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REGISTRATION: JULY 5™, 2011 (16.00 - 19.00)

PHEASANT RUN

WELCOME RECEPTION: 18.30 - 20.00

PHEASANT RUN ATRIUM

DAY 1
WEDNESDAY, JULY 6™

7.30 BREAKFAST

8.45 WELCOME AND OPENING REMARKS

ORAL SESSION 1. LEARNING, MEMORY AND PAIN
CHAIRS: ANDREA HOHMANN AND RUTH ROSS

Robert Hampson CANNABINOIDS ALTER NEURAL
9.00 and Sam Deadwyler ENCODING BUT NOT RECALL 1
OF MEMORY
CANNABINOID AGONISM REDUCES
9.15 Marcoita Gilbert SONG PERCEPTION-INDUCED ARC 9
and Ken Soderstrom EXPRESSION IN AN AUDITORY REGION
OF ZEBRA FINCH TELENCEPHALON
Ruth Ross, ALLELIC VARIANTS OF AN INTRONIC
Gemma Halliday, CB1 ENHANCER SHOW DIFFERENTIAL
9.30 Scott Davidson, Lynne RESPONSES IN HIPPOCAMPAL AND 3
Shanley, Marissa Lear HYPOTHALAMIC NEURONES;
and Alasdair MacKenzie IMPLICATIONS FOR CANNABIS USE
CANNABINOID IMPAIRMENT OF
. o SPATIAL WORKING MEMORY VIA
9.45 Jing Hzn;(l.)h;f Kesner HIPPOCAMPAL ASTROCYTE- 4
and Ala 2hang MEDIATED SYNAPTIC LONG-TERM
DEPRESSION




M. Jerry Wright Jr.,

CANNABINOID MODULATION OF

10.00 Sophia Vandewater VISUAL LEARNING AND MEMORY IN 5
and Michael Taffe RHESUS MACAQUES
10.15 COFFEE BREAK
Josee Guindon, Spyridon CANNABINOID CB2 RECEPTORS
Nikas, Ganesh Thakur, ACTIVATION SUPPRESSES
10.45 V. Kiran Vemuri, NEUROPATHIC PAIN EVOKED BY THE 6
Alexandros Makriyannis CHEMOTHERAPEUTIC AGENT
and Andrea Hohmann CISPLATIN IN RATS
Barbara Costa, EXPERIMENTAL OSTEOARTHRITIS IN
11.00 Diana Russo, RATS IS ATTENUATED BY ORAL 7
' Dominique Ronzulli ADMINISTRATION OF
and Francesca Comelli PALMITOYLETHANOLAMIDE
James Burston,
Lee Shipman, CARRAGEENAN-INDUCED PAIN
Bright Okine, Stephen BEHAVIOUR IS ASSOCIATED WITH
11.15 Woodhams, Elizabeth PPARa POSITIVE IMMUNE CELL 8
Stockley, Andrew RECRUITMENT, AND IS MODULATED
Bennett, Gareth Hathway BY PALMITOYLETHANOLAMIDE
and Victoria Chapman
PRESYNAPTIC AND POSTSYNAPTIC
1130 Sharleen Yuan MECHANISMS MODULATING 9
' and Brian Burrell ENDOCANNABINOID-DEPENDENT
NOCICEPTIVE SIGNALING
Aron Lichtman, CB1 RECEPTOR FUNCTION IS
Steven Kinsey, MAINTAINED FOLLOWING CHRONIC
11.45 Laura Wise, Jonathon ADMINISTRATION OF LOW DOSES OF 10
Long, Dana Selley THE MONOACYLGLYCEROL LIPASE
and Benjamin Cravatt (MAGL) INHIBITOR JZL.184
12.00 LUNCH




ORAL SESSION 2. GASTROINTESTINAL AND CANCER

CHAIRS: LINDA PARKER AND CRISTINA SANCHEZ

Kitty CM Verhoeckx,
Michiel GJ Balvers, PRESENCE AND FORMATION
14.00 Henk FJ Hendriks, OF N-ACYL-SEROTONINS 11
Heleen M Wortelboer IN THE INTESTINE
and Renger F Witkamp
Erin Rock,
Daniele Bolognini,
Cheryl Limebeer,
Maria Cascio, CANNABIDIOL MAY ATTENUATE
14.15 Sharon Anavi-Goffer, VOMITING AND NAUSEA BY ACTING 12
Paul Fletcher, AS AN INDIRECT 5-HT1A AGONIST
Raphael Mechoulam,
Roger Pertwee
and Linda Parker
Steven Kinsey,
5 SC_Otlt 1?1 Neal, MAGL OR FAAH INHIBITION PROTECTS
14.30 ]Onat}f‘;‘ior“;”g:;;min AGAINST NSAID-INDUCED GASTRIC 13
Cravatt, John Grider MUCOSAL DAMAGE
and Aron Lichtman
Mireille Alhouayek, INCREASING
14.45 Didier Lambert, Nathalie 2-ARACHIDONOYLGLYCEROL LEVELS 14
' Delzenne, Patrice Cani COUNTERACTS COLITIS AND RELATED
and Giulio Muccioli SYSTEMIC INFLAMMATION
POSTER SESSION 1
15.00 - 17.00 P1
COFFEE
Maria M Caffarel,
Eduardo Pérez-Gémez,
ﬁara Ar‘gradasﬁei‘a ROLE OF THE CB2 CANNABINOID
17.00 OTERO-BUENo, Maltd | RECEPTOR IN THE PATHOGENESIS OF 15

Murnoz Fernandez de
Legaria, Juana M Flores,
Manuel Guzman
and Cristina Sanchez

BREAST CANCER




Eduardo Perez-Gomez,

1715 Mqaml gnc.hfda.i’l’ A ROLE FOR GPR55 IN MULTISTAGE 16
' 1puet seuiana, MOUSE SKIN CARCINOGENESIS
Manuel Guzman
and Cristina Sanchez
Alljessl',lathgrfﬁtl’iu.aﬁno MECHANISMS OF THE ANTI-CANCER
es E.mceN}S’ , Tlle © EFFECTS OF CANNABIDIOL AND
17.30 ; 12“2 \;) “Z o OTHER NON-PSYCHOTROPIC 17
b © erf Oe rl e f CANNABINOIDS ON HUMAN
lerangelo Lrando PROSTATE CARCINOMA
and Vincenzo Di Marzo
Liliana Soroceanu,
Chandani Limbad, CANNABIDIOL INHIBITS
Ryuichi Murase,
funita Allison, Tsabel GLIOBLASTOMA DISPERSAL AND
17.45 uantta Atson, fsabe EXPRESSION OF STEM CELL MARKERS 18
Adrados, Rumi Murase,
A rosh Pakdel IN PATIENT-DERIVED PRIMARY
| frashrardel CULTURES
Pierre-Yves Desprez
and Sean McAllister
Gabriella Aviello,
li a’fara Rgnﬁnﬂ’; CARCINOGENIC-INDUCED COLON
Raffcefcac orretl CANCER IN MICE: ROLE OF THE
18.00 attagle L-apasso, ENDOCANNABINOID SYSTEM AND 19

Fabiana Piscitelli,
Pierangelo Orlando,
Vincenzo Di Marzo

and Angelo Antonio Izzo

CHEMOPREVENTIVE EFFECTS OF
CANNABIDIOL

NOTES:




DAY 2

THURSDAY, JULY 7™

7.30

BREAKFAST

ORAL SESSION 3. RECEPTOR SIGNALING & STRUCTURE

CHAIRS: KEN MACKIE AND PATRICIA REGGIO

Yanan Zhang, Alan Fulp, RATIONAL SYNTHESIS OF
900 Katharine Bortoff, CANNABINOID RECEPTOR 1 20
Herbert Seltzman ANTAGONISTS FOR PERIPHERAL
and Rangan Maitra SELECTIVITY
. AM994-BINDING ARCHITECTURE OF
ﬁjii?‘t;;ﬁ;rshg HUMAN CANNABINOID RECEPTOR 2
9.15 Patricia, H. Reggio an d, USING LIGAND-ASSISTED PROTEIN 21
Alexandros Makriyannis STRUCTURE FOLLOWED BY
MOLECULAR DYNAMICS
Daniele Bolognini,
930 Maria Grazia Cascio EVIDENCE THAT AM630 IS A HUMAN 77
CB2 RECEPTOR PROTEAN AGONIST
and Roger G. Pertwee
Rangan Maitra,
Katharine Bortoff, INHIBITION OF ALCOHOLIC HEPATIC
9.45 Huagqin Pan, STEATOSIS BY A TYPE 1 CANNABINOID 23
Patricia Reggio RECEPTOR NEUTRAL ANTAGONIST
and Herbert Seltzman
Vladimir Poltoratsky,
Genevieve LaRoche, REGULATION OF CANNABINOID
Emily Oestreich, RECEPTOR SIGNALING BY RGS
Patrick GiGuere, (REGULATORS OF G-PROTEIN
10.00 Shailendra Devkota, SIGNALING) PROTEINS: A NEW 24
Haroon Tariq, PARADIGM FOR MODULATING CB1
David Siderovski AND CB2 RECEPTOR-MEDIATED

and Somnath
Mukhopadhyay

SIGNALOSOME




Haleli Sharir,
Evangelia Kotsikorou,
Dow P Hurst, Narasinga
Rao, Larry Barak,
Yushi Bai, Marc Caron,
Herbert H. Seltzman,

FUNCTIONAL IDENTIFICATION

10.15 5 H Condl OF NEW AGONISTS AND 25
usanne Heynen-Genel,
Loribelle B. Milan, ANTAGONISTS AT GPR55
Russell Dahl,
Thomas D.Y. Chung,
Patricia H. Reggio
and Mary E. Abood
Evangelia Kotsikorou,
Dow Hurst, Haleli
Sharir, Narasinga Rao,
Larry Barak, Marc
10.30 Caron, Herbert NOVEL AGONISTS AND ANTAGONISTS 26
’ Seltzman, Susanne OF THE GPR55 RECEPTOR
Heynen-Genel, Loribelle
Milan, Thomas Chung,
Mary Abood
and Patricia Reggio
10.45 COFFEE BREAK
ORAL SESSION 4. CARDIOVASCULAR
CHAIRS: ALLYN HOWLETT AND ROGER PERTWEE
Christopher Stanl CHARACTERISATION OF
1130 (?181-019 ;{r aniey, 2-ARACHIDONOYLGLYCEROL- 27
' 4 ; en ngmﬁ.g INDUCED VASORELAXATION IN
and waotse LUoutivan HUMAN MESENTERIC ARTERIES
Linda E. Klumpers,
Marianne Fridberg,
Jan Freijer, Marieke L. DEMONSTRATING PERIPHERAL
11.45 De Kam, Paul Little, H. RESTRICTION OF CB1 ANTAGONIST 28
Daniel Kleinloog, TM38837 IN HUMANS
Christian E. Elling and
Joop M.A. van Gerven
PRESIDENTIAL PLENARY SPEAKER
"HUNTINGTIN FROM EVOLUTION TO PATHOLOGY “
12.00

ELENA CATTANEO, PH.D.

Department of Pharmacological Sciences and Center for Stem Cell Research

Universita degli Studi di Milano, Milan, Italy




13.00 LUNCH
ORAL SESSION 5. METABOLISM
CHAIRS: ITAI BAB AND CECILIA HILLARD
. . o THE EFFECTS OF
1400 RICha’éd Vi\iﬂscg‘,’leite:mlth’ ENDOCANNABINOINDS ON 20
' ZOS s¢ Au 4 a HUMAN OSTEOBLAST
and susan Anderson GROWTH IN VITRO
, , PERIPHERAL CANNABINOID
Nlco\lf E?Wlef; Mattheﬁy Hill CB1 RECEPTOR BLOCKADE
1415 " tlran e;nh‘?“f li_ REDUCES DEVELOPMENT OF 30
' Alarj :’E:OSM k?’imgn n;’ GLUCOCORTICOID-
¢ ad " 08 ;{ Eya S MEDIATED METABOLIC
an ruce cewen SYNDROME
| Elai ‘évassirlnanégﬂa M\jor(’i. .| cANNABINOID REGULATION
14.30 oseph fam, Alon bajayo, vardi OF BODY GROWTH 31
Kram, Raphael Mechoulam
and Itai Bab
ORAL SESSION 6. NEUROBIOLOGY &
NEURODEGENERATIVE DISORDERS
CHAIRS: MARY ABOOD AND JAVIER FERNANDEZ-RUIZ
ENDOCANNABINOID
o MODULATION ATTENUATES
14.45 Daniel Lép;.t ’ I\Ifarlk Il)\lr.e ndergast ETHANOL-INDUCED 32
and Mmberly Sxon NEURODEGENERATION
DURING WITHDRAWAL
Haiying Zhang, Xia Li, EXPRESSION AND CELLULAR
15.00 Qing-Rong Liu, Hong-Ju Yang, DISTRIBUTIONS OF 33
’ Eliot Gardner CANNABINOID CB2
and Zheng—Xiong Xi RECEPTORS IN MOUSE BRAIN
ENDOCANNABINOID
Chu Chen, Huizhi Du, 2-ARACHIDONOYLGLYCEROL
15.15 Xiaolei Chen SUPPRESSION OF COX-2 34
and Jian Zhang EXPRESSION IS MEDIATED VIA

PPAR-gamma




POSTER SESSION 2

15.30 - 17.00 P2
COFFEE
ORAL SESSION 7. PSYCHIATRIC
CHAIRS: SACHIN PATEL AND JENNY WILEY
2-ARACHIDONOYLGLYCEROL
. MODULATES CUE-EVOKED
17.00 Erik Oleson and Joseph Cheer DOPAMINE RELEASE DURING 35
REWARD-SEEKING
. DEPRESSION IN CARDIAC
Damelagjﬁ:ﬁ ‘I;(:iind Toth, SURGERY PATIENTS IS
17.15 Patrizia Campoh’mgo ASSOCIATED WITH REDUCED 36
and Gustav Schelling PERIOPERATIVE PLASMA
ENDOCANNABINOID LEVELS
Mateus Bergamaschi,
Marcos Chagas, CANNABIDIOL REDUCED
1730 Danielle Oliveira, ANX.I.ETY IN TREATMENT- 37
Bruno Martinis, Regina Queiroz, NAIVE SOCIAL PHOBIC
Jaime Hallak, Antonio Zuardi PARTICIPANTS
and José Crippa
haron Anavi-Goffer, POSTNATAL NMDA-
ShimsonaR(;bichjv KGe(; l\e/Iackie INHIBITION INDUCES
17.45 Tibor Harkany, I,{uth A. Ross ’ ALTERATIONS IN 38
and Ester Fride CANNABINOID CB2
RECEPTOR EXPRESSION
STRESS-INDUCED
BEHAVIORAL ADAPTATION IS
ASSOCIATED WITH
ENHANCED
18.00 Sachin Patel 2-ARACHIDONOYLGLYCEROL 39
and Joshua Sumislawski SIGNALING IN THE
AMYGDALA AND PREVENTED
BY CHRONIC
ENDOCANNABINOID

AUGMENTATION




18.15

Andrea Dlugos

ACUTE STRESS INCREASES
CIRCULATING
N-ACYLETHANOLAMINES,
INCLUDING ANANDAMIDE,
IN HEALTHY HUMANS

40

18.30

Jenny Wiley

CHRONIC ANTIPSYCHOTIC
ADMINISTRATION DURING
ADOLESCENCE ALTERS
LATER THC EFFECTS ON
COGNITION

41

NOTES:




DAY 3

FRIDAY, JULY 8™

7.30

BREAKFAST

ORAL SESSION 8. CANNABIS, HUMAN USE & ADDICTION

CHAIRS: ARON LICHTMAN AND DANIELA PAROLARO

9.00

Garry Milman, David
Schwope, David Gorelick
and Marilyn Huestis

CANNABINOID PHARMACOKINETICS
IN EXPECTORATED ORAL FLUID
FOLLOWING CONTROLLED SMOKED
CANNABIS

42

9.15

Raul Gonzalez,
Randi Schuster
and Inga Salija

INHIBITORY CONTROL IN
YOUNG CANNABIS USERS:
RELATIONSHIPS WITH CANNABIS
USE AND SYMPTOMS
OF CANNABIS ADDICTION

43

9.30

Tiziana Rubino, Fabiana
Piscitelli, Pamela Prini,
Simona Speziali,
Alessia Ligresti,
Vincenzo Di Marzo
and Daniela Parolaro

THE EFFECT OF ADOLESCENT THC
TREATMENT ON THE
ENDOCANNABINOID SYSTEM
MATURATION IN SPECIFIC BRAIN
AREAS AND NEURAL REFINEMENT

44

9.45

M. Imad Damaj
and Aron Lichtman

NICOTINE REWARD:
A ROLE FOR CB2 RECEPTORS?

45

10.00

COFFEE BREAK

10.30

Robert E. Vann and
D. Matthew Walentiny

PRECLINICAL EVALUATION
OF MARIJUANA'’S APPETITIVE,
REWARDING AND
PSYCHOACTIVE PROPERTIES

46




10.45

Brian Thomas, Peter Stout,
Jeri Ropero-Miller,
Anderson Cox,
Richard Daw,
Poonam Pande,
Kenneth Davis
and Megan Grabenauer

ADVANCED ANALYTICAL METHODS
FOR THE SURVEILANCE AND
DETECTION OF SYNTHETIC
CANNABINOIDS IN HERBAL
FORMULATIONS AND BIOLOGICAL
MATRICES

47

11.00

Jonathan Page,
Harm van Bakel,
Atina Cote, Jake Stout
and Tim Hughes

THE GENOME
OF CANNABIS SATIVA L.

48

11.15 -12.00

NIDA CAREER INFOLUNCHEON

“EFFECT OF CHANGING CONTROLLED SUBSTANCE

SCHEDULES ON CANNABINOID RESEARCH”

11.15

LUNCH

12.00 - 16.00

ICRS 7 CCIC / UCSF PRESENTS
A CONTINUING MEDICAL EDUCATION COURSE

CANNABINOIDS IN CLINICAL PRACTICE:

CHALLENGES AND OPPORTUNITIES

CHAIRS: DONALD ABRAMS, M.D. AND MAURO MACCARRONE, PH.D.

3.75 AMA PRA CATEGORY 1 CREDITS

12.00

INTRODUCTION AND OVERVIEW
CECILIA HILLARD, PH.D.

CME1

12.35

NAUSEA AND EMESIS
LINDA PARKER, PH.D.

CME2

13.10

NEUROPATHIC AND PALLIATIVE PAIN
DONALD ABRAMS, M.D.

CME3




13.45 COFFEE BREAK
PSYCHIATRY
14.00 CME4
SACHIN PATEL, PH.D.
NEUROLOGY
14.35 CMES
DIEGO CENTONZE, PH.D.
15.10 CANNABINOIDS IN HEALTHCARE CME6
' WILLIAM NOTCUTT, M.D.
1545 CLINICAL REVIEW AND CLOSING REMARKS CME7
' MARK WARE, MBBS MRCP, M.SC.
16.00 BREAK
KANG TSOU MEMORIAL LECTURE
“ENDOCANNABINOID SIGNALING IN
PERIIMPLANTATION BIOLOGY”
16.30 - 17.30

SUDANSU K DEY, PH.D.

Lova Riekert Chair and Professor of Pediatrics,
Cancer and Cell Biology
Director, Division of Reproductive Sciences
University of Cincinnati College of Medicine




DAY 4

SATURDAY, JULY 9™

7.30

BREAKFAST

ORAL SESSION 9. ENDOCANNABINOID SIGNALING

CHAIRS: MATTHEW HILL AND BELA SZABO

Xiaofei Sun, Huirong Xie,

ENDOCANNABINOID SIGNALING
ORIGINATING IN THE LUMINAL

9.00 Bliss Magella EPITHELIUM IS CRITICAL FOR STROMAL 49
and Sudhansu Dey DECIDUALIZATION
x:f;l\‘;lefﬁizzz FATTY ACIDS, N-ACYL
9.15 Heleen Wortelboer, ETHANOLAMINES AND 50
Jocelijn Meijerink INFLAMMATION: TISSUE, TIME
. AND COMPOUND SPECIFIC EFFECTS
and Renger Witkamp
ROLE OF CALCIUM RELEASE
FROM INTRACELLULAR STORES IN
930 Bela Szabo ENDOCANNABINOID 51
and Mario Lederer PRODUCTION AND RETROGRADE
SYNAPTIC SIGNALING IN THE
CEREBELLAR CORTEX
Brian C. Shonesy, CALCIUM-CALMODULIN DEPENDENT
Tyler Rentz, KINASE II INTERACTS WITH
9 45 Anthony J. Baucum II, DIACYLGLYCEROL LIPASE AND IS 52
Danny G. Winder, REQUIRED FOR ENDOCANNABINOID-
Sachin Patel DEPENDENT SYNAPTIC SUPRESSION
and Roger J. Colbran IN THE STRIATUM
Ozge Gunduz Cinar,
Katie Martin, Resat Cinar, A NOVEL FAAH INHIBITOR
10.00 Alexandros Makriyannis, | FACILITATES EXTINCTION OF FEAR 53
George Kunos MEMORIES IN MICE
and Andrew Holmes
. . BOTH DGLo AND DGLJ REGULATE
Alex Straiker, Tarun Jain,
10.15 Jim Wager-Miller THE PRODUCTION OF 54

and Ken Mackie

2-ARACHIDONOYL GLYCEROL IN
AUTAPTIC HIPPOCAMPAL NEURONS




Jocelijn Meijerink, Michiel
Balvers,
Pierluigi Plastina,

Jean-paul Vincken DHEA, THE ETHANOLAMIDE

10.30 i METABOLITE OF DHA, HAS IMMUNE- 55
Mieke Poland, MODULATING PROPERTIES
Mohamed Attya,
Kitty Verhoeckx
and Renger Witkamp
POSTER SESSION 3
10.45 - 12.15 P3
COFFEE
12.15 LUNCH

SYMPOSIUM - “CANNABINOIDS AND HIV PATHOGENICITY”

CHAIRS: VISHNUDUTT PUROHIT, DVM, PH.D. AND RAO RAPAKA, PH.D., FAAPS, NIDA

Dr. Patricia E. Molina

Louisiana State University AN UPDATE ON THE ROLE OF CANNABINOIDS
14.00 Health Sciences Center IN THE PROGRESSION OF HIV INFECTION:
New Orleans, Louisiana, ANIMAL AND HUMAN DATA
USA
VirDi:{ng r‘;‘ncoitzglth CANNABINOID MODULATION OF HIV INFECTION-
14.30 & University INDUCED MACROPHAGE/MICROGLIA
Richmond, Virginia, USA ACTIVATION IN VITRO SYSTEM
Dr. Hava Avraham CANNABINOID MODULATION OF BBB INTEGRITY
15.00 Harvard Medical School IN THE PRESENCE OF HIV PROTEINS
Boston, MA, USA
COMMENTARY AND DISCUSSION
15.30

DISCUSSANT: MAURO MACCARRONE, PH.D.
UNIVERSITY OF TERAMO, ITALY




SATIVEX: THE CONTINUING SAGA OF
THE FIRST PHYTOCANNABINOID MEDICINE

”

“SAFETY PROFILE IS IMPROVING OVER TIME

1545 ETHAN RUSSO, TILDEN ETGES, COLIN STOTT, GWI
STEPHEN WRIGHT, ADO MOHAMMED AND PHILIP ROBSON
PRESENTED BY ETHAN RUSSO AND COLIN STOTT
GW PHARMACEUTICALS
16.15 ICRS BUSINESS MEETING
18.00 - 23.00 ICRS BANQUET

DEPARTURE: SUNDAY, JULY 10™

TAXIES TO O'HARE OR MIDWAY

FAAH, MAGL, NAAA SYMPOSIUM REGISTRANTS MAY STAY ON




POSTER SESSION 1: TOPICS A & B

DAY 1, WEDNESDAY, JULY 6™: 15:00 - 17:00

TOPIC A. LEARNING, MEMORY AND PAIN

Daniela Hauer, Gustav Schelling,

PROPOFOL ALTERS MEMORY VIA INTERACTION

Benno Roozendaal WITH THE ENDOCANNABINOID SYSTEM P1-1
and Patrizia Campolongo
Adam Steinmetz CANNABINOID-1 RECEPTOR CONTRIBUTIONS P1-2
and John Freeman TO CEREBELLAR LEARNING
P‘r;y f,ts,ak’CDame}a Hauer, ENDOCANNABINOID SIGNALING MEDIATES THE
aG“ZI: asm}f ‘; l,ongo' IMPAIRING EFFECTS OF STRESS-LEVEL P1-3
Hstav Sehetiing GLUCOCORTICOIDS ON MEMORY RETRIEVAL
and Benno Roozendaal
Laura Wise, Kelly Long, DUAL INHIBITION OF FAAH AND MAGL
Jonathan Long, Benjamin Cravatt IN MICE IMPAIRS SHORT-TERM SPATIAL MEMORY P1-4
and Aron Lichtman ASSESSED IN THE WATER MAZE
Eli ] Shobin, Caroline H Abbott, THE CB2 RECEPTOR AGONIST GW405883 ATTENUATES
Richard G Hunter VARIABLE CHRONIC MILD STRESS-INDUCED SPATIAL P1-5
and Joseph A Schroeder LEARNING DEFICITS AND NEURONAL CELL LOSS
Qing-song Liu, Bin Pan, Wei ALTERATIONS OF ENDOCANNABINOID SIGNALING,
Wang, Peng Zhong, Jacqueline SYNAPTIC PLASTICITY, LEARNING AND MEMORY IN P1-6
Blankman and Benjamin Cravatt MONOACYLGLYCEROL LIPASE KNOCKOUT MICE
Kimberly Tsutsui, Ram SEX DIFFERENCES IN THC-INDUCED P1-7
Kandasamy and Rebecca Craft ANTINOCICEPTION AGAINST INFLAMMATORY PAIN
, , PROGESTERONE MODULATION OF
Alexa Wazliy’bcas'“gy Iinb‘alka A>-TETRAHYDROCANNABINOL-INDUCED P1-8
and Rebecea Lra ANTINOCICEPTION
Sharon Anavi-Goffer, EVALUATION OF THE CANNABINOID CB2 RECEPTOR-
Gemma Baillie, Juerg Gertsch SELECTIVE CANNABINOIDS AT GPR55: IMPLICATION P1-9

and Ruth Ross

FOR DRUG TARGET FOR CHRONIC PAIN




Stephen Woodhams, Amy
Wong, Stephen Alexander,

THE EFFECTS OF SPINAL JZL184 ON NOCICEPTIVE

David Barrett PROCESSING IN THE ANAESTHETISED RAT P1-10
and Victoria Chapman
IBa;b;raBCftSta’, AE’I‘”a CBOIOHTbOf THE ENDOGENOUS LIGAND
sabetia Aet ontly . enan resAant, | p AL MITOYLETHANOLAMIDE RELIEVES NEUROPATHIC P1-11
ntomio torsetlo. PAIN VIA MAST CELL AND MICROGLIA MODULATION
and Francesca Comelli
Barbaralcobs t; ABmttta Colombo, PALMITOYLETHANOLAMIDE RELIEVES PAIN IN A P1-12
sabetia bettont MURINE MODEL OF DIABETIC NEUROPATHY
and Francesca Comelli
Andrew Kwilasz EFFECTS OF A>-TETRAHYDROCANNABINOL ON PAIN- P1-13
and Steve Negus STIMULATED AND PAIN-DEPRESSED BEHAVIOR IN RATS
MLmda ,Vf,ug};“’ YaO,Zh;I;g’ ENDOCANNABINOID MECHANISMS ARE INVOLVEDIN | by 14
engwel -Itl, Tangmiao ~uang NITROUS OXIDE-INDUCED ANTINOCICEPTION
and Raymond Quock
Jenny Wilkerson, Ellen Dengler, INTRATHECAL CANNABINOID RECEPTOR 2 (CB2)
James Wallace, Audra Kerwin, AGONISTS ALTER SPINAL AND DORSAL ROOT P1-15
Ganesh Thakur, Alexandros GANGLION INFLAMMATORY FACTORS IN
Makriyannis and Erin Milligan NEUROPATHIC RATS
Rukiyah Van Dross J-SERIES PROSTAGLANDINS REGULATE P1-16

and Christian Kuc

AEA-INDUCED APOPTOSIS

TOPIC B.

