kinase C (PKC) g gene could result in any
changes in spinal m-opioid receptor-mediated
antinoci ception and activation of G-proteins. These two
spinal m-opioid receptor-mediated functions were
enhanced in PK Cg knockout mice as compared to wild-
typemice. In contrast, there were no changesin d- and k-
opioid- or ORL-1 receptor-mediated activation of G-
proteins between wild-type and PKCg knockout mice.
Deletion of PKCg had no effect on mRNA product of
spinal m-opioid receptors, whereasit caused an increase
in maximal binding of the m-opioid receptor agonist
[BH]DAMGO in spinal cord membranes. Thesefindings
suggest that the loss of PKCg gene may protect the
functional m-opioid receptors from degradation by
phosphorylation in the spinal cord, leading to an
enhancement of spinal m-opioidergic systemsto activate
G-protein and antinociception. The present data provide
direct evidencefor thecritical roleof PKCgisoforminthe
negative modulatory pathway for spinal m-opioidergic
systems.

CHRONIC MORPHINE ALTERS G-PROTEIN
FUNCTIONIN CELLSEXPRESSING THE CLONED
MURECEPTOR (94)

Heng Xu*,Y-FengLu, Richard B. Rothman

Clinical Psychophar macology Section, |RP, NIDA, NIH,
Baltimore, MD 21224 , USA

Chronic morphine (MOR) treatment uncouplesthe fOR
anditsG proteinin cell cultureand animal models. Inthe
present study, hMOR-CHO cells were incubated with 1
1M of morphine (or no drug) for 20 hr. Subsequently, we
assessed DAMGO- and MOR-stimulated [*S]-GTP-y-S
binding and MOR-mediated inhibition of forskolin-
stimulated cAMP accumulation. Using a single
concentration of [®S]-GTP-y-S (0.05 nM), chronic
morphine treatment did not change basal [®*S]-GTP-y-S
binding, shifted the MOR ED50 from 59 nM to 146 nM
and decreased the maximal stimulation (Emax) from 201
%t0 177 %. Similar resultswere observed with DAMGO.
Binding surfaceandysisresolved two [®*S]|GTPyS binding
sites (high affinity and low affinity sites). In control cells,
MOR stimulated [*9]-GTP-y-Shbinding by increasing the
Bmax of thehigh affinity site. In MOR-treated cells, MOR
stimulated [*S]-GTP-y-Sbinding by decreasing thehigh
affinity Kd without changing theBmax. Theoverall degree
of stimulation was similar. MOR-treatment shifted the
ED50 for MOR-inhibition of forskolin-stimulated cAMP
accumulation almost 10-fold. These results suggest that
MOR tolerance is associated with altered G-protein

function.

ENDOMORPHIN-1AND —2 INDUCE NAL OXONE-
PRECIPITATED WITHDRAWAL SYNDROMESIN
RATS(116)

EagleYi-KungHuang', Pao-L uh Tad!, Jihn-Yih Li?,and
Jin-Chung Chen?

Dept. of Pharmacology, National Defense Medical
Center, Taipei, Taiwan, R.O.C.

2Dept. of Anesthesiology, Chang Gung Memorial
Hospital, Tao-Yuan, Taiwan, R.O.C.

3Dept. of Phar macology, Chang Gung Univer sity, Tao-
Yuan, Taiwan, R.O.C.

In 1997, endomorphin-1 (EM1) and -2 (EM2) were
identified as the most specific endogenous m-opioid
ligands. These two peptides have shown analgesic
effects and many other opioid functions. In the present
study, we attempt to investigate the possible ability of
endomorphins to induce naloxone-precipitated
withdrawal in comparison with that induced by morphine.
Using the previously established scoring systeminrats,
twelve withdrawal signs (chewing, sniffing, grooming,
wet-dog shakes, stretching, yawning, rearing, jumping,
teeth grinding, ptosis, diarrhea, and piloerection) were
observed and scored following naloxone (4 mg/kg, i.p.)
challenge. Compared with the sham control, EM1 and
EM2 (20mg, i.c.v., b.i.d. for 5 days) both produced
significant withdrawal syndromeswhichwaswith similar
severity to that induced by the same dose of morphine.
There was no difference between EM1, EM2 and
morphine-treated group for withdrawal signs, except for
grooming. EM1 and EM2 induced more grooming than
that caused by morphine. Although EM1 and EM2 both
led to the withdrawal, they displayed different potency
for some syndromes and suggest their distinct
regulations. These results indicate a close relationship
between m-opioid receptors and morphinewithdrawal. It
wasasoimpliedthat EM1 and EM2 could initiate certain

mechanism involved opiate dependence.
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THEOPIOID-INDUCED REGULATIONOFMITOGEN
ACTIVATED PROTEINKINASESCASCADEAT THE
CELLULARLEVEL (126)

