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WELCOME RECEPTION: 18.30 - 20.00

DAY 1
SUNDAY, JUNE 30™
7.30 BREAKFAST
8.30 WELCOME AND OPENING REMARKS

ORAL SESSION 1. CANNABIS COMPOUNDS, GENETICS,
CHEMOVARS AND EXTRACTION METHODS

CHAIRS: JANA HAJSLOVA AND JOHN MCPARTLAND

RENAMING DINOSAURS:

*k
8.45 ] OEHGM' flz/lcp"{rvﬂagd EXHUMING THE ANCESTORS
and Leollrey W. Luy OF “SATIVA” AND “INDICA”

SHORT- AND LONG-TERM ACUTE

Carrie Cuttler®, EFFECTS OF CANNABIS ON

9.00 Alexander Spradlin HEADACHE AND MIGRAINE:
and Rebecca Craft A NATURALISTIC STUDY OF

MEDICAL CANNABIS USERS

Lipin Ji, Yingpeng Liu,
Fei Tong, Marsha Eno,
Shalley Kudalkar, Alex
Straiker, Ai-ling Li, Othman
Benchama, Chandrashekhar
Honrao, Anisha Korde,

Amey Dhopeshwarkar, Paula CHIRAL
Morales, Shu Xu, Michaela
9.15 e o ENDOCANNABINOID
Simiao Wu, JodiAnne T. LIGANDS

Wood, Nikolai Zvonok,
Patricia Reggio, Ken Mackie,
Lawrence Marnett,
Andrea G. Hohmann,
Alexandros Makriyannis
and Spyros P. Nikas*




9.30

L. Cinnamon Bidwell*,
Jarrod Ellingson,
Sophie YorkWilliams,
Hollis Karoly, Leah N.
Hitchcock, Cristina
Sempio, Jost Klawitter,
Brian Tracy,
Angela D. Bryan
and Kent E. Hutchison

ACUTE SELF-ADMINISTRATION
OF LEGAL MARKET FLOWER AND
CONCENTRATED CANNABIS:
CANNABINOID BLOOD LEVELS,
SUBJECTIVE INTOXICATION, AND
NEUROBEHAVIORAL OUTCOMES

9.45

Jana Hajslova*, Marie
Fenclova, Frantisek
Benes, Ethan Russo

and Pavel Kubu

ASSESSING TRENDS OF CBD OILS
QUALITY AT THE EU MARKET

10.00

COFFEE BREAK

CHAIRS:

ORAL SESSION 2. CANNABIDIOL

MICHELLE GLASS AND SAOIRSE O'SULLIVAN

10.30

Salahaden R. Sultan,
Timothy J. England

and Saoirse E.
O’ Sullivan*

ACUTE AND CHRONIC
EFFECTS OF CANNABIDIOL
ON HAEMODYNAMICS IN
HEALTHY MALES

10.45

Staci A. Gruber*,
Ashley M. Lambros,
Rosemary T. Smith,

M. Kathryn Dahlgren,
Kelly A. Sagar,
David P. Olson

and Scott E. Lukas

HIGH ANXIETY? EXAMINING
THE IMPACT OF FOUR WEEKS OF
TREATMENT WITH A NOVEL HIGH
CANNABIDIOL PRODUCT

11.00

Tory Spindle*, Edward
Cone, John Mitchell,
George Bigelow,

ACUTE PHARMACOKINETICS AND
PHARMACODYNAMICS OF ORAL
AND VAPORIZED CANNABIDIOL

Ron Flegel
and Ryan Vandrey IN HEALTHY ADULTS
. CANNABIDIOL ATTENUATES
Ewa Galaj*,
; COCAINE REWARD BY CB2, 5-HTa
11.15 Guo-Hua Bi

and Zheng-Xiong Xi

AND TRPV1 RECEPTOR
MECHANISMS IN RATS




11.30 - 12.30

PLENARY SPEAKER

US CANNABIS POLICY:
IMPLICATIONS FOR PUBLIC HEALTH

SUSAN R. B. WEISS, PH.D.

Director

Division of Extramural Research
National Institute on Drug Abuse, Bethesda, MD, USA

12.30

LUNCH

12.30

NIDA STUDENT TRAINING SESSION

OVERVIEW OF NIH/NIDA RESEARCH TRAINING AND
GRANT OPPORTUNITIES IN CANNABINOID RESEARCH

BETH BABECKI, WOODY LIN AND RAO RAPAKA

13.30 - 14.30

ICRS LIFETIME ACHIEVEMENT AWARD

CANNABINOID PHARMACOLOGY:
MY FIRST HALF CENTURY

ROGER PERTWEE, M.A., D.PHIL, D.SC., HONFBPHS

Institute of Medical Sciences
University of Aberdeen, Scotland

ORAL SESSION 3. CB1 PHARMACOLOGY
CHAIRS: RESAT CINAR AND YOSSI TAM

14.30

Thuy Nguyen, Ann M.
Decker, Thomas F.
Gamage, Jun-Xu Li, ALLOSTERIC MODULATORS
Jenny L. Wiley, OF THE CANNABINOID CB1
Brian F. Thomas, RECEPTOR: DIARYL UREAS
Terry P. Kenakin
and Yanan Zhang*

10

14.45

STRUCTURAL ANALYSIS OF THE
CB1 CANNABINOID RECEPTOR
INTERACTING PROTEIN 1A
(CRIP1A)

Allyn C Howlett*,
William T. Booth
and W. Todd Lowther

11




Adi Drori*, Asaad
Gamal, Shahar Azar,
Liad Hinden, Rivka

CANNABINOID-1 RECEPTOR
REGULATES SOLUBLE LEPTIN
RECEPTOR LEVELS VIA C/EBP

15.00 Hadar, Daniel Wesley, | HOMOLOGOUS PROTEIN (CHOP), 12
Alina Nemirovski, CONTRIBUTING TO OBESITY-
Maayan Salton, Boaz RELATED HEPATIC LEPTIN
Tirosh and Joseph Tam RESISTANCE
Resat Cinar*, Nathan
J. Coffey, Steven P. MRI-1867, A THIRD GENERATION
Bodine, Joshua K. CB1R ANTAGONIST,
Park, Malliga R Iyer, FOR EFFECTIVE THERAPY
15.15 Bernadette R. OF A RARE DISEASE, 13
Gochuico, William A. HERMANSKY-PUDLAK
Gahl, May Christine V. SYNDROME PULMONARY
Malicdan FIBROSIS
and George Kunos
Ml%};fzeslla;ézﬁl;ova’ A CRITICAL EVALUATION
15.30 Anaelle Zimmow{tch OF TERPENOID SIGNALING AT 14
Alex Straiker™ ’ CANNABINOID CB1 RECEPTORS
) IN A NEURONAL MODEL
and Ken Mackie
Tania Muller, Julia
Lizﬁ‘rlz‘r‘ltt g:rﬁ;]:ﬁh HYBRID INHIBITOR OF
Patricia Passilly- ’ PERIPHERAL CANNABINOID-1
15.45 Degrace, Resat Cinar, RECEPTOR AND INDUCIBLE 15
Malliga R Iyer, George NITRIC OXIDE SYNTHASE
Kunos, Bruno Vergss MITIGATES THE DEVELOPMENT
’ ’ OF DYSLIPIDEMIA
Pascal Degrace
and Tony Jourdan*
POSTER SESSION 1
16.00 - 18.00 P1

RECEPTION

Notes:

Presenting Author*




DAY 2
MONDAY, JULY 157

7.30 BREAKFAST

8.30 OPENING REMARKS

ORAL SESSION 4. CB2 PHARMACOLOGY
CHAIRS: UWE GRETHER AND MELANIE KELLY

U. Grether*, K. Atz, B.
Brennecke, E. M.
Carreira, C. Davies, J.
Fingerle, T. Gazzi, J.
Gertsch, W. Guba, A.
Kimbara, C. Korn, M.
Maccarrone, H.

Mandhair, R. E. Martin,
A. Mason, T. Miljus, M. FLUORESCENTLY LABELED

Nazare, M. Nettekoven, TYPE-2 CANNABINOID RECEPTOR
8.45 S. Oddi, P. Pacher, A. (CB2R) LIGANDS: FROM INITIAL
Pavlovic, A. Pedrina- ATTEMPTS TOWARD A HIGHLY
McCarthy, P. Pfaff, C. | VERSATILE CHEMICAL TOOLBOX
Raposo, M. Rogers-
Evans, E. Roome, S.
Rover, A. Rufer, R.
Sarott, M. Soethoudt, C.
Ullmer, M. van der Stelt,
D. Sykes, Z. Varga, D.
B. Veprintsev, M. Weise
and M. Westphal

16

M. Nazare*, T. Gazzi, B.
Brennecke, M. Weise U.
Grether, K. Atz, E. M.
Carreira, J. Fingerle, J.
Gertsch, W. Guba, C.

Korn, M. Maccarrone, H.
Mandhair, T. Miljus, S. CB2 RECEPTOR DETECTION

9.00 Oddi, P. Pacher, A. BY NEW FLUORESCENTLY
Pavlovic, P. Pfaff, C. LABELED SYNTHETIC LIGANDS
Raposo, A. Rufer, R.
Sarott, C. Ullmer, M.

van der Stelt, D. Sykes,

Z. Varga, D. B.
Veprintsev and M.
Westphal

17




Zoltan V. Varga*,
Katalin Erdelyi, Uwe
Grether, Eszter Trojnar,
Catarina Raposo, Jiirgen

flingerle, Christogh CANNABINOID 2 RECEPTOR
Ullmer, Ozge Gunduz- (CB2) EXPRESSION REVISITED:

915 C]lgrjg gﬁ;‘;h:lﬁ%izs DETECTION OF CB2 mRNA WITH 18
Palkovits, Andrew NEW SENSITIVE TOOLS
Holmes, Jiirg Gertsch,
Julian Romero,
Cecilia Hillard
and Pal Pacher
Tomohiro Kimura,
Alexei Yeliseev, Mihaela
Mﬂlllaﬂes‘;u’ %age L. 2-AG LOCATION, STRUCTURE
0.30 Lyr}‘; ’Iz‘i’jl‘(tg [ S8IC | AND DYNAMICS IN MEMBRANES 19
: Lioudmila Zoubak AND ITS INTERACTION WITH
Alan Grossfield, CB2 RECEPTORS
Patricia H. Reggio
and Klaus Gawrisch*
Jakub Mlost*,
Marta Bryk, CB2 BIASED AGONISTS AND
9.45 Magdalena Kostrzewa | THEIR THERAPEUTIC POTENTIAL 20
and Katarzyna IN OSTEOARTHRITIS
Starowicz
10.00 COFFEE BREAK
ORAL SESSION 5. CANNABINOIDS AND REWARD
CHAIRS: HEATHER BRADSHAW AND DAVID FINN
Chloe J. Jordan® DISSECTING THE REWARDING
. VS. AVERSIVE EFFECTS OF
Bree H Yi H
e Hzrr:lb(‘}lai’_hula B CANNABINOIDS: FINDINGS
10.30 Eliot Gard > FROM OPTOGENETIC BRAIN- 21
liot (ardner, STIMULATION REWARD
Xiang-qun Xie MAINTAINED BY ACTIVATION
and Zheng-Xiong Xi OF VTA DOPAMINE NEURONS
1045 Joseph F. Cheer ENDOGENOUS CANNABINOIDS 2

AND REWARD PREDICTION




11.00

GABAPENTIN ATTENUATES
SOMATIC SIGNS OF A°-THC 23
WITHDRAWAL IN MICE

Matthew L. Eckard*
and Steven G. Kinsey

11.15

Withdrawn 24

11.30 - 12.30

PLENARY SPEAKER

THE NEUROBIOLOGY OF DRUG ADDICTION:
FROM DRUG REWARD TO HYPERKATIFEIA
TO NEGATIVE REINFORCEMENT

GEORGE KOOB, PH.D.

Director
National Institute on Alcohol Abuse and Alcoholism

12.30

LUNCH

13.30 - 14.00

ICRS YOUNG INVESTIGATOR AWARD

ANANDAMIDE, FAAH, STRESS AND ANXIETY:
A TRANSLATIONAL JOURNEY

MATT HILL, PH.D.

Associate Professor
The Hotchkiss Brain Institute
University of Calgary, Alberta, Canada

ORAL SESSION 6. CLINICAL STUDIES

CHAIRS: NALIN PAYAKACHAT AND ETHAN RUSSO

14.00

EFFICACY AND SAFETY OF
THX-110, A PROPRIETARY
Adi Zuloff-Shani*, THERAPEUTIC
Ephraim Brener COMBINATION OF A’- 25
and Ascher Shmulewitz TETRAHYDROCANNABINOL
AND
PALMITOYLETHANOLAMIDE




DOES CANNABIS HELP

1 *
ot | BROVE INSoM
14.15 Fantegrossi Le;uren Russeil AMONG PATIENTS WITH 26
and Marcel,O Bonn-Miller POSTTRAUMATIC STRESS
’ DISORDER?
Carrie Cuttler*, Emily ACUTE EFFECTS OF HIGH
14.30 LaFrance and Ari; Petrucci POTENCY CANNABIS ON 27
EVERYDAY LIFE MEMORY
Bitya Raphael*, Natalya Kogan,
Malka Attar-Namdar, Mukesh HISTONE H4 ENCODES AN
i M G G| "ENDOGENOLS PEPTIDE
14.45 Moshe Neuman: Joseph Fol d’es, THAT SIGNALS VIA THE 28
Roger G. Pertwee, CB2 CANNABINOID
Andreas Zimmer, Itai Bab RECEPTOR
and Yankel Gabet
Mark A. Ware*, Antonio Vigano, | THE QUEBEC CANNABIS
Pierre Beaulieu, Andrée Néron, REGISTRY, A DATABASE
15.00 Yola Moridq, Michelle Canac- ON THE USE OF 29
Marquis, Maja Kalaba, Marc O. | CANNABIS FOR MEDICAL
Martel, Jordi Perez, Julie PURPOSES:
Desroches and William Barakett FINAL RESULTS
A CONTROLLED
Marcel O. Bonn-Miller*, PROSPECTIVE
Megan Brunstetter , OBSERVATIONAL STUDY
15.15 Alexandra Simonian, OF THE LONGITUDINAL 30
Hal Wortzel ASSOCIATIONS BETWEEN
and Ryan Vandrey CANNABIS USE AND PTSD
SYMPTOMATOLOGY
. A RANDOMIZED TRIAL
Dylgrr‘afeygfr’nﬁsenﬁls‘;‘;nd’ OF MEDICAL CANNABIS
Gavenda Gal;riella IN PATIENTS WITH
VazquezBer’litez Pamala ADVANCED CANCERS
15.30 Pawloski. Tom Z‘xrneson TO ASSESS IMPACT 31
Angela Bi;nbaum Stephén ON OPIOID USE
Dahmer Matthe\:v Tracy AND CANCER-RELATED
and Ar1<a diusz Dudek SYMPTOMS: A PILOT AND
FEASIBILITY STUDY
Joshua Rein*, Lindsay Texter,
Mark Wurfel, Edward Siew,
Alilit Garg "l:hida Tan, Paul MARIJUANA USE AND
15.45 > ’ KIDNEY OUTCOMES IN 32

Kimmel, James Kaufman,
Vernon Chinchilli
and Steven Coca

THE ASSESS-AKI COHORT




POSTER SESSION 2

16.00 - 18.00 P2
RECEPTION
18.00 BUSINESS MEETING
Notes: Presenting Author*




DAY 3
TUESDAY, JULY 2NP

7.30 BREAKFAST

8.30 OPENING REMARKS

ORAL SESSION 7. DEVELOPMENT, REPRODUCTIVE FUNCTION,
SMELL AND CANCER

CHAIRS: ANNA KALINOVSKY AND JULIAN ROMERO

Kylie Black, Shawyon
Bayganei, R?gafdi Mantinez, CANNABINOID
8.45 Tristen Mier, Alexandria Bell SIGNALING REGULATES 33
Ker; Mackie ’ CEREBELLAR
and Anna Kalinovsky* DEVELOPMENT
BEHAVIOURAL
AND COGNITIVE
Shahnaza Hamidullah*, EFFECTS OF
9.00 Claudia D. Lutelmowskij ADOLESCENT 34
and Jibran Y. Khokhar CANNABIS AND
ALCOHOL CO-USE IN
ADULTHOOD
. . o MICE MISSING CNRI1
Xiaofei Sun*, Yingju Li,
9.15 Fenghua Biar%J AND CNR2 SHOW 35
and Sudhansu K. Dey IMPLANTATION
DEFECTS
NON-PSYCHOTROPIC
CANNABINOIDS
. SUPPRESS TUMOR
Ah Mokhtar Mahmoud*, GROWTH BY ACTING
Viviana Marolda, Magdalena
9.30 Kostrzewa, Vincenzo Di ON METABOLIC 36
Marzo, Roberto Ronca REPROGRAMMING AND
and Alessia Ligresti ONCOGENIC PATHWAYS
IN HORMONE
REFRACTORY
PROSTATE CANCER




CANNABINOID
.. RECEPTOR-MEDIATED
. and Thomas Heinbockel* INTERNEURONS IN THE
MAIN OLFACTORY
BULB
10.00 COFFEE BREAK
10.30 IN MEMORIAM
ORAL SESSION 8. PAIN, STRESS, SLEEP
AND PSYCHIATRIC DISORDERS
CHAIRS: ANDREA HOHMANN AND DAVE LOVINGER
ENDOCANNABINOID
. . . ROLES IN SLEEP
k
10.45 ]iivrliM Llfgll\‘}[g‘:trh’ Kﬁr;na P STABILITY AND SLEEP 38
ahao and Vatthew J Fava DISRUPTION BY
CANNABINOID DRUGS
CP55,940
Madhusudhanan Narasimhan*, ANTINOCICEPTIVE
Henry Blanton, Jennifer EFFECT, DEVELOPMENT
Brelsfoard, Diana E. OF TOLERANCE AND
11.00 Sepulveda, Angela N. ACTIVATION OF JNK 39
Henderson-Redmond, SIGNALING IN THE
Daniel J. Morgan CISPLATIN-INDUCED
and Josée Guindon NEUROPATHIC PAIN
MODEL
MOLECULAR AND
PHARMACLOGICAL
EVIDENCE FOR THE
SODIUM-CALCIUM
EXCHANGER-1 (mNCX-1)
*
wis | o et Pisvpitonor ||y,
' | Sara Jon We-‘é CBD- AND KLS-13019-
and >ara Jane yvar APPLIED PROTECTION
AGAINST PACLITAXEL-
INDUCED TOXICITY IN
DORSAL ROOT

GANGLION CULTURES




NOVEL NEGATIVE

. o ALLOSTERIC
%k
Catharine A. Mielnik™, MODULATOR (NAM)
Chun Kit Li, Iain R. Greig,
Mostafa H. Abdelrahman OF CANNABINOID
LO“‘ atA T © 131 ’ RECEPTOR 1 (CBI)
11.30 a“{;‘;/l B rim cau, AMELIORATES 41
AL S 1“‘;1 am, SYMPTOMS DUE
A ! ;“i‘{po‘m TO DOPAMINE
Crinl{ " :mﬁey DYSREGULATION
and Ruth A. ROSS IN PSYCHIATRIC
DISORDERS
THE DIFFERENTIAL
o . ROLE OF
ES
Gﬁ“ha ]13[9“111“; ’ DIACYLGLYCEROL
. Ryanh vlisched, LIPASES IN REVERSING
Virginia McLane, Daisuke
11.45 0 Hamid Akbarali MECHANICAL 42
. gasawlgra,L amh aralli, SENSITIVITY IN A
B u- .“n1§ CS“’ . MOUSE MODEL OF
grjiam“h > r}?tvri N CHEMOTHERAPY -
and Aron H Lichima INDUCED PERIPHERAL
NEUROPATHY (CIPN)
KANG TSOU MEMORIAL LECTURE
VEGAS AND ULTRA-LSD: NEW CHEMICAL AND
19.00 - 13.00 SYNTHETIC BIOLOGICAL TECHNOLOGIES
BRYAN ROTH, M.D., PH.D.
Director, NIMH Psychoactive Drug Screening Program
Distinguished Professor, Department Of Pharmacology
UNC Chapel Hill, NC
13.00 LUNCH
13.00 INDUSTRY BREAKOUTS




14.00 - 16.00

NIDA NETWORKING SESSION

CANNABINOID RESEARCH FINDINGS
AND FUTURE RESEARCH DIRECTIONS

Chair: Steven Gust, Director, International Program

Division of Neuroscience and Behavior

BASIC RESEARCH OPPORTUNITIES AND
PRIORITIES RELATED TO THE CANNABINOIDS

Rita J. Valentino, Division Director

BASIC RESEARCH ON CANNABINOIDS IN DNBR
Roger Sorensen, Chief, Integrative Neuroscience Branch

Division of Therapeutics and Medical Consequences

DEVELOPING CANNABIS-BASED MEDICATIONS, HOW CAN NIDA’S
DIVISION OF THERAPEUTICS AND MEDICAL CONSEQUENCES HELP?