GASTROINTESTINAL AND CANCER

Cheryl L. Limebeer

CENTRAL, BUT NOT SYSTEMIC, ADMINISTRATION

/ OF A PERIPHERALLY RESTRICTED CB1 AGONIST P1-17
and Linda A. Parker
SUPPRESSES NAUSEA-LIKE BEHAVIOR IN RATS
Martin Sticht, Jonathan Long, THE MAGL INHIBITOR, JZL184, ATTENUATES
Erin Rock, Cheryl Limebeer, LICL-INDUCED VOMITING IN THE SUNCUS MURINUS P1-18

Raphael Mechoulam, Benjamin
Cravatt and Linda Parker

AND 2AG ATTENUATES LICL-INDUCED
NAUSEA-LIKE BEHAVIOR IN RATS




Mauro Maccarrone, Natalia
Battista, Antonio Di Sabatino,
Monia Di Tommaso, Paolo
Biancheri, Cinzia Rapino,

ALTERATIONS OF ANANDAMIDE

Franc.esca Vidali, Cinzia Papadia, METABOLISM IN COELIAC DISEASE P1-19
Chiara Montana, Alessandra
Pasini, Alberto Lanzini,
Vincenzo Villanacci
and Gino R. Corazza
CLINICAL IMPROVEMENT AND REDUCTION OF
Jeffrey Hergenrather IMMUNOSUPPRESSIVE DRUG THERAPY IN CANNABIS P1-20
and Stacey Kerr TREATED PATIENTS WITH CROHN'S DISEASE AND
ULCERATIVE COLITIS
Clara Andradas, Maria M.
Caﬁarél’ 5 ?uardﬁeribco?ez’ THE PUTATIVE CANNABINOID RECEPTOR GPR55 P1.21
ana satazat, Vlar Lorente, PROMOTES CANCER CELL PROLIFERATION VIA ERK
Guillermo Velasco, Manuel
Guzman and Cristina Sanchez
)T,aOki{s hm,"hia’ T;’:: L;ya;“?’ THE TUMOR SUPPRESSOR A-C1 HAS AN
T le:g}; “aTJm’ , a;“t ! ;’ I;u 0}11’, N-ACYLTRANSFERASE ACTIVITY INVOLVED P1-22
akenaru 1onai, 1tosn1 ouchni IN NAPE FORMATION
and Natsuo Ueda
Mar\t/a 1501?35’ CP,aOIa,MaSSI’ ANTITUMOR EFFECT OF THCV, CBDV P1-23
alentina Mnqtina AND CBG ON HUMAN GLIOMA CELLS
and Daniela Parolaro
Seok-Woo Park THE RECEPTORS-INDEPENDENT ANTI-CANCER EFFECT
1 N'IEO “’;h ar s OF ANANDAMIDE IN HEAD AND NECK SQUAMOUS P1-24
and Myung-Inn =tng CELL CARCINOMA CELLS
Sean B David Gewirt COMBINING CANNABINOID AGONISTS
can ;nzry’ f.v Lt ewirtz AND RADIATION THERAPY REDUCES P1-25
and Aron Lichtman BREAST CANCER GROWTH
Vi jf’n‘,nifhltl\duﬁ"pasih?xlh DOES CB2 CANNABINOID RECEPTOR A BETTER TARGET | pq o
acimt © ororalssy, Sha it Jhd, FOR THE REGULATION OF PROSTATE CANCER?
Teresa Collins and Yoseph Saleh
Shalini Jha, Vladimir Poltoratsky | HETEROTRIMERIC G-PROTEIN COUPLED CB2 RECEPTOR-
Poltoratsky, Keith Burridge MEDIATED ACTIVATION OF SMALL G PROTEIN P1-27
and Somnath Mukhopadhyay REGULATES PROSTATE CANCER CELL MIGRATION
Farideh A Javid, Saeed THE EFFECT OF CBD (BDS) BOTANICAL
Afshinjavid, Roger M Phillips, CANNABINOID EXTRACT ON MCEF-7 P1-28
Colin Stott and Leo Ayerakwa HUMAN BREAST CARCINOMA CELLS
Stanislay Svetlov, Anatolyi ALKYLOXY-ISOPROPYLAMINO PROPANOLS (AIPS)
anis
’ INDUCE DEATH OF HEPATOCELLULAR
Vakulenko, Mengde Cao P1-29

and David Nelson

CARCINOMA CELLS VIA MULTIPLE GPCRS
AND KINASES MODULATION




POSTER SESSION 2: TOPICS C, D & E
DAY 2, THURSDAY, JULY 7™: 15:30 — 17:00

TOPIC C. RECEPTOR SIGNALING & STRUCTURE

Anushka Goonawardena,
Andrea Plano, Mathew

CHRONIC EFFECTS OF CANNABINOID AGONISTS,

o Bettine, Platt. Rubert ANTAGONISTS AND NEUTRAL ANTAGONISTS ON P2-1
vermar, betina Fath, Sober SLEEP-WAKE CYCLES IN MICE
Hampson and Gernot Riedel
Philip Brownjohn, Ken Mackie THE USE OF KNOCK OUT TISSUE IS ESSENTIAL TO P22
and John Ashton VALIDATE SPECIFICITY OF CB2 ANTIBODIES
Dotelas McHugh SIRNA KNOCKDOWN OF GPR18 RECEPTORS IN BV-2
: I‘ilug;s BC zgh MICROGLIA ATTENTUATES THE CELL MIGRATION P2-3
and Heather bradshaw INDUCED BY N-ARACHIDONOYL GLYCINE
Dina Navia-Paldanius, Sari
Yrjol4, Juha Savinainen, Tarja
Kool o s ACTIVATION ASSAYS FOR GPR55 P-4
0 < c0"a, Tanna “escil, 5Eppo AND ITS NEGATIVE OUTCOME
Yla-Herttuala, Jarmo T. Laitinen
and Antti Poso
Sari Yrjold, Tuomo Kalliokoski,
Dina Navia-Paldanius, Tuomo LIGAND-BASED VIRTUAL SCREENING FOR P 2» 5
Laitinen, Tapio Nevalainen CANNABINOID LIGANDS
and Antti Poso
Nicholas Jones, Andrew Hill, A PRE- AND POST-SYNAPTIC MECHANISTIC
Claire Williams, Gary Stephens INVESTIGATION OF CANNABIDIOL IN ACUTE P2-6
and Benjamin Whalley HIPPOCAMPAL BRAIN SLICES
Sehi Spyrosg lkast’ M’i‘)nonh ) DESIGN AND SYNTHESIS OF NOVEL P27
chimpgen, Demetris Papahafis ENDOCANNABINOID TEMPLATES
and Alexandros Makriyannis
Amina Bagher, Melanie Kelly DIMERIZATION AND FUNCTION OF CB1 RECEPTOR P2-8
and Eileen Denovan-Wright CODING REGION SPLICE VARIANTS
heryl Habrukowich, Joh
CLerdy, al\}l’f IO,WZIC ] Ok n ENGINEERING CANNABINOID 2 RECEPTOR P2-9
acias, KTl £VOROK FOR STRUCTURAL STUDIES
and Alexandros Makriyannis
Spiro Pavlopoulos, Xiaoyu Tian MODULATION OF ARRESTIN FUNCTION: SEARCHING P2-1 0

and Alexandros Makriyannis

FOR A LEAD COMPOUND USING NMR METHODS




Nicola Bernabo, Enzo
Tettamanti, Marco Chiarini,
Mauro Mattioli, Paola Palestini,

TYPE-1 CANNABINOID RECEPTOR REGULATES

Laura Botto, Natalia Battist MEMBRANE FLUIDITY OF BOAR SPERMATOZOA P2-11
autra Botto, fatatia battsta, DURING THE CAPACITATION
Mauro Maccarrone
and Barbara Barboni
Julia Kargl, Nariman Balenga, THE GPCR-ASSOCIATED SORTING PROTEIN 1
Lene Martini, Jennifer Whistler REGULATES RIMONABANT-INDUCED P2-12
and Maria Waldhoer DOWNREGULATION OF GPR55
Chelsea Hutch IDENTIFICATION OF FUNCTIONAL CANNABINOID P2-13
and Colleen Hegg RECEPTORS IN THE MOUSE OLFACTORY SYSTEM
Mauro Maccarrone, Sergio Oddi,
Enrico Dainese, Simone
Sandiford, Filomena Fezza,
Mikot La,“u;"tvaleg‘? Chiurchid, EFFECT OF PALMITOYLATION ON MEMBRANE
c ’: omo ODarO,' | “gseppmﬁ LOCALISATION AND SIGNALLING OF CB1 P2-14
atanzaro, Laniela barcarot, CANNABINOID RECEPTOR
Vincenzo De Laurenzi,
Diego Centonze,
Somnath Mukhopadhyay
and Allyn C. Howlett
Gemma Baillie,
Sharom Amavt.Gof SIGNALING TRAFFICKING OF ALLOSTERIC
alzon r;)avi OHen MODULATOR, ORG27569 AT THE P2-15
oger rertwee CANNABINOID CB1 RECEPTOR
and Ruth Ross
Jahan P. Marcu, Ankur Kapur, AMINO ACIDS D2.63 AND K373 ARE IMPORTANT FOR
Megan Trznadel, Patricia H. MAINTAINING THE CB1R BINDING POCKET, WHILE P2-16
Reggio, Mary E. Abood, Alex | RESIDUES K3.28 AND S1.39 ARE INVOLVED IN SELECTIVE
Makriyannis and Ganesh Thakur LIGAND RECOGNITION
- G Roser Pert INVESTIGATION INTO THE BEHAVIORAL EFFECTS OF
Ror:;]a; amaf& OgeLr, ;’tr We€ | THE PURPORTED CB1 RECEPTOR NEGATIVE ALLOSTERIC | P2-17
uth oss and Aron Lichtman MODULATOR ORG-27569
THE CB1 RECEPTOR TRANSACTIVATES THE EPIDERMAL
George Dalton GROWTH FACTOR RECEPTOR AND THE FLK-1 P2-18
and Allyn Howlett VASCULAR ENDOTHELIAL GROWTH FACTOR RECEPTOR
TO REGULATE ERK, BUT NOT FAK, IN NEURONAL CELLS
Carolvn T Ay S BRAIN REGION SPECIFIC CIRCADIAN EFFECTS
aroyn 4 énn.?’ thy ;sman ON CB1 RECEPTOR BINDING IN MEMBRANES P2-19
and f-eciiia Hitiar DERIVED FROM ADULT MICE
Teniel Ramikic. Salem CHRONIC STRESS EXPOSURE INDUCES
(S
’ YNAPTIC ADAPTATIONS THROUGH
VanderStel, Megan Deel SYN N P2>2O

and Sachin Patel

ENDOCANNABINOID SIGNALING MECHANIMS
WITHIN THE CENTRAL AMYGDALA




Lawrence C. Blume, Caroline E.
Bass, Steven R. Childers,
George D. Dalton, Jasmine M.

CANNABINOID RECEPTOR INTERACTING PROTEIN 1A
(CRIP1A) MODULATES STRIATAL

Richardeon. Dana E. Sell NEUROPHARMACOLOGY AND SIGNAL P2-21
¢ Is: e ey TRANSDUCTION IN CANNABINOID,
oyt A1ao DOPAMINE AND OPIOID RECEPTOR SYSTEMS
and Allyn C. Howlett
Jagicet Singh, Zhao-Hui Son THE CANNABINOID CB2 RECEPTOR/GI COMPLEX :
glee j Pg o 12 11 oong CROSSLINKING AND COMPUTATIONAL STUDIES P2-22
and batticia Regglo SUGGEST THAT CB2 SIGNALS AS AN ACTIVATED DIMER
HOMOGENOUS-TIME-RESOLVED-
Pritesh Kummar FLUORESCENCE(HTRF): OPTIMIZATION
4 zfls _Hu S AND VALIDATION OF A CELL-BASED CAMP P2-23
and £hao-tii vong SCREENING TECHNOLOGYFOR THE
CANNABINOID RECEPTORS CB1 AND CB2
Christonher Rabert CB1R SIGNALING ENHANCES ADRENAL
dSCOP.l.e H(')ll N ds RESPONSIVENESS TO ACTH TO INCREASE P2-24
andf-ectia titar GLUCOCORTICOID SYNTHESIS
Herbert Seltzman,
Patricia Reggio, Lauren Chun,
Zheng-Xiong Xi, Guo-Hua Bi, BEHAVIORAL AND PHARMACOLOGICAL PROPERTIES P2-25
Eliot Gardner, Frank Navas, III, OF THE CB1 NEUTRAL ANTAGONIST PIMSR
Ester Fride, Julie Marusich
and Jenny Wiley
Rebecca Hartzell, CB2-SELECTIVE CANNABINOIDS INHIBIT THE MIXED
Joseph Meissler, Martin Adler LYMPHOCYTE REACTION (MLR), AN IN VITRO P2-26
and Toby Eisenstein CORRELATE OF ORGAN GRAFT REJECTION
C}g,llslt,"p}ﬁr Stanley, CANNABINOID INDUCED VASORELAXATION OF P2-27
rhan vianmng HUMAN MESENTERIC ARTERIES
and Saoirse O'Sullivan
A ghﬁ\,sfp??ftﬁnl?g 41l | CANNABINOIDS IMPROVE ENDOTHELIUM-DEPENDANT | pry oo
manda Yvhieal, Viichael Randa VASORELAXATION IN ZUCKER DIABETIC FATTY RAT
and Saoirse O'Sullivan
Carol Paronis, Ganesh Thakur CANNABINOID AND K-OPIOID P2-29
and Alexandros Makriyannis MEDIATED DIURESIS IN RATS
. . MODULATION OF BAROREFLEX SENSITIVITY BY
Chris Schaich, Allyn Howlett CANNABINOID RECEPTOR ACTIVATION IN RAT P2-30

and Debra Diz

SOLITARY TRACT NUCLEUS




TOPIC E. METABOLISM

Jayendra Patel, Anna Minkkila,
Teija Parkkari, Susanna Saario,

DESIGN, SYNTHESIS AND STRUCTURE ACTIVITY
RELATIONSHIPS OF 5-ALKOXY-1,3,4-OXADIAZOL-2-ONES

fuha Savinainen, ] Lot AS POTENT AND SELECTIVE INHIBITORS OF FATTY ACID | P2-31
vha aZ“T‘a“Tenl’\I am;‘o, arthen AMIDE HYDROLASE (FAAH) AND
and fapio Nevaiamen MONOACYLGLYCEROL LIPASE (MGL)
Satoshi Yamaori, Yasuka INHIBITORY MECHANISM OF MAJOR
Okamoto, Ikuo Yamamoto PHYTOCANNABINOIDS ON P2-32
and Kazuhito Watanabe CYTOCHROME P450 2D6 ACTIVITY
Rongrong Jiang, Satoshi
Yamaori, Shuso Takeda, METABOLISM OF CANNABIDIOL BY CYTOCHROME P2-33
Tkuo Yamamoto P450S IN HUMAN LIVER MICROSOMES
and Kazuhito Watanabe
Mahmoud Nasr, Xiaomeng Shi,
on Fotam;lls Kl\irageorg;.s’ STUDIES ON THE DYNAMIC PROPERTIES
rff °p I\i lo,rf;a“’ lli‘oy“ OF MONOACYLGLYCEROL LIPASE IN P2-34
tan, Ko at VO, NANODISC MODEL MEMBRANE
John Engen
and Alexandros Makriyannis
Mauro Maccarrone, Maria
Ggraz;i SlgAliore,l loé E““:,a ACTIVATION OF HUMAN PLATELETS
o B BY 2-ARACHIDONOYLGLYCEROL: FURTHER P2-35
oana Cvisnane, INSIGHTS INTO THE UNDERLYING SIGNALING
Fabiola Sinigaglia
and Giuliana Leoncini
JodiAnne Wood, Holiday
Durham, Kyle Whitten, DETECTION OF THE ENDOCANNABINOID
Subramanian Vadivel, P2-36
e METABOLOME IN HUMAN BREAST MILK
Alexandros Makriyannis
and Carol Lammi-Keefe
Bogna ll\/glnét(?WSklj J anllz.o waka, BIDIRECTIONAL EFFECTS OF CANNABIDIOL P2-37
aciej Jankowski ON BODY WEIGHT GAIN IN RATS
and Artur Swiergiel
THE NON-PSYCHOACTIVE PLANT CANNABINOID,
Neta Rimmerman CANNABIDIOL AFFECTS CHOLESTEROL METABOLISM- P2-38
RELATED GENES IN MICROGLIAL CELLS
CANNABIDIOL ACTIVATES GLYCOGEN SYNTHASE
Cecilia Hillard and Leyu Shi KINASE 3 IN NEURONS VIA INHIBITION OF P2-39

PKA-MEDIATED PHOSPHORYLATION




POSTER SESSION 3: TOPICS F -]

DAY 4, SATURDAY JULY 9™: 10:45 - 12:15

TOPIC F. NEUROBIOLOGY &
NEURODEGENERATIVE DISORDERS

Mauro Maccarrone, Monica Bari,
Natalia Battista, Marta Valenza,
Marinella Malaponti, Giuseppina
Catanzaro, Chiara Di Pancrazio,

ALTERATIONS OF THE ENDOCANNABINOID

Nicolina Mastrangelo SYSTEM IN IN VITRO AND IN VIVO MODELS P3-1
. ’ OF HUNTINGTON'S DISEASE
Diego Centonze,
Alessandro Finazzi-Agro
and Elena Cattaneo
Concepcion Garcia, Valentina
Cinquina, Cristina Palomo-Garo, IDENTIFICATION OF CB2 RECEPTORS
Miguel Moreno-Martet, IN GLIAL ELEMENTS IN THE SUBSTANTIA NIGRA P3-2
Maria Gémez-Canas, OF PATIENTS AND EXPERIMENTAL MODELS
Raphael Mechoulam OF PARKINSON'’S DISEASE
and Javier Fernandez-Ruiz
Carmen Rodriguez-Cueto,
Francisco Espejo-Porras, CHANGES IN CB1 AND CB2 RECEPTORS AND FAAH
Eva de Lago, Javier Fernandez- ENZYME IN THE CEREBELLUM OF PATIENTS WITH P3-3
Ruiz, Mariluz Hernandez-Galvez SPINOCEREBELLAR ATAXIAS
and Maria Gomez-Ruiz
Valg:;ﬁf:ssfirlﬁz’n S;;Ztta NEUROPROTECTIVE EFFECTS OF THE
) ! ! PHYTOCANNABINOID-BASED MEDICINE SATIVEX® IN P3-4
José A. Ramos, Roger G. Pertwee ,
. > . EXPERIMENTAL MODELS OF HUNTINGTON'S DISEASE
and Javier Fernandez-Ruiz
Daniele De Filippis, Mariateresa
Cipriano, Annapina Russo,
I\EZ;S;;T;VSI;E‘EZEEEE’ EFFECT OF CANNADINOIS IN IN VITRO P3-5
! ! MODELS OF ALZHEIMER’S DISEASE
Luca Steardo,
Vincenzo Di Marzo
and Teresa Tuvone
Stanislav Svetlov, Ronald Hayes | BIOMARKER-GUIDED TARGETING ENDOCANNABINOID P3-6
and Kevin Wang SYSTEM AFTER TRAUMATIC BRAIN INJURY (TBI)
MODULATION OF INFLAMMATORY RESPONSE BY A
Sabina Adhikary CANNABINOID RECEPTOR-2-SELECTIVE AGONIST P3-7

FOLLOWING SPINAL CORD INJURY




CANNABINOID-ETHANOL INTERACTION

4 SShaﬂe?f;‘z i‘z’k"tsh IN THE REGULATION OF DEVELOPING P3-8
and somnath Mukhopadhiyay NEUROGENESIS IN ZEBRAFISH BRAIN
Joanna Slusar, Anna-Maria URB597-MEDIATED ACTIONS IN P3-9
Szczesniak and Melanie Kelly AN OPTIC NERVE INJURY MODEL
Matthew Hill, Shobha Anil FAAH DEFICIENT MICE ARE RESISTANT TO
Kumar, Cecilia Hillard, THE EFFECTS OF CHRONIC STRESS ON P3-10
Shona Chattarji ANXIETY AND MICROSTRUCTURE
and Bruce McEwen OF THE AMYGDALA
Silvain Dang, Tiffany Lee, EFFECTS OF ACUTE CANNABINOID P3-11
Matthew Hill and Boris Gorzalka | ADMINISTRATION ON ADOLESCENT EMOTIONALITY
Tiffany Lee, Matthew Hill, LACK OF STRESS HABITUATION IN ADOLESCENT RATS
Silvain Dang, Cecilia Hillard IS ASSOCIATED WITH AN ABSENCE OF AMYGDALAR P3-12
and Boris Gorzalka ENDOCANNABINOID SIGNALING RECRUITMENT
Ryan McLaughlin, Matthew Hill, | PREFRONTAL CORTICAL ANANDAMIDE SIGNALING
Francis Bambico, Gabriella Gobbi | COORDINATES BEHAVIORAL COPING RESPONSES TO P3-13
and Boris Gorzalka STRESS THROUGH A SEROTONERGIC PATHWAY
Pnge,r nglope, I ENDOCANN ABINOID-MEDIATED MODULATION P3-14
atrico b onne OF MOTIVATION IN SCHIZOPHRENIA
and Joseph Cheer
MORE ANXIETY, MORE CONFUSION: FUNCTIONAL
Andren DI FAAH GENE POLYMORPHISM BUT NOT CNR1 P3-15
ndrea ugos GENE POLYMORPHISM INFLUENCES ACUTE STRESS
RESPONSE IN HEALTHY HUMANS
David Taylor, Anand Gururajan THE EFFECT OF CANNABIDIOL IN A MK-801-INDUCED P3-16

and Daniel Malone

RAT MODEL OF ASPECTS OF SCHIZOPHRENIA

TOPIC H. CANNABIS, HUMAN USE & ADDICTION

Patrik Roser, Ida S. Haussleiter
and Georg Juckel

AGGRAVATION OF KETAMINE-INDUCED DEFICITS IN
AUDITORY SENSORY MEMORY BY INHIBITION OF
CEREBRAL TYPE 1 CANNABINOID RECEPTORS IN