G. Zapart,W. Bilecki, R. Przewlocki.

Institute of Pharmacology, 12 Smetna Street, 31-343
Krakow, Poland

Theinhibition of neuronal excitability viatheregulation
of cAMPlevels or Ca?* conductance represents the
traditional mechanism of action of opioids. However,
opioids can also activate mitogen-activated protein
kinases (MAPK). The opioid-induced increase of MAPK
activity was shown to initiate m-opioid receptor
desensitization. Theactivated MAPK can asotranslocate
to the nucleus where it can activate or induce
transcription factors thereby leading to the expression
of several genes. The present study was undertaken to
evaluatethedirect effect of opioidson MAPK activity in
Neuro2aMOR1 cells expressing m-opioid receptors. We
report here that opioids, via m-opioid receptors exert a
stimulatory effect on MAPK phosphorylation. In
contrast, prolonged opioid treatment decreased the levels
of phoshorylated MAPK. Moreover, withdrawal fromthe
drug enhanced the opioid-induced inhibition of MAPK
phosphorylation. We have also found that the opioid-
regulated MAPK activity opposed the adaptation in the
well-known cAMP system. The stimulatory effects of
opioidson MAPK activity had similar pharmacological
profiles and concentration-response relationships to
those reported for the inhibitory effects of opioids on
CAMP pathway. Our results provide evidence that, at
the cellular level, cAMP and MAPK cascade can serve
opposing functions and may contribute to the
development of tolerance and addiction. This study was

supported by KBN grant PO5A.107.20

INTRA VTA SPi7 MODULATES NUCLEUS
ACCUMBENSDOPAMINE IN THE RAT DURING
MORPHINEWITHDRAWAL (127)

Q.Zhouand F. Nyberg

Department of Phar maceutical Biosceiences, Uppsala
Univer sity, Uppsala, Sweden

The effect of intraventral tegmental areainjection of the
substance P fragment SP  on nucleus accumbens
dopaminereleaseduring nal 01§<70ne~preci pitated morphine
withdrawal was studied using microdilysis. The result
showed that injection of the peptide prior to naloxone
challenge up-regulated the dopamine levels in nucleus
accumbensand frontal cortex. Moreover, SP wasfound
to enhance level of the dopamine 1|;171etabol ite
dihydroxyphenylacetic acid (DOPAC) in these brain
areas. Thisresult supportsour previous observation that
SP may affect the mesolimbic dopamine system, e.g. by
deér7easi ng the dopamine D2 receptor transcript in
nucleus accumbens, as previously shown. It thus
evidencesan ability of the peptideto inhibit the decrease
of dopamine release caused by morphine withdrawal.
Therefore, we believe that SP may be involved in a
mechanism underlying the regﬁration of the reaction to
opioid withdrawal.

DIFFERENTIAL EFFECTSOF REGULATORSOF G
PROTEIN SIGNALING (RGSS) ON ADENYLATE
CYCLASE INHIBITION MEDIATED BY pAND &
OPIOID RECEPTORS(97)

DechangZhang, Zhi huaXie, Cai ying Ye, Hui fen Yang,
Jian-GuoLi*,Lee-Yuan Liu-Chen*