Robert Walsh, Chief, Regulatory Affairs Branch

SUPPORTING CANNABIS RESEARCH IN NIDA’S DIVISION OF
THERAPEUTICS AND MEDICAL CONSEQUENCES

Aidan Hampson, Clinical Research Grants Branch

Division of Epidemiology. Services and Prevention Research

NIDA’S CANNABIS POLICY RESEARCH PORTFOLIO:
CURRENT AND FUTURE DIRECTIONS

Marsha F. Lopez, Chief, Epidemiology Research Branch

NIDA’S RESEARCH INTERESTS IN THE
PREVENTION OF CANNABIS MISUSE

Amy Goldstein, Chief, Prevention Research Branch

NIDA Intramural Research Program

CANNABIS-BASED MEDICATION DEVELOPMENT
FOR THE TREATMENT OF SUBSTANCE USE DISORDERS

Zheng-Xiong Xi, Chief, Addiction Biology Unit

COCAINE-INDUCED ENDOCANNABINOID RELEASE MEDIATED BY
EXTRACELLULAR VESICLES IN THE VENTRAL TEGMENTAL AREA

Carl Lupica, Chief, Electrophysiology Research Section




DAY 4
WEDNESDAY, JULY 3#P

7.30 BREAKFAST

8.30 OPENING REMARKS

ORAL SESSION 9. IMMUNE FUNCTION, NEURODEGENERATIVE
AND CARDIOVASCULAR DISORDERS

CHAIRS: IRENE BENITO-CUESTA AND HALEY VECCHIARELLI

Ines Reynoso- NEW STRATEGIES TARGETING
Moreno*, Silvia Tiezt, | THE ENDOCANNABINOID SYSTEM
8.45 Britta Engelhardt, TO ATTENUATE DISEASE 43
Jirg Gertsch PROGRESSION IN A MOUSE

and Andrea Chicca MODEL OF MULTIPLE SCLEROSIS

Douglas J. Hermes*,
Changqing Xu, Rick
B. Meeker, Micah J.
Niphakis, Benjamin F. GPR18 MEDIATES MICROGLIAL

9.00 Cravatt, Ken Mackie, NEUROTOXICITY INDUCED BY 44
Aron H. Lichtman, HIV-1 TAT PROTEIN IN VITRO
Bogna M. Ignatowska-
Jankowska
and Sylvia Fitting

Kevin S. Murnane*,

Lindsey Phillips-
Lindsey, Cedrick M. B-CARYOPHYLLENE IMPROVES
Daphney, MEMORY FUNCTION
9.15 Aboagyewaah AND DECREASES KEY 45
Oppong-Damoah, INFLAMMATORY CYTOKINES
Richard D. Khusial, IN AGED MICE
Ayman Akil

and Peter N. Uchakin




Irene Benito-Cuesta*,
Samuel Ruiz de Martin
" Ets,tebaﬁ’ ‘ﬁna M. v | THE ROLE OF MICROGLIAL CB2
0,30 s cob e ¥+ | RECEPTORS IN BETA AMYLOID 46
' I\S/}mc“’nR arrfwa' PHAGOCYTOSIS: IN VITRO AND
anso, 108a .. IN VIVO STUDIES
Tolon, Cecilia J.
Hillard, Julian Romero
and M. Teresa Grande
Janos Paloczi*, Csaba
Matyas, Zoltan V. ALCOHOL BINGE-INDUCED
Varga, Resat Cinar, CARDIOVASCULAR
9.45 Gybrgy Hasko, DYSFUNCTION INVOLVES 47
Thomas H. Schindler, ENDOCANNABINOID-CB1-R
George Kunos SIGNALING
and Pal Pacher
10.00 COFFEE BREAK
ORAL SESSION 10. ENDOGENOUS SIGNALING SYSTEMS
CHAIRS: JORDYN STUART AND MARIO VAN DER STELT
Ephraim Brener*, PALMITOYLETHANOLAMIDE
10.30 Adi Zuloff-Shani and MODULATES CB1 AFFINITY 48
Ascher Shmulewitz TO THC
Sergiy Tyukhtenko*,
v X‘ao:‘/“sMa’ Klﬁaﬁ MONOACYLGLYCEROL LIPASE
10.45 elr\n/[‘.“ﬁ {’K/rlof 1Xa5, | INHIBITION: BIOPHYSICAL AND 49
tenhact Malamas MECHANISTIC INSIGHTS
and Alexandros
Makriyannis
ELEVATED LEVELS OF
ARACHIDONIC ACID-DERIVED
LIPIDS, INCLUDING
Emma Leishman*, PROSTAGLANDINS AND
11.00 Ken Mackie and ENDOCANNABINOIDS, ARE 50
Heather B Bradshaw PRESENT THROUGHOUT ABHDI12
KO BRAINS: NOVEL INSIGHTS
INTO THE NEURODEGENERATIVE
PHENOTYPE




INDUSTRY BREAKOUTS

Josephine Watson, METABOLISM OF
Lauren Carnevale, ENDOCANNABINOIDS AND
11.15 William Arnold, PHYTOCANNABINOIDS BY 51
Austin Weigle CYTOCHROME P450 TO PRODUCE
and Aditi Das* NOVEL BIOACTIVE METABOLITES
Caroline Turcotte,
:‘ﬁz;gzﬁf ENDOCANNABINOID
Elizabeth Dum;lis HYDROLYSIS INHIBITION
Cyril Martin Marié- UNRAVELS THAT UNSATURATED
11.30 Renée Bla;lche ¢ FATTY ACIDS INDUCE A ROBUST 57
Elyse Bissonnett’e SYNTHESIS OF
Alain Veilleux ’ ENDOCANNABINOID-GLYCEROLS
Michel Lavioletj[e INHUMAN MYELOID
. . ’ LEUKOCYTES
Vincenzo Di Marzo
and Nicolas Flamand*
Linda A. Parker*,
Gavin N. Petrie, Kiri
L.Wills, Fabiana
Piscitelli, Reem
Smoum , Cheryl L.
Lﬁnjfﬁegﬁiﬁff OLEOYL GLYCINE INTERFERES
Ayoub, Ashlyn WITH ACUTE NALOXONE-
11.45 Humphréy Alexia PRECIPITATED MORPHINE 53
Gene Mazleleine WITHDRAWAL, BUT NOT
’ . MORPHINE REWARD
Sheppard-Perkins,
Marieka DeVuono,
Aron H. Lichtman,
Vincenzo Di Marzo
and Raphael
Mechoulam
12.00 LUNCH
12.30

CHAIRS: ADI DRORI AND MITZI NAGARKATTI

ORAL SESSION 11. WOUND HEALING, MICROBIOTA AND OBESITY

13.30

Natalia Murataeva*,
Emma Leishman,
Heather Bradshaw
and Alex Straiker

A CENTRAL ROLE FOR
2-OLEOYLGLYCEROL IN
CORNEAL WOUND HEALING

54




13.45

Sam R C Johnson*,
James J Burston,
Victoria J Tyrrell,
Maceler Aldrovandi,
Rossa Inglis, Robert
Andrews, Jenna Cash,
Paul Martin,
Christopher P Thomas
and Valerie B
O'Donnell

12/15 LIPOXYGENASE
ORCHESTRATES CELLULAR
REMODELLING DURING
WOUND REPAIR

55

14.00

Tania Muller, Laurent
Demizieux, Pablo
Ortega-Deballon, Tony
Jourdan, Bruno Verges
and Pascal Degrace*

ACTIVATION OF CANNABINOID-1
RECEPTORS (CB1R) IN ADIPOSE
TISSUE CONTRIBUTES TO
METABOLIC RISK BY INHIBITING
FAT MOBILIZATION AND
ALTERING INSULIN SENSITIVITY

56

14.15

Kathryn Miranda*,
William Becker,
Brandon Busbee,

Nicholas Dopkins,

Yin Zhong, Prakash S.
Nagarkatti and Mitzi
Nagarkatti

ENDOCANNABINOID SIGNALING
MEDIATES SUSCEPTIBILITY TO
HIGH FAT DIET-INDUCED
INTESTINAL DYSBIOSIS AND
REGULATES METABOLIC HEALTH

57

14.30

Cristoforo Silvestri*,
Claudia Manca,
Niokhor Dione,

Sebastien Lacroix,
Ulrike Taschler
Nicolas Flamand,
Frederic Raymond
and Vincenzo Di
Marzo

BIDIRECTIONAL INTERACTION
BETWEEN THE GUT
MICROBIOME AND THE
ENDOCANNABINOIDOME

58

14.45

Amira Mohammed*,
Hasan Alghetaa,
Marcus Kaul, Prakash
Nagarkatti and Mitzi
Nagarkatti

THC TREATMENT IMPROVED
NEUROTOXICITY BY ALTERING
THE MICROBIOTA

59




PRESIDENT'S LECTURE

THE STRUCTURES AND FUNCTIONS OF
THE CANNABINOID RECEPTORS
15.00 - 16.00
ALEXANDROS MAKRIYANNIS, PH.D.

George D. Behrakis Chair of Pharmaceutical Biotechnology
Director, Center for Drug Discovery (CDD)
Northeastern University, Boston, MA, USA

16.00 - 18.00 POSTER SESSION 3 P3

18.30 RECEPTION

ICRS BANQUET

AND

AWARDS CEREMONY

19.00

DEPARTURE: THURSDAY, JULY 4™

Notes: Presenting Author*




POSTER SESSION P1
SUNDAY, JUNE 30™: 16:00 - 18:00

Johanna Baas*, Ivo Heitland, DOES ADMINISTRATION OF
Renate de Bock, Minne Priist CANNABIDIOL ENHANCE EXTINCTION P1-1
and Iris Schutte OF FEAR IN HUMANS?
Daniel Barrus*, Purvi Patel,
Thuy Nguyen, Charlotte Farquhar, PHARMACOLOGICAL
Tim Lefever, Yanan Zhang, CHARACTERIZATION OF THE P1-2
Jenny Wiley, Thomas Gamage SYNTHETIC CANNABINOID EG-018
and Brian Thomas
Paula Berman*, Liron Sulimani, CANNABINOIDOMICS —
Anat Gelfend, Keren Amsalem, AN ANALYTICAL TOOL TO P1-3
Liran Baram, Gil Lewitus, Igal UNDERSTAND THE EFFECT OF
Louria-Hayon and David Meiri MEDICAL CANNABIS TREATMENT
Stefan Brand*, Hans-Jiirgen ENANTIOMERIC EXCESS
Niemeyer, Carsten Rottger DETERMINATION OF SYNTHETIC P1-4
and Matthias Winkler CANNABINOIDS
Chris B;Z%?feéchﬁzé‘;t Tresor | cBp BLOCKS THE SEIZURE-INDUCING P15
ACTIVITY OF CP55940
and Nshan Muradyan
LACK OF STANDARDIZATION IN
John Brunstein*, May Cui, Jerian CANNABIS VARIETY NAMES IN BOTH
Reynolds Kevin’She and {(ing Ng GREY MARKET AND LEGAL SUPPLY P1-6
’ CHAINS IN CANADA: EVIDENCE FOR
NECESSITY OF GENETIC VERIFICATION
Marta Baranowska—Kuczko*, CHRONIC CANNABIDIOL TREATMENT
Hanna Kozlowska, Monika Kloza, IMPROVES VASCULAR FUNCTION OF P1-7
Olga Sadowska and Barbara HYPERTENSIVE DOCA-SALT RATS IN
Malinowska VASCULAR BED SPECIFIC MANNER




CELLULAR MEMBRANE AFFINITY
CHROMATOGRAPHY (CMAC) AS A TOOL

Lukasz Ciesla* TO IDENTIFY PHARMACOLOGICALLY P1-8
ACTIVE COMPOUNDS INTERACTING
WITH TRANSMEMBRANE PROTEINS
%
Mot Cofty' Bematot cavmNOTD ol
Ton Jourdarjl Kevin J .O’Br’ien RECEPTOR IS OVERACTIVATED IN P1-9
Will}; am A G;lhl Geor. o Kunosj HERMANSKY-PUDLAK SYNDROME
) » JCOTE PULMONARY FIBROSIS
and Resat Cinar
APPLICATION OF OXFORD NANOPORE
John Brunstein, May Cui*, MINION PLATFORM IN CANNABIS P1-10
Jerian Reynolds and Ying Ng GENOMICS AND METAGENOMICS:
FIRST IMPRESSIONS
Gregory G. Martin, Friedhelm DISCOVERY OF STEROL CARRIER
Schroeder, Cecilia J. Hillard PROTEIN-2 INHIBITORS USING P1-11
and Christopher W. Cunningham* RATIONAL PROBE DESIGN
Marieka V. DeVuono*, Alexandra NAUSEA PRODUCED BY HIGH
Bath, Erin M. Rock, Cheryl M. DOSE THC: ASSESSMENT OF P1-12
Limebeer and Linda A. Parker PHARMACOLOGICAL TREATMENTS
Tama Evron*, Hongfeng Deng, SELECTIVE INHIBITION OF THE
Gang Sun, Alison O’Mahony, CANNABINOID RECEPTOR CB1 FOR P1-13
Xiao Feng, Mark Tepper, THE TREATMENT OF INFLAMMATION
Sergei Atamas and Barbara White AND FIBROSIS
" Eﬁi‘gd %hl;mtla% ’h{[amée J- W CHARACTERISATION OF
A el S Thser o AMB-FUBINACA: A BIASED P1.14
Samuol D, Basistar AGONIST AND TOXIC SYNTHETIC
and Michelle Glass CANNABINOID OF ABUSE
COMPOUNDING OF CANNABIS
Rvan Taché PRODUCTS WITH SPECIFIC PLANT
yan 1acie DERIVED ESSENTIAL OIL P1-15

and Constance Finley*

CONSTITUENTS FOR TARGETED
THERAPIES




Daniel H. Foil*,

APPLYING MACHINE LEARNING

Kimberley M. Zorn, Alex M. Clark TO ENDOCANNABINOID TARGETS P1-16
and Sean Ekins WITH ASSAY CENTRAL
Thomas F. Gamage*, Charlotte E.
Farquhar, Daniel Barrus, Tony STRUCTURE-ACTIVITY
Landavazo, Joseph Wilson, RELATIONSHIP STUDIES OF P1-17
Brian F. Thomas, Bruce E. Blough | CB1 PAM 2-PHENYLINDOLE SCAFFOLD
and Jenny L. Wiley
Grzegorz Godlewski*, Resat PERIPHERAL CBI RECEPTOR
Cinar, Nathan J. Coffey: Jie Liu, BLOCKADE REDUCES VOLUNTARY
Tony Jourdan, Ozge Gunduz ALCOHOL DRINKING BY INHIBITING
Cinar, Bani Mukhopadhyay, Lee THE FORMATION OF BIOLOGICALLY
Chedes’ter Ziyi Liu Douglas’Osei- ACTIVE GHRELIN THROUGH A P1-18
Hyiaman: Malliga i{ Iyer, Joshua CBI-DEPENDENT FATTY ACID
K. Park, Roy G. Smith, Hiroshi OXIDATION IN THE STOMACH
Twakura and George Kunos AND ITS SIGNALLING VIA GASTRIC
VAGAL AFFERENTS IN MICE
VARIABILITY AND PAUCITY OF
Adrianne Wilson-Poe, Eric Larsen, MEDICALLY RELEVANT CANNABIS P1-19
Conan Liu and Ari Greis* PRODUCTS IN STATE REGULATED
CANNABIS RETAIL DISPENSARIES
TRANSCRIPTOME-LEVEL ANALYSIS OF
Michael Grider* CBD-MEDIATED NEUROPROTECTION IN P1-20
A SEROTONERGIC CELL LINE
Tobias Gutowski* EVALUATION OF THE RESPIRABLE
and Regina ScherlicB FRACTION OF CANNABIDIOL METERED P1-21
DOSE INHALERS
hg?z?l‘;e]giocjf;ﬁ’er EPIGENETIC ANALYSIS OF THE EFFECTS | 1 55
. OF A SYNTHETIC CANNABINOID
and Thomas Heinbockel*
CB1 MUTATIONS TO TEST THE
Dow P. Hurst*, David B. Finlay, RELEVANCE OF TARANABANT
Diane L. Lynch, Michelle Glass CONTACT WITH N-TERMINAL P1-23

and Patricia H Reggio

RESIDUES F102 AND M103 IN
CB1 CRYSTAL STRUCTURE




Sri Sujana Immadi*, Zhixing Wu,
Rachel Dopart, Mohammad

STRUCTURE-ACTIVITY RELATIONSHIP
STUDIES OF POSITIVE ALLOSTERIC

Mu}iﬁiﬁﬁ;ﬂgfbﬁgg‘[(}é’ ﬁé"ﬁ H. | MODULATORS OF THE CANNABINOID | 1724
; a A. fenda CB1 RECEPTOR
and Dai Lu
1%
s ot Palaords | G MODEL DEVELOPWENT, |1y
> A & DRUG DESIGN AND SYNTHESIS
and Patricia Reggio
Ian R. Jacobs*, Changqing Xu,
Dogiﬁz &Heﬁ?(f:}’l?li’l‘ilsh%?gue’ INHIBITORY CONTROL DEFICITS
Bormin B Craatt. Kon Mastic. | ASSOCIATED WITH UPREGULATION OF | 1,1 o
AJron H Lichtman. Bosna M. | CBIRIN THE HIV-1 TAT TRANSGENIC
' » 0gNa L. MOUSE MODEL OF HAND
Ignatowska-Jankowska
and Sylvia Fitting
. .
nggttirMﬁlji‘?aeﬁaﬁe ﬁfﬁﬁih FUNDAMENTAL PARTITIONING
oo E Harrs RELATIONSHIPS OF COMPOUNDS P1.07
Jasofv; A Wigegreesfl INDICATIVE OF CANNABIS PLANTS
and Tara M. Lovestead OR CANNABIS EXPOSURE
Bryan W Jenkins*, Tapia Foute LASTING DECREASE OF
Nelong, Samantha D Creighton, CORTICOSTRIATAL COHERENCE
Boyer D Winters, IN RATS AFTER ACUTE P1-28
Melissa L Perreault EXPOSURE TO VAPOURIZED
and Jibran Y Khokhar AN-TETRAHYDROCANNABINOL
. THE CB1 POSITIVE ALLOSTERIC
£ 3
S];ecgrl d%nlélﬁifsytehhﬁat}}r‘x; MODULATOR ZCZ011 BLOCKS P1-29
' A%-THC WITHDRAWAL IN MICE
Yi William Yang, Rupali CHEMICAL COMPOSITION-ACTIVITY
Vyawabhare, Justin Ryk, Albert ANALYSES OF 59 MEDICAL P1-30
H.C. Wong, Hance A. Clarke CANNABIS SAMPLES: A MEDICINAL
and Lakshmi P. Kotra* CHEMISTRY APPROACH
INTEGRATING CANNABIDIOL
Stefan Kuprowsky™ WITH MITOCHONDRIAL MODIFIERS P1.31