HEALTHY HUMAN SUBJECTS

P3-17




Jeff Howard, Stan Banks, Miro

DEVELOPMENT OF CANNABIDIOL PRODRUGS FOR USE

Colinekt e e Stinehcomb WITH MICRONEEDLES FOR THE TREATMENT OF P3-18
ALCOHOL USE DISORDERS
Sherrica Tai, Torbism U.C. Jirb CHARACTERIZATION OF A CB1 RECEPTOR
ertiea Sallroz;lxias. -Jarbe AGONIST (AM2389) WITH A LONG DURATION P3-19
4Al Py dros Makeivanni OF EFFECT TO FACILITATE THE STUDY
and Alexandros Viakriyanms OF CB1 DEPENDENCE/WITHDRAWAL
Amanda Rei HUMAN CONSUMPTION OF WHOLE PLANT MEDICINE: P3-20
manda fterman EXPLORING DISPENSARY-BASED RESEARCH
Torbjérn U.C. Jérbe, CANNABINERGIC AMINOALKYLINDOLES, INCLUDING
Subramanian K. Vadivel AM678=JWH018 FOUND IN “SPICE’, EXAMINED USING P3-21
and Alexandros Makriyannis DRUG (A°-THC) DISCRIMINATION FOR RATS
Divya Ramesh, Robert A.
Owens, Steven G. Kinsey, EFFECTS OF CHRONIC MANIPULATION
Benjamin F. Cravatt, OF THE ENDOCANNABINOID SYSTEM ON P3-22
Laura J. Sim-Selley PRECIPITATED OPIOID WITHDRAWAL
and Aron H. Lichtman
ziififfﬁgfﬁz; f‘;‘iuia A MONO-HYDROXYLATED METABOLITE OF THE K2
i ornsia SYNTHETIC CANNABINOID JWH-073 DISPLAYS HIGH P3-23
Pandya, William Fantegrossi,
AFFINITY NEUTRAL ANTAGONISM AT CB1 RECEPTORS
Jeffery Moran and Paul Prather
Pretal Muldoon. Aron Licht THE ROLE OF 2-AG ENDOCANNABINOID
retal Vit 3 (I’O“' f ];O“ rchitman NEUROTRANSMISSION IN NICOTINE REWARD P3-24
and mad Lama) AND WITHDRAWAL
v L“,fa Ya‘ghn’ Oh;’ter N CANNABINOID INVOLVEMENT IN STRESS-INDUCED
Mo ra“]t E"g‘ rfg](’;y Mro Cch COCAINE RELAPSE THROUGH INTERACTION WITH P3-25
paret wat-ourl, Joln ianise NORADRENERGIC PATHWAYS
and Cecilia Hillard
D. Matthew Walentiny,
Robert E. Vann, Brittany L.
A (:iber Mol M. B PHARMACOLOGICAL EVALUATION OF P3-26
ndres, Viichetfie V. Hodges, 3-SUBSTITUENT RIMONABANT ANALOGS
Boglarka Vizy, Anu Mahadevan
and Jenny L. Wiley
Jason Wiebelhaus,
Aron Lichtman, Kristen Tobey, | ASSESSING REINFORCING EFFECTS OF CANNABINOIDS P3-27
W. Carter Lowery USING INTRACRANTIAL SELF-STIMULATION
and Robert Vann
Girish Chopda,
Joseph Anderson, Ganesh DIURESIS: A SIMPLE AND EFFICIENT MEASURE TO P3-28
Thakur, Alexandros Makriyannis SCREEN CANNABINOIDS
and Carol Paronis
William Courtney PHYSIOLOGIC TO PATHOPHYSIOLOGIC INDIVIDUALLY P3-29

TAILORED PHYTOGENETICS




TOPIC I. ENDOCANNABINOID SIGNALING

Mariateresa Cipriano, Daniele De
Filippis, Daniela De Stefano,

PALMITOYLETHANOLAMIDE CONTROLS RMCP-5

Annapina Russo, Giulia Russo, ACTIVITY BY THE REGULATION OF MICROPHTALMIA- P3-30
Rosa Carnuccio ASSOCIATED TRANSCRIPTION FACTOR
and Teresa Iuvone
Tloallzits iaralieiir%;s'zierfli EXPRESSION, PURIFICATION AND BIOPHYSICAL
ﬁ env\‘;’l © - onot (NMR,MS) STUDIES OF THE ENDOCANNABINOID P3-31
omas Wales, John Engen ENZYME MONOACYLGLYCEROL LIPASE
and Alexandros Makriyannis
John Sesay,
Anshin G 1 ANANDAMIDE DIFFERENTIALLY
o] A MODULATES HIPPOCAMPAL NEURONAL P3-32
ety AT Sexton FIRING IN ANESTHETIZED VS. BEHAVING RATS
and Robert Hampson
Holiday Durham, JodiAnne THE ENDOCANNABINOID METABOLOME-LEPTIN
Wood, Alexandros Makriyannis CONNECTION DURING THE SECOND AND THIRD P3-33
and Carol Lammi-Keefe TRIMESTERS OF PREGNANCY
s Klai’/ VZ?St’l th ‘i‘”,“ztte“’ . MASS SPECTROMETRIC CHARACTERIZATION P3-34
K. Vadivel, 1o'a1 V.OI’IO OF HUMAN NAAA
and Alex Makriyannis
Anna Louise Bowman DEVELOPING DYNAMIC PHARMACOPHORE MODELS OF | 3 3o
and Alexandros Makriyannis MONOACYLGLYEROL LIPASE AND RELATED ENZYMES
Kyle M. Whitten,
Subramanian K. Vadivel NOVEL ENDOCANNABINOID PROBES P3-36
and Alexandros Makriyannis
Elizabeth Sabens Liedhegner, BRAIN REGION-SPECIFIC CIRCADIAN RHYTHMS
Amy Sasman OF N-ACYLETHANOLAMINE CONTENTS AND P3-37
and Cecilia J. Hillard FATTY ACID AMIDE HYDROLASE
. Tohn Gatlev. Richard Ducl BRAIN TRANSPORT AND METABOLISM STUDIES
k] ° g e Claser, WITH 2-ARACHIDONOYLGLYCEROL (2-AG) P3-38
Hnolan and sherrye Laser AND FATTY ACID ETHANOLAMIDES
Noriko Shinjyo,
Vincenzo Di Marzo, THE EFFECT OF POLYUNSATURATED FATTY
Fabiana Piscitelli, Roberta Verde, ACIDS ON THE ENDOCANNBINOID SYSTEM P3-39

Cristoforo Silvestri
and Piero Orlando

IN NEURAL STEM/PROGENITOR CELLS




Kara Stuhr, Anyu He

CHARACTERIZATION OF

and Cecilia Hillard ANANDAMIDE SYNTHESIS INHIBITORS P3-40
Lennard B. Karger, Linda E. A-TETRAHYDROCANNABINOL DOES NOT
Klumpers, Matthijs Moerland REDUCE TNF-a PRODUCTION IN EX VIVO P3-41
and Joop M.A. van Gerven LPS- AND SEB-CHALLENGED WHOLE BLOOD
Guv Cabral. Exinn Rab CANNABINOID INHIBITION OF MACROPHAGE-LIKE
Y e e CELL MIGRATION TO THE TAT TRANS-ACTIVATING P3-42
a . ge a le;re”a PROTEIN OF HIV-1 IS LINKED TO THE CB2
and Lamiel fraga CANNABINOID RECEPTOR
Patricia I\AAOhI;a’ietezwmsauer’ CHRONIC A*-THC MODULATION OF SIMIAN P3-43
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CANNABINOIDS ALTER NEURAL ENCODING
BUT NOT RECALL OF MEMORY

Robert E. Hampson, Ph.D. and Sam A. Deadwyler, Ph.D.

Dept. of Physiology & Pharmacology
Wake Forest University Health Sciences
Winston-Salem, NC 27157-1083

Systemically administered cannabinoid receptor (CB1) agonists WIN 55,212-2 and delta-
9-THC suppress hippocampal neural encoding of task-relevant information in rats
performing a delayed-nonmatch-to-sample (DNMS) task (Hampson et al. Behav Pharm
2007). The CBI1 antagonist/inverse agonist Rimonabant blocks the effects of
exogenously applied agonists, but when applied alone produces enhanced neural
encoding and facilitated DNMS behavior at delays > 10 sec. Likewise, modulators which
inhibit the metabolism of the endogenous cannabinoids anandamide and 2-AG show the
inverse effects, with impairment of neural encoding and behavior. This suggests that a
major role of the endocannabinoid system in learning and memory is to modulate the
strength of neural encoding.

A key finding of these studies is that when animals are run in a Closed Loop Feedback
version of the DNMS task, in which trial delay depends on the strength of hippocampal
encoding, animals infused intrahippocampally with a CB1 agonist can still successfully
perform the task at delays commensurate with neural encoding strength. When the CB1
antagonist Rimonabant was infused intrahippocampally, neural encoding is facilitated, as
is performance at long delay trials. In both cases, it is the neural activity of the Sample
(encoding) phase of the task which is altered, and not the Nonmatch (recall) phase,
suggesting that the cannabinoids do not alter the mechanisms of memory per se, but
rather modulate the strength of encoded information.

Results will be presented from a novel stimulation technique to restore neural activity in
animals with impaired information encoding, and hence behavioral performance, by CB1
receptor activation. Such results confirm that CB1 receptors alter encoding without
altering specific mnemonic mechanisms, and suggest that endocannabinoids may
normally play a role in "tuning" encoding strength and information content within brain
areas that process cognitive information.

Supported by NIDA grants DA008549 to R.E.H. and DA007625 to S.A.D.



CANNABINOID AGONISM REDUCES SONG PERCEPTION-INDUCED
ARC EXPRESSION IN AN AUDITORY REGION OF ZEBRA FINCH
TELENCEPHALON

Marcoita T. Gilbert and Ken Soderstrom

Department of Pharmacology and Toxicology, Brody School of Medicine, East Carolina
University, Greenville NC 27834 USA

Currently, we are working to understand mechanisms by which cannabinoid agonism
alters dendritic morphology and interferes with both habituation and memory formation
in our zebra finch song learning model. Arc, an immediate-early gene product essential
for long-term potentiation, is rapidly induced in zebra finch NCM (a secondary auditory
region of telencephalon) in response to hearing novel song. Arc expression in NCM
gradually habituates after repeated presentations of a novel song stimulus. Arc’s
mRNA/protein temporal expression parallels other immediate early genes, but is unique
in its dendritic localization. Distinct dendritic Arc expression suggests a potential role in
cannabinoid-altered dendritic morphology that we have discovered previously; we
hypothesize that altered vocal learning may involve a CB; activity-related reduction of
Arc protein expression.

Methods: Adult male zebra finches were assigned to treatment: (WIN 3mg/kg), vehicle,
or silence groups (n = 4 each). Birds were housed singly in visually-isolated soundproof
chambers. IM injections were administered into pectoralis 30 min before exposure to
novel song. Birds were exposed to 30 min of song, followed by 90 min of silence.
Animals were anesthetized with Equithesin, perfused, and brains dissected. 30 um tissue
sections containing NCM, were collected and processed for immunolabeling of Arc
protein. Mean optical density (OD) measurements of Arc staining within NCM were
taken from 1000 X images.

One-way ANOVA revealed that WIN treatment significantly reduced Arc expression
within NCM (F (2252) = 48.22, p < 0.05). Mean OD’s were 0.049 in the silence-control
group, 0.091 in vehicle and 0.060 in WIN-treated groups. In summary, these results
demonstrate that cannabinoid administration disrupts auditory-perception-related
expression of Arc, a protein critical to dendritic morphology. This suggests that altered
Arc expression may be involved in the mechanism responsible for elevated dendritic
spine densities following cannabinoid-altered vocal learning.
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ALLELIC VARIANTS OF AN INTRONIC CB1 ENHANCER SHOW
DIFFERENTIAL RESPONSES IN HIPPOCAMPAL AND HYPOTHALAMIC
NEURONES; IMPLICATIONS FOR CANNABIS USE.

Ruth Ross, Gemma Halliday, Scott Davidson, Lynne Shanley,
Marissa Lear and Alasdair MacKenzie

School of Medical Sciences, Institute of Medical Sciences, University of Aberdeen,
Foresterhill, Aberdeen, UK, AB25 2ZD

Studies have shown that the development of disorders such as memory impairment and
psychosis that occur in ~ 10% of young cannabis users has a genetic basis. We explored
the hypothesis that gene regulatory variation may underlie these findings. Because no
polymorphisms were found in the CNR1 gene promoter we looked for functional non-
coding polymorphisms close to the CNR1 transcriptional start site using the ECR browser
and the UCSC browser. We found a polymorphism (rs9444584 -C/T) within intron 1 of the
CNRI1 gene that occurred in a 400bp region (ECR1) of sequence that had been highly
conserved for 300 million years. Examination of the population diversity of these alleles
demonstrates that in European and Asian populations the T allele was comparatively rare
and only found in 13-20% of the population. However, in Sub-Saharan Africa the balance
between C and T was roughly equal (47% and 53% respectively). A luciferase reporter
construct containing the major allele of ECR1 (ECRI1(C)) was magnetofected into
hippocampal and hypothalamic neonatal primary cell cultures, where CB1 1is highly
expressed, that were then treated with different cell signalling agonists. ECR1(C) could
activate CNR1 promoter activity within hypothalamus cells through the MEKkinase
pathway but was inactive in hippocampal cells. However, ECR1(T) drove high levels of
expression and responded strongly to angiotensin in hippocampal cells where activation of
CBI can stimulate MAPkinase pathways. These results are consistent with the possible
involvement of ECRI(T) in a hippocampal CB1 driven autocrine loop. Furthermore,
ECRI(C) was predicted to have relatively low affinity for the AP-1 transcription factor
whereas the ECR1(T) allele would have a significantly higher affinity. This intriguing
observation is made more interesting if we consider evidence that the ECR1(T) allele was
selected against following the arrival of Eurasian ancestors in the Middle East and Central
Asia where Cannabis Sativa was indigenous. Thus the observations described in this study
constitute an important step in understanding the involvement of regulatory
polymorphisms in the development of cannabis induced pathologies.



CANNABINOID IMPAIRMENT OF SPATIAL WORKING MEMORY VIA
HIPPOCAMPAL ASTROCYTE-MEDIATED SYNAPTIC LONG-TERM
DEPRESSION

Jing Han, Philip Kesner, Xia Zhang
University of Ottawa Institute of Mental Health Research, Ottawa, K1Z 7K4, Canada

Introduction: Spatial Working memory (SWM), the ability to transiently store and
manipulate spatial and temporal information in order to perform many activities of daily
life such as driving a car, is impaired in patients with schizophrenia and Alzheimer
disease. Cannabis (marijuana or cannabinoids) can impair SWM through unknown
mechanisms. Recent evidence indicates a link of impairment of long-term potentiation
(LTP) at excitatory synapses connecting hippocampal CA3 axons and CA1 pyramidal
neurons (CA3-CAIPN synapses) with SWM impairment. Cannabinoids may impair
SWM as a result of synaptic LTP impairment through cannabinoid depression of
excitatory synaptic transmission, because recent studies have consistently shown that
cannabinoid application to hippocampal slices depresses glutamate synaptic transmission
at CA3-CAIPN synapses. It is entirely unknown, however, whether cannabinoids are
able to induce in vivo long-term depression (LTD) at CA3-CAI1PN synapses. More
importantly, whether LTP impairment or LTD induction at these synapses causatively
contributes to cannabinoid impairment of SWM has never been addressed. We explored
these essential issues with in vivo field recordings of the excitatory postsynaptic
potentials (EPSP) from CA3-CAI1PN synapses.

Results: An in vivo exposure of cannabinoids induces in vivo LDT at CA3-CA1PN
synapses because an i.p. injection of HU210 or A9-tetrahydrocannabinol decreases EPSP
amplitude about 40% of the baseline levels for longer than 24 hours, which was blocked
by the CB1 receptor (CBI1R) antagonist AM281 10 min before but not 10 min after
HU210 injection, and because the later-phase, but not early-phase, expression of the
depressed synaptic transmission is protein-synthesis dependent. HU210-induced in vivo
LTD at CA3-CALl synapses can be blocked (1) by adenoviral vectors to knock down CA1
expression of CBIR or the astrocyte-specific connexin43 (Cx43), (2) in Cx43™ mice but
not in wild-type mice (we are now working on mutant mice without CBI1R expression
selectively in glutamatergic neurons or astrocytes), (3) by the NMDA receptor antagonist
AP-5 and NR2B-preferring antagonists R025,6981 and ifenprodil, but not by the NR2A-
preferring antagonist NVP-AAMO077, and (4) by the AMPA receptor endocytosis blocker
Tat-GluR2 peptide but not its control peptide. HU210 impairment of SWM is abolished
in Cx43"" mice or by pretreatment with R025,6981 or Tat-GluR2.

Conclusion: cannabinoids stimulate astrocyte CBIR to release glutamate, which
activates postsynaptic NR2B receptor to induce AMPA receptor endocytosis, leading to
in vivo LTD expression at CA3-CA1PN synapses and subsequent SWM impairment.



CANNABINOID MODULATION OF VISUAL LEARNING
AND MEMORY IN RHESUS MACAQUES

M. Jerry Wright Jr., Sophia A. Vandewater and Michael A. Taffe

The Scripps Research Institute
Committee on the Neurobiology of Addictive Disorders
La Jolla, CA 92037 U.S.A.

While marijuana is the most commonly abused illicit drug in the United States (Johnston
et al., 2010), the cognitive impact of acute marijuana exposure is poorly understood.
Some studies suggest that smoking marijuana produces discrete cognitive deficits in
humans that may persist for up to 28 days (Bolla et al., 2002), while other studies suggest
that marijuana-related cognitive deficits are generally mild (Brown, McKone, & Ward,
2010). In humans and non-human primates, visual learning and memory can be measured
with a paired associates learning (PAL) task. In the PAL task, subjects are presented with
up to 4 visual stimuli, each occupying a unique position on a touch-screen. To be
reinforced, subjects are required to recall the screen position associated with each of the
previously-viewed stimuli. A series of experiments were undertaken to measure the
degree to which A’-THC (0 to 0.5 mg/kg, i.m.) alters visual learning and memory in non-
human primates. In these experiments, adult male Rhesus macaques (N=8) were trained
to perform the PAL task using touch-sensitive LCD screens controlled by CANTAB®
software (Lafayette Instruments, Lafayette, Indiana, USA). Under these conditions, the
degree to which A’-THC altered visual learning and memory was dependent upon the
number of stimuli presented during the trial. A 2-way repeated measures ANOVA
confirmed a significant interaction between the dose of A’-THC and the number of
stimuli presented on the overall percentage of correct responses during the PAL task.
Subsequent post-hoc analyses confirmed that a 0.5 mg/kg dose of A’-THC reliably
reduced the overall percentage of correct responses when 3 or more stimuli were
presented. Additionally, all tested doses of A’-THC reliably reduced the overall
percentage of correct responses when 4 stimuli were presented. Importantly, A’-THC did
not significantly alter choice latency in these trials or performance in a subsequent test of
manual dexterity. These data suggest that the cognitive impairment produced by A’>-THC
is dependent upon on the difficulty of the task undertaken. Further, the cognitive
impairment produced by A’-THC is dissociable from the psychomotor effects of the drug
in these experiments.

Research supported by the National Institute on Drug Abuse grant DA024194-04.



CANNABINOID CB; RECEPTORS ACTIVATION SUPPRESSES
NEUROPATHIC PAIN EVOKED BY THE CHEMOTHERAPEUTIC AGENT
CISPLATIN IN RATS

Josée Guindonl, Spyridon Nikasz, Ganesh A. Thakur?, V. Kiran Vemuri®, Alexandros
Makriyannis2 and Andrea G. Hohmann'

Department of Psychological and Brain Sciences', Indiana University, Bloomington,
Indiana; Center for Drug Discovery”, Bouve College of Health Sciences, Northeastern
University, Boston, Massachusetts

Neuropathic pain is observed following administration of cisplatin, a platinum-based
chemotherapeutic agent. Few studies have investigated the involvement of CB; agonists
in suppressing chemotherapy induced neuropathy. The present study was designed to
evaluate and compare the efficacy of two CB; agonists (AM2301 and AM1710) from the
cannabilactone class of cannabinoids.

Rats received once weekly injections of cisplatin for 4 weeks to produce neuropathy.
Mechanical allodynia was evaluated using an electronic von Frey stimulator before and
during the development of cisplatin-induced allodynia. CB, agonists AM1710 and
AM2301 were administered to rats receiving either cisplatin (3 mg/kg i.p.) or saline.
Separate groups of rats received either vehicle, the CB, antagonist AM630 (3 mg/ kg 1.p.)
or either AM1710 (1 or 5 mg/kg) or AM2301 (1 or 5 mg/kg) co-administered with
AM630 on day 28 following initial cisplatin dosing.

Mechanical allodynia developed starting at day 4 post-cisplatin injection and lasted for 28
days following initial cisplatin dosing. AM2301 and AMI1710 produced similar
suppressions of cisplatin-evoked mechanical allodynia, normalizing mechanical
withdrawal threshold to pre-cisplatin levels. This anti-allodynic effect was still observed
at 2.5 h post-injection. By contrast, both CB, agonists failed to produce antinociception in
animals receiving saline instead of cisplatin. These effects were mediated by
cannabinoid CB, receptors, because antiallodynic effects of the cannabilactones were
blocked by the CB; antagonist AM630.

In conclusion, cannabinoid CB, agonists from the cannabilactone class suppress the
maintenance of neuropathic pain behavior produced by cisplatin treatment. These anti-
allodynic effects are mediated by CB;-specific mechanisms. CB, agonists represent a
promising therapeutic target for the treatment of chemotherapy-induced neuropathy
produced by different classes of chemotherapeutic agents.

Supported by DA021644 and RC1DA028200 (to AGH) and a Fonds de la Recherche en
Santé du Québec (FRSQ) post-doctoral fellowship (to JG).



EXPERIMENTAL OSTEOARTHRITIS IN RATS IS ATTENUATED BY ORAL
ADMINISTRATION OF PALMITOYLETHANOLAMDE.

Barbara Costa, Diana Russo, Dominique Ronzulli, Francesca Comelli
Dept. of Biotechnology and Bioscience, Univ. of Milano-Bicocca, 20126 Milano, Italy.

Osteoarthritis (OA) is the most common form of arthritis and is characterized by
extensive remodelling of subchondral bone and permanent destruction of articular
cartilage leading to joint pain. An established animal model of OA pain involves the
intra-articular injection of the glycolysis inhibitor sodium mono-iodoacetate (MIA) which
disrupts cartilage metabolism, leading to OA like lesions, nerve sensitization and joint
pain. Cannabinoids are emerging as pertinent treatment option for the management of
chronic pain and, recently, constitutive expression of both CB1 and CB2 receptors have
been found on chondrocytes and implicated in a potential disease modifying role in OA.
Cannabinoid agonists inhibit pain related behaviour in different models of arthritic pain
even if the main drawback of this therapy is the development of centrally mediated side
effects. On this basis and in the light of the recent finding showing that the levels of
anandamide, 2-AG, PEA, and OEA were elevated in the spinal cords of MIA-treated rats
indicative for a functional role of these endogenous compounds in limiting increases in
the excitability of spinal neurons (Sagar ef al. Arthritis & Rheumatism 62, 3666-3676,
2010), the aim of the present study was to assess whether the administration of
exogenous PEA can be useful in counteracting OA-associated pain. To induce OA, 25ul
of 2mg sodium MIA in saline was injected into the joint cavity through the patellar
ligament of male Wistar rats. In other animals, 25ul of saline was injected into the knee
joint and this cohort served as a sham control group. Starting from the day after, PEA was
orally administered at a dose of 30mg/kg, once a day for two weeks. Knee diameters
were measured to determine the amount of tissue swelling as an index of inflammation: a
brief period of inflammation was noted after MIA injection, and PEA treatment evoked a
significant reduction of knee swelling during the first days of administration. This effect
was accompanied by a significant reduction of TNFa content in the synovial fluid of
MIA rats treated chronically with PEA. Using the walking track analysis, we estimated
the motor recovery of the lower limb by assessing some sciatic nerve functional
parameters (Sciatic Functional Index). The reduced performance of MIA rats was
significantly recovered following PEA administration suggesting an improvement of
peripheral nerve function. As expected, after the MIA injection, rats developed
mechanical allodynia to normally innocuous mechanical stimulation with a von Frey
filament, as compared to saline injected animals. Treatment of MIA rats with PEA
resulted in a partial but significant relief of pain. We assessed the efficacy of PEA in
counteracting pain associated with OA also when administered later (two week after
MIA), when the pathology, and especially pain symptoms, are well established. The data
support the anti-allodynic properties of PEA also in a situation that more closely
reproduces the clinical one. Because pain is one of the most physically and
psychologically debilitating symptoms of OA and is often resistant to actual treatments
the pain reduction by PEA could offer a promising approach to treat this aspect of OA.
Acknowledgments: authors are grateful to Epitech for supporting this study.



CARRAGEENAN-INDUCED PAIN BEHAVIOUR IS ASSOCIATED WITH
PPARa POSITIVE IMMUNE CELL RECRUITMENT, AND IS MODULATED
BY PALMITOYLETHANOLAMIDE

James. J. Burston'?, Lee. A .Shipman’, Bright. N. Okine”, Stephen. G. Woodhams?,
Elizabeth. G. Stockley'”, , Andrew. J. Bennett’, Gareth. J. Hathway”
and Victoria Chapman'~

' (Arthritis Research U.K. Pain Centre), *(School of Biomedical Sciences), University of Nottingham,
Queen's Medical Centre, Nottingham, NG7 2UH, U.K.

Previous work in our laboratory has shown that intraplantar injection of 2% A-carrageenan
produces a rapid (within 3 hour) increase in the levels of PPARa protein in rat paw tissue. The
aim of the present study was to determine whether this increase is due to the recruitment of
PPARa-expressing inflammatory cells, or due to increased expression of PPARa in resident skin
cells.

Rats were injected (Intraplantar) with either an intervention (PPARo agonist/antagonist) or
vehicle followed by 2% (100ul) A-carrageenan. Changes in hindpaw weight bearing (a measure
of hyperalgesia) and hindpaw oedema were recorded for three hours following carrageenan
administration. Rats were then overdosed and transcardially perfused, skin tissue was collected,
and stored in chilled sucrose solution. Skin was cut into 40uM sections and sections were either
stained using hematoxylin and eosin, or immunofluorescence was conducted on the skin sections
for immune cell quantification.

Dramatic histological differences were noted between skin tissue taken from carrageenan-treated
rats. Skin taken from carrageenan-treated rats, showed an extremely high volume of infiltrating
cells, which formed dense clusters, and exhibited widespread distribution in the basal membrane.
The presence of infiltrating cells was confirmed with immuno-fluorescent experiments, which
showed a significant increase, in the number of neutrophils (2 +/- 0.06 in vehicle and 96 +/- 16.12
cells in carrageenan injected skin) and ED1 (cluster of differentiation 68, a glycoprotein that is
found on monocytes/macrophages/giant cells), positive cells (1 +/- 0.11 in vehicle and 18 +/- 1.53
giant cell clusters in carrageenan injected skin). We then determined whether these infiltrating
cells expressed PPARa protein. Both immune cell populations in skin tissue expressed PPARa
protein, which was considerably higher in carrageenan-treated skin (14/- 0.67 positive cell
clusters in vehicle skin vs. 11 +/- 2.27 positive cell clusters in skin taken from carrageenan treated
rats). Furthermore, PPARa expression in immune cells was predominantly expressed in cell
nuclei (as confirmed by DAPI, PPARa, and immune marker triple-staining).