Dept.of Phar macology, Ingt. of BascMedical Sci., CAMS
and PUMC, Beijing, China; * Dept of Phar macology,
TempleUniv. Med. Sch., Phila., PA, USA
Weinvestigated effects of RGS proteins on inhibition of
forskolin-stimul ated adenylate cyclase (AC) mediated by
m and d opioid receptors. One RGS or the vector and the
m or d opioid receptor were transiently co-expressed in
HEK 293 cells. Both morphine and the selective agonist
DAMGO or DPDPE dose-dependently inhibited AC in
cells transfected with the p or & opioid receptor. Co-
expression of RGS1, RGS2, RGH4, RGS9, RGS10, GAIP
significantly reduced morphine- or DAMGO-induced
inhibition of AC mediated by the m receptor, but did not
affect the effects of morphine or DPDPE mediated by the
d receptor, except RGS9. To delineate mol ecul ar basi s of
thedifferential effectsof RGS, we generated two chimeras
m/dC and d/mC receptors, in which the C-terminal domains
were exchanged. Expression of RGS4 or GAIP decreased
DPDPE-induced inhibition of AC activity in cells
transfected with the &/uC receptor. In contrast, RGS4
and GAIP had no effect on DAMGO-induced AC
inhibition mediated by the p/dC receptor. Thus, RGS
proteinshad differential effectsonthemand d receptors
and the C-terminal domain appeared to contributeto the
differences. (supported by Natural Science Foundation
of Chinaand NIH grants of USA)

ROLEOFCHOLECYSTOKINININTHE
REDUCTION OF ENDOM ORPHIN-2-INDUCED
ANTINOCICEPTIONINDIABETICMICE (46)

*K. Zushida, H. Nagase?, J. Kamei

Department of Pathophysiology & Therapeutics, Faculty
of Pharmaceutical Siences, Hoshi Univer sity, Tokyoand
“Pharmaceutical Research Laboratories, Toray
Industriesinc., Kanagawa, Japan

The role of cholecystokinin in the reduction of
endomorphin-2-induced antinociception in diabetic mice
was examined using tail-flick test. There was no
significant difference in the antinociceptive effect of
endomorphin-1 (EM-1, 1-10 pg, i.c.v.) between non-
diabetic and diabetic mice. On the other hand, the
antinociceptive effect of endomorphin-2 (EM-2, 3-30 ug,
i.c.v.) in diabetic micewas significantly lessthan that in
non-diabetic mice. Cholecystokinin octapeptide (CCK-8,
1-10 ng, i.c.v.) dose dependently reduced the
antinoci ceptive effectsof EM-1 and EM-2in non-diabetic
mice. However, in diabetic mice, CCK-8 significantly
inhibited the antinociceptive effect of EM-1, but not of
EM-2. In non-diabetic mice, CI-988 (0.3 ng, i.c.v.), a
selective CCK  receptor antagonist, had no significant
effect of either EM-1- or EM-2-induced antinociception.
In diabetic mice, while CI-988 (0.3 ng, i.c.v.) had no
significant effect of EM-1-induced antinociception, it
dose dependently enhanced the antinociceptive effect
of EM-2. Theresultsindicated that the reduction of EM-
2-induced antinociception in diabetic mice may be due,
at least in part, to the activation of CCKB receptors.
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FUNCTIONAL EXPRESSION OF MOUSE DELTA-
OPIOID RECEPTOR AND HUMAN NPFF2-
RECEPTOR IN XenopuslaevisOOCYTES
Minna-Liisa Anko?, Sirpa L ehti-K oivunen?, Annika
Brandt?, EsaK orpi2and Pertti Panula'*

Department of Biology, Abo Akademi, Turku, Finland,
2Department of Pharmacology and Clinical
Phar macology, Univer gty of Turku, Finland and I ngtitute
of Biomedicinelanatomy, Univer Sty of Helsinki, Finland
We have expressed the MY C-tagged mouse delta-opioid
receptor (DOR) and FLAG-tagged neuropeptide FF -
receptor 2 (NPFF2) in Xenopus laevis oocytes.
L ocalization of the receptorsin unstimul ated and NPFF/
Leu-enkephalin stimulated oocytes was studied with
fluorescence immunohistochemistry. Staining of cocyte
sections with an anti-MYC or anti-FLAG antibody
showed that the receptorswerelocated on the cell surface.
Double stainings with both anti-MY C and anti-FLAG
antibodies did not show significant co-localization of
receptors even after stimulation.Cell extracts prepared
from the stimulated oocytes were immunoprecipitated
with MY C-specific antibody. Inthe Western blot analysis
of the precipitates with FL A G-specific antibody no co-
immunoprecipitated receptors were observed. The
functionality of the receptors was tested by stimulating
the cells with a stable analogue of NPFF or Leu-
enkephalin. The currentswere measured in physiol ogical
solution (10 mM HEPESpH 7,5; 115 mM NaCl; 2,5mM
KCI; 1,8 mM CaCl,) at -80 mV holding potential. The
ligands produced dose-dependent outward currents
when thereceptorswere either co-expressed or they were
expressed alone. The NPFF-responses were not blocked
by 100 nM naltrindole. The results imply that the
stimulation of the cellswith either DOR agonist or NPFF
analogue does not result in significant complex formation
between DOR and NPFF2. As observed in other
expression systems, the DOR isinternalized after agonist
stimulation. Incontrast, it seemsthat in thissystem NPFF2
receptor isnot internalized after agonist treatment.
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INHIBITION OF NEUROPATHICPAINBY SELECTIVE
ABLATION OF BRAIN-STEM MEDULLARY CELLS
EXPRESSING THEMUOPIOID RECEPTOR