IN THE TREATMENT OF PTSD
AND PSYCHOSIS




Luciana Leo*, Rufaida Al Zoubi,
Pingwei Zhao, Daohai Yu,

MUTATIONAL ANALYSIS REVEALS

Eugen Brailoiu, Patricia H. Reggio BIASED SIGNALING AT THE CBI1 P1-32
’ : CANNABINOID RECEPTOR
and Mary E. Abood
Dai Lu*, Zhixing Wu, Sri Sujana
Immadi, Rachel Dopart, DESIGN AND SYNTHESIS OF 3-AMINO-2-
Mohammad Mustafa, Giulia PHENYL INDOLE ANALOGS AS NOVEL P1-33
Donvitor, and Aron H. Lichtman, ACHIRAL LIGANDS FOR ALLOSTERIC
Kristen R Trexler, Steven G. MODULATION OF THE CB1 RECEPTOR
Kinsey and Debra A. Kendall
Ryan Maguire*, Ronan Lee, A META-ANALYSIS ON THE
Saoirse E. O’Sullivan EFFECTS OF CANNABIDIOL IN P1-34
and Timothy J England EXPERIMENTAL STROKE
THE PHARMACOLOGICAL EFFECTS
Ryan F Maguire*, Timothy J OF SYNTHETIC OR PLANT-DERIVED P1-35
England and Saoirse E O’Sullivan CANNABIDIOL (CBD) ARE SIMILAR
IN A RANGE OF HUMAN CELL LINES
George Amato, Amruta Manke,
Robert Wiethe, Vineetha DEVELOPMENT OF A PERIPHERALLY
Vasukuttan, Rodney Snyder, RESTRICTED CB1 RECEPTOR P1-36
Yun Lan Yueh, Ann Decker, ANTAGONIST FOR ALCOHOL
Scott Runyon, Nayaab Khan INDUCED LIVER DISEASE
and Rangan Maitra*
Soumyajit Majumdar* DEVELOPMENT OF AN INTRAOCULAR
Mahmoud A. ElSohly’ PRESSURE LOWERING, OPHTHALMIC
Waseem Gul ’ FORMULATION CONTAINING THE A°- P1-37
and Brian Murphy TETRAHYDROCANNABINOL (A°-THC)
PRODRUG, A>-THC-VAL-HS (NB1111)
handrani G. Majumdar*, Suman
CChaancllfa l\(gohafggd lil/?. R’afil;vai POTENCY OF CANNABIS AND
J’ames C. Church ’ RELATED PRODUCTS IN THE USA P1-38
and Mahmoud A. EISohly DURING THE PERIOD 2008-2018
INFLUENCE OF CHRONIC CANNABIDIOL
Barbara Malinowska*, Anna ADMINISTRATION ON
Pedzinska-Betiuk, Marek Toczek, CARDIOVASCULAR PARAMETERS,
Michat Biernacki, Magdalena ENDOCANNABINOID LEVELS P1-39

Timoszuk, Anna Jastrzab, Jolanta
Weresa and Patryk Remiszewski

AND OXIDATIVE STRESS IN
SPONTANEOUSLY HYPERTENSIVE
AND NORMOTENSIVE RATS




Yehoshua Maor*, Lior Sinai

TOXICOLOGICAL PROFILE OF
SELECTED TERPENOIDS PRESENT IN

and Lumir Hanus CANNABIS AND IN OTHER PLANTS — P1-40
FOCUS ON BETA-CARYOPHYLLENE
AN ESTIMATION OF THE CB1 RECEPTOR
ANTAGONISM OF CANNABIDIOL ON
*
Amnaaga l\élﬁrzizgn’e;[gm\e;f'hfngus o1-ADRENOCEPTOR-MEDIATED P1-41
- WHE CONTRACTIONS OF RAT
VASA DEFERENTIA
Ana Martin-Sanchez, Guillermo CANNABIDIOL BLOCKS THE
Moreno-Sanz*, Adriana Castro- HYPO-LOCOMOTIVE EFFECT
Zavala, Carlos Ferreiro-Vera, OF A°-THC THROUGH A P1-42
Xavier Nadal, Olga Valverde GLUTAMATERGIC/DOPAMINERGIC-
and Veronica Sanchez de Medina DISCRIMINATING MECHANISM
Raechan L. Mueller* THE PRESENCE OF CBD IN CANNABIS
So hiegt Yokalillliams’ L FLOWER MODERATES THE
Cirf)namor.l Bidwell Tim(;th. RELATIONSHIP BETWEEN BLOOD P1-43
Helmuth. Aneela ]’) B any THC CONCENTRATION AND FATTY
o Kot EgH i rfl ACID AMIDE HYDROLASE (FAAH)
ent . BUehiso GENOTYPES
.o IN VIVO INVESTIGATION OF THE
*
Domvit, Debrs Kenall Do Lu | (- AND (S-STEREOISOMERSOF | 1y 4,
an d’ Aron H. Lich tr;lan THE CB1 POSITIVE ALLOSTERIC
) MODULATOR (PAM) ZCZ011
%
g‘rllyDIifl‘gfnT i}éﬁ“fiiﬁ“ﬁf{ SYNTHESIS AND PHARMACOLOGICAL
Da;niel Bai‘,rué g ’ EVALUATION OF DIARYLUREA P1-45
Brian F Thom’ BASED ALLOSTERIC MODULATORS
' as OF CB1 RECEPTOR
and Yanan Zhang
Alex Nivorozhkin* DRUG DELIVERY AND FORMULATION P1-46
and Michael Palfreyman OF CANNABINOIDS
Belén Palomares*, Martin Garrido, CHARACTERIZATION OF
Claudia Gonzalo, Maria Gomez A°*-TETRAHYDROCANNABINOLIC
Canas, Javier Fernandez-Ruiz, ACID AS A DUAL PPARy/ CB1 P1-47

Giovanni Appendino, Gaetano
Morello and Eduardo Muiioz

LIGAND. IMPLICATIONS IN
RHEUMATOID ARTHRITIS




Cory Parks*, Byron C. Jones,

IDENTIFICATION OF SEX, STRAIN,
AND ENTOURAGE EFFECTS IN THE

. dBl\j’[l;gﬁ gf’ﬁﬁlggan BEHAVIORAL AND PHYSIOLOGICAL | 148
RESPONSE TO CANNABINOIDS
v gﬁﬁ%}iﬁfﬁ;glﬁlaﬁfgph EVALUATING NOVEL CONTROLLED
Anderson, Shashank Ku’lkarni DEACTIVATION CANNABINOID P1-49
Torbjérn U. C. Jirbe ’ AGONISTS WITH REDUCED TOLERANCE
. . AND DEPENDENCE PROFILES
and Alexandros Makriyannis
Kelly A. Sagar*, M. Kathryn
Dahlgren, Rosemary T. Smith, MEDICAL CANNABIS:
Ashley M. Lambros, Madeline K. AVENUE TO ALLEVIATION OR P1-50
Kuppe, Laura Patriarca PATH TO PROBLEMATIC USE?
and Staci A. Gruber
Savanah L. Saldana*,
Henar Hernandez-Galante,
Rachel G. Lange, Todd M. ALKALOID-BASED CB1 RECEPTOR P1-51
Stollenwerk, Andrew D. Rosicky, ALLOSTERIC MODULATORS
Cecilia J. Hillard
and Christopher W. Cunningham
Laura Santos*, Mario Amores,
Maria Ceprian, Laura Lopez- BLADDER DISFUNCTION AS A
Gbémez, Medardo Hernandez, Vitor CONSEQUENCE ON NEONATAL P1-52
Samuel Fernandes, Maria Gémez- HYPOXIC-ISCHEMIC BRAIN DAMAGE:
Ruiz, Ana Sofia Ribeiro PROTECTIVE ROLE OF CBD
and Maria Ruth Pazos
k
T"ddsle:faasff;’ll(e:z‘c”iﬁzk]’S;Y:f;h L1 cwc-1-001 EXHIBITS CBI RECEPTOR P1.53
. . ALLOSTERIC MODULATORY EFFECTS
and Christopher W. Cunningham
ANTIINFLAMMATORY AND
Nicole Stone*, Timothy J. England NEUROPROTECTIVE EFFECTS OF P1-54
and Saoirse E. O’Sullivan CANNABIDIOLIC ACID (CBDA) UNDER
HYPOXIC CONDITIONS IN VITRO
Michael Udoh*, Marina Santiago, | CANNABICHROMENE ACTIVITY AT CBI
Marika Heblinski, lain McGregor AND CB2 RECEPTORS VIA MULTIPLE P1-55

and Mark Connor

SIGNALLING PATHWAYS




Jenny L. Wilkerson*, Jasmine S.

THE MARIJUANA-DERIVED TERPINE
a-TERPINEOL REVERSES MECHANICAL

Felix, Aron H. Lichtman ALLODYNIA AND THERMAL P1-56
and Lance R. McMahon HYPERALGESIA IN A MOUSE MODEL
OF NEUROPATHIC PAIN
COMPARISON BETWEEN DRAGONFLY
Lucie Foster CANNABIDIOL VS TOCRIS P1-57
and Karen Wright* CANNABIDIOL IN COLORECTAL
CANCER SPHEROIDS
Zhixing Wu*, Sri Sujana Immadi, | by 1760 SYNTHESIS OF ZCZ011,
Rachel Dopart, Kristen R. Trexler,
Steven G. Kinsey, Debra A RESOLUTION AND CHARACTERIZATION | P1-58
Kondall e Das Lo OF ITS ENANTIOMERS
Kimberley M. Zorn*, APPLYING MACHINE LEARNING TO
Daniel H. Foil, Alex M. Clark CANNABINOID DRUG DISCOVERY P1-59
and Sean Ekins WITH ASSAY CENTRAL
POTENT ANTI-INFLAMMATORY
EFFECTS OF CANNABIDIOL (CBD)
Sandeep Kumar* TO MODULATE INDUCED P1-60
INFLAMMATION ON GINGIVAL
KERATINOCYTES: IN VITRO STUDY
. .
Marieﬂ\l)\e}lesis(e}aﬁzelnjamin GENERAL SYNTHETIC APPROACH TO
Brennecke, Claudia Korn, SELECTIVE FLUORESCENT P1-61

Wolfgang Guba, Chistoph Ullmer,
Uwe Grether and Marc Nazare

PROBES FOR THE CANNABINOID
RECEPTORS CBI1R AND CB2R

Notes:

Presenting Author*




POSTER SESSION P2
MONDAY, JULY 157 16:00 - 18:00

Yousra Adel*

A COMPARISON OF LIGAND-EVOKED
SIGNALLING THROUGH MULTIPLE

and Steve PH Alexander PATHWAYS (CAMP, CA2+, ERK) IN CB2 P2-1
RECEPTOR RECOMBINANT EXPRESSION
Lucas Albrechet-Sowza® PREDATOR ODOR STRESS ALTERS
ot N Whi; o ENDOCANNABINOID SYSTEM PROTEIN P79
NG hyl W G’le’ EXPRESSION IN THE RAT
a chofas W. Litipin BASOLATERAL AMYGDALA
Jason SE Loo, Abigail L Emtage INTERPRETING THE STRUCTURES P23
and Steve PH Alexander* OF THE CANNABINOID RECEPTORS
THE EFFECT OF OLEOYL-GLYCINE
£ S
Sa?i?;:&g' I‘fii’l‘c’l‘;b N ghf;yrl L | ON REINSTATEMENT OF PREVIOUSLY 7.4
 Runhacl Moch 2} N EXTINGUISHED MORPHINE PLACE
and Raphact Mechoulam PREFERENCE IN RATS
Liran Baram*, Ella Peled, CANNABIS EXTRACTS AS
Ben Yellin, Paula Berman ANTI-TUMOR AGENTS: EVIDENCE P2-5
and David Meiri FROM CANCER CELL LINES
1 %k
Ricar d?ﬁ’ﬁﬂgﬁ BKelllie’ Black. | LOCALIZATION OF ENDOCANNABINOID
Tonah Wirt. K. 1{4 e SYNTHESIZING ENZYME NAPE-PLD P2-6
onan Wwirt, .en Vackie DURING CEREBELLAR DEVELOPMENT
and Anna Kalinovsky
Zvi Bentwich*, CUMULATIVE EXPERIENCE FROM
Timna Naftali, Naama Saban CLINICAL TRIALS IN ISRAEL: P2-7

and Lihi Barlev-Schleider

REALITIES AND CHALLENGES




Kylie Black*, Shawyon Baygani,
Brynna Webb, Ricardo Martinez,

PERINATAL EXPOSURE TO THC

Amanda Essex, Emma Leishman, P2-8
Heather Bradshaw, Ken Mackie DISRUPTS CEREBELLAR DEVELOPMENT
and Anna Kalinovsky
Nicole Bowles*, Saurabh Thosar, BODY MASS INDEX BUT
Maya Herzig, Noal Clemons, NOT SLEEP IMPACTS THE
Garret Sauber, Alicia Stewart, ENDOGENOUS CIRCADIAN RHTYHM P2-9
Andrew McHill, Jonathan Emens, OF THE ENDOCANNABINOID
Cecilia Hillard and Steven Shea ANADAMIDE IN HUMANS
Megan Sanctuary, Cinthia
Wilkinson, Ashleigh Jones, CELL-SPECIFIC CB2R DEFICIENCY
Brittany Murphy, Edward ATTENUATES CHRONIC INTESTINAL P2-10
Hoffenberg, Cecilia Hillard, INFLAMMATION
Julian Romero and Colm Collins*
Courtney Collins*, Heather THE REALM OF
Jackson, Nicolas J. Schlienz, Erin CARING OBSERVATIONAL
Martin, Ryan Scalsky, Marcel O. RESEARCH REGISTRY: EVALUATING P2-11
Bonn-Miller, Joel Munson THE HEALTH IMPACTS OF
and Ryan Vandrey MEDICINAL CANNABIS USE
Luis Colén-Cruz*, Agnes
frcevedo-Canabal, Roberto AN UP-SCALABLE COMBINED
Var fn Shown B urav GENETIC-BEHAVIORAL APPROACH P2-12
arshney, Shawn Burgess, USING CB2-KO ZEBRAFISH LARVAE
Guillermo Yudowski
and Martine Behra
Kevin M. Crombic* LOSS OF STRESS- AND EXERCISE-
Brianna N Lei'tzelar An 7eli e INDUCED INCREASES IN CIRCULATING
G Brellent.hin Cecil’ia J gHilfqard 2-ARACHIDONOYLGLYCEROL P2-13
’ and Kelii F. Kolt .n CONCENTRATIONS IN ADULTS
PO WITH PTSD
Mary Kathryn Dahlgren*,
ﬁé‘;é; S"n;ncs’rﬁf}llly A‘tﬁjﬁ} IMPROVED WHITE MATTER INTEGRITY
Lambrol;y M'a deline’ K K y o ' FOLLOWING THREE AND SIX MONTHS P2-14
’ © B BUppe, OF MEDICAL CANNABIS TREATMENT
Laura Patriarca
and Staci A. Gruber
Andrea Tomko, Hilary Trask EFFECTS OF ATYPICAL CANNABINOIDS P2-15

and Denis J. Dupré*

ON BREAST CANCER CELLS VIABILITY




Alice Domenichini, Aleksandra TESTING CANNABINOIDS IN HUMAN
Adamska Ilari;l Casari PANCREATIC CANCER MODELS IN P2-16
and Mar’co Falasca® COMBINATION WITH CURRENT
CHEMOTHERAPY AGENTS
Faiha Fareez*, Phillip Olla
Kaitlyn Abeare f\Iora NII)cVinr’lie THE EFFECT OF CANNABIS ON
Mauriss; Hastings ’ PERFORMANCE DURING P2-17
. NEUROPSYCHOLOGICAL TESTING
and Laszlo A Erdodi
. Lo HUMAN LEUKOCYTES
Car]gﬁrrfaiz"“:ggi SEOlIlﬁzeth DIFFERENTIALLY EXPRESS
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Director
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National Institute on Drug Abuse, Bethesda, MD, USA

Across the United States and the world, cannabis policies are changing rapidly, with public health
impacts that cannot yet be foreseen based on the current state of our knowledge. Over the past
decade, cannabis use has increased in young and older adults, and each year at least 4 million
people in the U.S. meet diagnostic criteria for cannabis use disorder. The non-alignment of Federal
and State laws creates obstacles for researchers, public health officials, and patients, as well as
those in the cannabis industry. So does the fact that cannabis products vary widely in potency (i.e.,
tetrahydrocannabinol (THC) concentrations), constituents, and formulations. Edibles and
concentrated THC products may pose particular health and safety risks; cannabidiol (CBD)
products are now widely available to treat myriad conditions with little or no regulation.

This presentation will highlight the emerging public health and safety data from U.S. states that
have implemented medical or adult use marijuana laws, with a focus on the challenges of
implementing policies to minimize harm. It will also summarize what we currently know and
what we still need to know about the adverse effects of cannabis and cannabinoids, as well as their
potential therapeutic effects, so that we can better identify research needs and opportunities. More
research on the long-term impact of cannabis use, particularly in adolescents, pregnant women
(and their offspring), and persons with mental illness is greatly needed, as these groups are
potentially the most at risk for adverse outcomes. Also, despite the widespread use of “medical
marijuana” and CBD products, the potential therapeutic uses of cannabis and its constituent
compounds require a great deal more study. To do so will require continuing to address long-
standing barriers to research. As data accumulate, it will be important to remain unbiased in the
assessment of both cannabis’s harms and its benefits, so that the advancing science can most
effectively inform policy and benefit the public health.
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My cannabinoid research began at Oxford University, England, in the late 1960s, not long after the structural
elucidation and first synthesis by Raphael Mechoulam et al. of two notable phytocannabinoids: A’-
tetrahydrocannabinol (THC) and cannabidiol.