Local administration of 50 pug of the PPARa agonist palmitoylethanolamine (PEA) did not alter
oedema formation, but did profoundly decrease carrageenan-induced changes in weight bearing.
This effect of PEA was abolished by the PPARa antagonist GW6471 (30 pg), confirming a role
for this receptor.

In summary, carrageenan-induced inflammation induces a rapid recruitment of neutrophils and
ED1 positive cells (monocytes/macrophages/giant cells), which express high levels of PPARa
protein. Activation of PPARa, whether on recruited immune cells, or on resident cells of paw
skin tissue, attenuates pain behaviour. Ongoing studies will examine the effects of PEA and
GW6471 on immune cell recruitment in this model. Taken in a wider context, it is possible that
potential immune modulatory effects of PEA, may have an important contributory role in the
anti-inflammatory and analgesic effects induced by inhibiting endocannabinoid catabolism.



PRESYNAPTIC AND POSTSYNAPTIC MECHANISMS MODULATING
ENDOCANNABINOID-DEPENDENT NOCICEPTIVE SIGNALING

Sharleen Yuan and Brian D. Burrell

Division of Basic Biomedical Sciences, Sanford School of Medicine at The University of
South Dakota, Vermillion, SD, 57069, USA

Previous studies in our laboratory have shown that long-term depression (LTD) of
nociceptive synaptic transmission in the leech CNS is mediated by endocannabinoid
activation of a TRPV-like receptor (Yuan & Burrell (2010). J. Neurophysiology, Vol 104:
2677-2777). This endocannabinoid-mediated LTD (ecLTD) requires postsynaptic
synthesis of the endocannabinoid 2AG which travels in a retrograde manner to activate
presynaptic TRPV-like receptors. The ability of TRPV receptors to mediate ecLTD in
place of CBI receptors has only recently been appreciated and the cellular properties and
functional role of this form of synaptic plasticity is not well understood. Therefore, we
examined pre- versus postsynaptic processes that mediate this endocannabinoid/TRPV-
dependent LTD.

In the medicinal leech, both non-nociceptive touch (T) and nociceptive (N) sensory cells
have synaptic input onto the longitudinal (L) motor neuron. Low frequency stimulation
(LFS) of the T-cell induces ecLTD in the N-to-L synapse. Injection of the Ca*" chelator
EGTA into either the N- or L-cell blocked ecLTD, indicating that increased intracellular
Ca”" is required in both pre- and postsynaptic neurons. Given that TRPV receptors flux
Ca”" and Ca®" sensitive protein phosphatases have been shown to contribute to ecLTD,
we examined the role of protein phosphatase 2B/calcineurin during this form of
nociceptive synaptic depression. Cyclosporine A, an inhibitor of calcineurin, blocked
ecLTD at the N-to-L synapse indicating that this protein phosphatase is necessary for this
endocannabinoid/TRPV-mediated synaptic plasticity. Furthermore, intracellular injection
of calcineurin auto-inhibitory peptide was found to block LFS-induced depression at the
presynaptic, but not postsynaptic neuron. We also examined the role of RNA and protein
synthesis during ecLTD. Emetine, a protein synthesis inhibitor, blocked ecLTD.
Synaptic depression was also blocked by the two RNA synthesis inhibitors tested,
actinomycin D and DRB. Furthermore, postsynaptic injection of DRB blocked ecLTD
while presynaptic injection had no effect. This suggests that the transcription-dependent
component of ecLTD occurs selectively in the postsynaptic neuron and may involve the
synthesis of DAG lipase.

We propose that persistent synaptic activation stimulates postsynaptic transcription- and
translation-dependent processes that result in 2AG synthesis in a Ca**-dependent manner,
possibly as a result of increased synthesis of DAG lipase. This 2AG is then transmitted
in a retrograde manner, activating presynaptic TRPV-like receptors and the resulting Ca*"
influx calcineurin and possibly other translation-dependent processes that result in
decreased neurotransmitter release. These results represent a potentially important
process involving endocannabinoids and TRPV activation in modulating synapses in
general.



CB; RECEPTOR FUNCTION IS MAINTAINED FOLLOWING CHRONIC
ADMINISTRATION OF LOW DOSES OF THE MONOACYLGLYCEROL
LIPASE (MAGL) INHIBITOR JZ1.184

Aron H. Lichtmanl, Steven G. Kinseyl, Laura E. Wisel, Jonathan Z. Longz,
Dana E. Selley’, and Benjamin F. Cravatt’

'Department of Pharmacology & Toxicology, Virginia Commonwealth University,
Richmond, VA 23298 USA; *The Skaggs Institute for Chemical Biology and Department
of Chemical Physiology, The Scripps Research Institute, La Jolla, CA 92037 USA

JZ1.184, the selective inhibitor of monoacylglycerol lipase (MAGL), produces
antinociceptive effects and reduces the ulcergenic effects of nonsteroidal anti-
inflammatory drugs (NSAIDs). However, chronic administration of a high dose of
JZL184 (40 mg/kg) leads to tolerance to its antinociceptive effects, accompanied with
cross-tolerance to the pharmacological effects of cannabinoid receptor agonists as well as
CB; receptor downregulation and desensitization. This functional CB; receptor tolerance
represents a hurdle in developing MAGL inhibitors for therapeutic uses. In the present
study, we tested whether the beneficial effects of JZL184 in reducing pain and NSAID-
induced ulcers would be maintained following chronic administration of low doses. Mice
were given a daily injection of vehicle or JZL184 (1.6-40 mg/kg) for six days and
evaluated in the chronic constrictive injury of the sciatic nerve (CCI) model or NSAID-
induced ulcer model. Whereas the antinociceptive and anti-ulcergenic effects of high
doses of JZL184 (>16 mg/kg) underwent tolerance following chronic administration,
these effects were maintained following low doses of JZL184 (<8 mg/kg). In additional
experiments, mice were treated chronically with JZL184 (1.6-40 mg/kg) and evaluated
for cross-tolerance to the antinociceptive, cataleptic, and hypothermic effects of THC.
Consistent with the previous study, high dose of chronic JZL184 (>16 mg/kg) resulted in
rightward shifts of the THC dose-response curves, while THC retained its potency in
mice treated chronically with low doses of JZL184 (<8 mg/kg). In the final set of
experiments, we investigated the impact of subchronic JZL184 on whole brain CB;
receptor desensitization using CP55,940 stimulated [*>S]GTPyS activation assays, as well
as downregulation of CB; receptor density measured via [*H]rimonabant binding.
Whereas chronic administration of high doses of JZL184 (>16 mg/kg) produced CB;
receptor desensitization and downregulation, CB, receptor expression and function were
maintained following chronic administration of low doses of JZL184 (<8 mg/kg). These
results indicate that prolonged inhibition of partial MAGL inhibition continues to
produce potentially beneficial antinociceptive effects as well as reductions in NSAID-
induced ulcers, without producing functional CB; receptor tolerance.
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PRESENCE AND FORMATION OF
N-ACYL-SEROTONINS IN THE INTESTINE
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Following the discovery of anandamide (arachidonoyl ethanolamide, AEA) and other N-
acyl-ethanolamines, many other compounds have been found in which amino acids or
neurotransmitters rather than ethanolamide are linked to fatty acids.

Several studies have shown that the local relative availability of fatty acid precursors,
which in turn is modulated by dietary intake of lipids, determines the pattern of
conjugates formed. Much less information is available on the question whether the same
might be true for the amines or neurotransmitters involved. Remarkably little is known on
the presence and formation of possible conjugates with serotonin. More than 10 years
ago, Bisogno et al. (1) reported the chemical synthesis of arachidonoyl-serotonin (AA-5-
HT) and they showed that this compound is able to inhibit the activity of the enzyme fatty
acid hydrolase (FAAH). FAAH is responsible for the degradation of NAEs and therefore
inhibition of this enzyme may lead to the indirect activation of mechanisms where NAEs
are involved in. We hypothesized that AA-5-HT could be a compound that is
endogenously present in those tissues that have high contents of serotonin, including the
gut, and that analogues of AA-5HT are also likely to exist (e.g. N-acyl-serotonins of
stearoic acid, oleic acid, palmitic acid, docosanoic acid, and eicosapantanoic acid. For
this purpose, an LC-MS/MS method was developed and applied to investigate the
endogenous presence of AA-5-HT and its analogues in different parts throughout the
gastro-intestinal (GI) tract of pigs and mice. In pigs, we discovered that AA-5-HT,
oleoyl-serotonin, palmitoyl-serotonin, and stearoyl serotonin were indeed endogenously
present, in particularly in the jejunum and ileum. Their formation in vitro was stimulated
by the addition of serotonin to intestinal tissue incubations. Further more in a mouse
study we showed that the pattern of formation is dependent on the relative amount of
fatty acids in the diet. Preliminary data showed that several of the serotonin conjugates
are able to inhibit glucagon-like peptide-1 secretion and FAAH activity in vitro. Taken
together, our data suggest that N-acyl serotonins are a novel class of lipid mediators
present in the gut with highly promising biological properties.

(1) Bisogno, T., Melck, D., De Petrocellis, L., Bobrov, M.Y., Gretskaya, N.M., Bezuglov,
V.V., Sitachitta, N., Gerwick, W.H., and Marzo, V.D. (1998). Arachidonoylserotonin and
other novel inhibitors of fatty acid amide hydrolase. Biochemical and Biophysical
Research Communications 248, 515-522
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CANNABIDIOL MAY ATTENUATE VOMITING AND
NAUSEA BY ACTING AS AN INDIRECT 5-HTi4 AGONIST

'Erin M. Rock, > Daniele Bolognini, 'Cheryl L. Limebeer, *Maria G. Cascio, “Sharon
Anavi-Goffer, , “Paul J. Fletcher, ° Raphael Mechoulam, 2Roger G. Pertwee and 'Linda A.
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'Department of Psychology and Neuroscience Graduate Program, University of Guelph,
Guelph, Ontario, Canada, N1G 2W1; ’Institute of Medical Sciences, University of
Aberdeen, Aberdeen, UK, AB25 27ZD; ’DBSF and Neuroscience Centre, University of
Insubria, Varese, Italy, 21052; *Centre for Addiction and Mental Health and Department
of Psychology, University of Toronto, Toronto, Ontario, Canada, M5T 1R8; ’Institute of
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Cannabidiol (CBD), a non-intoxicating component of cannabis suppresses cisplatin-
induced vomiting in Suncus murinus (house musk shrew; Kwiatkowska et al., 2004) and
reduces lithium chloride (LiCl)-induced conditioned gaping in rats (a selective measure
of conditioned nausea; Parker & Mechoulam, 2003), but the mechanism of action
mediating these effects is unknown. We investigated the involvement of somatodendritic
5-hydroxytryptamine 1A (5-HT;s) auto-receptors in CBD’s anti-emetic/anti-nausea
effects, as evidence suggests its involvement in the neuroprotectant and anxiolytic
properties of CBD.

A series of experiments were conducted to examine the action of CBD at the 5-HTia
receptor, using the 5-HT;4 antagonist WAY 100135, to block the anti-emetic/anti-nausea
effects of CBD in shrews and rats respectively.

Cannabidiol (5 mg/kg) suppressed nicotine-, LiCl-, and cisplatin (20 mg/kg)-induced
vomiting in the shrew, and LiCl-induced conditioned gaping in rats. The anti-
emetic/anti-nausea effects of CBD were reduced by systemic pretreatment with
WAY100135. As well, the more selective 5-HT;a receptor antagonist, WAY 100635,
administered systemically or intracranially into the dorsal raphe nucleus (DRN), a site of
somatodendritic 5-HT) s autoreceptors, interfered with the suppressed conditioned gaping
produced by CBD in rats. = When administered intracranially into the DRN, CBD
completely abolished LiCl-induced conditioned gaping in rats. In addition, CBD was
found to display significant potency at enhancing the ability of the 5-HT,;5 receptor-
selective agonist, 8-OH-DPAT, to stimulate [*S]JGTPyS binding to rat brainstem
membranes in vitro. Furthermore, in combination CBD (0.5 mg/kg) and §-OH-DPAT
(0.005 mg/kg) synergistically reduced conditioned gaping, but these doses alone were not
effective.

These results suggest that the anti-emetic/anti-nausea effects of CBD may be mediated by

increasing activation of 5-HT;s somatodendritic auto-receptors in the DRN, perhaps by
reducing the release of forebrain 5-HT.
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MAGL OR FAAH INHIBITION PROTECTS AGAINST
NSAID-INDUCED GASTRIC MUCOSAL DAMAGE

Steven G. Kinseyl, Scott T. O’Neal], Daniel K. Nomura®, Jonathan Z. Longz,
Benjamin F. Cravatt’, John R. Grider’ and Aron H. Lichtman'

'Department of Pharmacology & Toxicology, Virginia Commonwealth University,
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*Department of Physiology and Biophysics, Virginia Commonwealth University,
Richmond, VA 23298 USA

Non-steroidal anti-inflammatory drugs (NSAIDs) are commonly used analgesics that also
cause undesirable side effects, including gastric hemorrhages, erosion, and ulceration.
The incidence of these side effects is increased by chronic use, and thus antacids such as
proton pump inhibitors (PPIs) are routinely co-prescribed with NSAIDs. However,
chronic PPI use may also cause a host of side effects, including vitamin deficiencies,
gastric polyp formation, and increased susceptibility to bacterial infection. The
endocannabinoid (eCB) system, comprised of cannabinoid receptors (CB; and CB,),
endocannabinoid ligands, and eCB catabolic enzymes, offers several targets to treat
inflammatory disorders. We hypothesized that elevating the eCB 2-arachidonoylglycerol
(2-AQ) via the selective MAGL inhibitor JZL 184, or elevating the eCB anandamide via
the selective FAAH inhibitor PF-3845 protects against NSAID-induced gastropathy.

Methods: Male C57BL/6J mice were fasted for 22 h and then administered JZL184 (1-40
mg/kg, ip), PF-3845 (10 mg/kg, ip), A’-tetrahydrocannbinol (THC; 10 mg/kg, ip), or the
PPI Omeprazole (20 mg/kg, ip). At 24 h, the mice were administered the NSAID
diclofenac (100 mg/kg, po) to induce gastric hemorrhages, which were assessed at 30 h.
Complementary genetic and pharmacological approaches were used to investigate the
contribution of CB; and CB; receptors. We also evaluated whether the gastroprotective
actions of JZL 184 or PF-3845 would be retained after repeated administration.

Results: JZ1.184 blocked hemorrhage development and increased stomach levels of 2-
AG. Pharmacological inhibition or genetic deletion of CB; or CB; receptors revealed
that the gastroprotective effects of JZL184 and THC were mediated via the CB; receptor.
The anti-hemorrhagic effects of JZL184 wunderwent tolerance after repeated
administration of 16 mg/kg or higher doses, but persisted at low doses (e.g. 4 mg/kg).
PF-3845 attenuated diclofenac-induced hemorrhages after acute or repeated dosing.

Conclusions: These data indicate that MAGL or FAAH inhibition protects against
NSAID-induced gastropathy, even after chronic administration. Previous results
demonstrating that eCB catabolic enzyme inhibitors produce antinociceptive actions
along with the findings of the present study, suggest that MAGL and FAAH offer
promising targets for development of analgesic, gastroprotective therapeutics. Research
supported by NIDA.
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Inflammatory bowel diseases (IBD) are chronic inflammatory disorders with an
undeniable need for new therapeutic approaches. Genetic and pharmacological evidence
points towards a protective role of the activation of CB; and CB, cannabinoid receptors
in IBD and experimental models of colitis.

Here we tested the hypothesis that increasing the endogenous levels of the main full
agonist of these receptors — i.e. 2-arachidonoylglycerol (2-AG) — would result in reduced
inflammation in a mouse model of Crohn’s disease.

We used the TNBS-induced colitis mouse model, and raised 2-AG levels in diseased
mice by inhibiting monoacylglycerol lipase (MAGL), the primary enzyme responsible for
its hydrolysis, using the selective inhibitor JZL184.

MAGL inhibition in TNBS-induced colitis mice resulted in increased levels of 2-AG as
well as in a reduction of the macroscopic and histological colon alterations. The treatment
also reduced colonic expression of pro-inflammatory cytokines (IL-12, IL-6, TNF-a, and
MCP-1). The restored integrity of the intestinal barrier function following MAGL
inhibition resulted in reduced endotoxemia (i.e. lipopolysaccharide plasma levels) and
decreased levels of circulating inflammatory cytokines (TNF-a, IL-1f, IL-6, MCP-1,
MIP-1a and IP-10) as well as reduced liver and brain inflammation.

To test the implication of either or both cannabinoid receptors in mediating 2-AG’s
beneficial effects, we used CB; (SR141716) or CB, (AM630) selective antagonists.
Coadministration of JZL184 with SR141716 or AM630 completely abolished the
protective effect of MAGL inhibition on TNBS-induced colon alterations thus
demonstrating the involvement of both cannabinoid receptors.

In conclusion, we demonstrated that increasing 2-AG levels results in a dramatic
reduction of colitis, as well as the related systemic and central inflammation mediated by
increased levels of circulating lipopolysaccharide. In addition to providing a novel insight
into the pathophysiology of the disease, this could offer a novel pharmacological
approach for the treatment of IBD based on the new protective role of 2-AG described
here.

Acknowledgements: GGM is recipient of a FSR grant (UCL, Belgium) and is also

grateful to the Fonds de la recherche scientifique (FRS-FNRS, Belgium) (FRFC
2.4555.08). PDC is research associate from the FRS-FNRS.
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A large body of evidence has demonstrated that plant-derived, endogenously produced
and synthetic cannabinoids exert antitumoral actions in different models of cancer,
including cell cultures, xenografted animals and genetically engineered mice. However,
little is known about the role of the endocannabinoid system in tumor physio-pathology.
In particular, although strong evidence point to the CB, cannabinoid receptor as target for
anti-cancer therapy, there is no information about its role in tumor generation and
progression. To shed light on this issue, we generated, animals with two genetic
modifications, specifically, ErbB2 overexpression directed to the mammary epithelium,
which triggers the spontaneous generation of breast tumors, and genetic ablation of the
CB; cannabinoid receptor. To transfer the CB, knockout allele to the genetic background
of the tumor-prone animals, mice were backcrossed for several generations using a
marker-assisted selection protocol. We observed that the absence of CB, receptors
produced a striking delay in tumor appearance, reduced the number of tumors generated
per animal, slowed down their growth and diminished the percentage of animals with
lung metastasis. Together, these results suggest that CB, receptors play an important role
in breast tumor generation and progression. Work is currently in progress to elucidate the
molecular bases of this action.

Acknowledgements: Funded by the Spanish Ministry of Science and Innovation,
Asociacion Espafiola Contra el Cancer, GW and Otsuka Pharmaceuticals.
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A ROLE FOR GPRS5 IN MULTISTAGE MOUSE SKIN CARCINOGENESIS
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It has been recently proposed that the putative cannabinoid receptor GPR55 modulates
cancer cell proliferation and migration. To further understand the role of this receptor in
cancer we used a classical mouse skin carcinogenesis model. The two-stage chemical
protocol involves the treatment of mice with a single dose of a carcinogen; i.e., 7,12-
dimethylbenz(a)anhracene (DMBA), followed by repeated applications of the tumor
promoter 12-O-tetradecanoylphorbol-13-acetate (TPA). This treatment results in the
outgrowth of highly differentiated benign papillomas. A small subset of papillomas
eventually progresses to malignant squamous cell carcinomas (SCC), some of which
undergo an epithelial-mesenchymal transition to spindle cell carcinomas (SpCC), the
aggressive and metastatic stage.

Our results show that GPRS55 is weakly expressed in mouse skin but it is upregulated
during mouse skin carcinogenesis as well as after short-term TPA treatment. GPRSS5
deficient mice showed reduced papilloma formation in comparison with wild type mice.
Further analysis revealed that GPR55 knockout mice were resistant to TPA—induced
epidermal hyperproliferation, and had significantly reduced levels of c-fos expression. In
summary, our study suggests that GPR55 is required for tumor promotion in skin
carcinomas.

Acknowledgements: Funded by Scientific Foundation of the Asociacion Espariola contra
el Cancer, Spanish Ministry of Science and Innovation, GW and Otsuka Pharmaceuticals.
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Prostate cancer is a major health problem in adult males as long as current therapies are
unable to completely eliminate the androgen-independent prostate cancer cells that remain
after androgen ablation therapy, thus making necessary to explore novel approaches for the
treatment of this type of cancer. Recent studies have focused on the role of non-selective,
calcium permeable cation channels of the transient receptor potential (TRP) channels in
prostate cancer initiation and progression, suggesting that they might be novel molecular
targets useful for the diagnosis and treatment of the disease.

We investigated the effect of several plant cannabinoids (CBD, CBG, CBC, THC, THCV,
THCVA, CBN, CBGA, CBGV, CBDA, CBDV and CBN) and relative enriched extracts
(BDSs) on human prostate cancer cell (HPCC) viability, with particular regard to possible
TRP-mediated mechanism(s) of action in both androgen receptor dependent (LNCaP and
22RV1) and independent (DU-145 and PC3) cells. Generally, among all pure compounds
tested, CBD was the most efficacious at reducing cell viability (as assessed by MTT assay),
and, in many cases, the BDSs were more potent than pure compounds. Under these
conditions, CBD, and to a lesser extent CBG and CBC, were able to induce apoptosis (as
assessed by chemoluminescence-based assay of caspase-3/7 activity, DNA fragmentation and
FACS analysis) in LNCaP but not in the other HPCCs. The effect of CBD was accompanied
by a dramatic up-regulation of the expression of PUMA, a p53-regulated modulator of
apoptosis and a pro-apoptotic member of the Bcl-2 protein family.

We previously reported that CBD is potent antagonist at TRPMS8 channels (see De Petrocellis
et al., Br J Pharmacol, 2010), and therefore we investigated the role of TRPMS blockade in
CBD-induced apoptosis. Among all the cell lines used in the study, TRPMS receptor was
highly expressed only in LNCaP cells (as assessed by quantitative RT-PCR), and its
expression was found to be strictly dependent on androgen receptor (AR) activity. In LNCaP
cells, CBD significantly down-regulated AR expression and, in a serum/hormone-deprived
medium, it blocked the stimulatory effect of dihydrotestosterone on TRPMS8 receptor
expression. Finally, when LNCaP cells were transformed into a more aggressive,
neuroendocrine-like phenotype, identified by the formation of fiber-like processes and over-
expression of neuronal enolase (NSE), CBD was even more potent at inducing apoptosis and
decreased NSE expression.

We suggest that CBD, and possibly other cannabinoids, strongly reduce HPCC viability
through both apoptosis-independent and -dependent mechanisms, the latter being exerted
through several concurring molecular mechanisms due not uniquely to a direct TRPMS
antagonism, and including AR down regulation, which in turn can lead to TRPM8 down-
regulation. Supported by GW Pharmaceutical
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CANNABIDIOL INHIBITS GLIOBLASTOMA DISPERSAL AND EXPRESSION
OF STEM CELL MARKERS IN PATIENT-DERIVED PRIMARY CULTURES
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In glioblastoma, standard-of-care includes surgical resection, radiation therapy, and
adjuvant chemotherapy such as Temozolomide. These treatments are designed to
primarily target tumor growth and survival but have done little to increase the overall
survival of patients (median of 14 months). In many cases, this is due to postsurgery
recurrences arising from tumor cells that have migrated and invaded (dispersed) into
distant tissues. It is, therefore, critical to discover master regulators that specifically
control tumor dispersal and target them in addition to targeting pathways controlling
glioblastoma growth and survival. We determined that the transcriptional regulator, Id-1,
plays a critical role in modulation of invasiveness of high-grade glioblastoma. Its
expression correlates with enhanced glioblastoma cell invasiveness in culture and higher
tumor grade in human biopsies. Moreover, its specific knockdown dramatically reduces
cell invasion and induces profound morphological changes as well as down-regulation of
cancer stem cells markers in patient-derived primary cultures. We further demonstrate
that the non-toxic, and non-psychoactive cannabinoid, cannabidiol, significantly down-
regulates Id-1 gene expression and associated cell invasiveness and self-renewal in
primary cultures of glioblastoma. In addition, cannabidiol inhibits the proliferation and
survival of glioblastoma in culture and in vivo. Taken together our data suggests that
cannabidiol may be a promising compound for combined therapy with standard-of-care
in human patients.

This work was supported by grants from the National Institutes of Health CA102412,
CA111723, CA135281, NS070289 and NS067395.
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Introduction (Endo)cannabinoids exert protective effect in several experimental models
of cancer, including colon cancer (Izzo and Sharkey, Pharmacology & Therapeutics. 126
(2010) 21-38). However, the role of the endocannabinoid system (ECS) in chemically-
induced colon is still largely unexplored. This study aimed at 1) providing insights into
the role of the ECS in chemically-induced colon cancer in vivo and 2) evaluating the
potential chemopreventive effect of the non-psychotropic Cannabis component
cannabidiol (CBD).

Methods Aberrant crypt foci (ACF), polyps and tumours were induced in vivo by
azoxymethane (AOM); receptors and proteins of the ECS were analyzed by quantitative
RT-PCR; endocannabinoid levels by HPLC-MS; phosphoAkt, iNOS, COX-2 and
caspase-3 by western blot analysis. Cell proliferation was evaluated in colon
adenocarcinoma cell lines using trypan blue staining, MTT assay and *H-thymidine
incorporation.

Results AOM administration was associated with the formation of ACF, polyps, tumours,
increased endocannabinoid levels, changes in proteins of the ECS, up-regulation of
phosphoAkt, iNOS and COX-2 and down-regulation of caspase-3 expression. The CB1
agonist ACEA - but not the CB2 receptor agonist JHWO033 - and cannabidiol reduced
ACEF, polyps and tumours. Cannabidiol counteracted phosphoAkt and caspase-3 (but not
COX-2 or iNOS) changes induced by AOM. Cannabidiol reduced cell proliferation in a
CBi1 antagonist-, TRPV1- and PPAR-y-sensitive manner.