S.E. Burgess*, T.W. Vanderah, T.P. Malan, Jr., M.H.
Ossipov, 'D.A. Lappi,J.Lai and F. Porreca.
Department of Phar macology, University of Arizona,
Tucson, AZ 85724; *Advanced Tar geting Systems, San
Diego, CA 92121.

Thehypothesisthat chronic painfrom L5/L6 spinal nerve
ligation (SNL) is due to tonic activation of descending
pain facilitation mechanisms was explored by selective
ablation of mu opioid receptor (MOR) expressing cellsin
the RVM by the mu agoni st-toxin conjugate dermorphin-
saporin (DERM-SAP). Rats received a single RVM
injection of DERM, SAP, or DERM-SAP. After 28 days,
these rats received sham- or SNL surgery and their
responses to non-noxious or noxious stimuli were tested
7 days later. The RVM pretreatments did not alter
responsesin sham rats. DERM and SAP pretreated SNL
rats showed allodynia and hyperalgesia;, DERM-SAP
pretreated rats, however, were not different from sham
control. The latter showed a selective loss of MOR
expressing cellsintheRVM. RVM DERM-SAPalsofully
reversed the established allodynia/hyperalgesiain SNL
ratsby day 14. RVM pretreatment with $-funaltre-xamine
blocked the effects of DERM-SAP. These data, together
with findings of blockade of SNL induced painwithRVM
lidocaine or lesion of the dorsolateral funiculus, suggest
that tonic activation of descending facilitationisessentia
for the expression of neuropathic pain. Supported by
DA 11823.

ANTIDIURETICEFFECT OF ANOVEL PEPTIDE: BV8
*R. Lattanzi, E. Giannini and L. Negri

Depar tment of Human Physiology and Phar macol ogy,
University of Rome*“ LaSapienza’, Italy

From skin secretions of Bombina frog, a small protein
termed BV 8 hasbeen isolated. In malerats BV 8 (0.05-5
mg/rat, i.c.v.; 1-5mg/rat, s.c.) delayed (1-3 hr) rena water
excretion following an intra-gastric bolus of water (4%
body weight). 90 min after injection, control ratseliminated
9.5+ 0.5 ml urinewhiles.c. BV 8-injected ratseliminated
7.0+ 0.6 ml urine (1 mg/rat) or 3.75+ 1.4 ml urine (5 mg/
rat). BV8-induced antidiuresis was completely
antagonized by i.p. administration of theV,, vasopressin
receptor antagonists: (1-Adamantaneacetyl®,D-Tyr(Et)?,
Val*, Abu®, Arg®%)-Vasopressin (150 mg/kg) and (d(CH,),
LD-lle?, et Arg?, Ala-NH, %)-Vasopressin (30 mg/kg,), by
i.p. administration of the a,-adrenergic agonist clonidine
(40 mg/kg), and by i.p. administration of the NMDA
antagonist, MK801 (0.3 and 1 mg/kg). BV 8 displayed no
antidiuretic actions in the Brattleboro rats. Vasopressin
and oxytocin plasma levels were evaluated, by
radioimmunoassay in rats after s.c. injection of 5 mg of
BV8. Vasopressin and oxytocin plasma levels 45 min
(11.2+ 0.9 pg/ml; 60+ 6 pg/ml) and 90 Min (13.5+ 1.2 pg/
ml; 65 £ 8 pg/ml) after BV 8 injection were significantly
higher respect to control values (4.7 + 0.5pg/ml; 14.8+3
pg/ml).

LACK OFOPIOID TOLERANCE INPRODYNORPHIN
“KNOCK-OUT” MICE.

L.R.Garddl*,Z.Wang,M.H. 