The 1970s, 80s and 90s. In some of my initial research, I (1) contributed to the discovery in cannabis of the
phytocannabinoid, tetrahydrocannabivarin, and to its initial pharmacological characterization, (2) developed
the mouse ring test, an in vivo assay for measuring catalepsy induced, for example, by THC, and (3) discovered
that THC lowers the thermoregulatory set point in mice, such that they still regulate their core temperatures,
but at “sub-normal” levels.

After moving to Aberdeen University in 1974, I continued my cannabinoid research, for example by developing
an “ex vivo” assay for “THC-like” drugs. This is performed with murine isolated vasa deferentia in which CB;
agonists can produce concentration-related reductions in the size of electrically-evoked smooth muscle
contractions, reductions now known to result from CB; receptor-mediated inhibition of the neuronal release of
contractile transmitters. I used this assay in a project led by Raphael Mechoulam that began in the late 1980s,
and was prompted by the then recent discovery of CB; receptors. This project provided the first evidence (1)
that the endogenous compound, anandamide, is a CB; agonist and so an “endocannabinoid” and hence (2) for
the existence of an “endocannabinoid system” of cannabinoid receptors and “endocannabinoids”.

In the early 1990s I also helped found the ICRS, and later in that decade, interacted with the UK Government,
with Medical organizations, and with UK and US multiple sclerosis patients who were self-medicating with
cannabis. This I did in a manner that helped to encourage new medicalization of cannabis-derived cannabinoids.

The 21st century In this century, research in my laboratory has, for example, contributed to the discovery
and/or development of (1) a water soluble synthetic analogue of THC, O-1057, (2) an allosteric site on the CB;
receptor, and (3) novel synthetic compounds that behave as positive allosteric modulators (PAMs) of CB; or
CB: receptors. These PAMs include two CB; PAMs (GAT211 and GAT229) that collaborators have shown to
possess therapeutic potential for relieving neuropathic pain or ocular glaucoma, and a CB, PAM (EC-21a) that
may, for example, have therapeutic potential for the treatment of blood cancer. My laboratory also recently
helped to identify novel actions of the phytocannabinoids, cannabidiol, cannabidiolic acid, cannabigerol and
tetrahydrocannabivarin, and of a stable synthetic analogue of cannabidiolic acid. These novel actions have
revealed important potential therapeutic uses for most of these compounds.

In the more distant past, my laboratory also contributed to the pharmacological characterization of certain
notable synthetic cannabinoids, including methanandamide, ACEA, ACPA, AM251, AM281, AM630 and HU-
308, that had been designed and synthesized in the laboratories of some fantastic collaborators. Indeed,
throughout the last half century, my research has involved productive and “synergistic” collaborations with
many great scientists, based, for example, in Israel, the UK, the USA, Canada, Australia, Italy, Spain, Germany,
Poland, Mexico or Russia.
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Addiction is a chronically relapsing disorder characterized by compulsive drug seeking that is
hypothesized to derive from multiple sources of motivational dysregulation. Positive
reinforcement, incentive salience and pathological habits derive from super activation of reward
neurotransmitter systems in the basal ganglia and set up negative reinforcement during withdrawal.
The construct of negative reinforcement, defined as drug taking that alleviates a negative
emotional state (hypohedonia, dysphoria, anxiety, hyperalgesia, irritability, and sleep
disturbances- all comprising the term “hyperkatifeia), is an addition source of motivation for
compulsive drug seeking in addiction. The hyper negative emotional state associated with
addiction has been termed hyperkatifeia from the Greek “katifeia” for “dejection or sadness” and
is created by abstinence in the withdrawal/negative affect and protracted abstinence in the
preoccupation/anticipation stages of the addiction cycle. In animal models, repeated extended
access to drugs of abuse results in negative emotion-like states reflected in increased reward
thresholds, decreased pain thresholds, anxiety-like and dysphoric-like responses. Such negative
emotional states that drive negative reinforcement are hypothesized to derive not only from “within
system” dysregulation of key neurochemical circuits that mediate incentive-salience/reward
systems (dopamine, opioid peptides) in the ventral striatum but also from the” between system”
recruitment of brain stress systems (corticotropin-releasing factor, dynorphin, norepinephrine,
hypocretin, vasopressin, glucocorticoids and neuroimmune factors) in the extended amygdala.
Excessive drug taking is also accompanied by deficits in executive function produced by
neurocircuitry dysfunction in the medial prefrontal cortex that may facilitate the transition to
compulsive-like responding and relapse. Thus, compelling evidence exists to argue that plasticity
in the brain pain emotional systems is triggered by acute excessive drug intake, is sensitized during
the development of compulsive drug taking with repeated withdrawal, persists into protracted
abstinence, and contributes to the development and persistence of compulsive drug seeking.
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Endocannabinoid signalling has been well characterized as a modulator of the stress response, but
divergent roles of anandamide (AEA) and 2-arachidonoylglycerol (2-AG) have been identified.
Work from our lab, and others, has found that in rodent models stress results in a rapid induction
of FAAH activity, which results in an attenuation of apparent "tonic" signaling at the CB1 receptor.
This loss of AEA signaling, particularly within the amygdala, appears to contribute to the
generation of a stress response as inhibition of FAAH can reverse a multitude of neurobehavioral
and endocrine responses to stress. The relevance of FAAH and AEA signaling in humans has also
been examined by characterizing the impact of a gene variant in the FAAH gene (C385A) which
results in a protein destabilization of FAAH and an elevation of AEA signaling. Consistent with
the rodent data, carriers of the C385A allele of the FAAH gene exhibit reduced anxiety and fear,
dampened responses to stress and blunted activation of the amygdala in response to threatening
stimuli. More recently, we have begun to explore the impacts of pharmacological FAAH inhibition
in humans to determine its impact on measures of fear and stress responsively as well. Together,
these data provide a strong translational platform to indicate that AEA signaling may gate
activation of the amygdala in response to stress and thus limit the generation of emotional states,
such as fear and anxiety, and thus targeting FAAH may be a novel pharmacological approach to
treating stress-related psychiatric disorders in humans.
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In this talk I will highlight two new technologies. VEGAS is a synthetic biology technology which
provides a platform for the directed evolution of proteins towards defined molecular objectives. 1
will show how this technology enables the creation of synthetic transcription factors, engineered
receptors and allosteric state-dependent nanobodies. Ultra-LSD is an approach which provides a
platform for the discovery of novel chemical matter from ultra-large virtual chemical libraries
(Lyu, Wang et al, Nature 2019 for example). Recent examples will be provided which illustrate
the potential utilities and power of these approaches.
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Although a number of cannabinoid analogs had been synthesized beginning in the 1960’s, the
discovery of the first cannabinoid receptor (CB1) took several decades. This happened through the
joint efforts of a number of laboratories, and it involved the use of photoaffinity labelling of
radioligands and imaging. The need for obtaining structural information on both CB1 and CB2 to
serve as templates in target-based discovery led to computational efforts based on mutational
studies for receptor modeling. More extended structural work involving the use of covalent
ligands, targeted mutations and proteomic approaches in our laboratory, under the designation of
Ligand Assisted Protein Structure (LAPS), provided more detailed experimental data and
identified helix 6 in both receptors as being a key site involved in their activation/deactivation,
validating some of the earlier computational efforts.

An intensive effort involving Scripps, iHuman in Shanghai, and our laboratory, the Center for
Drug Discovery led to the crystal structure of the CB1 receptor, first in its inactive form using a
suitably designed antagonist for crystallization and subsequently in its activated form, using two
irreversible agonists. This work provided detailed information on the binding motif of CB1
ligands. It also validated the concept of a double-toggle (HX6 — Hx3) mechanism of activation.
These first two successes were followed by the very recent crystallization of the CB2 receptor,
which provided some initial evidence for the complementarity of the two receptors and introduced
the activation/deactivation (ying-yang) receptor concept, which now serves as a basis for the
development of CB2 agonist/CB1 antagonist therapeutic medications.

The availability of detailed structural information of a number of CB1 and CB2 ligand complexes,
coupled with data on ligand-receptor dynamics, opens the door for the design of cannabinergic
drugs with greater structural and functional specificity. The work also allows us, retrospectively,
to examine the functional basis and potential improvement of pharmacologically useful ligands of
potential therapeutic value. These include neutral antagonists, megagonists, functionally selective
ligands, and CB1 irreversible chemical knock-out antagonists.
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INTRODUCTION: Everyone knows “Sativa” and “Indica” as colloquial names for distinct plants
and plant products. Researchers desiring botanical nomenclature equate “Sativa” with Cannabis
sativa, and “Indica” with Cannabis indica. This is erroneous.

C. sativa subspecies sativa refers to plants from Europe (“rope, not dope”), whose THC content
<0.3% segregates them from Asian drug plants. “Sativa” and “Indica” are names for two kinds of
Asian drug plants. They were distinguished by USA breeders in the 1970s. But they were known
long before that, under different names. We exhumed old names from the literature, and linked
them with herbarium specimens.

METHODS: We examined 1100 Cannabis specimens at 18 herbaria for morphological variation.
Phytochemical and genetic data were obtained from published and unpublished sources. Old
botanical names were assessed for legitimacy under protocols established by the International
Code of Nomenclature for Algae, Fungi, and Plants (ICN).

RESULTS: Evidence traces “Sativa” to South Asia (India). It spread to the Middle East, Africa,
and Southeast Asia by the 1200s. Europeans in India began assigning names in the 1500s, and
preserving herbarium specimens in the 1600s. “Sativa” spread to America during the African slave
trade, and spread to European medicine after O’Shaughnessy. They all share South Asian heritage.
Europeans in Central Asia first described “Indica” (using other names) in the 1600s. By the 1800s
British botanists collected Central Asian specimens from Afghanistan and Turkestan, and analyzed
their phytochemistry. Afghani germplasm was smuggled into the USA in 1971, and cross-bred
with “Sativa”. Within 15 years, unhybridized plants of South Asian and Central Asian heritage
had become difficult to obtain. Research on South Asian and Central Asian plants collected in the
1970s—-1990s showed phytochemical and genetic differences. These differences began to disappear
in 21% century studies of hybridized “Sativa” and “Indica”.

DISCUSSION: The nomenclaturally legitimate variety names for the ancestors of “Sativa” and
“Indica” are var. indica and var. afghanica, respectively. They are domesticated forms. Their wild-
type progenitors are named var. himalayensis and var. asperrima, respectively. Widespread
crossbreeding between indica and afghanica has obscured taxonomic differences. They face
extinction through introgressive hybridization. Seen pessimistically, the varieties described here
are becoming a lost world, an exercise in renaming dinosaurs. Optimistically, the formal
recognition of Central Asian and South Asian varieties provides them with unambiguous names,
and may help prevent their extinction. Cannabis biodiversity needs to be conserved—for future
breeding efforts, at the very least. We will formalize the nomenclature in a botanical journal (this
abstract does not conform to /CN protocols).
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The use of cannabis to alleviate headache and migraine is relatively common in medical cannabis
patients, yet research on its effectiveness remains sparse. To date there has only been one
randomized, double-blind study of cannabinoid treatment for headache or migraine in humans; the
results of which indicated that nabilone (a synthetic cannabinoid) was more effective than
ibuprofen in reducing pain intensity. The present study expands on the limited scope of research
in this area, providing a naturalistic account of patients’ perceived changes in severity of headache
and migraine as a function of inhaling different strains and doses of cannabis. Our objectives were
to: 1) examine whether ratings of headache and migraine severity are significantly reduced after
inhaling cannabis, 2) determine whether there are gender differences in these putative effects, 3)
assess whether THC content, CBD content, and/or interactions between THC and CBD predict
changes in severity ratings, 4) investigate differences in severity rating changes across various
doses, 5) explore potential tolerance development across cannabis treatment sessions, and 6) assess
changes in baseline (i.e., pre-cannabis use) ratings of headache and migraine severity across
cannabis treatment sessions.

To achieve these objectives, we analyzed global data from the app Strainprint™. This app provides
patients with a means of tracking changes in symptoms of a variety of medical conditions as a
function of different doses and strains of cannabis. Specifically, patients indicate the symptom they
are experiencing, rate its severity on a 0-10 scale, enter the strain they are about to use (THC and
CBD content are obtained from Canadian licensed producers), enter the method of ingestion and
dose (number of puffs) of cannabis used, and then re-rate their symptom severity 20 mins to 4 hrs
after cannabis use. The sample used in the present study contained 1,587 individuals who used the
app over 15,000 times to track changes in headache severity and 826 individuals who used the app
over 10,000 times to track changes in migraine severity.

The results of a series of analyses using multilevel modeling revealed that patients reported a
48.5% reduction in headache severity and a 53.7% reduction in migraine severity following
inhalation of cannabis. Men and women reported comparable reductions in headache severity but
men reported significantly greater reductions in migraine severity following cannabis use than did
women. No main effects or interactions between THC and CBD were detected, and all reported
quantities used (1 to 10+ puffs) produced significant reductions in headache and migraine severity
ratings. No change in baseline symptoms was detected across time/cannabis treatment sessions,
and no tolerance was detected. Instead, larger reductions in migraine severity were reported across
time/cannabis treatment sessions. The results indicate that inhaled cannabis reduces self-reported
headache and migraine severity by approximately 50%, and repeated use of cannabis to treat
headache and migraine does not appear to be associated with tolerance to its effects nor to
medication overuse rebound effects.
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The chemistry and biology of the endocannabinoids anandamide (AEA) and 2-AG is rapidly
expanding with the discoveries of new biological roles for these lipid mediators, pharmacological
targets, and enzymes responsible for their synthesis, hydrolysis, transport, and oxidative
metabolism. Structural modifications to enhance the biological activities and target specificities of
these lipids while increasing their metabolic stabilities, is a challenge. In our approach we explore
two design principles: a) the introduction of chiral methyl groups at judiciously chosen positions
within the arachidonoyl chain of the prototype, and b) the inclusion of steric bulk and
stereochemistry in the vicinity of the hydrolysable head group of the lipid. Here we report novel
arachidonoyl ethanolamide (AEA) and 2-arachidonoyl glycerol (2-AG) analogs that combine
distinct conformational properties with unique functional profiles at the cannabinoid CB1 and CB2
receptors, coupled with enhanced stabilities for their respective deactivating enzymes. Unlike AEA
and 2-AG, the chiral endocannabinoid probes reported here do not generate arachidonic acid which
exhibits non-CB-mediated biological actions and in vitro and in vivo toxicity. As such, these novel
chiral endocannabinoid ligands along with the recent determination of the crystal structures of the
CB1 and CB2 receptors, will inspire the design of improved analogs for in vitro, in vivo, and
computational studies aimed at exploring the (patho)physiological roles of AEA and 2-AG.

Acknowledgements: Research supported by NIH/NIDA grants DA009158 and DA007215.
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Background: Our research program investigates the effects of commonly used cannabis strains and
products, as they are used in everyday life, as opposed to the effects of U.S. government grown,
lower potency cannabis in controlled laboratory experiments, which may underestimate effects of
A9-tetrahydrocannabinol (THC) as available on the legal market. The use of novel cannabis
research methods that are compatible with current federal regulations is imperative to study the
effects of legal market cannabis. This study used novel observational research methodology to
study higher strength THC flower and concentrated cannabis, which have been minimally
researched and become increasingly available since legalization. Methods: Regular users of
cannabis flower and concentrate were asked to use one of two legal market flower (16% vs 24%
THC) or concentrated (70% vs 90% THC) cannabis products that they purchased from a local
dispensary. Before, immediately after, and 1-hour after ad libitum use, flower (n=55) and
concentrate (n=63) users were assessed in a mobile pharmacology lab. Measures included a blood
draw to measure cannabinoid blood levels, self-reported subjective drug effects, and
neurobehavioral tasks testing memory, inhibitory control, and standing balance/postural stability
functions. Results: THC, and its metabolites, THC-COOH and 11-OH-THC, were each acutely
elevated after use. The concentrate users had higher levels of THC and THC metabolites across all
assessments, as well as a stronger peak acute effect for THC. Both flower and concentrate users
reported increased subjective drug effects immediately after use; however, levels of subjective
intoxication did not differ across flower and concentrate users or by potency within flower or
concentrates. Thus, the results indicated that THC blood levels were higher for concentrate users
overall and acutely, but that potency did not affect blood levels for either form of cannabis. In
addition, despite these differences in blood levels, subjective levels of intoxication did not differ
across flower and concentrate groups. Broadly, cognitive effects were minimal even for high
potency forms of cannabis. However, acute cognitive impairment was found on verbal recall
errors, but unexpectedly this impairment was greater for flower users acutely than for concentrate
users. Postural stability was also acutely impaired immediately after cannabis use, and this acute
effect on balance did not differ among flower and concentrate users. Conclusions: Findings suggest
that users of high potency flower and concentrated cannabis products may demonstrate tolerance
to both the subjective and cognitive effects of even very high potency cannabis. In addition, flower
and concentrate users may titrate their use to subjective levels of intoxication regardless of product
potency. Portably-performed quantitative measures of impaired postural stability appear to be
responsive to acute use even in regular users. These studies provide the first data on the acute
effects of legal market high potency THC products on important measures relevant to public health
and cannabis harm-reduction.
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CBD oils represent a popular group of hemp-derived "food supplements’, rich in the content of
non-psychotropic phytocannabinoid cannabidiol (CBD). These products are prepared by
enrichment of edible oils either by purified CBD or hemp extract. In the latter case, CBD oils may
contain not only the health beneficial CBD but also various amount of psychotropic A°-
tetrahydrocannabinol (A°-THC). Moreover, CBD oils may be a source of exposure to hazardous
contaminants, such as polycyclic aromatic hydrocarbons (PAHs). It should be noted, that in spite
of high demand for CBD oils, there is available a very limited information on the quality of these
products being introduced at the markets. On this account, we decided to assess the quality of
CBD oils available at the EU retail market focusing not only on CBD, but involving also A°>-THC
and PAHs as quality indicators. In total, 70 CBD oil samples were collected within three sampling
campaigns performed within the years 2016-2019.

The content of CBD and A°-THC was determined by ISO 17025 accredited UHPLC-HRMSMS
based method, the compliance of obtained data with the information provided by CBD oils
producers on the label was evaluated. Further, the amount of A>-THC in daily dose of tested oils
recommended by producers was compared with the acute reference dose (ARfD) of 1 pg A°-
THC/kg b.w. set by EFSA. The content of PAHs was determined by HPLC-FLD and compared
with the maximum limits of 2 pg/kg for benzo(a)pyrene (BaP) and 10 pg/kg for the sum of 4
carcinogenic PAHs benzo(a)pyrene, chrysene, benzo(a)anthracene and benzo(b)fluoranthene (X4
PAHs) according the EU Regulation 2015/1933. The results of chemical analyses showed
significant issues in all of the monitored quality indicators. The lower than declared amount of
CBD or its missing content information was observed in over 20 % of the tested samples. Despite
the slight improvements over the testing years (CBD content even higher than declared), the
situation could not be classified as satisfactory. The results of A>-THC content were even worse.
Although we detected this psychotropic compound in 89 % of the oils, in most cases, no
information on A°-THC presence was provided at the label. Considering the consumer with a body
weight 70 kg, the ARfD was exceeded by almost 50 % of samples with the highest A°>-THC dose
being even 4800 % of the ARfD. Such observation is alarming as even relatively low amounts of
A°-THC can influence normal function of cognition and impair comsumer’s capacity to drive and
make decisions in general. Raising significant personal as well professional life risks for consumer
especially when not being aware of the controlled psychoactive substance intake at all. The
continuously unsatisfactory situation was observed also in case of PAHs, which were detected in
all of the tested CBD oils. The legislative limits for BaP and / or £4 PAHs were exceeded in 60 %
of the samples with maximum concentrations being even 9- and 19-fold higher than maximum
limits, respectively. As the PAHs contamination most probably results from improper drying
procedures of hemp (contact with combustion gases), there is a strong need for improvement of
respective processing practices.