Conclusions Chemically-induced tumours are associated to adaptive changes of the
colonic ECS. CBD, which reduces tumour formation in vivo and cell proliferation
through multiple mechanisms, may represent a potential chemopreventive agent for colon
carcinogenesis.
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RATIONAL SYNTHESIS OF CANNABINOID RECEPTOR 1
ANTAGONISTS FOR PERIPHERAL SELECTIVITY
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Cannabinoid receptor (CBIR) antagonists show potential for the treatment of several
diseases such as obesity, liver disease, and diabetes. Recently, several CBIR antagonists
were pulled from clinical development due to adverse CNS related side effects observed
with rimonabant — the first clinically approved CB1R inverse agonist. However, several
recent studies indicate that regulation of peripherally expressed CBIR with CNS-sparing
compounds is a viable strategy to treat several important disorders. To date, our efforts
aimed at rationally designing peripherally restricted CB1R antagonists have resulted in
two classes of compounds that limit blood-brain barrier (BBB) permeability. The first
group comprised of permanently charged compounds, such as alkyl pyridinium salts and
N-oxides, which do not normally cross the BBB. The second group of compounds was
designed to have high topological polar surface areas (TPSA). Compounds with high
TPSAs, such as sulfonamides and sulfamides, do not usually cross the BBB passively.
Functional activity of compounds at CB1R was determined using a calcium mobilization
assay and binding affinity was determined by radioligand CH-SR141716) displacement.
Selectivity for CB1R over CB2R was determined by comparing the radioligand
displacement of *H-CP55940 at cells expressing either CBIR or CB2R. Permanently
charged compounds had relatively poor functional activity at CB1R with Ke values
ranging from 1 - >10 uM, however, at least one compound demonstrated surprisingly
good binding affinity (Ki = 61 nM, *H-SR141716). Compounds with high TPSAs (TPSA
= 101-127) and acceptable functional activity (Ke ranging from 30-300 nM at CBIR)
were also identified. In general, compounds showed modest selectivity for CBIR over
CB2R (CBI1R:CB2R, 1.3-39). Promising compounds are currently undergoing further
refinement and testing.

Supported by IRO3AA017514-01 and 1IR21AA019740-01 to R. Maitra.
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Human cannabinoid receptor 2 (hCB2) has been shown to play important physiological
roles in the immuno system, and is a target for development of therapeutic medications.
To gain insight on the ligand binding site(s) and structural features of activation, we
applied our multidisciplinary experimental approach named ligand-assisted protein
structure (LAPS) to obtain structural information on the ligand-receptor binding motifs.
Implementation of LAPS include high affinity covalent cannabinergic probes, site-
directed mutagenesis followed by computational molecular dynamics. Additional
experimental data can be obtained by carrying out LC/MS based proteomic experiments.

In the present work, we designed and synthesized AM994, a classical cannabinoid
affinity label that incorporates an isothiocyanate moiety as an electrophilic reactive group
capable of interacting irreversibly with a suitably located and properly oriented cysteine
residue, at or near the binding site. To obtain evidence for the site of covalent attachment
of AM994, five cysteine residues in transmembrane helices (TMH) were mutated to
serine, an amino acid residue that does not react with isothiocyanate groups. Wild-type
(WT) and mutant hCB2 receptors were evaluated for their abilities to recognize
cannabinergic ligands, i.e., AM994 and *H-labeled CP55940. It is noteworthy that
AM994 was shown to bind irreversibly to WT hCB2 but exhibited no covalent
attachment with the mutants of C7.38 suggesting irreversible attachment to hCB2 in its
active state. The data were used to identify the docking motif of AM994 at the hCB2
receptor in molecular models. The evidence presented identifies C7.38 as the site of
covalent bond formation with AM994, supported by the molecular modeling, which
demonstrated the architecture of binding motif for covalent attachment of AM994 to
hCB2 TMH7.

Acknowledgements: Work supported by DA 003801, DA 009158, and DA 007312.
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Previous research by our group has shown that AM630 behaves as a low-potency neutral
antagonist of CP55940 and THCV in human CB, receptor-transfected Chinese Hamster Ovary
cells (hCB, CHO cells) that have been AM630-preincubated, and as a higher-potency inverse
agonist/antagonist in unpreincubated hCB, CHO cells (Bolognini et al, 2010). We now
describe results obtained with another CB, receptor inverse agonist/antagonist, SR144528,
indicating that AM630 may be a protean agonist.

Interactions between CB, receptors and CP55940, AM630 or SR144528 were monitored by
measuring the ability of these compounds to affect cyclic AMP production stimulated by 10uM
forskolin in hCB, CHO cells (n=6-9). For all our experiments, these cells were preincubated for
24 hours with 10uM AM630, SR144528 or vehicle (DMSO) and then subjected to intense
washing.

First, we found that SR144528 by itself enhanced forskolin-induced stimulation of cyclic AMP
by hCB; CHO cells (ECsp= 42nM; E.x= -607%). Although this effect was still detectable in
cells that had been preincubated with AM630, SR144528 displayed significantly less efficacy,
although similar potency in these preincubated cells (ECsp= 61.1nM; Enax= -67.1%) than in
unpreincubated cells, suggesting that it is a stronger inverse agonist than AM630 (Bolognini et
al., 2010). Next we preincubated hCB, CHO cells with SR144528. We found that in these cells,
SR144528 retained a slight but significant ability to enhance forskolin-induced stimulation of
cyclic AMP production (Emax=-16.1%). We also found that CP55940 displayed similar efficacy
but less potency in SR144528-preincubated cells compared to unpreincubated cells.
Importantly, when we tested AM630 in SR144528-preincubated cells, we discovered that this
compound now inhibited forskolin-induced stimulation of cyclic AMP production, suggesting
that AM630 may be a protean agonist. We then went on to investigate the ability of SR144528
to antagonize CP55940 in SR144528-preincubated cells. We found that in these cells,
SR144528 (0.1 or 25uM) produced neither a downward nor a rightward shift in the log
concentration-response curve of CP55940.

In conclusion, we have obtained evidence that AM630 is a hCB; receptor protean agonist. Our
results also suggest that SR144528 displays significantly greater potency as a CB, inverse
agonist than as a CB, competitive antagonist, at least in our hCB, receptor cell-line, that this
potency ratio is greater for SR144528 than for AM630, and that the data we have obtained with
these two compounds can be explained in terms of the two-state model of receptor activation.
Further experiments with cannabidiol and other CB, receptor inverse agonists are now
underway.

Bolognini D, Cascio MG, Ross RA and Pertwee RG (2010) Symposium on the Cannabinoids,
ICRS, Research Triangle Park, NC, USA, P4-28.

Acknowledgements: Funded by GW Pharmaceuticals and NIH (DA-03672).
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INHIBITION OF ALCOHOLIC HEPATIC STEATOSIS BY ATYPE 1
CANNABINOID RECEPTOR NEUTRAL ANTAGONIST
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Cannabinoid receptors are attractive targets to treat liver diseases. The two cannabinoid
receptors CB1R and CB2R are expressed in the central nervous system (CNS) and
peripherally in a number of tissues. Protein levels of both receptors are increased upon
liver injury or onset of alcoholic liver disease (ALD). Past reports suggest that CB1R
activation is pro-fibrotic and antagonism of this receptor is an emerging strategy to treat
both early and late stage liver disease. Unfortunately, first generation inverse agonists of
CBIR have serious psychiatric side effects and are no longer in clinical use or
development. However, neutral antagonists or CNS-sparing peripherally restricted
antagonists of CBI1R may be useful as therapeutics. These compounds should bypass the
adverse effects associated with inhibition of endogenous endocannabinoid activity in the
CNS. We have recently developed 5-(4-chlorophenyl)-1-(2,4-dichlorophenyl)-4-methyl-
3-[(E)-piperidinoiminomethyl]-1H-pyrazole (PIMSR1), a potent and selective neutral
antagonist of human CB1R (Ki~17 nM). This compound was tested in a refined mouse
model of alcoholic steatosis (AS) induced by a single acute challenge with ethanol.
Accumulation of lipids in liver, levels of liver enzymes aspartate aminotransferase
(AST), alanine aminotransferase (ALT) and intracellular lactate dehydrogenase (LDH), a
marker of cytotoxicity were increased upon (6g/kg) alcohol challenge. However, while
accumulation of fat was visible at lower doses of alcohol (3 g/kg and beyond), liver
enzyme levels were only elevated at 6 g/kg but not at lower alcohol doses. Gross
necropsy revealed visible liver lesions at doses of 3 g/kg and beyond (pale liver, focal
deposition of fat) in some animals — a finding that was consistent at 6 g/kg alcohol.
Subsequently, efficacy of PIMSR1, a neutral antagonist based on the SR141716 core was
tested for prevention of AS. At a 30 mg/kg dose, PIMSR1 was able to significantly
inhibit AS in mice induced by 6g/kg alcohol. Pre-treatment of mice with PIMSR1
significantly reduced markers of liver injury (AST, ALT), cytotoxicity (LDH) and
steatosis. Microarray analyses of gene expression indicated that PIMSR1 normalized
alcohol-induced changes in expression of genes associated with cytoskeletal remodeling,
cell adhesion, immune response and chemotaxis. In conclusion, further development of
neutral or peripherally selective CB1R antagonists represents an exciting strategy to treat
ALD.

[Sponsored by AA019740-01, AA017514-01 (RM) and DA003934 and DAO021358
(PHR)]
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REGULATION OF CANNABINOID RECEPTOR SIGNALING BY RGS
(REGULATORS OF G-PROTEIN SIGNALING) PROTEINS: A NEW PARADIGM FOR
MODULATING CB1 AND CB2 RECEPTOR-MEDIATED SIGNALOSOME
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David Siderovski® and Somnath Mukhopadhyay=
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CBI1 and CB2 cannabinoid receptors belong to Gi protein-coupled receptor superfamily.
RGS proteins are classically known for turning off Gi and Gg-coupled receptor signaling.
CBI1 and CB2 cannabinoid receptors are known to elicit a plethora of cellular responses
acting through different G-proteins. However, till date almost nothing is known about
RGS-mediated regulation of cannabinoid receptor signal transduction. In the current
study we attempt to define the role of RGS-proteins in the regulation of CB1 and CB2
receptor signaling in neuronal and endothelial cells respectively.

Previous results from our laboratory and others have showed that stimulation of CB1 and
CB2 receptors produce nitric oxide via the activation of nitric oxide synthase (nNOS or
eNOS depending on the cell type) in a pertussis-toxin sensitive manner. In the current
study using real-time PCR we first screened for native expression of individual RGS
proteins in CB1 and CB2 receptor expressing neuronal and endothelial cells lines
respectively. Once we found the expression profile of RGS proteins in the specific cell
lines we selectively knock down (using SiRNA ) individual RGS proteins in these cell
lines. We then measured nitric oxide production following CB1 or CB2 receptor
activation in these RGS-knock down cell lines to determine the specificity of RGS
proteins for intercepting CB1 vs. CB2 receptor signaling. Our initial findings showed that
a) different RGS proteins are coupled to CBI1 and CB receptor signaling and b) RGS
proteins can differentially regulate ( inhibit or activate) CB1 and/or CB2 receptor-
mediated nitric oxide production. These results suggest that RGS proteins play a pivotal
role in the regulation of cannabinoid receptor signalosomes.

Acknowledgement: This work is supported by NIH U54 grant AA 19765-01 (552943 to
SM) and NIH grant GM082892 to DS.

24



FUNCTIONAL IDENTIFICATION OF NEW AGONISTS
AND ANTAGONISTS AT GPR5S
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GPRS55 is a thodopsin-like (Class A) G protein-coupled receptor (GPCR) that was originally
de-orphanized as a cannabinoid receptor. GPR55 is widely expressed in the body, especially
in regions of the CNS, spleen, gut, and adrenal glands thus implying a role in diverse
physiological processes. Indeed recent studies suggest a role for GPR55 in inflammatory and
neuropathic pain, bone development and cancer. However, although some CB1/CB2 agonists
have been reported to activate GPRS55, the designation of GPRS55 as a “third” cannabinoid
receptor remains controversial as lysophosphatidyl-inositol, (LPI) has consistently been
reported to be the most efficacious agonist at GPR55 so far. Moreover, only CP55940 and
Cannabidiol were reported to antagonize GPRS55. To better understand GPR55’s specific
role, a search for selective agonists and antagonists was employed. To identify GPR55 active
compounds, we used high throughput assays that were based upon the ability to monitor the
activation states of ligand-bound GPR receptors using high content imaging employing beta-
arrestin green fluorescent protein biosensors (PubChem AID1965, AID2026). We have
identified potent GPRS5S5 selective agonists ML184, ML185 and ML186 (EC50 values 263
nM, 658 nM and 305 nM respectively) and GPR55 selective antagonists ML191, ML192 and
ML193 (IC50 values 1076 nM, 702 nM and 221 nM respectively). Two secondary assays
were utilized to validate the new identified compounds: Recruitment of PKC BII GFP to the
plasma membrane, and ERK1/2 phosphorylation. All compounds showed the appropriate
membrane recruitment indicating activation or inhibition of activity in this signaling
pathway. The agonists (1 uM) elicited ERK1/2 phosphorylation in U20S cells expressing
GPRSSE. Notably, at 1 uM each of the agonists resulted in ERK1/2 phosphorylation that was
at least as high as compared to treatment with 10 pM LPI. Moreover, the response mediated
by 10 pM LPI was markedly decreased following pre-incubation with each of the antagonists
yielding IC50 values of 328 nM, 1827 nM, and 65 nM for ML191, ML192 and ML193
respectively. Further, our modeling data indicate that the similarity between the new
compounds and LPI enables them all to be recognized by a single GPR55 binding pocket, the
primary interaction of which occurs on TMH2 between K2.60 and an exposed highly
electronegative region on each ligand. Our study demonstrates that substitution of lysine in
position 2.60 to alanine, results in loss of responsiveness to the various compounds, while the
receptor expression is not affected.

Acknowledgments: NIH DA023204 (MEA) and DA021358 (PHR).
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GPR55 is a rhodopsin-like (Class A) G protein-coupled receptor (GPCR), highly
expressed in human striatum. Characterization of GPR55” knock-out mice reveal a role
for GPRS55 in inflammatory pain, neuropathic pain (Staton et al, Pain, 2008), and bone
development (Whyte et al. PNAS 2009); while other studies indicate that GPRS55
activation is pro-carcinogenic (Andradas et al. Oncogene 2010, Ford et al. Br J
Pharmacol 2010; Pineiro et al. Oncogene 2010). The orphan receptor GPRS55 binds a
subset of CB1/CB2 ligands and has been proposed as a cannabinoid receptor (Ryberg et
al Br. J. Pharmacol 2007). However, lysophosphatidylinositol (LPI) was also identified
as a GPRS55 agonist (Oka et al.Biochem Biophys Res Commun 2007). None of these
reported ligands, however, are very potent or very selective. From a B-arrestin, high-
throughput, high-content screen of 300,000 compounds run in collaboration with the
Molecular Libraries Probe Production Centers Network initiative (PubChem AID1965),
we identified potent GPRS55 selective agonists and antagonists that belong to novel,
unreported GPR55 chemotypes. Here we report the docking of a number of these agonists
and antagonists in a computational model of the GPRS55 receptor.

Three of the identified agonists (CID1792197, CID1172084 and CID2440433) were
docked in a model of GPR55 R* receptor that had been pre-equilibrated for 50 ns in a
POPC bilayer. Additionally, four antagonists belonging to four different chemotypes
(CID1077538, CID1261290, CID3193014 and CID23612567) were docked in a model of
the GPRS55 R receptor. The GPR55 R* state model binding site accommodates ligands
that are inverted-L or T shapes with long, thin profiles that can fit vertically deep in the
receptor binding pocket while their broad head regions occupy the horizontal binding
pocket opening near the EC loops. The GPRS55 R state model binding pocket
accommodates ligands that possess a central core that is relatively flat and with
substituents of sufficient length to reach F6.48 in the SFLP hinge region. The agonists as
well as the antagonists bind GPRS55 in the TMH 2, 3, 5, 6 and 7 region. The primary
interaction for these ligands with GPR55 occurs between K2.60 and an exposed highly
electronegative region on each ligand. The antagonists have their main bulk higher than
the agonists but are able to reach the residues M3.36/F6.48 and prevent flexing of the
TMH6 CWXP hinge motif keeping GPRS55 in the inactive state. [Support: NIH DA
DA023204 (MEA) and DA021358 (PHR)].
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CHARACTERISATION OF 2-ARACHIDONOYLGLYCEROL-INDUCED
VASORELAXATION IN HUMAN MESENTERIC ARTERIES
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University of Nottingham, School of Graduate Entry Medicine and Health, Royal Derby
Hospital, DE22 3DT, United Kingdom

In human mesenteric arteries, we have shown that the endocannabinoid 2-
arachidonoylglycerol (2-AG) causes significantly greater vasorelaxation then anandamide
(Stanley et al.,this conference). Therefore, the aim of the present study was to explore the
mechanisms of 2-AG-induced vasorelaxation in human mesenteric arteries.

With ethical approval and written informed consent, human mesenteric arteries were
taken from patients receiving colorectal surgery. Arteries were dissected and mounted on
a Mulvany-Halpern myograph and bathed in oxygenated physiological salt solution at
37°C under a set pressure of 90% of 100 mmHg . U46619 and endothelin-1 were added
to increase tension by a minimum of 5 mN. Once a stable contraction had been achieved,
concentration-responses curves were carried out to 2-AG. Mechanisms underlying 2-AG
induced vasorelaxation were investigated using the following; CB; and CB, receptor
antagonism (100 nM AM251 and AM630), TRPV1 desensitisation (10 pM capsaicin),
endothelium denudation, nitric oxide production (300 uM L-NAME) and metabolism of
2-AG via cyclooxygenase (COX) (10 uM indomethacin or 10 pM Nimesulide)
monoacylglycerol lipase (MAGL) (1 uM JZL184) or fatty acid amide hydrolase (FAAH)
(1 uM URBS597).

2-AG causes vasorelaxation significantly different to vehicle control (P<0.001 Student’s
unpaired f-test) of pre-constricted human mesenteric arteries (pEC50 = 5.44+0.2 s.e.m,
Rimax = 53.242.8% relaxation, n = 29). Pre-treatment with AM251, AM630, capsaicin, L-
NAME, JZL184, URB579 or endothelial denudation did not alter the vasorelaxant
responses to 2-AG. However, in the presence of indomethacin, 2-AG responses were
partially inhibited (control Ryax = 57.9+4.7% relaxation, indomethacin Ryax= 37.4+5.8%
relaxation, P<0.05 Student’s paired t-test, n=8). The COX-2 selective inhibitor
nimesulide did not inhibit 2-AG-induced vasorelaxation.

We have shown that 2-AG causes vasorelaxation in human mesenteric arteries. This is
not mediated by CB;, CB; or TRPVI receptors, and is also not dependant on the
production of nitric oxide, the endothelium or FAAH and MAGL activity. 2-AG induced
vasorelaxation was sensitive to non-selective COX inhibition, but not COX-2 inhibition,
suggesting that 2-AG is metabolised by COX-1 into vasoactive prostanoids in human
mesenteric arteries.

This work was funded by the British Heart Foundation.
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Cannabinoid receptor type 1 (CB;) antagonists, such as rimonabant, show beneficial effects in
reducing body weight in obese subjects and reversing associated metabolic disorders. However,
by adverse psychiatric effects of first generation, brain penetrating compounds have led to
withdrawal of rimonabant from the market and cancellation of several development programs.
These unfavourable side effects are attributed to central CB; receptor engagement. There are
however, indications that the beneficial effects are peripherally mediated. TM38837 is a novel
CB; antagonist that pre-clinically showed negligible penetration into the central nervous system,
whereas clear weight loss and metabolic effects comparable to rimonabant were observed. In the
current study, TM38837 was studied in healthy male subjects, using a 9-delta
tetrahydrocannabinol (THC) challenge test with rimonabant as a positive control. Different tests
were used to probe the reversal of peripheral and central effects of THC, and which have
previously shown inhibition by various CB;-antagonists.

This was a double-blind, double dummy, randomized, placebo-controlled, cross-over, partial
parallel study. During occasions 1 to 4, 24 subjects were treated with TM38837 100 mg, 500 mg,
placebo TM38837 or placebos only. During occasion 5, subjects received either rimonabant 60
mg or placebo rimonabant, both combined with placebo TM38837. Five THC 4 mg inhalation
challenge tests over two days were performed during each occasion. Blood samples were drawn
for pharmacokinetic (PK) analyses of TM38837, rimonabant and THC. Body sway, visual
analogue scales (VAS) by Bond & Lader (mood, alertness and calmness) and Bowdle
(psychedelic effects), and heart rate were assessed frequently as pharmacodynamic (PD)
measures. The PK of THC, TM38837 and rimonabant, and the effects of these compounds on the
THC challenge test were also quantified by population modelling.

THC particularly affected VAS feeling high, body sway, and heart rate. These effects were partly
antagonized by Rimonabant 60 mg and TM38837 500 mg, whereas the 100 mg dose of TM38837
had no measurable impact on THC-induced VAS feeling high and body sway and only limited
effect on heart rate. TM38837 was well tolerated, and most adverse events were ascribed
concomitant administration of THC.

Rimonabant 60 mg showed a larger antagonizing potential on all THC-induced effects than
TM38837 500mg, except for heart rate where the antagonizing effect was considered to be
similar. The 100 mg dose of TM38837 had no measurable impact on THC-induced CNS-effects,
suggesting that this dose does not penetrate the brain. TM38837 has been shown to be equipotent
to rimonabant with regard to weight loss and other metabolic effects in rodent obesity models;
hence these results are very encouraging for further development of TM38837 as a peripherally
restricted CB; receptor antagonist for indications such as obesity and metabolic disorders without
inducing psychiatric side effects.
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Bone is a dynamic tissue consisting of osteoblasts, responsible for bone formation, and
osteoclasts, their bone resorbing counterpart. Overall bone turnover is controlled by
multiple pathways and the resulting balance maintains constant bone mass. Recent
studies have shown that endocannabinoids (ECs) have an effect on bone cells (osteoblasts
and osteoclasts) and their precursors, in vitro and on bone growth in vivo (Idris and
Ralston, 2010). However, much is still unknown about the actions of the
endocannabinoid system on bone growth. This study assesses the effect of 2 endogenous
endocannabinoids, anandamide (AEA) and 2-arachidonoylglycerol (2-AG) on the
proliferation and differentiation of human osteoblasts (HOBs) in vitro. HOBs (previously
isolated from femoral head trabecular bone) were grown in vitro for 24 hours or 5 days in
an osteogenic medium (containing 150ug/ml L ascorbic acid, 10nM dexamethasone and
10mM sodium beta glycerophosphate) and supplemented with a range of concentrations
(InM-10uM) of AEA or 2-AG. The range of concentrations represented physiological
and pathophysiological concentrations in human trabecular bone. At each time-point both
DNA concentration (using Hoechst 33258) and relative alkaline phosphatase activity
(using p-nitrophenyl phosphate) were measured. The results were analysed and compared
against the vehicle to show the effect of ECs on osteoblast proliferation and
differentiation respectively. Additionally, the HOB cell cultures (without EC
supplementation) were assayed, using western blotting for the presence of the CB1 and
CB2 receptors at 1 and 5 days.

Supplementation with ECs was shown to affect both proliferation and differentiation of
HOB:s. Differentiation was significantly increased (p<<0.001) across the micromolar range
of concentrations of both AEA and 2-AG tested after 5 days and proliferation was
reduced after 5 days (p<0.001). Neither differentiation or proliferation or differentiation
was affected by endocannabinoid supplementation after 24 hours. The receptors for both
CBI1 and CB2 appeared to be present in 5 day cultures of HOBs using western blot
analysis.

The findings of this study suggest that HOBs in culture possess receptors for both CBI
and CB2. Both of the endogenous ECs tested have a significant effect on osteoblast
proliferation and differentiation and further studies will establish whether other markers
of differentiation are affected over longer time periods.
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Pervasive exposure to stress, and the associated increase in circulating glucocorticoids, is
accepted as one of the mediators of the obesity and metabolic syndrome epidemic
plaguing our nation. Glucocorticoids are powerful regulators of metabolism, endocrine
function, and adipocyte differentiation and promote the development of upper body
obesity, especially visceral fat stores. Recent studies have demonstrated that
glucocorticoids possess the ability to increase the production and release of
endocannabinoid molecules. We have previously reported that the ability of
glucocorticoids to induce obesity and the metabolic syndrome is absent in CB; receptor
deficient mice, indicating that endocannabinoid signaling is a mediator of glucocorticoid-
induced obesity. Endocannabinoids, however, are potent regulators of appetite, energy
balance and metabolic processes through both central and peripheral regulation of
feeding and metabolism, and it is not known whether glucocorticoids recruit central or
peripheral endocannabinoid signaling to promote obesity. The aim of the current study
was to extend our previous findings obtained in CBjreceptor deficient mice to a
pharmacological approach, and further to use pharmacological tools to dissect if central
or peripheral endocannabinoid signaling was a driving force in mediation of obesity from
glucocorticoids. To this extent, we employed our previously validated non-invasive
model of glucocorticoid administration through the drinking water of mice which results
in rapid and dramatic increases in weight gain, increased adiposity, elevated plasma
leptin, insulin and triglyceride levels, and hyperphagia. In tandem with this, we
performed daily administration of either a global CB; receptor antagonist AM251 (2
mg/kg) or the recently characterized, peripherally restricted CB; receptor antagonist
AM6545 (10 mg/kg) for 4 weeks. Administration of both AM251 and AM6545
significantly prevented the development of obesity and attenuated changes in metabolic
markers, such as liver steatosis and adipocyte hypertrophy. Interestingly, glucocorticoid-
induced hyperphagia, which was absent in CB; receptor deficient mice, was also blocked
by the peripherally acting antagonist AM6545, further supporting the argument that
cannabinoids regulate feeding through a peripheral mechanism. However, additional
studies by our group demonstrated that food restriction did not prevent glucocorticoid-
induced obesity, suggesting that while hyperphagia may accompany this phenotype it is
not the driving force. Accordingly, our current data argue that persistent elevations in
circulating glucocorticoid produce a state of obesity and the metabolic syndrome, which
is dependent upon endocannabinoid signaling in the periphery. Preliminary data from
gene arrays obtained in adipose tissue indicate that this process may involve a breakdown
in insulin receptor signaling, which is preserved by peripheral blockade of CB; receptors.
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It is now established that the endocannabinoid (EC) system is involved in the regulation
of skeletal remodeling and bone mass. Another critical skeletal activity is driving body
growth. In vertebrates, skeletal elongation occurs mainly by enchondral ossification, an
intricate process controlled by multiple hormones and growth factors intrinsic to the
epiphyseal growth plate (EGP) whose action is concerted to ensure the precise rate of
skeletal formation and to confer unique growth properties to the organism. Because the
use of marijuana/hashish during pregnancy leads to babies shorter than those born to
nonusers, we set out a project to examine the role of EC system in skeletal growth. We
show here in femoral and vertebral cartilaginous growth plates that CB1 and CB2 are
specifically expressed in hypertrophic, but not other chondrocytes. In addition, these cells
express the 2-AG biosynthetic enzymes diacylglycerol lipase (DAGL) a and DAGL}.
We could also isolate 2-AG from growth plates. Femora of CB1 and/or CB2 deficient
mice at the end of the accelerated growth phase are approximately 5 percent longer than
those of wild type controls. Ovariectomized (OVX) mice show enhanced growth rate due
to the alleviation of estrogen growth inhibitory effects. Four-week treatment of the OVX
mice with the CB2 specific agonist HU-308, at 10 mg/Kg/day, reverses this growth
acceleration. Administration of THC, at 5 mg/Kg/day to normal mice during their rapid
growth phase (5-11 weeks of age) slowed down their skeletal growth, which in turn
resulted in lower weight but unaltered fat content. Ex vivo THC challenging of growth
plate chondrocytes dose dependently (10™'-107 M) inhibited hypertrophic-cell nodule
formation. Collectively, these findings demonstrate a local EC system in the cartilaginous
growth plate with a growth inhibitory role for CB1 and CB2. Physiologically, CB
activation downregulates longitudinal skeletal elongation. Defining the involvement of
ECs and their receptors in body growth may aid the development of therapies to prevent
short stature. Perhaps more importantly, our findings may provide an argument against
the use of cannabis among teenagers. Also, growth retardation/stimulation becomes a
parameter to be considered in initiation of cannabinoid based therapies for patients at an
age prior to growth cessation.