ACUTE AND CHRONIC EFFECTS OF CANNABIDIOL
ON HAEMODYNAMICS IN HEALTHY MALES
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We previously showed in healthy males that acute oral administration of CBD (600 mg) causes a
reduction in blood pressure at rest and in response to stress. The aim of this study was to see
whether tolerance develops in this response to CBD with repeated dosing, and to establish whether
other vascular endpoints are affected by CBD.

26 healthy males (26.3 + 5.6, mean+SD) years were given 600 mg of CBD or placebo orally for
seven days in a randomised, placebo-controlled, double-blind, parallel study (n=13 per group).
Cardiovascular parameters were assessed after single (acute) and repeated (chronic) dosing at rest
and in response to stress (isometric exercise) using a Finometer, Vicorder (measuring pulse wave
velocity at the brachial site) and Duplex Ultrasound (measuring blood flow volume of the right
internal carotid artery (ICA), and endothelial function of right brachial artery).

Compared to placebo, CBD significantly reduced resting mean arterial pressure (mean difference
(MD) -2 mmHg, p=0.01), with a trend for a reduction in systolic blood pressure (MD -2.28 mmHg,
p=0.08) and diastolic blood pressure (MD -1.76 mmHg, p=0.06) after the first but not the seventh
dose of CBD. In response isometric exercise, volunteers who had taken CBD had lower systolic
blood pressure after the first dose of CBD (MD -6 mmHg, p=0.007) and after the seventh dose of
CBD (MD -5.7 mmHg, p=0.01). Chronic CBD dosing increased ICA diameter (ICA-D, MD +0.55
mm, p=0.01) and tended to increase ICA flow volume (ICA-FV, MD +0.12 1/min, p=0.07).
Compared to day one, repeated dosing with CBD significantly increased ICA-D (MD +0.43 mm,
p=0.05) and tended to increase ICA-FV (+0.08 1/min, p=0.09), reduce arterial stiffness (pulse wave
velocity; MD -0.44 m/s, p=0.05, n=11 per group), and improve endothelial function (flow
mediation dilatation MD +3%, p=0.05, n=6 per group).

These findings show that effects of CBD on resting BP develop tolerance, but that the BP lowering
during stress seen with CBD persists. The reduction on arterial stiffness, and improvements in
internal carotid artery blood flow and endothelial function after chronic CBD treatment indicate a
positive effect on vascular function that warrants further investigation in relevant patient
populations.



HIGH ANXIETY? EXAMINING THE IMPACT OF FOUR WEEKS
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Currently, 33 states and the District of Columbia have fully legalized medical cannabis (MC)
programs and an additional 14 states offer limited access to MC products. Cannabis is comprised
of over 100 phytocannabinoids, including delta-9 tetrahydrocannabinol (A9-THC), the primary
psychoactive constituent of the plant, and cannabidiol (CBD), a primary non-intoxicating
cannabinoid which may confer therapeutic benefits. Acute administration studies in both animals
and humans have demonstrated that CBD may have anxiolytic properties; however, thus far, no
clinical trials have assessed the impact of high CBD products in individuals who suffer from
anxiety. Accordingly, we are conducting the first open-label to double-blind clinical trial assessing
the impact of a novel, proprietary high-CBD, low-THC sublingual tincture in patients meeting a
minimum threshold of “moderate” anxiety with no current use of any cannabinoid-based products.
Study visits occurred at baseline (prior to beginning CBD treatment), and weekly over the course
of the 4-week treatment period; at each visit, participants completed ratings of anxiety (Beck
Anxiety Inventory [BAI], Overall Anxiety Severity and Impairment Scale [OASIS], Hamilton
Anxiety Rating Scale [HAM-A]), mood (Beck Depression Inventory [BDI], and a number of other
clinical and cognitive measures. Patients administered the custom-formulated, whole plant-derived
tincture containing approximately 10mg/ml CBD three times per day.

Preliminary data from the open-label phase of the trial suggests significant improvement following
4 weeks of treatment when compared to baseline. Specifically, findings suggest that use of a
custom-formulated, whole plant-derived high CBD sublingual tincture results in less severe
anxiety (OASIS) and fewer anxiety-related symptoms (BAI) following 4 weeks of treatment
relative to baseline. Patients also demonstrated significant reductions in depressive symptoms and
improved mood. Further, we observed significant improvements in sleep and on several quality
of life measures, which may be attributable to the improvements in clinical symptoms experienced
by these patients. In addition, the study product appears to be well-tolerated with no discernible
side effect profile. While these results are promising and reflect findings from our larger
observational study noting clinical improvements in MC patients, results should be interpreted
with caution as the open-label study is still ongoing. Furthermore, a definitive assessment of the
impact of this novel treatment will be ascertained in the next phase of this trial, a double-blind,
placebo-controlled phase of the study, which will provide empirically sound data regarding the
efficacy of sublingual CBD for anxiety.

Acknowledgements: This project was funded by generous donations to the Marijuana
Investigations for Neuroscientific Discovery (MIND) Program at McLean Hospital



ACUTE PHARMACOKINETICS AND PHARMACODYNAMICS
OF ORAL AND VAPORIZED CANNABIDIOL IN HEALTHY ADULTS

Tory Spindle*!, Edward Cone 2, John Mitchell®, George Bigelow!,
Ron Flegel* and Ryan Vandrey!

'Behavioral Pharmacology Research Unit, Johns Hopkins University School of Medicine
2 Pinney Associates, Inc.
3SRTI International
4Substance Abuse and Mental Health Services Administration (SAMHSA)

The use and availability of oral and inhalable cannabidiol (CBD) products has increased drastically
in recent years. Given that limited preclinical evidence suggests CBD may convert to THC in the
gut, controlled studies are needed to explore whether acute administration of CBD would produce
positive results on a drug test. This study evaluated and compared the acute pharmacokinetics and
pharmacodynamics of oral CBD, vaporized CBD, vaporized cannabis containing high CBD and
low THC, and placebo. Six healthy adults completed four, double-blind, double dummy, acute
CBD dosing sessions in a within-subjects cross-over study. A 100mg CBD dose was delivered in
3 formulations: encapsulated synthetic CBD powder, vaporized synthetic CBD powder, or
vaporized cannabis containing 100mg CBD and 4mg THC. Placebo capsules were filled with
cellulose, placebo cannabis was obtained from NIDA. Experimental sessions were separated by 1
week. Pharmacodynamic assessments (subjective drug effect ratings, Divided Attention Task,
Paced Serial Addition Task, Digit Symbol Substitution Task) were evaluated at baseline and for 8
hours post-dosing. Whole blood, oral fluid, and urine samples were collected repeatedly over 5
days after each drug administration.

Vaporized CBD and high CBD cannabis increased ratings of Drug Effect and Pleasant Drug Effect
compared with placebo. CBD did not increase subjective ratings for effects typically associated
with acute cannabis effects and none of the active dose conditions significantly impaired cognitive
performance. Following vaporization of pure CBD, delta-8 and delta-9 THC were measured in the
oral fluid of all 6 participants; quantitative levels were below 2ng/mL within 4 hours of
administration. No THC, 11-OH-THC, or THCCOOH were measured in blood, and trace amounts
of THCCOOH were measured in urine after both oral and vaporized CBD administration. Overall,
these results demonstrate that vaporization of pure CBD produces discriminable subjective drug
effects and can result in the presence of THC in oral fluid, but does not produce “THC-like”
subjective effects or cognitive/psychomotor impairment. These findings also suggest that a single
acute exposure of 100mg CBD (oral or vaporized) would not result in a positive drug test using
current federal testing standards beyond 1 hour after exposure. Additional research is needed to
characterize the pharmacodynamic and pharmacokinetic effects of acute vaporized CBD at higher
doses, both alone and in combination with varying vaporized THC doses, and also to explore the
effects of chronic CBD use on drug testing outcomes.

Acknowledgements: Funded by the Substance Abuse and Mental Health Services Administration



CANNABIDIOL ATTENUATES COCAINE REWARD BY CB2,
5-HT1a AND TRPV1 RECEPTOR MECHANISMS IN RATS
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Cocaine addiction continues to be a serious health problem in our society. Despite many years of
intense research there is currently no FDA-approved medication to treat cocaine addiction. Current
search for improved pharmacotherapeutics has been focused on agents targeting dopamine, GABA
and glutamate systems, but limited success has been achieved at a clinical level. Cannabidiol
(CBD) is a U.S. FDA-approved cannabinoid for the treatment of epilepsy and in recent years, CBD
was reported to have other medical implications including the one for substance use and abuse.
Here we evaluated the potential anti-cocaine therapeutic utility of cannabidiol and explored
possible underlying receptor mechanisms by which CBD produces these effects. In a series of
experiments, we demonstrated that systemic administration of CBD (3, 10, 20, 40 mg/kg, i.p.)
dose-dependently reduced cocaine-enhanced electrical brain-stimulation reward, lowered a break-
point for cocaine self-administration under a progressive-ratio schedule of reinforcement, and
shifted cocaine self-administration dose-response curve downward. CBD had no effect on cocaine
self-administration maintained by higher cocaine doses (0.5 or 1.0 mg/kg). Using In vivo
microdialysis with HPLC, we showed that CBD alone significantly increased the extracellular DA
level in the nucleus accumbens (NAc), whereas pretreatment with CBD dose-dependently blocked
cocaine-induced increases in NAc DA. Regarding the receptor mechanisms, we found that
pretreatment with AM251 (a CBIR antagonist), naloxone (an opioid MOR antagonist) or
CID16020046 (a GPRS55 antagonist) failed to block, while pretreatment with AM630 (a CB2R
antagonist), WAY 100135 (a 5-HT:a antagonist), or capsazepine (a TRPV1 channel antagonist)
blocked CBD-induced reduction in cocaine self-administration and cocaine-enhanced brain-
stimulation reward. These findings suggest that CBD may have certain therapeutic utility to blunt
rewarding effects of cocaine, possibly by stimulation of CB2, 5-HT1a, and TRPV1 receptors.

This work was supported by NIDA IRP.



ALLOSTERIC MODULATORS OF THE CANNABINOID
CB1 RECEPTOR: DIARYL UREAS
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Blockade of the cannabinoid 1 receptor (CB1R) has shown great promise for the treatment of drug
addiction and abuse, but the use of CB1R antagonists/inverse agonists in clinics has been limited
by their psychiatric side effects. The development of CBIR allosteric modulators offers a much-
needed alternative strategy to modulate CB1R signaling for therapeutic benefits.

Our group has developed and reported several series of CB1R allosteric modulators based on the
diaryl urea scaffold. Continued effort has identified novel allosteric modulators including those
bearing five membered aromatic ring systems such as a thiophene. The target compounds
displayed nanomolar potencies in calcium mobilization and GTP-y-S binding assays. Similar to
PSNCBAM-1 and Org27569, these compounds exhibited a positive allosteric modulator-
antagonist (PAM-Antagonist) profile, increasing the binding affinity of [PH]CP55940 but
decreasing agonist activity in functional assays. As expected with the allosteric mechanism, these
compounds dose dependently reduced the Emax value of the orthosteric CB1R agonist CP55940.
Most compounds possessed low nanomolar ICso values at CB1R without any significant activities
at the CB2 receptor. Several compounds showed good metabolic stability in rat liver microsomes.
One such compound RTICBM-74 (T12 > 300 min in RLM) displayed greater in vivo potency than
PSNCBAM-1 (Ti2 = 13 min) in attenuating the reinstatement of extinguished cocaine seeking
behavior in rats. These results support the development of potent and selective CB1R allosteric
modulators as potential medications for the treatment of drug addiction and abuse.

Acknowledgements: Supported by NIH grant DA040693 (YZ).
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The cannabinoid receptor interacting protein 1a (CRIP1a) modulates CB; receptor signaling via
G proteins. CRIP1a appears to (1) attenuate agonist-mediated signaling by competing with certain
Gi protein subtypes; and (2) control agonist-driven CB; receptor cell surface internalization by
competing with B-arrestins. The molecular basis for these biological effects is not known.
Previous studies have used a variety of computational approaches to generate models of CRIP1a
and the related protein CRIP1b. The proposed CB; receptor binding interfaces, however, were not
conserved and remain to be validated. In this study, we determined the first high-resolution
structure of CRIP1a by X-ray crystallography. The DALI algorithm was able to identify several
low-sequence identity homologs not related to those previously proposed. Interestingly, CRIP1a
appears to belong to a unique class of proteins that are regulated by other protein partners.
Experiments are underway to determine the identity and role of the CRIP1a and CRIP1la-like
proteins and their association with and impact on CB; receptor signaling. Targeting the CRIP1a-
CB; receptor interaction has tremendous therapeutic potential for pain management, epilepsy,
neurotoxicity, motor disfunction and addiction.

Acknowledgements: Funded by the National Institute of Drug Abuse, R0O1-DA042157.
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CANNABINOID-1 RECEPTOR REGULATES SOLUBLE LEPTIN RECEPTOR
LEVELS VIA C/EBP HOMOLOGOUS PROTEIN (CHOP), CONTRIBUTING TO
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Leptin plays a major role in regulating energy homeostasis by targeting hypothalamic leptin
receptors to reduce food intake and increase energy expenditure. The soluble isoform of leptin
receptor (sOb-R), secreted by the liver, binds free leptin and regulates its bioavailability and
bioactivity. Diet-induced obesity (DIO) is associated with reduced sOb-R levels and
hyperleptinemia, leading to leptin resistance. Obesity is also associated with increased activity of
the endocannabinoid (eCB) system. In previous studies, we demonstrated that blockade of the
cannabinoid-1 receptor (CBiR) attenuates DIO-associated leptin resistance by reversing
hyperletinemia via reducing leptin secretion from adipocytes, increasing its renal clearance, and
restoring hypothalamic leptin signaling. Yet, a direct regulation of sOb-R production by the eCB
system has not been reported.

In this work we determined the contribution of the hepatic eCB/CBR system to the expression
and/or subsequent release of sOb-R as well as leptin sensitivity by using various pharmacological
and genetic approaches in mice and cultured hepatocytes.

We found that both peripheral blockade and hepatic deletion of CBiR reversed DIO-induced
reduction in sOb-R gene expression and protein levels as well as hepatic leptin resistance. Hepatic
over expression of CB1R in global CBR null mice was sufficient to recapitulate the phenomenon
documented in DIO wild-type animals. Interestingly, the peripherally restricted CBiR inverse
agonist, JD5037, failed to reverse DIO-induced reduction of sOb-R levels in mice that lack C/EBP
homologous protein (CHOP). In addition, direct activation of CBR in hepatocytes reduced sOb-
R levels in the culture media and cell lysates, in a CHOP-dependent manner. Moreover, CHOP
stimulation increased sOb-R expression and release. Reporter assay and chromatin
immuneprecipitation data suggest that CHOP is a positive regulator of the leptin receptor
promoter.

These findings highlight a novel contribution of the hepatic eCB/CBR system to the development
of leptin resistance by regulating sOb-R levels via CHOP.

Acknowledgments: This work was supported by the Israel Science Foundation (ISF) grant
(#617/14) to Joseph Tam.
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Hermansky-Pudlak syndrome (HPS) is a rare genetic disorder with 10 identified subtypes, each
corresponding to mutation of a unique gene. Patients with HPS type 1, 2, or 4 develop pulmonary
fibrosis (PF). HPS1 is the most common and severe form, leads to adult-onset fatal PF with no
effective treatment. Considering the complex disease pathogenesis, targeting multiple pathways
may improve therapeutic efficacy. Endocannabinoids acting via cannabinoid type 1 receptors
(CB1R) promote tissue fibrosis, including PF. The activity of inducible nitric oxide synthase
(iNOS) is also increased in fibrosis.

First, we evaluated the role of the endocannabinoid/CBR and iNOS systems in bleomycin (Bleo)-
induced PF in a mouse model of HPS1, pale ear, and in human HPS-PF using bronchoalveolar
lavage fluid (BALF), plasma, and lung samples from patients with HPS and their controls. We
found that CB1R and iNOS were overexpressed in the lung of HPS-PF patients and in bleo-induced
PF in pale ear mice. Anandamide (AEA) was significantly more abundant in BALF samples from
HPS-PF patients and HPS1-PF mice compared to BALF from respective controls, and its level
negatively correlated with pulmonary function results. Interestingly, plasma AEA levels from HPS
and HPS-PF patients were also significantly elevated compared to normal volunteers, suggesting
potential biomarker function of AEA. We then tested the therapeutic efficacy of combined
inhibition of CB;R and iNOS in Bleo-induced PF model of HPS. Tissue levels of
endocannabinoids, CBiR, iNOS and fibrogenic markers were increased 1-week post-Bleo infusion
and remained elevated at 6 weeks along with progressive fibrosis. Bleo-challenged pale ear mice
were treated daily between weeks 1 and 6 by oral gavage of vehicle or MRI-1867 (10 mg/kg/day),
a peripherally restricted dual CBR/iNOS inhibitor. MRI-1867 treatment significantly attenuated
PF progression and improved pulmonary function in pale ear mice.

In conclusion, we have identified CBiR as a novel therapeutic target in HPS-PF. Furthermore,
dual-targeting CBiR and iNOS for inhibition is an effective anti-fibrotic therapeutic strategy for
HPS-PF. MRI-1867 is being developed as a candidate drug to treat patients with HPS-PF.

Acknowledgements: Funded by the intramural research programs of the NIAAA, NHGRI, and
NCATS, the American Thoracic Society Foundation Research Program and the Hermansky-
Pudlak Syndrome Network (to R. Cinar).
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Cannabis has a long history of use by humans, stretching back thousands of years, and is
experiencing a surge in use coincident with a shift in its legal status, having been formally legalized
in Uruguay and Canada and several American states. Most attention has been paid to the two
phytocannabinoids that are present in the greatest quantity in cannabis— tetrahydrocannabinol and
cannabidiol. However, there is also a strong interest in the other phytocannabinoids and terpenoids
present in cannabis. Cannabinoid-related terpenes are structurally unrelated to phytocannabinoids,
but are aromatic, sometimes pleasingly so, and have been promoted commercially as having
defined physiological effects, particularly in relation to cannabis. To take an example, myrcene is
proposed to enhance the cannabis high, leading to the claim that consumption of a mango before
smoking cannabis prolongs the high. Other claimed effects run the gamut from analgesia and
sedation to suppressing inflammation. By and large, however there has been little or no systematic
study of terpenoid interaction with the endocannabinoid signaling system.

We tested several of the more widely promoted terpenoids for their interaction with endogenous
cannabinoid signaling in a well-characterized neuronal model. Autaptic hippocampal neurons
express CB1 receptors as well as the cellular machinery to synthesize and metabolize the
endocannabinoid 2-AG as well as several forms of CB1-mediated neuronal plasticity. This system
affords the opportunity to test direct activation of this system as well as evaluating synergistic
activity with the endogenous cannabinoids. We find that of myrcene, nerolidol, limonene, linalool
and a-pinene, most compounds had little if any effect on cannabinoid signaling. Nerolidol
however was found to have dual opposing effects: Nerolidol reduced DSE post-synaptically by
inhibiting eCB synthesis, with significant effects even at 100nM. However, nerolidol also
enhanced maximal CB1 inhibition of neurotransmission by 2-AG.

In summary, we have tested five terpenoids that have been proposed to have an assortment of
cannabinoid-enhancing or modulating effects, finding that most have little or no effect on
cannabinoid signaling in a neuronal model. However, nerolidol appears to have two opposing
sites of action: inhibiting eCB production while enhancing CB1 receptor signaling.
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Diabetic dyslipidemia (DD) is characterized by increased plasma triglycerides (TGs) and
decreased high-density lipoprotein cholesterol (HDL-C) levels. It represents one of the major
factors contributing to Non-Alcoholic Steatohepatitis (NASH) and cardiovascular risk observed in
type-2 diabetes (T2D), with no specific treatment currently available. A major contributor to
elevated plasma TGs in subjects with insulin resistance/T2D is increased VLDL production, which
could result from increased de novo lipogenesis (DNL), increased microsomal triglyceride transfer
protein (MTP) activity and/or a reduction in ApoB degradation in hepatocytes. DD is multifactorial
and the overactivity of the endocannabinoid - cannabinoid-1 receptor system (ECS/CBIR) is
amongst the potential factors involved in its pathophysiology. Indeed, CBIR activation increases
DNL and decreases fatty acid oxidation in the liver whereas CB1R inactivation or deletion
improves liver lipid metabolism. Additionally, nitric oxide (NO) produced by inducible NO
Synthase (iNOS) in the liver is associated with diet-induced steatohepatitis, insulin resistance and
impaired hepatic lipid metabolism. Consequently, we hypothesized that simultaneous inhibition of
ECS and iNOS activity could improve metabolic deregulations associated with DD.

Here we used MRI-1867, a peripherally restricted hybrid inhibitor of CBIR and iNOS, in mice
with diet-induced obesity (DIO) to document its therapeutic efficacy in DD. MRI-1867 treated
DIO mice displayed lower body weight and improved glucose homeostasis as evidenced by a
lower blood glucose, improved glucose tolerance and insulin sensitivity, as compared to vehicle-
treated DIO mice. Hepatic steatosis was decreased by > 60% and the plasma HDL-C/LDL-C ratio
was improved by treatment with MRI-1867 compared to vehicle. MRI-1867 also reduced the
secretion of TGs and VLDL from the liver, which could be partly attributed to a down-regulation
of the MTP activity through a FoxO1-dependent mechanism leading to reduced VLDL assembly.
Furthermore, MRI-1867 treatment resulted in a strong upregulation of the LDL receptor protein
expression that could have been induced by the marked decrease in circulating levels of the
proprotein convertase subtilisin/kexin type 9 (PCSK9) observed in these mice. Indeed, PCSK9 is
able to bind to the LDL receptor and targets it for lysosomal degradation. Thus, reduced plasma
PCSKO9 levels and increased LDR receptor could lead to the lower LDL-C. PCSK9 is mainly
regulated through an SREBP-2- and E2f7- dependent mechanism, the expression of both of which
was strongly inhibited by MRI-1867. Additionally, MRI-1867 treatment also affected GLP-1
production, PPAR and FXR activity, all of which being potential therapeutic targets in DD.

In conclusion, combined blockade of peripheral CB1R and iNOS could improve DD via multiple
mechanisms, thus representing a multi-target monotherapy.
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Nottingham, Midlands (UK); 7 University of Teramo, 64100 Teramo (Italy); ® National Institute on
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Activation of CB:R holds great promise for the treatment of tissue injury and inflammatory diseases. Drug
discovery efforts resulted in the identification of highly selective CB,R agonists which show robust efficacy
in various animal models of chronic and inflammatory pain, diabetic neuro- and nephropathy, liver
cirrhosis, and ischemic-reperfusion injury. For the successful development of new drugs profound
knowledge of their underlying molecular and cellular mechanism(s) of action is required. In addition, it’s
key to understand the cellular expression profile of the target protein in humans. Antibodies can be used to
detect surface expression of GPCRs, but specific antibodies against CB:R are currently lacking. Another
important aspect in drug development is to verify that the drug candidate fully engages with its intended
target in vivo. Fluorescent and biotinylated chemical probes are able to address these questions.[

On the way toward such probes several highly potent and selective CB:R ligands, such as 2,5,6-
trisubstituted pyridines/pyrazines,™ triazolopyrimidines,”! amidosulfones'* and novel cannabinoid derived
ligands" have been exploited. Their iterative optimization in cycles of design, synthesis, in vitro
pharmacology profiling (human and mouse CB:R binding and functional activity and selectivity) as well
as in generating early absorption, distribution, metabolism and excretion data (e.g. solubility, permeation,
lipophilicity and protein binding) toward a highly versatile chemical toolbox, will be the subject of this
communication. Application data of most beneficial novel CB:R fluorescent probes, including equilibrium
competition binding experiments, binding kinetics studies, fluorescence activated cell sorting experiments,
as well as detection of CB2R in over- and endogenously expressing human and rodent systems, will be
disclosed.

[1] M. Soethoudt et al., J Am Chem Soc. 2018, 140, 6067.
[2] R. Slavik et al., J. Med. Chem. 2015, 58, 4266.

[3] M. Nettekoven et al., ChemMedChem 2016, 11, 179.
[4] D. Riether et al., WO 2011109324 A1 2011.

[5] M. Socthoudt et al., Nat Commun. 2017, 8, 13958.
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CB2 RECEPTOR DETECTION BY NEW FLUORESCENTLY
LABELED SYNTHETIC LIGANDS

M. Nazare*!, T. Gazzi', B. Brennecke!, M. Weise! U. Grether?, K. Atz?, E. M. Carreira’, J.
Fingerle?, J. Gertsch*, W. Guba?, C. Korn?, M. Maccarrone’, H. Mandhair?, T. Miljus®, S. Oddi’,
P. Pacher®, A. Pavlovic?, P. Pfaff’, C. Raposo?, A. Rufer?, R. Sarott’, C. Ullmer?, M. van der
Stelt?, D. Sykes®, Z. Varga®, D. B. Veprintsev® and M. Westphal®
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The type 2 cannabinoid receptor (CB2R) plays an important role in a number of pathophysiological
processes like inflammatory pain, diabetic neuro- and nephropathy, liver cirrhosis, and ischemic-
reperfusion injury. Still there are several persisting questions on target occupancy, expression and
activation levels in tissues that remain to be clarified. In this context, fluorescently labeled
selective chemical probes are potentially powerful tools to study CB2R in a spatiotemporal controlled
manner in living native cells. The tremendous drug discovery efforts that have been devoted to the
development of selective CB2R agonists have delivered a rich foundation of synthetic chemical
structures of agonist ligands. For the generation of fluorescently labeled probes these available
optimized drug candidate structures are particular promising synthetic starting points and may in
principle bequest their favorable selectivity, physicochemical properties and low toxicity. In this
presentation, we will illustrate successful strategies to convert a drug-like lead candidate into a set
of potent, selective and efficacious fluorescent probes having appropriate physicochemical
properties. Moreover, the identified construct proved to be largely insensitive towards the nature
of the fluorescent dye. We will report results on CB2R and CBIR binding and functional activity as well
as the structural considerations, which guided the probe optimization. We will disclose first applications
and data obtained with these probes illustrating their suitability to characterize endogenous CB2R
in cells.
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CANNABINOID 2 RECEPTOR (CB2) EXPRESSION REVISITED:
DETECTION OF CB2 mRNA WITH NEW SENSITIVE TOOLS
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G-protein coupled receptors, including cannabinoid receptors usually have low level of tissue expression
and have multiple splice variants, that make difficult to study their presence with conventional biochemical
tools. Accordingly, there is a consensus in the literature, that commercially available anti-CB2 antibodies
lack specificity, and sensitivity. Therefore, reliable detection of CB2 mRNA is of high importance to
elucidate tissue and cell-type specific expression of this drug target in various disease settings.

We developed and optimized new sensitive tools including droplet digital PCR, and multiplex fluorescent
in situ hybridization (RNAScope combined with tyramide signal amplification), to detect low copy numbers
of CB2 mRNA in various animal as well as human tissues and cells. Using these tools, we will show CB2
and CB1 mRNA expression levels in numerous human and mouse brain areas, as well as in mouse disease
models with differing neuroinflammatory involvement. We will also correlate CB2 expression levels with
multiple cellular and subcellular markers.

Our results will challenge some concepts and will help to better understand tissue specific as well as cell-

type specific CB2 mRNA expression that may facilitate the ongoing disease-oriented drug development
efforts.
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2-AG LOCATION, STRUCTURE AND DYNAMICS IN MEMBRANES
AND ITS INTERACTION WITH CB; RECEPTORS

Tomohiro Kimura, Alexei Yeliseev, Mihaela Mihailescu, Diane L. Lynch, Walter E. Teague Jr.,
Kirk G. Hines, Lioudmila Zoubak, Alan Grossfield, Patricia H. Reggio and Klaus Gawrisch*

NIAAA, NIH, Bethesda, MD, IBBR, Univ. of Maryland, Rockville, MD,
Univ. of NC, Greensboro, NC, Univ. of Rochester, Rochester, NY

The endogenous cannabinoid ligand, 2-arachidonoylglycerol (2-AG), is a lipid-derived signaling
molecule that activates cannabinoid receptors in brain and peripheral tissues. Because of high
lipophilicity, 2-AG readily partitions into lipid bilayers where it can be stored at high
concentrations. We studied location, structure and dynamics including lateral diffusion of 2-AG in
membranes by solid-state nuclear magnetic resonance (NMR), neutron diffraction, and molecular
dynamics (MD) simulations. Binding of 2-AG to purified cannabinoid type II (CBz) receptor
functionally reconstituted into liposomes was probed by NMR and MD.

In membranes, the 2-AG molecules locate with their glycerol group in the lipid water interface
while the arachidonic acid chain inserts into the hydrophobic core of the lipid bilayer. The
arachidonoyl chain of 2-AG is highly flexible with fast structural transitions on the timescale from
pico- to nanoseconds between tskew rotamers of =CH-CH;-CH= bonds sandwiched by the cis-
locked double bonds. The 2-AG molecules in membranes show liquid crystalline behavior with
rapid lateral diffusion such that they easily reach membrane-imbedded receptors on the timescale
of milliseconds. Uptake of specifically deuterated 2-AG by CB: as well as its release from the
receptor by more strongly binding agonists and inverse agonists was followed 2H NMR with
magic angle spinning for increased sensitivity. The data suggest a relatively rapid exchange of 2-
AG between membrane- and CB2-bound states on the millisecond timescale. At the physiological
temperature of 37°C, the 2-AG molecules in bilayers undergo acyl chain migration to 1-AG with
an exponential-decay constant of 43 minutes which greatly reduces affinity of interactions with
the binding pocket of cannabinoid receptors.

Acknowledgements: T.K., A.Y., K.H., W.E.T, K.G.H. and L.Z. were supported by the Intramural
Research Program of NIAAA.
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CB2 BIASED AGONISTS AND THEIR THERAPEUTIC
POTENTIAL IN OSTEOARTHRITIS

Jakub Mlost*, Marta Bryk, Magdalena Kostrzewa and Katarzyna Starowicz

Department of Neurochemistry, Institute of Pharmacology,
Polish Academy of Sciences, Cracow, Poland

Purpose: A number of studies evaluated the therapeutic applications of cannabinoids in treatment of
chronic pain. Because of broad anti-inflammatory properties of cannabinoids, endocannabinoid system
(ECS) became a promising target to control both osteoarthritis (OA) symptoms and disease progression.
However, still little is known about efficient treatment strategy with the use of cannabinoids. Recent data
implies significant role of functional selectivity upon signal transduction pathways that may increase
beneficial properties while reducing side effects. The aim of the present study was to evaluate therapeutic
potential of two functionally biased CB2 agonists in different treatment regimens in order to propose the
best pharmacological approach for OA management.

Methods: JWH133 (as cAMP biased agonist) and GW833972A (as B-arrestin biased agonist) were selected
for the present study, based on the publication by Dhopeshwarkar and Mackie, 2016. Optimal doses were
established by dose-response experiments; 1mg/kg for JWH133 and Smg/kg for GW833972A. Drugs were
dissolved in vehicle composed of 5% DMSO, 5% Kolliphor® EL, 5% ethanol and 85% saline. OA was
induced by i.a. injection of 1mg (in 50uL of saline) monoiodoacetate (MIA) into rear right paw of Wistar
rats. Drugs were administered i.p. in three treatment regimens: single or repeated injections - either each
second day from day 10 to 28 (10 doses) or each second day from day 20 to 28 (5 doses) post MIA injection.
Behavioural tests were carried out 1 hour after i.p. treatment with CB2 agonist. Pressure Application
Measurement (PAM, UgoBasile) was used for joint pain assessment, whereas Kinetic Weight Bearing
instrument (KWB, Bioseb) was used for measuring gait characteristics of freely moving animal. Among 20
available parameters measured by KWB - peak force, peak surface, swing duration and ratio of swing to
laid duration phase of rear paws were selected for further analysis.

Results: Single injection with both JWH133 and GW833972A at doses of 1mg/kg and Smg/kg,
respectively, elicited significant increase in paw withdrawal force in PAM and restored all gait disturbances
in KWB at day 21 post MIA injection. Repeated administrations of JWH133 from day 10 caused significant
increase in paw withdrawal force in PAM throughout the course of the experiment, whereas repeated
administrations of JWH133 from day 20 elicited increase in paw withdrawal force only at day 26 and 28.
Repeated injections from day 10 with GW833972A caused significant increase in paw withdrawal force in
PAM only at day 20 and then steadily declined, whereas repeated administrations of GW833972A from
day 20 elicited increase in paw withdrawal force throughout the course of the experiment. In KWB, at day
21 we observed full restoration of gait parameters following JWH133 treatment from day 10 but no effects
of following JWH133 treatment at day 20. On the other hand, GW833972A treatment from day 10 had no
effects on gait parameters at day 21, whereas GW833972A given at day 20 was able to restore gait
parameters at day 21. At day 28, we observed no effects of GW833972A on gait parameters in any treatment
regimens. JWH133 (1mg/kg) treatment from day 20 did not affect gait parameters at day 28, whereas
JWH133 treatment from day 10 was able to rebalance peak surface of rear paws.

Conclusions: The results show that functional selectivity towards CB2 transduction pathways have a
significant impact upon their pharmacological properties in vivo. Both CB2 agonists exerted anti-
nociceptive effects following acute administration, whereas in chronic treatment regimen, we observed
tolerance following GW833972A treatment as evidenced by decline in its anti-nociceptive effects in both
PAM and KWB. This implies functional selectivity as not only, a key factor in predicting clinical usefulness
of drugs but also as a significant confounding variable in basic research.

Acknowledgments: Supported by National Science Centre, Poland by grants: OPUS no. 2014/13/B/NZ7/02311 and
statutory funds.

References: Dhopeshwarkar, Amey, and Ken Mackie. "Functional selectivity of CB2 cannabinoid receptor ligands at

a canonical and noncanonical pathway." Journal of Pharmacology and Experimental Therapeutics 358.2 (2016): 342-
351.
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DISSECTING THE REWARDING VS. AVERSIVE EFFECTS OF CANNABINOIDS:
FINDINGS FROM OPTOGENETIC BRAIN-STIMULATION REWARD
MAINTAINED BY ACTIVATION OF VTA DOPAMINE NEURONS
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While some human cannabis users report subjective feelings of reward and euphoria, others report
anxiety or dysphoria, suggesting that cannabinoids exert both hedonic and aversive effects.
However, the neural mechanisms underlying these paradoxical effects are poorly understood.
Cannabis reward is attributed to agonist activity at brain CB; receptors (CB1R) on GABA inputs
in the ventral tegmental area (VTA), which releases inhibition of VTA dopamine (DA) neurons.
In contrast, we recently reported that A°-tetrahydrocannabinol (A°>~THC) produces aversive effects
by activation of CBiR on VTA glutamatergic neurons (Han et al., Sci. Rep., 2017). In addition to
acting on CB|R, many cannabinoids exert activity at brain CB2R on VTA DA neurons (Jordan &
Xi, NBR, 2018). Therefore, we hypothesize that the net rewarding vs. aversive effects of cannabis
depend upon the balance of activity at multiple cell type-specific receptor mechanisms.

To test this hypothesis, we used optogenetic and transgenic approaches to express light-sensitive
channelrhodopsin (ChR2) in VTA DA neurons using DAT-cre mice. Optical stimulation of VTA
DA neurons induced robust optical intracranial self-stimulation (oICSS) behavior in a frequency-
dependent manner. Systemic administration of A°>-THC or WIN55,212-2, mixed CB;R/CB2R
agonists, dose-dependently downward shifted frequency-rate oICSS curves, suggesting a
reduction in brain reward function (i.e., aversion). In contrast, XLR-11, a synthetic cannabinoid
with high CB1R> CB:R selectivity (Wang et al., NPP, 2019), produced a dose-dependent upward
shift in oICSS similar to cocaine or oxycodone, suggesting rewarding effects. Finally, Xie2-64 and
Xie2-49, two new CB2R agonists, produced downward shifts in oICSS curves, suggesting aversive
effects. Together, these findings suggest that selective CB1R agonists may exert rewarding effects,
whereas CB:R agonists exert
primarily dysphoric effects.
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Fig. 1. Diagram of cannabinoid effects on the mesolimbic DA system.
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may exert either rewarding or
aversive effects, depending
upon their CBR affinities and
cellular  distributions  of
CBiR/CB2R in different
subjects (Fig. 1).



ENDOGENOUS CANNABINOIDS AND REWARD PREDICTION
Joseph F. Cheer*
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In the early stages of substance abuse, subjects receive a drug that is highly reinforcing and are
thus likely to repeat the actions that led them to obtain it. This is termed positive reinforcement.
However, in a minority of people who develop an addiction phenotype, negative reinforcement
also causes a behavior to be repeated, but in this case, the action causes a bad feeling or situation
to go away. The mesolimbic dopamine system, which is thought to generate a teaching signal,
is involved in the selection of advantageous behavioral repertoires. This brain pathway is under
control of endocannabinoid (eCBs), ubiquitous signaling molecules that bind to the same receptor
targeted by marijuana (CB1) known to strengthen responses leading to the procurement of reward.
Here, we investigate how eCBs modulate dopaminergic encoding of cues predicting either,
appetitive stimuli, the avoidance of punishment or aversive outcomes. We find that disrupting eCB
signaling by treating animals with a CBl receptor antagonist dose-dependently
decreased concentrations of dopamine release in the nucleus accumbens that were time-locked to
a warning signal that predicts avoidance of punishment while simultaneously weakening shock
avoidance behavior, effectively shifting the behavioral outcome from avoidance to escape. We
further demonstrate, using directed mutagenesis approaches, that 2AG release from dopamine
neurons in the midbrain is a canonical mechanism responsible for the pursuit of rewards. Together
these data suggest that eCBs might modify distinct behavioral responses related to aversive stimuli
by modulating conditioned mesolimbic dopamine release events. These findings suggest that
therapies aimed at modifying tissue levels of eCBs may be used to prevent drug seeking driven
by negative affective states.