Acknowledgements: Funded by DFG SFB 645 Grant to IB
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It 1s widely accepted that endocannabinoids protect the CNS from a variety of insults and
neurodegenerative diseases including traumatic brain injury, stroke and multiple
sclerosis. Literature suggests that this protection could be the result of an attenuation of
excitotoxicity and inflammation. Interestingly, binge alcohol consumption, a pattern of
intake characteristic of alcohol use disorders, increases susceptibility neurodegeneration
and studies have shown that excitotoxicity and inflammation are key contributing
mechanisms. It has been hypothesized that alcohol-induced brain damage and the
associated cognitive deficits play a critical role in the transition from casual consumption
to compulsive alcohol intake. Therefore, it is reasonable to speculate that targeting the
endocannabinoid system will be efficacious in preventing alcohol-induced brain damage
and aid in the recovery from alcoholism. We hypothesized that targeting the
endocannabinoid system in a model of alcohol-induced excitotoxicity would attenuate
neuronal cell death. To test this hypothesis, organotypic hippocampal slice cultures
(OHSC) were used. Bilateral hippocampi were dissected from 8 day old Spague-Dawley
rat pups. Hippocampi were then sectioned on the coronal plane at 200 pm and plated on
biopore membrane inserts in culture medium. The resulting cultures were allowed to
mature in vitro for 5 days before being exposed to either control media or 50 mM ethanol
(EtOH) media for 10 days. Following exposure, cultures were withdrawn for 24 hours in
the presence of 5 UM NMDA, 2.5 pg/mL Propidium lodide (to assess cellular damage),
and respective drug treatment. As expected, we found that 10 days of EtOH exposure
significantly potentiated NMDA toxicity (p = < 0.0001) after 24 hours of withdrawal.
Interestingly, application of 50.0 nM URBS597, a fatty acid amide hydrolase (FAAH)
inhibitor, was able to completely reverse the ethanol withdrawal-induced (EWD)
potentiation of NMDA toxicity (p = < 0.0001), while having no effect on NMDA
treatment alone. In order to determine whether the neuroprotective effects of FAAH
inhibition were mediated through CB1 receptor activation, we applied the CB1 antagonist
SR141716 (0.01 to 10.0 uM) to both control cultures and EWD cultures. Surprisingly, we
found that SR141716 also attenuated EWD potentiation of NMDA neuronal damage in a
concentration-dependent manner with statistical significance reached at the 10 uM dose
of SR141716 (p = < 0.05). Taken together, our data suggests that the endocannabinoid
system is a valid target for preventing alcohol-induced neurotoxicity. Additionally, it
appears that the observed neuroprotection is dependent upon EtOH-induced
neuroadaptations in the hippocampus as neuroprotection was only observed in EtOH
treated cultures. It is interesting that we observed neuroprotection by indirectly
activating cannabinoid activity by FAAH inhibition and by directly antagonizing CB1
receptors and leads us to speculate on the differential mechanisms underlying these
different treatment strategies.
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EXPRESSION AND CELLULAR DISTRIBUTIONS OF
CANNABINOID CB; RECEPTORS IN MOUSE BRAIN

Haiying Zhang, Xia L1, Qing-Rong Liu, Hongju Yang,
Eliot L. Gardner, and Zheng-Xiong Xi
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The presence of CB,; receptors in the brain has been subject to debate. Previous studies
using in situ hybridization failed to detect CB, receptor mRNA in brain. However, more
recent studies have claimed to find CB, expression on both neurons and glial cells in
brain and two CB; receptor isoforms (CBza, CBsg) in the brain using highly sensitive
Tagman probes. To further address this issue, we used quantitative RT-PCR, immunoblot
and double immunohistochemistry assays to detect mouse brain mCB, mRNA and
proteins in wild-type (WT) mice and a strain of CB,-knockout (CB,”") mice in which the
C-terminal-coding mRNA sequence is deleted (Buckley, et al., 2000). Using the specific
Tagman mCB;s and mCB,p probes that target the N-terminal-coding sequence of the
gene, we detected both mCB;4 and mCB;p isoforms with brain mCB;a 5-10-fold higher
than mCB,z in WT and CB,” mice. However, when using a specific Tagman probe
(mCB;5—ko) that target the deleted C-terminal-coding gene sequence, we detected mCB,-
mRNA in spleen and striatum in WT and CB,”, but not CB,” mice. These data suggest
that specific mCB,-mRNAs are expressed in mouse brain. Next, we examined whether
mCB; receptors are expressed in mouse brain by Western immunoblot assay. We initially
tried two CB; antibodies purchased from Santa Cruz and a-Diagnosis, which recognize
the C-terminal of mCB; receptors, but failed due to very low immunoreactivity of the
antibodies (no band by 1:50). However, with CB, antibody purchased from Alomone
(ACR-002) that recognizes the 3™ intracellular loop (epitope: 228-242 aa) or another
antibody custom designed and generated at NIDA (NIDA-5633) that recognizes the C-
terminus (epitope: 326-340 aa) of mCB; receptors, we detected a high density of CB;-
immunoblotting band (at a MW ~38kD) in spleen and a low-to-moderate density in
striatum in WT and CB,”" mice, which was substantially diminished in the present strain
of CB,” mice. Further, double immunofluorescent labeling demonstrated a moderate
density of mCB,-staining in multiple types of neurons, including dopaminergic neurons
(labeled by TH-Ab) in the ventral tegmental area and substantia nigra, GABAergic
neurons (by parvalbumin-Ab) in the cerebral cortex, striatum and cerebellum, and
glutamergic neurons (by vGluT2-Ab) and astrocytes (by GFAP-Ab) in the cortex and
cerebellum. These findings, combined with our recent behavioral, neurochemical and
electrophysiological findings, suggest that CB, receptors may be expressed on neuronal
cells and functionally modulate brain function.

Acknowledgement: Supported by NIDA-IRP
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ENDOCANNABINOID 2-ARACHIDONOYLGLYCEROL SUPPRESSION OF
COX-2 EXPRESSION IS MEDIATED VIA PPAR-y
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Endocannabinoids display anti-inflammatory and neuroprotective properties. However,
the mechanisms responsible for these beneficial effects are largely unknown. We
demonstrated previously that endocannabinoid 2-arachidonoylglycerol (2-AG) protects
hippocampal neurons by limiting COX-2 expression via a CB; receptor-dependent
MAPK/NF-kB signaling pathway (Zhang & Chen, JBC 283: 22601-22611, 2008). The
purpose of the present study was to determine whether peroxisome proliferator-activated
receptor-y (PPARY), an important nuclear receptor, mediates 2-AG-induced inhibition of
NF-kB phosphorylation and COX-2 expression and COX-2-enhanced miniature
spontaneous excitatory postsynaptic currents (mEPSCs) in hippocampal neurons in
culture. We observed that both exogenous and endogenous 2-AG-produced suppressions
of NF-kB-p65 phosphorylation, COX-2 expression and excitatory synaptic transmission
in response to pro-inflammatory interleukin-1f (IL-1B) and lipopolysaccharide (LPS)
were inhibited by GW9662, a selective PPARy antagonist. PPARy agonists 15-deoxy-
A12,14-prostaglandin J, (15d-PGJ,) and rosiglitazone mimicked the effects of 2-AG on
NF-xB-p65 phosphorylation, COX-2 expression and mEPSCs, and these effects were
eliminated by antagonism of PPARy. Moreover, exogenous application of 2-AG or
elevation of endogenous 2-AG by inhibiting its hydrolysis with URB602 or JZL.184,
selective inhibitors of monoacylglycerol lipase (MAGL), rescued the IL-1pB- and LPS-
induced reduction of PPARY expression. However, the 2-AG-produced restoration of the
reduced PPARYy expression by LPS was blocked or attenuated by pharmacological or
genetic inhibition of the CB; receptor. Our results suggest that 2-AG suppression of
COX-2 expression is through CB; receptor-dependent PPARY expression, which is an
important and novel signaling pathway underlying endocannabinoid 2-AG-produced
resolution of neuroinflammation in response to pro-inflammatory insults.

Acknowledgements: This work was supported by National Institutes of Health grants
NS054886 and AG039669.
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2-ARACHIDONOYLGLYCEROL MODULATES CUE-EVOKED DOPAMINE
RELEASE DURING REWARD-SEEKING

Erik B. Oleson and Joseph F. Cheer
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Endocannabinoids are theorized to modulate brain reward processes. When an animal experiences a
rewarding event, situational environmental stimuli (i.e., cues) predicting reward availability develop
incentive properties which then motivate the seeking of future rewards. Our working hypothesis is that
endocannabinoids in the ventral tegmental area (VTA) specifically affect reward-seeking by modulating
cue-evoked subsecond dopamine release events, which are thought to carry incentive salience. When an
animal is presented with a motivationally salient cue, VTA dopamine neurons fire in brief high
frequency bursts. As a result, subsecond dopamine concentrations are released into terminal fields such
as the nucleus accumbens while endocannabinoids are released from cell bodies in the VTA. We
investigate how endocannabinoids affect subsecond dopamine release during reward-seeking by
measuring accumbal dopamine concentrations in near real-time using fast-scan cyclic voltammetry
while pharmacologically manipulating endocannabinoid signaling. Using this approach, we previously
demonstrated that disrupting endocannabinoid signaling using rimonabant (0.3 mg/kg IV) decreased
cue-evoked dopamine concentrations and reward-seeking (assessed as the latency to respond following
lever presentation) in Sprague-Dawley rats. These findings led us to further hypothesize that increasing
endocannabinoid levels will facilitate reward-seeking and cue-evoked dopamine release.

In the present study we tested the effects of multiple drugs that have been shown to raise
endocannabinoid tissue content on cue-evoked dopamine concentrations during reward-seeking.
Reward-seeking was maintained in a cued-intracranial self-stimulation task. In this task, responding for
electrical currents delivered directly into the VTA was maintained under a fixed ratio 1 schedule with
variable inter-trial intervals while dopamine concentrations were simultaneously assessed in the nucleus
accumbens. We first tested the effects of the putative endocannabinoid uptake inhibitor VDMI11.
Contrary to our expectations, VDM11 (3-5.6 mg/kg 1V) failed to facilitate reward-seeking or dopamine
signaling. Rather, VDMI11 produced a dose-dependent decrease in reward-seeking and cue-evoked
dopamine concentrations, a finding that is more consistent with VDM11 decreasing presynaptic CB1
receptor activation. We next tested the effects of URB597 (0.1-0.56 mg/kg IV), a fatty acid amide
hydrolase inhibitor, which failed to alter reward-seeking. Finally we tested the effects of JZL184, a
monoacylglycerol lipase inhibitor. JZL184 (3-10 mg/kg IV) produced a dose-dependent increase in
reward-seeking and cue-evoked dopamine concentrations. Together, these data suggest: a) the
endocannabinod system modulates reward-seeking by sculpting supranormal patterns of dopamine
release b) during reward-seeking endocannabinoids are released on demand through an endocannabinoid
transporter that is involved in the bidirectional support of these molecules ¢) 2-arachidonoylglycerol but
not anandamide is the primary endocannabinoid involved in modulating cue-evoked dopamine signaling
during reward-seeking.

Acknowledgements: This work was funded by RO1DA022340 (JFC) and T32NS007375 (EBO; director
Bradley E. Alger)
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DEPRESSION IN CARDIAC SURGERY PATIENTS IS ASSOCIATED WITH
REDUCED PERIOPERATIVE PLASMA ENDOCANNABINOID LEVELS
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Introduction: Patients after cardiac surgery (CS) are at risk for the f development of stress-
related disorders including posttraumatic disorder, anxiety and depression resulting in an
impaired long-term outcome. Depression is one of the most common complications after
heart surgery. There is evidence that the endocannabinoid system (ECS) plays a role in
depression and other stress-related disorders' as activated endocannabinoid signalling in the
brain controls adaptation processes to aversive situations and limits the stress reaction”. It has
already been shown that impairment of endocannbinoid signalling by CB1 receptor blockade
in patients with cardiometabolic disorders led to a significant increase in the incidence of
depression, particularly in patients exposed to stressful situations or experiences’. We
therefore measured plasma levels of the endocannabinoids ANA and 2-AG during the
perioperative phase of CS and showed that patients with an impaired EC response were at an
increased risk for postoperative depression.

Methods: ANA and 2-AG were measured in 106 CS patients pre- and postoperatively, at
post-operative days 1-3 (POD 1-3), at ICU discharge (97 patients) and at 6 months after CS
(68 patients). Depression was diagnosed by using the depression subscale of the PTSS-10
stress symptom questionnaire’, the Hamilton Depression Rating Scale (HDRS) and a
standardized psychological interview.

Results: In 16 out of the 68 interviewed patients (23.5%) depression could be diagnosed at 6
months after CS. These patients had significantly higher PTSS-10 depression subscores at
that timepoint (p<0.01) with no significant differences at the preoperative time point and at
discharge from the ICU (p=0.22). Patients developing depression had significantly lower
anandamide plasma levels during the immediate post-operative period followed by an ANA
increase at discharge from the ICU. Likewise, the perioperative 2-AG response in patients
with depression was significantly /lower when compared to mentally healthy individuals who
demonstrated a statistically significant endocannabinoid increase throughout the post-
operative period (Figure 2). HDRS scores correlated negatively with higher anandamide

(r=-0.32, p=0.04, n=58) and 2-AG levels (r=-0.44, p<0.01, n=58) during ICU treatment.

Conclusions: These data suggest that cardiac surgery patients with reduced perioperative
plasma endocannabinoid levels have an increased risk developing postoperative depression.

References:
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CANNABIDIOL REDUCED ANXIETY IN
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Generalized Social Anxiety Disorder (SAD) is one of the most common anxiety
conditions, with lifetime prevalence estimates of 7-12%. SAD is characterized by
excessive and persistent fear and avoidance of a wide variety of social situations.
Cannabidiol (CBD), one major non-psychotomimetic compound from Cannabis sativa,
showed anxiolytic effects in animal and human studies. In the present study, we
investigated the anxiolytic effects of CBD in participants with SAD taking part in the
simulation of public speaking test (SPST). Twenty-four subjects with generalized SAD
and 12 healthy controls were selected. All participants were undergraduate students,
treatment-naive (either by pharmacotherapy or psychotherapy) and without any other
concomitant psychiatric disorder. Subjects were randomly allocated into three
experimental groups: 1) 12 SAD subjects received CBD 600 mg (SAD-CBD); 2) 12 SAD
subjects received placebo (SAD-P) and 3) 12 healthy controls (CONTROL) received no
medication. Groups were matched according to gender, age, years of education and
socioeconomic level. Each volunteer participated in only one experimental session. The
Visual Analogue Mood Scale (VAMS) and Negative Self-Statement scale (SSPS-N) were
administered at six different time points during SPST. Baseline measurements (B) were
collected after a 15min adaptation, followed by a double blind single oral CBD or
placebo dose, and a pre-stress measurement (P) 80min after drug ingestion. Immediately
thereafter, subjects received instructions and had 2 minutes to prepare a 4-minute speech
about “the public transportation system of your city.” Anticipatory speech measurements
(A) occurred before the start of speaking, and the Speech was interrupted in the middle
for speech measurements (S). Post stress measurements (F1 and F2) were made 15 and
35 minutes after the end of the speech, respectively. VAMS anxiety factor scores were
significantly higher for SAD-P in relation to CONTROL in the A, S, and F1 measures.
SAD-CBD had an intermediate score that differed significantly from SAD-P and
CONTROL during the S phase. Scores of the SSPS-N evidenced significant differences
between SAD-PLAC and SAD-CBD at the A and S phases and between SAD-PLAC and
CONTROL at the S phase. No significant differences were observed between SAD-CBD
and CONTROL. These results provide further evidence that CBD has anxiolytic
properties, although additional double blind, placebo controlled studies are needed.
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POSTNATAL NMDA-INHIBITION INDUCES ALTERATIONS
IN CANNABINOID CB; RECEPTOR EXPRESSION
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Inhibition of the glutamate NMDA receptor in mice induces impairment of emotional and
cognitive functions, and alterations in the sensorimotor gating which resembles human
schizophrenic behaviour. We have previously shown that postnatal administration of
phencyclidine (PCP), an NMDA antagonist, leads to behaviour paradigms relevant to
anxiety and symptoms associated with schizophrenia when animals reach adulthood. In
this study, we have characterised the biochemical expression of CB, receptors in different
brain regions. PCP was administrated at 20 mg/kg every other day between postnatal
days 3 and 15. The CB, receptor expression was evaluated by Western blot analysis and
real-time PCR. Fluorescent labelling of the CB; receptor antibody revealed a major band
at 45 kDa. In the brain stem, CB, receptor expression was significantly reduced from
100.0 £ 7.7% (n=11) in vehicle-injected mice to 77.6 = 6.0% (p < 0.05; n=10) and in the
basal ganglia to 86.5 + 10.7%. A comparison between the left and the right cortices
revealed that CB; receptor expression was reduced to 83.7 = 8.4% in the left cortex while
no change was detected in the right cortex. The reduction in CB,; receptor expression in
the brain stem of PCP-treated mice led to a significant inhibition in receptor activation as
measured by radioligand [*°S]JGTPyS binding. Further characterization of mRNA
expression level of the CB; receptor revealed a significant increase of 37.6 = 0.08% (p =
0.005) in the brain stem. In the left cortex there was an increase of 16.1 = 0.06% while no
change has been detected in the right cortex. These results suggest that inhibition of
glutamate transmission induces cerebral lateralization in CB, receptor expression.
Alterations seen in the left but not in the right cortex are in line with human studies which
have detected cerebral lateralization in schizophrenics using MRI imaging. These results
suggest a role for cannabinoid CB, receptor in schizophrenia.

Acknowledgments: The National Institute for Psychobiology in Israel- founded by The
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STRESS-INDUCED BEHAVIORAL ADAPTATION IS ASSOCIATED WITH
ENHANCED 2-ARACHIDONOYLGLYCEROL SIGNALING IN THE
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Chronic stress is the most important environmental risk factor the development and
exacerbation of mental illnesses ranging from depression to schizophrenia. Chronic
homotypic stressors exert profound effects on the endocannabinoid (eCB) system.
Accumulating evidence indicate that chronic stress down-regulates CB; receptor function in
several brain regions, but paradoxically increases levels of 2-arachidonoylglycerol (2-AG).
However, the effects of these divergent adaptations on eCB-mediated synaptic plasticity and
stress-related behavioral changes are not well understood.

We utilized whole-cell patch clamp electrophysiology to determine the effects of chronic
restraint stress on eCB-mediated synaptic plasticity at inhibitory synapses in the basolateral
amygdala (BLA) of male ICR mice. We also determined the effects of chronic restraint stress
on behavioral measures of anxiety and depression, and the effects of pharmacological
augmentation of 2-AG levels on these behavioral changes. The behavioral effects 2-AG
augmentation in control mice was also determined.

Recordings of evoked inhibitory postsynaptic currents (IPSCs) from BLA pyramidal neurons
were conducted in control mice, and mice exposed to 10 consecutive days of restraint stress.
In control animals, low-frequency afferent stimulation (LFS) had no effect on IPSC
amplitude, however, in stressed mice LFS produced a robust presynaptic long-term
depression (LTDgaga). This LTDgapa was blocked by pre-incubation with SR141716, and
attenuated by the DAGL inhibitor THL, and a combination of group I metabotropic
glutamate receptor antagonists. The ability to induce LTDgapa was lost after 7 days of
recovery from stress. LTDgapa could be induced in control mice in the presence of the MGL
inhibitor JZL184, which alone produced a small depression in IPSC amplitude in control
mice. JZL184 administered acutely increased brain 2-AG levels and reduced anandamide
levels, but had no behavioral effect on the elevated plus-maze, novelty-induced suppression
of feeding test, and did not affect general locomotor activity. However, chronic
administration of JZL184 prior to each restraint exposure prevented the development of
stress-induced anxiety.

These data highlight a role for 2-AG in the synaptic and behavioral adaptations to chronic
stress. In the BLA, chronic stress gates the induction of LTDgaga, indicating a hyperactive
eCB system in this region after chronic stress. Our behavioral data suggest augmentation of
2-AG signaling can prevent certain aspects of stress-induced pathology, and that MGL
inhibition could represent a novel potential target for the treatment of stress-related
neuropsychiatric disorders.
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Stress plays an important role in psychiatric disorders, and recent preclinical evidence
indicates that the endocannabinoid system is involved in responses to stress. Stress
activates the central endocannabinoid system, which, in turn, is thought to negatively
modulate HPA-axis activation during stress-recovery. This study aimed to investigate of
the effect of acute psychological stress on circulating levels of endocannabinoids (eCB)
and their structural analogues in healthy human volunteers.

71 young adults participated in two sessions in which they were exposed to either a
standardized psychosocial stress procedure (Trier Social Stress Test) or a control task.
Blood samples for eCB and cortisol assays, cardiovascular and subjective measures were
obtained before and at regular intervals after the stress or the control task. Serum levels of
the endocannabinoids arachidonylethanolamide (anandamide, AEA) and 2-
arachidonoylglycerol (2-AG), as well as of the N-acylethanolamides (NEAs) N-
palmytoilethanolamine (PEA) and N-oleoylethanolamine (OEA) were determined using
1sotope-dilution liquid chromatography/mass spectrometry.

Compared to the control condition, stress increased serum concentrations of the NAEs
including AEA. Increases in PEA after stress were positively correlated with increases in
serum cortisol after stress. Baseline (pretask) levels of Anxiety were negatively correlated
with baseline levels of AEA and OEA.

These results represent the first data in healthy humans indicating that stress increases
circulating levels of NAEs including AEA in serum. This finding is consistent with
preclinical findings supporting a role for eCBs in stress. Further research is needed to
elucidate the function of these lipid mediators, and to explore their potential as
therapeutic agents.

Supported by DA022439, DA02812, MO1RR00055.
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CHRONIC ANTIPSYCHOTIC ADMINISTRATION DURING ADOLESCENCE
ALTERS LATER THC EFFECTS ON COGNITION
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Marijuana abuse and psychiatric disorders are highly co-morbid. Although the direction
and nature of this association have not been fully elucidated, one consequence is that co-
administration of marijuana and psychiatric drugs is not uncommon and may occur as
early as during adolescence. In an earlier study, we reported that antipsychotic
administration affected endocannabinoid system functioning [Wiley et al., 2008,
Neuropharmacology, 55: 1183-1190]. In this study, sub-chronic treatment with the
antipsychotics haloperidol and clozapine attenuated maximal stimulation of CB; receptor-
mediated G-protein activity in the striatum (clozapine) and prefrontal cortex (both
antipsychotics) without changes in CB; receptor number in adult female rats whereas it
did not alter CB; receptor-mediated G-protein activation in any brain region in adult male
rats and in adolescents of either sex. These findings suggest that sex is an important
determinant of antipsychotic modulation of the endocannabinoid system.

The purpose of this study was to determine the effects of chronic administration of
antipsychotic medication during adolescence on later response to the effects of A’-
tetrahydrocannabinol (THC) on cognitive functioning. Specifically, adolescent male and
female rats were exposed to saline, haloperidol (0.3 mg/kg) or clozapine (10 mg/kg)
twice daily from postnatal day (PN) 27 to PN80. Subsequently, they were trained to
perform a sustained attention task with multiple trials, in which one response was
required following presentation of a light and another response was required when the
light did not appear. All rats acquired the task. In rats that received saline during
adolescence, THC dose-dependently decreased accuracy primarily in the signaled trials
(i.e., increased miss rate). While both sexes showed increased omissions, females showed
this effect at lower THC doses. Haloperidol-treated rats exhibited a similar pattern of
effects across sexes. In contrast, clozapine-treated male rats showed greater deficits in
sustained attention at THC doses that did not alter omission rates than did clozapine-
treated female rats. These results suggest that chronic dosing with the atypical
antipsychotic, clozapine, during adolescence may enhance the detrimental effects of later
administration of THC on attention in males, but not in females.