22



GABAPENTIN ATTENUATES SOMATIC SIGNS
OF A°-THC WITHDRAWAL IN MICE
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Cannabis is the most widely used illicit drug, with a proportion of users developing withdrawal
symptoms following cessation of use. However, no FDA-approved pharmaceutical treatments are
available to treat cannabis dependence. Non-cannabinoid pharmacotherapies (e.g., anticonvulsant
drugs; gabapentinoids) show partial efficacy in humans, but the findings are inconsistent.
Gabapentin is an a»8-1 voltage-gated Ca>" channel ligand that acts at presynaptic sites to modulate
gamma butyric acid (GABA) activation, which is proposed to normalize the stress response
observed during cannabis withdrawal. Yet, there is a lack of studies screening gabapentin in
preclinical models of cannabinoid withdrawal. The current study was designed to test the
hypothesis that gabapentin attenuates A°>~THC withdrawal in mice. Equal numbers of adult male
and female C57/BL6J mice were treated with either A>-THC (10 mg/kg, s.c.) or vehicle every 12
h for 6 days. Withdrawal was precipitated using the CB; inverse agonist rimonabant (3 mg/kg,
i.p.). In line with previous reports, A>-THC withdrawal increased head twitches and paw tremors
(i.e., somatic signs), decreased marble burying, and increased time struggling in a tail suspension
test. Pretreatment with gabapentin (>10 mg/kg, i.p.) attenuated the increases in paw tremors and
head twitches, but did not normalize marble burying or time struggling in the tail suspension tests.
A separate cohort of male and female mice was used to test for gabapentin-induced locomotor
effects. Gabapentin increased immobility only at the highest dose tested (50 mg/kg, i.p.). Thus,
gabapentin blunting of somatic signs of A’>~-THC withdrawal was not due to sedation. These data
provide partial support for the use of gabapentin as a pharmacological tool to decrease cannabis
dependence.
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EFFICACY AND SAFETY OF THX-110, A PROPRIETARY THERAPEUTIC
COMBINATION OF A’ TETRAHYDROCANNABINOL AND
PALMITOYLETHANOLAMIDE

Adi Zuloff-Shani*!, Ephraim Brener' and Ascher Shmulewitz!
Therapix Biosciences Ltd., Givatayim, Israel

THX-110 is a unique combination comprising two major components: A’-tetrahydrocannabinol
(THC), and Palmitoylethanolamide (PEA), a lipid-messenger that mimics many endocannabinoid
activities although does not bind to CB1 receptors. The mechanism of action of THX-110 is based
on the entourage effect hypothesis, in which it is presumed that PEA may stimulate the cannabinoid
receptors by potentiating their affinity for their ligand or by inhibiting the metabolic degradation
of endocannabinoids, and by doing so, may increase the uptake of cannabinoid compounds. As
THC was found to ameliorate several diseases symptoms, the co-administration of PEA with THC
is thus expected to (1) improve the beneficial effect of THC in said disorders, (2) reduce the
required THC dosage and (3) minimize the THC associated adverse reactions and hence increase
the safety of THC.

The efficacy, safety and tolerability of THX-110 in the treatment of Adults with Tourette
Syndrome (TS) was studied at the TS/OCD Clinic at the Yale Child Study Center. The TS study
was a single-arm, open-label trial, in which each subject both received one daily treatment of the
drug via oral administration and was followed-up for a period of 12 weeks. Sixteen subjects
participated in the study and received THX-110 at the Yale University Child Study Center at Yale
University, USA. The primary endpoint of the study was to assess the performance of THX-110
in the treatment of adult patients suffering from symptoms of Tourette syndrome, as measured by
the Yale Global Tic Severity Scale Total Tic Score (YGTSS-TTS), the gold-standard and
customary index for assessing symptom severity. Treatment was given in a dose titration regimen
with a maximum dose of THX-110 consisting of 10mg Dronabinol and 800mg PEA. The study
showed that these 16 subjects with medication-refractory TS had a reduction of tic symptoms
(paired t-test: YGTSS-TTS mean difference (mean +/- SD) =7.9+/-8.4, p=0.002) from baseline
(YGTSS-TTS: 38.4 +/- 8.3) to endpoint (YGTSS-TTS: 30.5 +/- 10.9). This resulted in an average
tic reduction of 21% across the entire sample.

Six of the 16 medication-refractory TS subjects experienced a response to treatment as defined by
a reduction in YGTSS-TTS of greater than 25%. Improvement over time with treatment was also
observed when generalized linear models were used to analyze repeated measures data on the
YGTSS-TTS. The medication was generally well-tolerated by subjects with only two subjects
stopping treatment early (one due to sedation and another due to lack of improvement in tic
symptoms). Twelve of the 16 subjects elected to continue into a 24-week extension phase of the
trial, which was also completed. Due to these encouraging results and after receiving all the
required regulatory approvals, a randomized, double-blind, placebo-controlled trial is about to be
initiated in Germany. We believe that THX-110 holds the potential to become the first-in-line,
therapy of choice for treating moderate to severe TS patients.
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A growing body of preclinical literature and some early human clinical work has documented the potential
benefits of cannabis for improving sleep quality (Babson et al., 2017). While a few studies have observed
cannabis use specifically for the purpose of sleep improvement among individuals with posttraumatic stress
disorder (PTSD; Bonn-Miller et al., 2014), such studies have not utilized a non-cannabis-using matched
control group. With early clinical trial data suggesting therapeutic effects of THC on nightmares in this
population (Loflin et al., 2017), better understanding “real-world” use patterns will only help to inform the
development of future large-scale clinical trials.

The present study explored whether cannabis use was associated with improved sleep problems among
individuals who self-reported PTSD within a cross-sectional, observational, online survey conducted in
early 2018 (IRB#207440). Participants with PTSD were identified by a survey question asked whether they
had PTSD (YES/NO), along with other approved conditions for medical cannabis. The online survey was
distributed via email to people who participated in the Arkansas research registry. A study flyer including
the survey link was posted on social media (e.g., Facebook) and in physical locations (e.g., paraphernalia
shops, bus stops). Inclusion criteria for participation were age >18 years, residing in Arkansas, and being
able to understand and complete the survey in English. Consent was obtained online from all participants.
Propensity score matching (1:3) for age, gender, and race was conducted to match participants who reported
having PTSD to those who did not. Mixed effects models were conducted in the matched sample to evaluate
effects of cannabis use on sleep and wellbeing outcomes in participants with PTSD.

Of N=1,814, 260 adults (14.3%) reported having PTSD. A total of 253 individuals with PTSD were
matched with 759 participants who did not, leading to N=1,012 for the analysis. Half of the participants
with PTSD (n=120, 47.6%) reported using cannabis in the past month. Among cannabis users, the majority
(n=221, 71.1%) reported using cannabis at least once a month on average. As a PTSD diagnosis validation
check, scores on the Inventory of Depression and Anxiety Symptoms (IDAS) — Trauma Intrusion scale
scores (score ranges from 4-20) were significantly higher among those with PTSD compared to those
without (M=12.1 vs. M=6.9, p<0.001). Overall, individuals with PTSD reported greater sleep problems on
the Insomnia Severity Index (ISI-score ranges from 0-28) (M = 15.5 vs. M = 12.2, p<0.001).

Mixed effects regression analysis, controlling for age, gender, race, and employment status, showed that
individuals with PTSD who used cannabis in the past month (n=120) had significantly fewer sleep problems
than non-users, as assessed by both ISI (-4.5 [95%CI: -2.4, -6.6], p<0.001) and IDAS-Insomnia scales
(score ranges from 6-30; -3.1 [95%CI: -1.2, -5.1], p=0.002). Cannabis users with PTSD also reported
greater well-being, as measured by the IDAS-Wellbeing scale (score ranges from 8-40; +3.9 [95%CI:1.8,
6.0], p<0.001).

The present study adds to the empirical evidence suggesting the benefits of cannabis for sleep difficulties
among individuals with PTSD. Future studies would benefit from carefully investigating how individual
cannabinoids and their combinations impact specific aspects of sleep in this population (e.g., nightmares,
apnea, insomnia) in large, placebo-controlled, clinical trials.

Acknowledgements: Funded by 7-Hybrid LLC and UAMS Translational Research Institute.
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ACUTE EFFECTS OF HIGH POTENCY CANNABIS ON EVERYDAY LIFE MEMORY
Carrie Cuttler*, Emily LaFrance and Aria Petrucci
Department of Psychology, Washington State University, Pullman, WA, USA

Trends toward legalizing recreational cannabis use in the United States (U.S.) create an urgent
need to better understand its effects on humans. However, the current U.S. federal classification
of cannabis as a Schedule I drug imposes numerous time and labor-intensive hurdles as well as
legal restrictions that are stalling the progress of acute cannabis research. For instance, researchers
providing cannabis to participants must obtain it from the National Institute on Drug Abuse
(NIDA). However, at present, the NIDA drug supply is limited to products with relatively low
levels of tetrahydrocannabinol (THC) that are not representative of the high-THC products
currently dominating the recreational cannabis market. Consequently, our understanding of the
acute effects of high potency cannabis on humans remains impoverished. Nevertheless, previous
research indicates that acute cannabis intoxication impairs memory and that cannabinol (CBD)
may offset some of these detrimental effects. However, this research has primarily utilized low
THC products and has focused on a select few domains of memory (e.g., verbal, short-term, and
working memory). As such, the acute effects of high-potency cannabis and cannabis concentrates
on numerous aspects of everyday life memory remain unknown.

The present study was designed to examine the acute effects of various high potency cannabis
products on four aspects of everyday life memory: prospective memory (the ability to remember
to execute tasks in the future), source memory (the ability to remember the source of previously
learned information), false memory (the recollection of items that were not previously presented),
and temporal order memory (the ability to remember the order in which previous events occurred).
Participants in this ongoing study are randomly assigned to one of four groups: 1) a sober control
group, ii) a high-THC (>20%)/no CBD (0.00%) flower group, iii) a high-THC (>20%)/with CBD
(21%) flower group and iv) a cannabis concentrates (>60% THC, >1% CBD) group. After being
randomly assigned to one of these groups, participants are provided with a list of products available
at local recreational cannabis dispensaries which meet the specifications of the product they were
randomly determined to use. Participants purchase the product using their own funds, and then
engage in a video chat session with a researcher from their home environment. After providing
informed consent and completing baseline tests, participants inhale their cannabis product while a
researcher observes them over video chat, recording the duration and number of puffs they inhale
before self-titrating. Participants then complete a series of everyday life memory tests.

Preliminary results indicate that relative to sober controls, participants in the high-THC/with CBD
flower group performed significantly worse on the false memory test, those in the high-THC/no
CBD flower group performed significantly worse on the source memory and temporal order
memory tests, and those in the concentrate group performed significantly worse on the source
memory, false memory, and temporal order memory tests. This is the first study to demonstrate
effects of acute cannabis intoxication on these domains of memory.

Acknowledgements: Funded by Washington State University’s Alcohol and Drug Abuse Research
Program
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The endocannabinoid (EC) system consists of the arachidonic acid derived ECs anandamide and
2-arachidonoylglycerol, their metabolizing enzymes, and CB1 and CB2 cannabinoid receptors.
Studies of the skeletal EC system in mice and humans suggest the occurrence of a CB2 tone, which
protects the skeleton against age-related bone loss. It is unlikely that fatty acid derived ECs
generate such a tone, as they are short-lived neurotransmitter-like compounds synthesized ‘on
demand’. Although the existence of endogenous peptides that regulate the EC system has never
been reported, we hypothesized that the CB2 tone is maintained by circulating peptide agonists.
One such peptide candidate is H4(99-103), which is present in the circulation at significant
concentrations. Studies on the skeletal EC system, showed a striking similarity between the
biological activities of H4(99-103) and that of potent CB2 agonists, which target the same
mitogenic signaling pathway and have similar skeletal effects. Docking simulation and
competitive binding assays suggest that H4(99-103) binds CB2 at an allosteric site without altering
the orthosteric binding affinity. The activity of H4(99-103) was tested in vitro and in vivo on wild
type and CB2-deficient cells and mouse models, respectively, and in human derived osteoblasts.
Our ex vivo results indicate that like a selective CB2 agonist, H4(99-103) triggers a proliferative
dose-dependent response in osteoblasts, inhibitable by genetic or pharmacological ablation of
CB2. Characteristic of CB2 agonists, H4(99-103) restrains ex vivo osteoclastogenesis dose-
dependently in WT but not in CB2-deficient cells. A hallmark of CB2 activation is the attenuation
of inflammation. Indeed, in vivo, H4(99-103) markedly decreases acute inflammation measured
manually and histologically as ear swelling following topical application of xylene. This effect is
completely absent in CB2 knockout mice. In vitro, a similar CB2-dependent inhibition of
macrophage inflammatory response (RNA expression of TNFa and IL1B) was observed with
H4(99-103). Our results demonstrate that H4(99-103) signals in bone and inflammatory cells via
CB2. Consistent with our hypothesis that age-related bone loss is due to declining H4(99-103)
serum levels with age, we found that the circulating levels of the peptide were significantly lower
during the 5" decade of age relative to younger age in women. We also found that maintaining
high levels of H4(99-103) by exogenous administration completely prevents the age-related bone
loss in mice. These findings are the first demonstration of an endogenous peptide that signals via
CB2 in health and disease. Furthermore, they suggest a role for H4(99-103) in maintaining the
CB2 tone in the skeletal system and attenuating age-related bone loss.
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Since 2014, access to cannabis for medical purposes in Canada has been available under an
evolving range of federal regulatory frameworks. The Quebec Cannabis Registry (QCR) was
launched in May 2015 as a pharmacovigilance initiative to allow adult patients in Quebec to access
cannabis for medical purposes as part of a research framework. The main objectives of the QCR
were to: (1) systematically collect data on indications, dosages, benefits and adverse events of the
products used; (2) stimulate future research; and (3) support the ongoing development of a drug
monitoring program. A descriptive analysis of patients included in the QCR and cannabis
treatments was undertaken.

In October 2018, the QCR ended recruitment with 3,004 patients from 71 physician-collaborators
across 11 regions in Quebec. The average age of patients was 49.8 years (range 18 to 91 years),
evenly balanced by gender (51.5% male) with a mean of 3 follow-up visits. Primary diagnoses
were classified into pain disorders (60.7%), mood disorders (15.6%) and oncology (8.8%) among
others. Less than half (41.8%) of patients reported additional secondary conditions. Patients
reported a mean duration of pain of 10.4 years. A primary analysis was conducted on 1,861 patients
recruited before May 31% 2018 and who had at least one follow-up visit. A detailed analysis of
outcomes is planned for July 1% 2019 on all patients recruited.

There was a significant difference in daily cannabis dose from initial (1.6 £ 1.6 g) to 15-month
visit (1.8 + 1.8 g) (p < 0.01), and from initial to 18-month visit (1.9 = 1.6 g) (p < 0.05). The two
most frequently authorized THC:CBD ratios at initial visit were 1:1 (24.1%) and 1:20 (21.1%).
Eighty-two adverse events (AEs) were recorded (event rate 3.9 adverse events per patient-year)
with (67%) associated with oil administration. Majority of AEs were non-serious (97.6%), and
only (2.4%) were serious. Non-serious adverse events (NSAEs) were coded in 10 MedDRA
System Organ Class, including Gastrointestinal disorders (25.6%), Nervous system disorders
(23.2%), and Psychiatric disorders (15.9%). Of the pain-related concomittant medications used at
baseline, anti-depressants (25%) and opioids (17%) were most common.

Prospectively collected data such as the Quebec Cannabis Registry provide important real-world
evidence on safety and effectiveness of medical cannabis use. While conclusions about efficacy
are limited by lack of control group(s) and blinding, data may generate important hypotheses for
further research.

Acknowledgements: Funded by the Canadian Consortium for the Investigation of Cannabinoids with support
from the College des Medecins du Quebec, and unrestricted grants from Canopy Growth Corporation.
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Cannabis is widely used by individuals with PTSD (VA PERC, 2015), but empirical research on
the therapeutic effects and associated harms of cannabis use as a treatment for PTSD have been
limited primarily to pre-clinical studies examining individual cannabinoids in acute fear extinction,
anxiety, and sleep paradigms (Loflin et al., 2017). Human studies have almost exclusively been
cross-sectional, limiting inference regarding directionality. Longitudinal data are needed to
evaluate the impact of cannabis use on PTSD symptoms, compared with PTSD-diagnosed non-
using controls, over time. The present study serves as the longest a-priori naturalistic prospective
observational study of the relation between cannabis use and PTSD symptoms.

One-hundred-five patients with PTSD were enrolled in this observational study. Cannabis users
(n=75) and non-users (n=75) were matched at study baseline on gender, primary trauma type, and
number of comorbid psychiatric conditions. Participants were 73% male, 68% Caucasian, 43%
married, and 81% military veterans. The majority of cannabis users reported using cannabis with
high levels of THC/THC-A. Less than 20% of participants used cannabis with detectable levels
of CBD or CBD-A. PTSD diagnosis and symptomatology were determined with the Clinician
Administered PTSD Scale for DSM-5 (CAPS-5) and self-reported sleep dysfunction was assessed
with the Insomnia Severity Index (ISI) and Pittsburgh Sleep Quality Index (PSQI). Measures were
obtained at Baseline and again 3-, 6-, 9-, and 12-month follow-ups. Group differences were
examined with t-tests at Baseline, and longitudinally with Generalized Linear Mixed Models
(GLMM).

Both cannabis users and non-users had a decrease in PTSD symptom severity on the CAPS-5 over
the course of 12 months, though the cannabis using group demonstrated a greater improvement
relative to controls (Mean difference = 5.0; p < .05). Consistent with prior work (Bonn-Miller et
al., 2011), changes in Negative Alterations in Cognitions and Mood (Cluster D) and Alterations in
Arousal and Reactivity (Cluster E) predicted the observed group difference. No group differences
in the experience of insomnia (i.e., ISI) were observed. However, cannabis users reported
improved sleep quality (PSQI) relative to non-users, particularly during the first 6 months of
follow-up.

Study data suggest that cannabis use may lead to clinically meaningful improvements in PTSD
symptoms over the long-term, especially symptoms of negative mood and hyperarousal.

Controlled clinical trials of defined cannabis products for the treatment of PTSD are warranted.

Financial Support: A grant provided by the Colorado Department of Public Health and
Environment
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Background: Cancer-related pain is common and negatively impacts quality of life. Opioids are the
mainstay of pain management in patients with cancer. Higher pain and greater long-term opioid
requirements have been associated with shorter survival in patients with cancer. Routine use of medical
cannabis has been limited due to lack of rigorous scientific data, and concerns about side effects, legal
ramifications, and high cost. We aimed to determine the effects of medical cannabis in patients with cancer.

Methods: 30 patients with stage IV cancer requiring opioid medications were randomized 1:1 to early
cannabis (EC) (n=15) versus delayed cannabis (DC) (n=15). The EC group was provided with 3 months of
medical cannabis at no charge, while the DC group received standard oncology care without cannabis for
the first 3 months. Patients met with licensed pharmacists at one of two medical cannabis manufacturers
approved in Minnesota, and pharmacists determined optimal cannabinoid dosing, formulation, and route
during routine patient visits. Patients completed monthly pain and medication logs (including opioid and
cannabis use), and validated Patient-Reported Symptom Monitoring surveys.