Acknowledgements: Funded by National Institutes of Health National Institute on Drug
Abuse (Grant numbers: DA-16644, DA-03672, and MH-64771).
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CANNABINOID PHARMACOKINETICS IN EXPECTORATED ORAL FLUID
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Introduction: Oral fluid (OF) is increasingly accepted as an alternative matrix for drug
testing due to its non-invasive collection under direct observation by gender-neutral staff.
However, questions remain about its effectiveness for monitoring cannabinoid intake. Novel
analytical approaches achieving simultaneous cannabinoid quantification in OF suggest that
recent cannabis smoking can be identified. Controlled cannabis administration studies are
needed to establish which cannabinoid analytes to monitor, appropriate cutoff criteria, and
OF detection windows, all key parameters for improving interpretation of OF tests. Methods:
Healthy cannabis smokers provided written informed consent to participate in this IRB-
approved study. Participants smoked 1 marijuana cigarette (6.8% THC) ad libitum. OF
specimens were collected by expectoration once prior to and periodically after smoking for
up to 22h. Specimens were analyzed by 2-dimensional GCMS with limits of quantification of
0.25 ng/mL for A’-tetrahydrocannabinol (THC), cannabidiol (CBD), and 11-hydroxy-THC
(11-OH-THC), and 1 ng/mL for cannabinol (CBN), all with electron impact, and 5 pg/mL for
11-nor-9-carboxy-THC (THCCOOH) with negative chemical ionization. Results: 10
cannabis smokers (9M, 1F, 18-46 years) self-reported smoking a mean+SD 11.4+2.2 days in
the 14 days prior to admission. OF specimens were collected -0.5h before and 0.25, 0.5, 1, 2,
3,4, 6, and (optionally, n=6) 22h after the start of smoking. Only 5 THC (median 0.2 ng/mL;
range 0.0-43.6) and 10 THCCOOH (33.6 pg/mL; 8.4-581.3) positive specimens were
obtained at baseline. Six specimens from 4 individuals could not be collected between 0.25-
1h due to reduced salivary excretion after cannabis smoking. Maximum THC, CBD, and
CBN concentrations occurred 0.25h after smoking, while THCCOOH concentrations
generally peaked within 2h. THC was quantifiable in 72 specimens (90.0%) at concentrations
up to 22,370 ng/mL. Median (range) THC concentration was 2634 ng/mL (264.5-22370) at
0.25h, decreasing 10-fold within 1h to 283.5 ng/mL (35.4-1030) and 100-fold over 3h to 23.5
ng/mL (1.5-206.0). Four of 6 specimens were still THC-positive (median 0.7 ng/mL; range
0.0-10.3) 22h after dosing. Four specimens in 3 participants were 11-OH-THC-positive
(range 0.3-1.3 ng/mL) within 2h after smoking. THCCOOH was identified in 71 specimens
(88.8%) at concentrations up to 3519 pg/mL. Five of 6 specimens were THCCOOH-positive
(median 10.9 pg/mL; range 0.0-24.0) at 22h. CBD in 50 (62.5%) and CBN in 46 (57.5%) OF
specimens were always with concurrent THC. CBD duration of detection was >22h and <22h
for CBN. THC duration of detection was >22h in 3 of 6 participants at the recommended
Driving under the Influence of Drugs, Alcohol and Medicines (DRUID) confirmation cutoff
of 1 ng/mL, and in 2 subjects at the US Substance Abuse and Mental Health Services
Administration (SAMHSA) 2 ng/mL cutoff. A suggested criterion of THC >2 ng/mL and
THCCOOH 2>20 pg/mL reduced detection windows to <22h with 50 of 72 THC-positive
specimens. Conclusions: Quantification of multiple cannabinoids in OF improved
interpretation of OF tests by identifying recent cannabis smoking, extending the cannabinoid
detection window and reducing the potential for detection of passive cannabis smoke
exposure. Supported by the IRP, National Institute on Drug Abuse (NIDA), NIH.
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Cannabis use is associated with deficits in learning and memory that appear to dissipate
approximately one month after abstinence. Recent studies show deficits in inhibitory
control among heavy cannabis users that may persist for longer. It remains unclear if such
deficits predate the onset of a cannabis use disorder or if they are a consequence of
cannabis use. Indeed, the role of inhibitory control in symptoms of cannabis addiction is
not well understood. In this study, we compared 17 to 24 year-old current cannabis users
(CU, n = 65) and matched non-using controls (NU, n = 65) on a measure of episodic
memory (the Hopkins Verbal Memory Test — Revised; HVLT-R) and several measures of
inhibitory control: the lTowa Gambling Task (IGT), Go-Stop Task, and Monetary Choice
Questionnaire. We also examined relationships between neurocognitive performance and
cannabis addiction severity using the Marijuana Screening Inventory (MSI-X) and the
total number of current DSM-IV symptoms for cannabis abuse and dependence (DSM-
SX). Groups were well matched on numerous demographic, mental health, and substance
use parameters. We used a fairly stringent exclusion criteria, which included history of
significant neurological or mental health problems; developmental or learning disorders;
current use of psychotropic medications; positive urine toxicology for substances other
than cannabis; significant or frequent, recent alcohol consumption; significant or recent
use of other drugs; or abuse or dependence for any other drugs. Participants in the CU
group were regular cannabis users, all endorsed cannabis as their drug of choice, and used
cannabis within the 30 days prior to their study visit. One-way ANOVAs revealed
significant differences between the CU and NU groups on HVLT-R Total Immediate
Recall (p = .01) and Delayed Recall (p = .03). No significant differences were observed
for any of the inhibitory control tasks (all p-values > .43). Among CU, multiple
regressions were conducted with performance on each inhibitory control task and HVLT-
R Immediate Recall as independent variables and MSI-X or DSM-SX as dependent
variables. Only IGT scores predicted greater severity of DSM-SX (p < .01), even when
controlling for amount of cannabis use. No significant associations were evident with the
MSI-X. In summary, we found that young cannabis users with minimal comorbidities
showed deficits in memory, but not in inhibitory control relative to healthy matched
controls. However, poorer decision-making in this sample was associated with more
symptoms of cannabis addiction, regardless of their amount of cannabis use. Our results
suggest that, unlike deficits in memory, deficits in inhibitory control may not be a
consequence of cannabis use; rather, they may be more relevant to the development of
cannabis addiction among young cannabis users.

Acknowledgments: This study was funded by K23DA023650 (PI: Gonzalez) from the
National Institute on Drug Abuse at the National Institutes of Health.
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Adolescence is increasingly viewed as an important developmental window, where ongoing
neuroplastic modifications occur in the central nervous system. These include changes in
dendritic spine density, synaptic rearrangements, myelinization of nerve fibers, changes in
neurotransmitter concentrations and their receptor levels. The endocannabinoid system too
seems to undergo maturation during the adolescent transition period, therefore, exposure to
cannabinoids during adolescence may conceivably alter the physiology of the
endocannabinoid system. Moreover, as this system seems to be critically involved also in the
late brain developmental phase, adolescent exposure to cannabinoids might as well disrupt
processes involved in brain maturation and neural refinement specific of this developmental
window.

On these bases, the first aim of the present work was to study the maturation of the
endocannabinoid system from adolescence into adulthood, in term of receptors and
endogenous ligands, in the brain areas more involved in the modulation of emotional
behaviour (i.e. the prefrontal cortex, nucleus accumbens, amygdala and hippocampus) and
how adolescent exposure to THC may affect it. To this aim, CB1 receptor binding studies
and evaluation of anandamide (AEA) and 2-arachidonoylglycerol (2-AG) levels were
performed at 46 post natal day (PND), 60 PND and 75 PND, representing the middle and late
adolescence, and adulthood, respectively. The same study was then performed on the brains
from animals exposed to THC during adolescence (35-45 PND). Our results indicate that
both CB1 receptor and AEA increased during adolescence and then decreased with different
intensity when animals reached adult age. 2-AG levels showed a mirrored pattern, decreasing
through adolescence and then increasing at adulthood. Adolescent THC treatment altered this
course, with lower CB1 receptor levels during adolescence and, in some brain regions, also at
adulthood; lower AEA in the prefrontal cortex and nucleus accumbens and increased 2-AG in
the hippocampus and amygdala.

The second step of this work was to investigate the occurrence of neuronal refinement in this
specific time window and the impact of adolescent THC treatment on it. To this aim we
monitored synaptophysin and PSD95 levels at 46, 60 and 75 PND in control and THC-treated
rats. PSD95 progression appears to be the most affected by adolescent exposure to THC. In
fact, while control animals exhibited a decrease in this protein levels at 60 PND and then an
increase at 75 PND, this trend was flattened in the nucleus accumbens and significantly
altered in the other brain areas.

Taken together these results suggest that adolescent THC treatment disrupts the physiological
course of the endocannabinoid system maturation into adulthood and the processes of
synaptic remodelling proper of the adolescent period.

Acknowledgements: supported by Compagnia di San Paolo. PP has a pre-doctoral fellowship
from Compagnia di San Paolo.
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Nicotine is the main addictive component of tobacco that plays a major role in
dependence. Nicotine acts on the brain to produce both dependence and withdrawal upon
tobacco smoking or cessation. Emerging evidence suggest that the endogenous
endocannabinoid system play an important role in nicotine reward and reinforcement.
Our lab and others has previously reported that CB1 receptors mediate nicotine reward in
rodents (Merritt e. al. 2008). Rimonabant, a CB1 antagonist, blocked nicotine effects in
the conditioned place preference (CPP) and i.v. self-administation in mice and rats.
However, the involvement of CB2 receptors has yet to be studied in nicotine’s effect.

We therefore investigated the role of CB2 receptor on nicotine reward using SR144528, a
selective CB2 antagonist. Nicotine reward in the mouse was evaluated in an unbiased
conditioned place preference paradigm (CPP) in induction. Mice were pretreated with
either SR144528 (1 and 3 mg/kg i.p.) or Vehicle (i.p.) 15 min before conditioning in the
morning for days 2-4. On test day the mice were tested in a drug free state. Our results
showed that CB2 antagonist dose-dependently decreased nicotine preference compared to
nicotine control in our CPP paradigm. Similarly, nicotine preference at the dose of 0.5
mg/kg was significantly decreased in CB2 knockout mice. Furthermore, pretreatment
with O-1966, a selective and potent CB 2 agonist, dose-dependently potentiated the
effects of a low dose of nicotine (0.1 mg/kg) in the CPP test. Finally, nicotine-induced
antinociception and hypothermia after acute injection was not reduced by SR144528 or
changed in CB2 CB2 knockout mice.

Our results suggest that CB2 receptors may play an important role in nicotine reward.

This research was supported by NIDA grants DA-005274, DA-009789, and
PO1DAO017259.
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PRECLINICAL EVALUATION OF MARIJUANA'’S APPETITIVE,
REWARDING AND PSYCHOACTIVE PROPERTIES

Robert E. Vann and D. Matthew Walentiny
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Marijuana use produces a wide array of physiological effects in humans, including
increases in appetite, facilitation of reward and psychoactive intoxication. These and
other effects of marijuana have been successfully modeled in several preclinical
paradigms using THC and other cannabinoids. These studies have provided a great deal
of information regarding the behavioral effects associated with marijuana use, their
underlying mechanisms, and have assisted in evaluating therapeutic utility of the
endocannabinoid system. Unfortunately, few, if any, studies have validated the effects of
inhaled marijuana in preclinical models. Thus, the present study sought to evaluate the
effects of inhaled marijuana in established mouse models of feeding, intracranial self-
stimulation (ICSS) and drug discrimination.

Mice were exposed to marijuana smoke using an apparatus that drew smoke from
burning plant material (marijuana or placebo) through Tygon tubing to a manifold under
vacuum pump and flow regulation. A solenoid alternated the flow of smoke and fresh air
to mice every 8 s to mimic puffing. Mice were placed into individual holding tubes that
connected to the manifold and actively inhaled smoke during the exposure period.

First, the appetitive effects of marijuana were examined in male ICR mice that were
food-deprived 24 h prior to marijuana exposure, then were allowed access to standard
rodent chow for 2 h. Compared to placebo, marijuana increased food consumption, as did
THC. Next, marijuana and THC’s effects were evaluated in C57BL/6 mice trained to
respond for ICSS under a progressive schedule of reinforcement. Under this schedule, the
response requirement for a subject to obtain a reinforcer increases progressively (FRI,
FR2, FR4, etc.). Once a subject ceases to respond for reinforcement this is referred to as
the “breakpoint”, a dependent measure of reward strength. Marijuana and THC both
increased breakpoints, and this was reversed by rimonabant, demonstrating a CBI-
mediated facilitation of responding for ICSS. Finally, male C57BL/6 mice were trained to
discriminate 5.6 mg/kg THC from vehicle in a two-choice drug discrimination task and
marijuana’s effects were evaluated 10 and 30 min following inhalation exposure.
Marijuana dose-dependently substituted for THC 10 min following exposure, which was
attenuated by rimonabant. However, marijuana failed to substitute for THC 30 min post-
exposure.

These findings demonstrate marijuana’s ability to alter feeding behavior, facilitate reward
and produce THC discriminative stimulus effects in a manner comparable to other
cannabinoids. Taken together, these results provide evidence of the predictive validity of
these animal models as relates to the potential of cannabinoids to model relevant
physiological changes in humans following marijuana use.
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The appearance of synthetic cannabinoids in herbal products marketed as “spice” or
“incense” marks one of the latest stages in the distribution and abuse of designer drugs or
controlled substance analogs, the history of which includes the design of fentanyl in the
1980s; the development of the ring-substituted phenethylamines in the late 1980s and the
tryptamines in the 1990s; and the piperazines and cathinone derivatives in the 2000s. Of
particular concern is the recognition that relatively little is known about the prevalence
and long term health consequences of their use, as methods for the detection and
confirmation of synthetic cannabinoids in bulk, drug formulations, and biological fluids
are currently being developed. Furthermore, there are hundreds of published compounds
with cannabinoid receptor affinity and activity, in several chemical classes, and it might
be anticipated that new substances will continue to appear in various formulations for
their illicit use. This presents a constant challenge for the forensic and toxicological
identification of new substances for the prompt assessment of risk and, where necessary,
implementation of control measures by both public health and law enforcement agencies.

In an effort to develop rapid methods to analyze herbal formulations sold as incense, but
suspected to contain synthetic cannabinoids, an automated solid-phase micro-extraction
and gas chromatography/mass spectrometry (SPME-GC/MS) method was developed.
The analytical approach allows for the detection of JWH-018, JWH-073 and other
synthetic cannabinoid analogs, from small quantities of materials (~50 mg), without
requiring extraction, concentration or derivatization. Analysis of over 20 products,
obtained from retail stores in North Carolina, revealed the presence of at least one
synthetic cannabinoid in each product. The most frequently encountered compounds in
these products were JWH-073 and JWH-018. Several products had two or more analogs,
and one product appeared to have a novel, previously unreported JWH analog present.
RTI scientists are also developing high resolution MS approaches to enhance selectivity
and sensitivity, as well as enable data interrogation approaches that provide better
surveillance across entire classes of compounds. The analytical information (e.g., MS,
NMR, FTIR, etc.) obtained from the analysis of herbal preparations containing synthetic
cannabinoids, as well as synthetic standards of cannabinoid analogs and metabolites, are
currently being incorporated into 'Forensic DB' (www.forensicdb.org), a web-based
cheminformatic database for the retention, review and ongoing collection of spectral data
pertaining to toxins, drugs and other compounds of interest to the forensic community.

Acknowledgements: Funded by NIJ Cooperative Agreement # 2008-DN-BX-K180;
NIDA Contract HHSN271201000003C, and Internal Research and Development Funds.
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Cannabis sativa L. (marijuana, hemp; Cannabaceae) has a long history of cultivation as a
source of fibre and oil-rich seeds, and as a medicinal and psychoactive herbal drug. Its
unique effects are due to the presence of cannabinoids, which include A’-
tetrahydrocannabinol (THC) and more than 70 related prenylated polyketide natural
products. Despite the widespread cultivation and use of cannabis, our understanding of
cannabis biology and cannabinoid biosynthesis has been hampered by the lack of
genomic information.

Here we report the draft genome of a medical marijuana variety of Cannabis sativa
(‘Purple Kush’) and its comparison to two hemp cultivars (‘Finola’ and ‘USO-31"). We
used the Illumina and Roche/454 platforms to generate an approximate x100 combined
average coverage of the ~900 Mb diploid cannabis genome. Both cultivars were
sequenced to x50 coverage using Illumina technology. We also generated RNA-Seq data
of a normalized whole-plant ‘Purple Kush’ cDNA library, as well as from individual
‘Purple Kush’, ‘Finola’ and ‘USO-31" tissues (root, shoot, stem, leaf and flower). Our
preliminary genome assembly encompasses 350 Mb of the non-repetitive genome,
covering an estimated 90% of gene sequences. Assembly of the RNA-Seq reads gave
33,167 contigs with an N50 of 1.64 kb.

Cannabinoids accumulate in high concentrations in glandular trichomes on the floral
tissues of female cannabis plants. In addition to the genome and whole plant
transcriptome approaches described above, we have used targeted analysis of the
transcriptome of glandular trichomes for discovery of cannabinoid biosynthetic enyzmes.
These analyses have yielded several candidate enyzmes involved in cannabinoid pathway
and precursor supply, including polyketide synthases and aromatic prenyltransferases.
Our genome analysis provides sequence information useful in determining the genetic
basis for the metabolic divergence of marijuana and hemp, and for breeding and
biotechnological improvement of this important medicinal and agricultural plant.
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EPITHELIUM IS CRITICAL FOR STROMAL DECIDUALIZATION
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Although the predecidual response in mice is initiated on day 4 of pregnancy prior to the
attachment of the blastocyst with the luminal epithelium (LE), the full-fledged stromal
decidualization begins with blastocyst implantation on day 5. Initially, LE cells are in
direct contact with the blastocyst. Previous studies have shown that the LE is
indispensable for triggering the decidualization response. However, the underpinning
mechanism by which the LE influences the decidualization process in the stroma remains
elusive. It is also not clearly understood as to how the blastocyst attachment signaling is
transmitted to the stromal cells by the LE. In this study, we found that cannabinoid
receptor 1 (CB1) is expressed in the LE, and its ligand anandamide is also detected in the
uterus around the time of implantation. These results suggest that endocannabinoid
signaling plays an important role in early pregnancy events. In fact, we found that
decidual response is remarkably dampened in mice missing CB1. In contrast, the
response was more robust in Faah null females. The fact that CB1 is primarily detected
in the LE supports our hypothesis that CB1 plays a role in regulating the epithelium-
mediated signaling in stromal decidualization. COX2 is induced in the epithelial cells at
the initial stages of decidualization. We found that COX2 expression is appreciably lower
in CBI1 deficient uteri at the time decidualization. These findings provide evidence that
the LE lacking CBI1 transmits sub-threshold signals to the underlying stroma,
compromising decidualization and thereby pregnancy outcome.

Acknowledgements: This work was supported by an NIH Grant (Grant No. DA06668).
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N-acylethanolamines (NAEs) are fatty acid (FA) derived compounds and involved in a
variety of biological processes, including inflammation. The best studied NAE so far is
arachidonoyl ethanolamide (AEA), but combinations with other fatty acids also exist,
such as oleoyl ethanolamide (OEA), stearoyl ethanolamide (SEA), palmitoyl
ethanolamide (PEA), docosahexaenoyl ethanolamide (DHEA) and eicosapentaenoyl
ethanolamide (EPEA). The profile of NAEs is a reflection of long-term dietary FA
intake. FAs are known to affect inflammatory processes, and this could in part be
mediated through conversion to their NAEs since AEA, PEA, DHEA and EPEA display
anti-inflammatory properties. At the same time, LPS triggers the synthesis and release of
NAEs, suggesting that there is a link between dietary fatty acids, their related NAEs, and
inflammation. However, this has not been thoroughly investigated yet.

We examined the effect of LPS on NAE levels in liver, ileum and adipose tissue in adult
male C57/bl6 mice. In the first study, mice were on a n-3 FA rich diet for six weeks. LPS
or saline was administered i.p. and mice were euthanized at t=0, 2, 4, 8, and 24 hr
(4/group). In the second study, mice were on either a control diet, or a 1% (w/w) or 3%
(w/w) fish oil (FO) diet for six weeks to investigate the effect of dietary FAs on NAE
levels. Mice were euthanized 24 hrs post injection with LPS or saline (8/group).

Time- and tissue-dependent effects of LPS on NAE levels were observed in the first
study. Interestingly, after an increase at 2 hr LPS, ileal levels of AEA, DHEA, EPEA, and
OEA decreased gradually, whereas PEA remained high until 24 hr, and SEA levels
continued to increase from 4 hr after LPS. In liver, levels of most NAEs increased 4 hrs
after LPS and decreased subsequently, but PEA levels decreased at 24 hr and SEA
remained unaffected by LPS. In adipose tissue, most compounds were increased by LPS
from 4 hr and further, whereas SEA was decreased by LPS after 24 hr. In the second
study, the FO diets dose-dependently increased DHEA and EPEA levels, and were
further increased by LPS in liver and adipose tissue. The FO diets had different effects on
other NAE levels and their modification by LPS. For example, ileal AEA was reduced in
the 1% FO diet, but unaffected in the 3% FO group compared to the control diet. The
increase in AEA levels after LPS was less in the FO groups compared to the control diet

group.
In conclusion, i.p. LPS differentially affects in vivo NAE levels in liver, ileum and

adipose tissue. The FO diets result in different NAE patterns, and also modulate the effect
of LPS on tissue NAE levels.
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Introduction. Presynaptic CB; cannabinoid receptors can be activated by endogenous
cannabinoids (endocannabinoids) synthesized by postsynaptic neurons. This phenomenon
is termed endocannabinoid-mediated retrograde synaptic signaling (for review see Kano
et al., Physiol Rev 89: 309-380, 2009). The production of endocannabmmds in
postsynaptlc neurons can be trlggered by an increase in intracellular Ca*" concentration
and by activation of Gog; proteln coupled receptors. The aim of the present study was
to clarify the role of Ca’’ released from the endoplasmic reticulum (ER) in
endocannabinoid production triggered by activation of Go11 protein-coupled receptors.

Methods. The experiments were performed on mouse cerebellar slices. Glutamatergic
excitatory (eEPSCs) and GABAergic inhibitory (e[PSCs) postsynaptic currents were
elicited by electrical stimulation in the molecular layer of the cerebellar cortex and were
recorded in Purkinje cells with patch-clamp techniques.

Results. Superfusion of DHPG (5 x 10° M), an agonist of the Gog11 protein-coupled
mGIluR1 receptor, suppressed eEPSCs recorded in Purkinje cells. The CB; antagonist
rimonabant prevented this suppression, pointing to the involvement of endocannabinoids
and CB receptors. The DHPG-induced suppression of eEPSCs was delayed and strongly
attenuated after depletlon of the ER calcium stores by the SERCA pump inhibitors
thapsigargin (5 x 10 M) and cyclopiazonic acid (3 x 10 M). Similarly, the suppression
of GABAergic elPSCs by DHPG was also attenuated after depletion of ER calcium
stores. In a further series of experiments, mGluR1 receptors in the postsynaptic Purkinje
cells were activated by endogenous glutamate released by burst stimulation (10 pulses /
100 Hz) of the presynaptic parallel fibres. The burst stimulation suppressed eEPSCs, and
abolishment of this suppression by rimonabant verified the role of endocannabinods and
CB, receptors. Calcium store depletion by thapsigargin strongly attenuated the burst-
induced suppression of eEPSCs.

Conclusions. The suppression of the glutamatergic and GABAergic synaptic
transmission by DHPG and endogenous glutamate was delayed and strongly attenuated in
experiments in which intracellular Ca®" stores were depleted by SERCA pump 1nh1b1tors
This observation points to the important role of Ca®" release from intracellular Ca** stores
in endocannabinoid production when this production is triggered by activation of Gog;
protein-coupled receptors. Probably, stimulation of PLC, by Goy1:1 proteins alone does
not maximally activate the synthetic pathway of the endocannabinoid 2-
arachidonoylglycerol.
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The striatum is the input nucleus of the basal ganglia, integrating cortical and
thalamic excitatory afferents to modulate action selection and motor coordination.
Endocannabinoids (eCBs) mediate short- and long-term depression (LTD) of excitatory
transmission in the dorsal striatum, and alterations in eCB signaling have been observed
in rodent and primate models of Parkinson’s disease. The most abundant eCB in the
central nervous system is 2-arachidonoyl glycerol (2-AG), which is produced on demand
through the hydrolysis of 1-steroyl-2-arachidonoyl glycerol (SAG) by diacylglycerol
lipase a (DGLa) in response to mGIluR and L-type calcium channel activation. However,
the molecular basis for Ca’>"-dependent regulation of DGL activity is unclear. In order to
provide insight into these mechanisms, we isolated DGLo immune complexes from
solubilized mouse striatum and analyzed them using a shotgun proteomics approach.
Calcium/calmodulin-dependent protein kinase II (CaMKlIla) was identified in striatal
DGLx immune complexes, and we confirmed that CaMKIIx interacts with and
phosphorylates DGL& in co-transfected HEK293T cells. Moreover, the interaction is
stabilized by CaMKII activation and autophosphorylation at Thr286.

To determine the synaptic consequence of the interaction between DGLa and
CaMKlIla , we used whole cell patch clamp recordings from T286A-KI mice (with a
knock-in mutation of Thr286 to Ala in CaMKIla to prevent autophosphorylation), and
found that these mice have a strong deficit in striatal eCB-LTD. In whole cell patch
experiments in WT mice, the intracellular loading of the DGLa substrate SAG caused
significant CB1 receptor-dependent depression of evoked EPSCs. This effect was
blocked by the DGL inhibitor tetrahydrolipstatin (THL) and was absent in both CB1KO
and T286A-KI mice. These data indicate a strong deficit in striatal 2-AG signaling in
T286A-KI mice, which could contribute to the hyperactive behavioral phenotype they
display. Consistent with this hypothesis, hyperactivity of T286A-KI mice in open field
arenas can be rescued by pharmacological augmentation of 2-AG levels by JZL-184,
which has no significant effect on locomotion in WT mice. In combination, these data
demonstrate that CaMKII is a critical regulator of striatal 2-AG signaling and synaptic
plasticity through its interaction with DGLa. Deficits in this pathway may contribute to
movement disorders and other neurological disorders involving the striatum.
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Fear extinction is a form of learning in which a conditioned fear response is reduced by
repeated (non-reinforced) exposure to a learned fear stimulus. Previous work has shown
that fear extinction is impaired in mice lacking the CB1 receptor. Here we tested the
hypothesis that administration of a novel fatty acid amide hydrolase (FAAH) inhibitor
(AM3506) would boost brain endocannabinoid levels and facilitate fear extinction in
mice. We found that systemic administration of AM3506 (0.25-1.0 mg/kg i.p.)
preferentially inhibited FAAH activity in the brain and increased anandamide induced
stimulation on CB1 receptor ex vivo by [>S]GTPyS binding assays. Endogenous
anandamide levels in the basolateral amygdala and prefrontal cortex were elevated after
fear extinction training, and augmented by pre-training systemic administration of
AM3506 (1 mg/kg, i.p.). In a mouse model of impaired extinction (the S1 inbred strain),
systemic administration of AM3506 significantly facilitated fear extinction. This effect
was blocked by systemic co-administration of the CB1 receptor antagonist rimonabant
(10 mg/kg, 1.p.). The fear-extinction facilitating effect of systemic AM3506 was also
blocked by bilateral microinfusion of rimonabant (2 ug) into the basolateral amygdala.
These data demonstrate that AM3506 is a potent enhancer of fear extinction, and likely
acts via stimulation of CB1 receptors in the amygdala. Our study identifies FAAH as a
novel target for the treatment of neuropsychiatric disease characterized by impaired fear
extinction, such as posttraumatic stress disorder.

Supported by National Institute of Alcohol Abuse and Alcoholism Intramural Research

Program and funding from Department of Defense in the Center for Neuroscience and
Regenerative Medicine.
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Cannabinoids are part of an endogenous signaling system consisting of cannabinoid
receptors and endogenous cannabinoids (eCBs) as well as the enzymatic machinery to
produce and break down these eCBs. Depolarization-induced suppression of excitation
(DSE) is a form of cannabinoid CB1 receptor-mediated inhibition of synaptic
transmission that involves the production of the eCB 2-arachidonoyl glycerol (2-AG).
The role of diacylglycerol lipase (DGL) in the formation of 2-AG during depolarization
is controversial: hippocampal DSI is absent in DGLa knockout mice (Tanimura et al.,
2010, Gao et al., 2010), yet DGL inhibitors do not always block DSI (Min et al., 2010).
Furthermore, the two isoforms of DGL—DGLoa and DGLP—are impossible to
distinguish by available pharmacological tools. Of these DGLo has received
considerable attention in 2-AG production. What role, if any, might be played by DGLJ
remains largely unexplored. Autaptic hippocampal neurons are well-suited to a
comparative study of the roles of these enzymes in mediating the robust endogenous DSE
present in these cultured neurons under controlled conditions (Straiker & Mackie, 2005).

To investigate the importance of DGLa and DGLP for 2-AG production in DSE we
developed siRNA constructs for each enzyme. We found that our constructs reduced
expression of these proteins by 70% and 72% in DGLa- and DGLB-expressing HEK293
cells, respectively. We then used these constructs to knockdown DGL expression in
autaptic hippocampal neurons.

We find that knockdown of DGLa results in a substantial reduction of DSE, shifting the
‘depolarization response curve’ from an EC50 value of 1.6 sec to 6.4 sec (non-
overlapping 95% confidence intervals). Interestingly, DGLP diminishes DSE as much or
more (EC50 54.8 sec, non-overlapping CI), suggesting that DGLf is responsible for a
portion of 2-AG production in autaptic neurons. In separate experiments we confirmed
that siRNA for each DGL did not reduce the expression of the other DGL in HEK293
cells.

We conclude that both DGLa and DGLf play a role in endogenous cannabinoid

signaling. Our results identify DGLP as a new potential target for modulation of the
cannabinoid signaling system.
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Dietary consumption of long chain omega-3 poly-unsaturated fatty acids (n-3
LCPUFAs), in particular DHA (22 : 6n-3) and EPA (20 : 51-3), has been associated with
several positive health effects, including a reduction of risk factors for cardiovascular
diseases, diabetes, obesity/metabolic syndrome and inflammatory bowel disease. A low-
grade inflammatory process is thought to play a pivotal role in the sustainment and
possibly the induction of many of these disorders. After dietary intake, LC-PUFAs are
incorporated in membranes and can be converted to their corresponding N-acyl
ethanolamines (NAEs). Members of the group of NAEs, e.g. AEA, PEA and OEA, are
well-known to possess biological activity via cannabinoid or PPAR receptors. However,
little is known on the biological role of the ‘fish-oil-derived” NAE metabolites.

Studies were conducted in mice RAW264.7 and thioglycollate-induced peritoneal
macrophages, stimulated by LPS (0.1-1 uM). Nitric oxide, MCP-1 and IL-6 release were
assessed by Griess assay and ELISA, respectively. Expression levels of MCP-1 and iNOS
were established by RT-qPCR . Levels of DHEA and EPEA were determined using LC-
MS/MS.

We found that DHEA (docosahexaenoylethanolamine), the ethanolamide of DHA has
anti-inflammatory properties. Among a series of fatty acid-derived unsaturated NAEs
(including AEA), DHEA was found to be the most potent inhibitor of LPS-induced
nitric oxide release in RAW264.7 macrophages. In LPS-stimulated peritoneal mice
macrophages, DHEA significantly suppressed production of monocyte chemotactic
protein-1 (MCP-1), IL-6 and nitric oxide, all key inflammatory mediators in diseases
associated with the metabolic syndrome. Inhibitory effects of DHEA were found to take
place at the transcriptional level as DHEA reduced gene expression of MCP-1 and
inducible nitric oxide synthase (iINOS). Additionally, studies were undertaken to reveal
the molecular pathways via which DHEA exerts its action. Moreover, it was confirmed
that 3T3-L1 preadipocytes can form DHEA and eicosapentacnoyl ethanolamine
(EPEA) out of their fatty acid precursors DHA and EPA, respectively, and we
demonstrated the presence of DHEA in human plasma. These results imply a potential
modulatory role for DHEA as DHA-derived mediator in inflammatory processes.
Further studies should elucidate the relevance of this ’fish oil mediator’ in vivo and the
relation to other inflammatory pathways in which DHA is involved.

55



PROPOFOL ALTERS MEMORY VIA INTERACTION
WITH THE ENDOCANNABINOID SYSTEM

D. Hauer', Gustav Schelling'B. Roozendaal’, and P. Campolongo’

Dept. of Anaesthesiology', Ludwig-Maximilians University, Munich, Germany;
Dept. of Neuroscience’, UMCG, Groningen, the Netherlands
Dept. of Pharmakology”, University , La Sapienza“, Rom, Italy

Introduction: Propofol is a popular and very commonly used anesthetic that is known to reduce
postoperative nausea and vomiting (PONV), shows postoperative mood alterations and is
associated with a higher incidence of dreaming compared to other general anesthetics. It is also
known to inhibit fatty acid amide hydrolase (FAAH) degrades the endocannabinoid anandamide.
It already has been shown that i.p. administration of propofol leads to increased brain anandamide
contents in mice'. In patients, our group has shown that propofol anesthesia results in moderate
increases or unchanged plasma endocannabinoid activity while in those patients undergoing
anesthesia with volatile agents had decreased endocannabinoid plasma levels.

As the endocannabinoid system (ECS) plays a crucial role in regulating emotional arousal and
stress hormone effects that strengthen memory” we are now able to show that propofol alters
memory consolidation specifically while midazolam and pentobarbital does not affect memory. In
a second set of experiment we administered propofol together with cannabinoid receptor 1
blocker rimonabant to investigate the interaction of propofol and ECS.

Methods: Male Sprague-Dawley rats were trained and tested in an inhibitory avoidance
apparatus and received inescapable footshock after entering the dark compartment. On retention
test 48 hours later the latency to enter the dark compartment completely was recorded and taken
as a measure of retention. Drug administration was performed either immediately, 30 or 180
minutes after training to clarify what part of memory consolidation is effected.

We administered propofol (200 and 300 mg/kg) together or alone with rimonabant (1mg/kg),
midazolam (30 and 50 mg/kg) or vehicle i.p.

Results: Propofol in anesthetic dose (300 mg/kg) leads to significant longer retention latency that
represents a stronger memory consolidation when administered immediately or 30 minutes after
training session. This effect does not occur when infusing propofol 180 minutes after training or
when rimonabant was administered concomitantly.

Midazolam do not affect retention latencies, no matter of dose or timepoint of administration.
Conclusion: We showed in rats that propofol induces memory consolidation via an interaction
with the endocannabinoid system while midazolam does not affect consolidation.

Like it is it is also known for cannabinoids® and glucocorticoids® this memory modulation is time-
dependend. Concomidant administration of rimonabant blocked memory consolidation induced
by propofol what leads to the conclusion that this memory effect of propofol needs
endocannabinoid activity. Therefore propofol, in contrast to the benzodiazepine midazolam,
enhances emotional memory consolidation when administered immediately after a stressful event
by augmenting endocannabinoid signaling.

References:
(1) BrJ Pharmacol 2003 Jul;139(5):1005-13.
(2) Eur.J.Neurosci. 2002; 15: 553-560
(3) Proc Natl Acad Sci USA.2009 Mar 24;106(12):4888-93
(4) Neurobiol Learn Mem. 2004 Jan;81(1):67-74.
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CANNABINOID-1 RECEPTOR CONTRIBUTIONS
TO CEREBELLAR LEARNING

Adam B. Steinmetz and John H. Freeman
Department of Psychology, University of lowa, lowa City, IA 52242, USA

The cerebellar cortex, particularly the molecular layer, contains the highest density of
cannabinoid receptors (CBR1) in the mammalian brain. The CBR1s are located on the
axon terminals of parallel fibers, climbing fibers, stellate cells, and basket cells where
they inhibit neurotransmitter release. One way to probe the function of these cerebellar
receptors is through eyeblink conditioning. Eyeblink conditioning is a type of learning
established by paired presentations of a conditioned stimulus (CS) such as a tone or light
and an unconditioned stimulus (US) that elicits the blink reflex. Conditioned stimulus
information is projected from the basilar pontine nuclei to the cerebellar interpositus
nucleus and cortex. The present study examined the effects of a CBRI1 agonist,
WINS55,212-2, on acquisition, retention, and extinction of eyeblink conditioning in rats.
In Experiment 1, rats were given subcutaneous administration of 1, 2, or 3 mg/kg of
WINS55,212-2 during 10 days of acquisition training. There was a dose-dependent
impairment in acquisition, with no effect on spontaneous or non-associative blinking. In
Experiment 2, 3 mg/kg of WINSS, 212-2 was given after 5 days of training with no
infusions, followed by a day of training with an injection of the vehicle. Extinction (a
type of inhibitory learning) training with Win 55,212-2 or vehicle injections was then
administered for 2 days. Administration of WINS55,212-2 after learning produced a mild
impairment in retention. Extinction of eyeblink conditioning was slower in the rats that
were given WINS55,212-2. The findings support the hypothesis that CBR1s in the
cerebellar cortex play important roles in cerebellar learning and extinction.

Grant support: NIHM MHO080005
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ENDOCANNABINOID SIGNALING MEDIATES THE IMPAIRING EFFECTS
OF STRESS-LEVEL GLUCOCORTICOIDS ON MEMORY RETRIEVAL

Piray Atsak', Daniela Hauer'”, Patrizia Campolongo’, Gustav Schelling?,
Benno Roozendaal'

1. Department of Neuroscience, Section Anatomy, University Medical Center
Groningen, University of Groningen, The Netherlands
2. Department of Anesthesiology, Ludwig Maximilians University, Munich,
Germany
3. Department of Physiology and Pharmacology, Sapienza University of Rome,
Rome, Italy

It is well known that glucocorticoids (GCs) administered to rats or humans interact with
the noradrenergic system to impair the retrieval of memory of emotionally arousing
experiences (de Quervain et al., Nature, 394 (1998) 787-780; de Quervain et al. Nat.
Neurosci., 3 (2000) 313-314; Roozendaal et al., J. Neurosci., 24 (2004) 8161-8169).
These findings have important implications for understanding the neurobiological
mechanisms underlying traumatic memories and anxiety disorders, e.g. post-traumatic
stress disorder (PTSD). Clinical studies indicated that GC treatment results in a long-
lasting reduction of re-experiencing (=retrieval) of traumatic information and other stress
symptoms in PTSD patients (Schelling et al., Biol. Psychiatry, 55 (2004) 627-633).
However, the mechanism of how GCs impair such memory retrieval mechanisms is
poorly understood. Here, we investigated the hypothesis that the endocannabinoid (eCB)
system, a fast-acting lipid-based stress-response system, might play an important role in
regulating the impairing effects of GCs effects on memory retrieval.

We tested this hypothesis with four sets of experiments. For all experiments, rats were
trained on a hippocampus-dependent contextual fear-conditioning (CFC) task and
retention was tested 24 h later, all drug treatments were given 60 min before retention
testing. First, we showed that systemic injections of corticosterone (0.3-3.0 mg/kg, sc),
the major GC in rats, dose-dependently impaired the retrieval of CFC memory. Second,
we found that a blockade of the eCB system in the hippocampus with the cannabinoid
receptor type 1 (CB1) antagonist AM251 (0.35 ng) prevented the memory retrieval
impairment induced by co-administered systemic corticosterone. Third, we found that a
CBI1 receptor agonist WIN 55,212-2 (10-30 ng) administered into the hippocampus is
sufficient to induce CFC memory retrieval impairment. Fourth, we investigated a
possible interaction between eCB and noradrenergic signaling in the hippocampus. We
found that intrahippocampal infusions of the beta-adrenoceptor antagonist propranolol
(1.25 pg) blocked the memory retrieval impairment induced by the CB1 receptor agonist
WIN 55,212-2. Collectively, these findings indicate that memory retrieval impairment
induced by GCs depends on both eCB and noradrenergic transmission.

Acknowledgments: Funds by the National Science Foundation (Grant no, IOB-0618211)
and J.C. de Cock Foundation.
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DUAL INHIBITION OF FAAH AND MAGL
IN MICE IMPAIRS SHORT-TERM SPATIAL MEMORY
ASSESSED IN THE WATER MAZE

Laura E. Wise, Kelly A. Long, Jonathan Z. Long,
Benjamin F. Cravatt, and Aron H. Lichtman

Department of Pharmacology and Toxicology, Virginia Commonwealth University, PO
Box 98061, Richmond, VA 23298, USA; The Skaggs Institute for Chemical Biology and
Department of Chemical Physiology, The Scripps Research Institute, La Jolla, CA 92037,

USA

Acute administration of marijuana and THC impair short-term spatial memory in water
maze tasks through a CB1 receptor mechanism of action. N-arachidonoyl ethanolamine
(anandamide; AEA) and 2-arachidonoylglycerol (2-AG) are endogenous ligands for the
CBI1 receptor. Pharmacological inhibition or genetic deletion of either fatty acid amide
hydrolase (FAAH) or monoacylglycerol lipase (MAGL), enzymes that regulate AEA and
2-AG, respectively, produce distinct pharmacological profiles of direct CB1 agonists,
such as THC. However, dual inhibition of FAAH and MAGL elicits THC-like
behaviors, such as THC generalization in drug discrimination. In the following studies
we tested the hypothesis that dual inhibition of FAAH and MAGL would produce THC-
like short-term memory impairment in the Morris water maze. FAAH -/- and wild-type
mice were trained in a repeated acquisition memory task mice. Doses (0, 20 and 40
mg/kg) of the selective MAGL inhibitor, JZL184, were then tested in each genotype. We
then evaluated whether the memory impairing effects of JZL184 were mediated by a CB1
receptor mechanism of action. Finally, for comparison, the dual FAAH/ MAGL inhibitor
JZL195 (20 mg/kg) and THC (10 mg/kg) were evaluated in the repeated acquisition
memory task mice. Although the high dose of JZL184 disrupted memory performance in
both genotypes, the low dose of JZL184 only disrupted memory in FAAH -/- mice,
indicating that spatial short-term memory impairment is particularly sensitive to dual
inhibition of FAAH and MAGL. The CBI1 receptor antagonist rimonabant blocked
JZL.184-induced memory impairment in both genotypes indicating that the memory
impairing effect of MAGL inhibition, as well as the memory impairing effect of dual
FAAH/ MAGL inhibition, was mediated by a CB1 receptor mechanism of action. Both
JZLL195 and THC also disrupted memory performance in the water maze providing
complementary findings that dual inhibition of FAAH and MAGL can produce THC-like
spatial short-term memory impairment. The results of this study reveal short-term
memory impairment in mice treated with a high dose of the MAGL inhibitor, JZL184.
Moreover, given that the low dose of JZL184 disrupted memory in FAAH -/- mice and
that the dual FAAH/ MAGL inhibitor JZL195 disrupted memory performance, these
findings also indicate that dual inhibition of FAAH and MAGL can also impair short-
term memory.
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THE CB2 RECEPTOR AGONIST GW405883 ATTENUATES
VARIABLE CHRONIC MILD STRESS-INDUCED SPATIAL
LEARNING DEFICITS AND NEURONAL CELL LOSS

E.J. Shobin', C. H. Abbott', R. G. Hunter?, and J. A. Schroeder’

'Psychology/Behavioral Neurosci., Connecticut Col., New London, CT; *Harold and
Margaret Milliken Hatch Laboratory of Neuroendocrinology, Rockefeller Univ., New
York, NY

Prolonged exposure to stress may result in a depressive state that is associated with
hippocampal damage mediated by inflammatory cytokines produced by activated
microglia. Recent evidence suggests that type 2 cannabinoid receptors (CB2) are
expressed by central nervous system microglial cells. CB2 receptor activation inhibits
activated microglia inflammation and promotes neuron survival and proliferation. In this
study, rats were exposed to a 3-week variable chronic mild stress (CMS) paradigm
followed by behavioral assessment of spatial navigation ability. Compared to untreated
stress-exposed controls, rats that received daily injections of the CB2 agonist GW-
405883 during CMS performed significantly better in Morris water maze evaluation of
spatial learning and memory. Immunohistochemical evaluation NeuN cell counts
demonstrated a greater number of neurons in CMS animals treated with GW-405833.
Results suggest that the CB2 receptor may play a role in controlling stress-induced spatial
learning and memory deficits associated with activated microglial-mediated hippocampal
damage.

P1-5



ALTERATIONS OF ENDOCANNABINOID SIGNALING, SYNAPTIC
PLASTICITY, LEARNING AND MEMORY IN MONOACYLGLYCEROL
LIPASE KNOCKOUT MICE

Qing-song Liu', Bin Pan', Wei Wangl, Peng Zhongl,
Jacqueline L. Blankman® and Benjamin F. Cravatt’

'Department of Pharmacology and Toxicology, Medical College of Wisconsin, 8701
Watertown Plank Road, Milwaukee, WI 53226; “The Skaggs Institute for Chemical Biology,
Department of Chemical Physiology, The Scripps Research Institute, 10550 North Torrey
Pines Road, La Jolla, California 92037

Endocannabinoids (eCBs) are key signaling molecules that regulate synaptic transmission
and a variety of physiological functions. eCB signaling is tightly regulated by eCB
biosynthetic and degradative enzymes. The CB 2-arachidonoylglycerol (2-AG) is hydrolyzed
primarily by monoacylglycerol lipase (MAGL). Here, we investigated whether eCB
signaling, synaptic function and behavior were altered in MAGL knockout mice. MAGL™
mice exhibited prolonged depolarization-induced suppression of excitation (DSE) in
cerebellar slices and inhibition (DSI) in hippocampal slices, providing genetic evidence that
the inactivation of 2-AG by MAGL determines the time course of DSE and DSI. On the other
hand, the magnitude of DSE or DSI was decreased, and a CB1 receptor agonist induced
significantly less synaptic depression in MAGL™ mice, suggesting that sustained elevations
of 2-AG in MAGL™ mice cause CBI receptor desensitization. Genetic deletion of MAGL
selectively enhanced theta burst stimulation (TBS)-induced long-term potentiation (LTP) in
CA1 region of hippocampal slices but had no significant effect on LTP induced by high-
frequency stimulation or long-term depression induced by low-frequency stimulation. The
enhancement of TBS-LTP in MAGL™ mice appears to be mediated by 2-AG-induced
suppression of GABA, receptor-mediated inhibition. MAGL” mice exhibited enhanced
learning as shown by improved performance in novel object recognition and Morris water
maze. These results indicate that genetic deletion of MAGL causes profound changes in eCB
signaling, long-term synaptic plasticity and learning behavior.
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SEX DIFFERENCES IN THC-INDUCED ANTINOCICEPTION
AGAINST INFLAMMATORY PAIN

Kimberly T. Tsutsui, Ram Kandasamy and Rebecca M. Craft

Department of Psychology, Washington State University,
Pullman, WA, USA

Cannabinoids are antinociceptive in both acute and inflammatory pain models in male
rodents. Additionally, cannabinoids are more potent and in some cases more efficacious
in female compared to male rats, using acute pain models; however it is not known
whether males and females respond differently to A’-tetrahydrocannabinol (THC) under
conditions of chronic pain. As such, the aim of this study was to determine whether
there are sex differences in THC's anti-hyperalgesic, anti-allodynic, and anti-
inflammatory effects using the complete Freund’s adjuvant (CFA) model. The
behavioral and anti-inflammatory effects of vehicle vs. THC (0.32 or 3.2 mg/kg i.p.) were
compared between gonadally intact male and female Sprague-Dawley rats at 1, 3, and 7
days after intra-plantar CFA injection; vehicle or THC was given each day, 30 min before
testing began. THC attenuated both mechanical allodynia and thermal hyperalgesia as
assessed by the von Frey and Hargreaves assays, respectively. Females showed less
mechanical allodynia than males on day 3, whereas there was no sex difference in anti-
hyperalgesia. Overall, THC decreased locomotor activity more in females than males.
THC also decreased paw inflammation more in females than males. These results agree
with previous studies demonstrating sex differences in cannabinoid-induced
antinociception using acute pain models, and also suggest possible sex differences in the
anti-inflammatory properties of THC. However, it is possible that THC’s greater anti-
allodynic effect in females is secondary to THC’s greater sedative effect in females.
Future studies comparing the effects of peripherally administered cannabinoids in
females vs. males will test this hypothesis.
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PROGESTERONE MODULATION OF A’ - TETRAHYDROCANNABINOL-
INDUCED ANTINOCICEPTION

Alexa A. Wakley, Cassidy A. Kobialka and Rebecca M. Craft

Department of Psychology, Washington State University,
Pullman, WA, 99164-4820, United States

Systemically administered cannabinoids produce greater antinociceptive effects in female
compared to male rats (Romero et al., 2002; Tseng & Craft, 2001). We have also
demonstrated estrous cycle-related fluctuations in THC-induced antinociception (Craft &
Leitl, 2008; Wakley & Craft, 2011). Whether these fluctuations are due to changes in
estradiol, progesterone, or both is not known; there is limited evidence that each hormone
can modulate cannabinoid-induced antinociception (progesterone in mice: Kalbasi
Anaraki et al., 2008; estradiol in rats: Craft & Leitl, 2008). Therefore, the aim of this
study was to examine how progesterone and estradiol alone and in combination modulate
the effects of THC on measures of antinociception and locomotion in the rat.

Female Sprague-Dawley rats (N=6-10/hormone group) were ovariectomized (OVX) and
a blank or estradiol-filled capsule was implanted s.c. On post-surgery day 8, a s.c.
injection of progesterone or oil was administered; 4 hours later, A’-tetrahydrocannabinol
(THC, 5 mg/kg, i.p.) or vehicle (1:1:18 ethanol:cremophor:saline) was administered.
Antinociception was measured using warm water tail withdrawal and paw pressure tests
at 15-240 min post-THC injection. Horizontal locomotion was examined in 5-min
periods at 30-240 min post-injection, and catalepsy was measured at 30 and 60 min post-
injection. THC produced time-dependent antinociception on the paw pressure test (time
x THC: F(3.5, 194.3) = 3.72, p<0.01). Peak paw pressure antinociception was observed
between 15 & 30 min post-injection in all hormone groups, except females given
progesterone alone (peak occurred at 60 min post-injection; time x THC x P4: F(3.5,
194.3) = 2.85, p<0.05). No significant hormone group differences were observed in
THC-induced antinociception on the tail withdrawal test. THC significantly suppressed
locomotor activity 30 — 240 min post-injection (THC x time: F(2.23, 121.4) = 13.35,
p<0.001), but neither estradiol nor progesterone significantly altered THC-induced
locomotor suppression. Similarly, neither hormone significantly altered THC-induced
catalepsy. Estradiol significantly increased uterine weight (estradiol: F(1, 53) = 271.27,
p<0.001), however, THC slightly blunted the estradiol-induced increase in uterine weight
(THC x estradiol: F(1, 53) =4.31, p<0.05).

These results suggest that while progesterone alone can modulate THC-induced
antinociception in OVX females, its effects are assay-dependent. Neither ovarian
hormone appears to modulate the motoric effects of THC. However, in both of our
studies estradiol was administered chronically rather than cyclically; thus its effect (or
lack thereof) may not reflect estradiol’s actual modulation of cannabinoid action in a
cycling female. We are currently employing an intermittent hormone injection approach
to more accurately model the estrous cycle of female rats.
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EVALUATION OF THE CANNABINOID CB; RECEPTOR-SELECTIVE
COMPOUNDS AT GPRS5S: IMPLICATIONS FOR DRUG TARGETS IN PAIN
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The antinociceptive effect of CB, receptor selective cannabinoid agonists has been
extensively investigated. Subsequently, selective CB, receptor agonists have been
developed