Results: As summarized in Table 1, a higher proportion of EC patients achieved a reduction in opioid use
and improved pain control. On average over a 3 month window, EC patients did not require opioid dose
escalation, showed a trend towards lower mean pain, and had similar quality of life compared to DC
patients. Estimated mean daily THC and CBD use for EC patients at 3 months was 87 mg (range 8-149 mg)
and 101 mg (range 0-516 mg), respectively. When asked about perceived benefit and negative impact of
medical cannabis, mean benefit was 5.1 and mean negative impact was 2.7 (1 = no benefit/negative effects,
4 = some benefit/negative effects, 7 = a great deal of benefit/negative effects). Seven patients died during
study (2 EC, 5 DC), and patient compliance with study logs limited analysis.

Conclusions: Conducting randomized studies of cannabis in the oncology setting is feasible, but rigorous
data collection is challenging. The addition of cannabis to standard oncology care in patients with advanced
cancers was well-tolerated and may lead to improved pain control and lower opioid requirements. Future
prospective trials with cannabis focusing on specific cancer types/stages are needed.

All Patients Early Cannabis Delayed Cannabis
(n=20)* (n=12)* (n=8)*

Mean age (range) 59 (38-77) 59 (38-76) 58 (47-77)
Gender, % female 55 58 50
Median days since stage IV diagnosis (range) 186 (12-3755) 136 (12-3755) 334 (43-1533)
Mean pain, 0-10 scale Bl 57 |3M 53 | Bl 53 |3M 4.7 | Bl 6.1 3M 6.0
Mean personalized pain goal Bl 37 |3M 34 | Bl 34 |3M 3.0 | Bl 4.1 3M 3.8
% patients meeting personal pain goal Bl 30 |[3M 20 | Bl 25 |[3M 44 | Bl 38 3M 13
Mean daily oral morphine equivalents (OME) Bl 47 |[3M 60 | Bl 55 |3M 54 | BI 35 3M 67
% patients achieving at least 20% reduction in 25 44 0
mean daily OME at 3 months

Table 1. Demographics, pain, and opioid use among all patients, EC patients, and DC patients at baseline (Bl) and 3 months
(3M). ? Patient totals in each group may vary for certain measures, depending on available data.

Acknowledgements: Supported by HealthPartners Institute, Randy Shaver Cancer Community Fund,
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Legal recreational and medicinal use of marijuana (MJ) is increasing worldwide. Animal kidney
injury models show that activation of the cannabinoid receptor CB1 can exacerbate kidney disease
while activation of CB2 may be protective. Whether these effects apply to whole plant MJ remains
to be determined. We conducted a post-hoc analysis of MJ usage as a risk factor for kidney function
decline and albuminuria in the ASSESS-AKI parallel matched cohort study that enrolled
hospitalized adults with and without AKI from 4 US centers between 2009-2015, with a median
of 4.1 years of follow-up. MJ usage was defined as responding yes to “have you used MJ since
your last study visit?” at least once on any study visit questionnaire. Nonusers were defined as
always responding no to this question. Kidney function decline was defined according to the parent
study protocol. Association between MJ usage and the categorical and continuous outcomes were
determined using multivariable Cox regression and linear mixed models, respectively.

MJ users represented 113 of 1599 (7%) participants, were younger (mean age 54 vs. 65 years),
mostly white (78%), men (78%), and were more likely to be heavy tobacco users (>20
cigarettes/day; 26% vs. 8%). Baseline eGFR was higher in users vs. non-users (87 +/- 30
mL/min/1.73 m? vs. 69 +/- 26 mL/min/1.73 m?), while baseline UACR was similar (120 +/- 80 in
users vs. 99 +/- 72 in nonusers). In those with baseline eGFR >60 mL/min/1.73 m?, MJ use was
not associated with incident CKD (adjusted HR 0.93; 95% CI, 0.5-1.8) or differences in eGFR
slope over time (mean difference -0.12 mL/min/1.73 m?/year, P=0.7). In contrast, in those with
baseline eGFR <60 mL/min/1.73 m?, MJ users had more rapid eGFR decline vs. nonusers (-3.2 vs
-1.4 mL/min/1.73 m?/year, P=0.002) and had a strong trend towards higher risk for CKD
progression (adjusted HR 2.7; 95% CI, 0.83 to 8.5). MJ usage was not associated with the rate of
change in UACR over time in those with (P=0.4) and without CKD (P=0.2). MJ usage was
associated with more rapid eGFR decline in those with baseline CKD, but not in those without
CKD, nor was it associated with changes in albuminuria over time in those with or without CKD.
Reasons for the effect modification by CKD status regarding MJ and kidney function should be
explored.

Acknowledgements: Funded by NIH grants T32DK007757 (JLR) and 1U01DK082185 (ASSESS-
AKI)
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Brain complexity, which emerges gradually during development through an orchestrated program
of neuronal proliferation and differentiation, is essential to support diverse computations in
functionally distinct neural circuits. The cerebellum is a highly compartmentalized brain region
distinguished by anatomical and cytological features such as a unique laminar structure, anterio-
posterior folding pattern, and medio-lateral segregation into molecularly distinct stripes. This
complex three-dimensional organization is remarkably conserved across Mammalia. Thus,
insights gained from the study of cerebellar development in mice could illuminate the mechanisms
of normal and pathological human development.

Endocannabinoid (eCB) signaling has been shown to play a key role in forebrain neuron
proliferation, differentiation and migration; however, its role in cerebellar development has not yet
been explored in detail. In this study we show that expression of endocannabinoid signaling
machinery in the cerebellum is prominent and dynamic throughout development, and that eCB
signaling through cannabinoid receptor 1 (CB1) plays a role in regulating the transition from
proliferation to differentiation in GC. Disruption of eCB signaling through genetic ablation of CB1
causes reduction of cerebellar size and an altered pattern of folding, thus disrupting
compartmentalization and possibly cerebellar circuits” wiring and function. Furthermore, we show
that perinatal exposure to phytocannabinoid (—)-frans-A°-tetrahydrocannabinol (THC) alters
cerebellar developmental trajectory, leading to a decrease in size and an increase in foliation.
Interestingly, we identified sex dependent differences in foliation patterns of the anterior cerebellar
vermis, which are altered following perinatal exposure to THC.

Acknowledgements: This work was supported by the National Institutes of Health (DA044000)

and the Indiana University Bloomington Department of Psychological and Brain Sciences and the
College of Arts and Sciences.
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Cannabis and alcohol co-use is prevalent in adolescence but its long-term effects on learning and
cognition remain largely unexplored. Therefore, the objective of this study is to investigate the
long-term effects of adolescent alcohol and A°-tetrahydracannabinol (THC) co-exposure on
learning and cognition. We hypothesize that co-exposure will produce more pronounced
behavioral and cognitive deficits in adulthood compared to either drug exposure alone. Male
Sprague Dawley rats received vapourized THC (10 mg/pad) or vehicle every other day and had
continuous access to 10% ethanol in a two-bottle choice design during adolescence (post-natal day
28-42). Alcohol intake was measured during the exposure period to assess the acute effects of THC
on alcohol consumption. In adulthood, a battery of behavioural tests (i.e., novel object preference,
elevated plus maze, autoshaping and conditioned avoidance response) was performed.

Adolescent rats appeared to show higher alcohol preference on days in which they were not
exposed to THC vapour. In adulthood, co-exposed animals trended towards better short-and-long-
term memory retention on the novel object preference test compared to those that received either
drug alone. Although no differences in acquisition were observed in the conditioned avoidance
response, those exposed to THC alone exhibited higher resistance to extinction compared to co-
exposed and alcohol exposed animals. Exposure to THC vapour appears to increase alcohol
drinking in adolescent rats. In addition, co-exposure to THC and alcohol during adolescence can
produce long-lasting behavioral effects in a variety of learning paradigms. These studies contrast
our previous findings with injected THC exposure, suggesting that different routes of THC
administration can produce varying short- and long-term consequences.
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Cannabinoid/endocannabinoid signaling is primarily mediated by CB1 (encoded by Cnr1) and/or
CB2 (encoded by Cnr2). Here we show that Cnr17-Cnr2”~ mice are subfertile due to compromised
implantation. Upon implantation, the epithelium is smooth and adhered to the blastocyst
trophectoderm within the implantation chamber (crypt) in wild type mice, whereas the epithelium
in Cnrl”-Cnr2”" mice is ruffled which compromises appropriate blastocyst-uterine interactions.
The suboptimal implantation leads to higher incidence of pregnancy failure in CnrI”Cnr2”" mice.
Histological analysis revealed heightened edema around the implantation chamber in these deleted
females. Using a reporter mouse line, we observed that CB2 is present on endothelial cells of
uterine blood vessels and its absence leads to blood vessel leakage during implantation. These
results suggest that appropriately regulated uterine edema is important to optimal implantation.

Acknowledgement: This work was supported in parts by NIH grants (DA006668 and HD068524).
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Cancer cells follow a unique metabolic programming by preferring aerobic glycolysis as firstly
observed by Otto Warburg in 1956. Cancerous phenotype is essentially backed by genetic
mutations triggering several oncogenic signaling pathways that rewire the cellular metabolism to
meet the highly bioenergetic and biomass requirements of proliferating cells. This crosstalk,
although not completely understood yet, is a potential target for new promising interventions
against cancer.

We previously demonstrated that CBD*, alone or in combination** with CBG, significantly
reduced (p<0.05 and p<0.001, respectively) tumour progression in TRansgenic Adenocarcinoma
of Mouse Prostate (TRAMP) mice, which uniformly and spontaneously develop multistage
autochthonous (orthotopic) prostate tumours following the onset of puberty. After exposing
TRAMP mice and TRAMP-C2 cells to a standard chemotherapy drug used for metastatic
castration-resistant prostate cancer, enzalutamide (MDV3100), we set up in vivo and in vitro
models of hormone refractory prostate cancer. Combined treatment with CBD and CBG (1:1)**
significantly reduced tumour relapse (p=0.0052) in animals with hormone refractory status, and,
in vitro, inhibited cell proliferation and induced apoptosis.

Here, we investigate how purified plant cannabinoids (CBD and CBG) affect the favourite
metabolic system of malignant tumours. Extracellular flux analysis showed that CBD (1 and 3uM
for 24h) up-regulates glycolytic capacity and inhibits oxidative phosphorylation in MDV3100-
resistant cells and elevating mitochondrial ROS using mitoSox fluorescence probe. These
metabolic changes lead also to notable shifts of specific oncogenic related signaling pathways in
these cells (i.e. HIF-1a, BNIP3, PTEN and AMPK/ULK-1).

The effect on cancer energetics and its related oncogenic signalling proves the efficacy of
phytocannabinoids as metabolic reprogramming agents, and sheds light on novel metabolic targets

and interventions against highly malignant hormone refractory prostate cancer.

*(75mg/kg) **(37.5+37.5mg/kg), i.p. twice per week; 5-week treatments for early stage; 3-week
treatments for advanced or hormone-refractory stages.
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In the main olfactory bulb, at least two populations of granule cells (GCs), GABAergic
interneurons, can be distinguished based on their location in either the granule cell layer (GCL) or
the mitral cell layer (MCL) where they are interspersed with principal neurons (mitral/tufted cells).
Little is known about the properties of these two populations of interneurons. Using a combination
of anatomical and functional approaches we have explored this question with respect to
endocannabinoid signaling. Our understanding of the role of cannabinoid receptor type 1 (CB1R)
in olfactory processing remains limited. @ Our previous work has demonstrated that

endocannabinoid signaling is involved in the regulation of glomerular activity in the main olfactory
bulb.

Antibody staining for diacylglycerol lipase DAGLa, which is responsible for the synthesis of 2-
arachidonoylglycerol (2-AG), shows prominent expression in the MCL and GCL suggesting
DAGL-dependent endocannabinoid signaling in these layers. Previously, whole-cell patch-clamp
electrophysiology showed that Group I metabotropic glutamate receptor (mGIluR) agonists
potently depolarize GCs whereas mGluR antagonists reduce synaptic responsiveness. Differences
in the physiology of the two GC populations were evident when we compared the responses from
two mGIluR k.o. mouse strains. MCL-GCs in slices from mGIluRS5 k.o. mice but not from mGluR 1
k.o. mice responded to mGluR agonists, whereas GCL-GCs in slices from mGluR1 but not from
mGIluRS5 k.o. mice were responsive to mGluR agonists suggesting different mGluR expression
patterns. A CB1R agonist hyperpolarized GCs and made them less responsive to synaptic input,
while a CBIR antagonist strongly excited GCs of both populations. These data indicate that the
mGluR and endocannabinoid system can have different cellular and network effects in the main
olfactory bulb. Furthermore, the data show that endogenous release of endocannabinoids and
glutamate prominently modulates the excitability and synaptic responsiveness of interneurons in
the main olfactory bulb.

Acknowledgement: Supported by the Latham Trust Fund and NSF (I0S-1355034) to TH.
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Cannabis preparations have long been known to have hypnogenic effects and have been recently
touted as sleep aids. However, sleep disruption has also been reported in humans following chronic
cannabis usage. Less is known about endocannabinoid (eCB) roles in sleep. We explored
endocannabinoid roles in sleep and effects of acute and chronic cannabinoid drugs on sleep with
EEG recordings and unbiased scoring of vigilance states using an automated algorithm that we
developed. Effects of acute increases in eCBs with inhibitors of monoacylglycerol lipase (MGL)
or fatty acid amide hydrolase (FAAH) were examined in mice, as were effects of acute CB1
receptor activation or blockade. Effects of single or chronic (7 day) administration of delta-9-
tetrahydrocannabinol (THC) were also examined.

We observed a transient elevation of slow-wave sleep (SWS, rodent equivalent of non-rapid-eye-
movement sleep) following inhibition of either MGL or FAAH. Similar effects were observed
after acute administration of CB1 agonist or THC. The early increase in SWS was followed by a
reduction at longer durations following a single dose MGL inhibitor or CB1 agonist. The CBI
antagonist/inverse agonist AM281 blocked the early effects of CB1 activation and produced
fragmented SWS in a manner that resembled the later phase responses to MGL inhibition or CB1
activation. Blockade of CB1 also prevented the rebound in SWS following sleep deprivation. SWS
is disrupted during early phases of abstinence after chronic THC exposure, and the hypnogenic
effect of THC is also lost at this timepoint. Our findings indicate a role for eCB signaling in SWS
stability. Increasing eCBs or activating CB1 can enhance SWS, but compensatory SWS disruption
appears to develop even after a single acute drug exposure. We are currently exploring the neural
mechanisms underlying these sleep changes. These effects on sleep should be taken into account
when considering using cannabinoid drugs as sleep aids.
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Chemotherapy-induced neuropathic pain (CIPN) is a clinical challenge for cancer patients. The
development of novel targeted therapies with long term efficacy in alleviating CIPN is an ongoing
focus of preclinical research. The endocannabinoid system has shown great promise and efficacy
in alleviating CIPN in both preclinical and clinical studies. Our group has previously demonstrated
that delta-9-tetrahydrocannabinol (A°-THC) exhibits efficacy in measures of acute and chronic
pain and that development of tolerance is partially mediated by c-Jun N-terminal kinase
(JNK)/GRK/Barrestin2 signaling network. But, so far, the mechanisms underlying tolerance to
CP55,940 in a CIPN model (cisplatin-induced neuropathy) remains elusive. The objective of our
current work is thus to assess whether CP55,940, a synthetic, high potency cannabinoid agonist
develops tolerance in a CIPN model through GRK/Barrestin2 and JNK-mediated mechanisms as
found in A°>-THC tolerance. Tolerance to the antinociceptive effect of CP55,940 (0.3 mg/kg i.p.)
were assessed by mechanical allodynia testing (von Frey) with the development of tolerance
appearing after 11 days of chronic administration in male wild type mice. Unlike A°-THC, the
antinociceptive effects of CP55,940 are not prolonged following its co-administration with JNK
inhibitor SP600125 (3 mg/kg i.p.) since tolerance appeared after 10 days. Chronic administration
of CP55,940 (0.3 mg/kg i.p.) resulted in an enhanced protein-protein interaction between JNK1
and PB-arrestin2 in the whole brain of CIPN wild-type mice. We also found using immunoblotting
that chronic treatment of CP55,940 causes a pronounced activation of JNK signaling in the whole
brain of cisplatin-treated wild-type mice. These results demonstrate the complexity of JNK and [3-
arrestin2 association in the development of tolerance following chronic administration of
CP55,940 in a CIPN model. Future studies using JNK1 knockouts are necessary to confirm the
role of JNK1 in the development of tolerance. We also need to assess the role of sex differences
and the involvement of other JNK isoforms and pathways in the development of cannabinoid
tolerance.

Acknowledgements: Funded by NIH grants DA044999-01A1 (JG and DJM) and Texas Tech
University Health Sciences Center School of Medicine 121035 (JG).
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Chemotherapy-induced peripheral neuropathy (CIPN) is a painful adverse effect caused by several
classes of widely used anticancer drugs. Currently, there is no one drug or drug class that is
considered both effective and safe in the treatment of CIPN. In a mouse model of CIPN that
focused on paclitaxel-induced mechanical and cold allodynia, CBD was observed previously to be
effective in preventing the onset for this treatment consequence. Now a new CBD analogue (KLS-
13019) has been discovered in our laboratory that has improved drug-like properties in comparison
to CBD, while retaining neuroprotective properties and significant preventative actions on
allodynia in a mouse model of CIPN.

To study the toxicity of paclitaxel in a relevant cellular target, rat dorsal root ganglion (DRG)
cultures were used as a model system to confirm the protective properties of CBD and KL.S-13019
and to further explore the mechanism of action. Previous pharmacological studies with CGP-
37157 (mNCX-1 blocker) conducted in hippocampal cultures indicated that all neuroprotective
activity produced by CBD and KLS-13019 against ethanol toxicity could be prevented at inhibitor
concentrations that were specific for this exchanger target.

In the present work, the previous pharmacological studies were confirmed in DRG cultures and
the mechanistic studies extended with the use of siRNA to mNCX-1. Treatment with siRNA
produced a 50-55% decrease in the immunoreactive (IR) area for NCX-1 in neuronal cell bodies
and a 72-80% decrease in neuritic IR area as determined with high content image analysis. After
treatment with 100 nM KLS-13019 and siRNA, DRG cultures exhibited a 75 + 5 % decrease in
protection from paclitaxel-induced toxicity; whereas siRNA studies with 10 uM CBD produced a
74 + 3% decrease in protection. Treatment with mNCX-1 siRNA alone did not produce toxicity.
The protective actions of cannabidiol and KLS-13019 against paclitaxel-induced toxicity were
significantly attenuated with depletion of mNCX-1 that was not attributable to toxicity. These
data indicated that the decrease in neuritic mNCX-1 corresponded with decreased protection after
siRNA treatment. Pharmacological blockade of mNCX-1 with CGP-37157 produced complete
inhibition of protection from paclitaxel toxicity in DRG cultures, supporting the siRNA effects on
mechanism described for this cannabinoid-mediated protection. Both CBD and KLS-13019 were
effective in preventing paclitaxel-induced mechanical allodynia and both of the protective actions
of these cannabinoids were attenuated by mNCX-1 target knockdown. These studies strongly
suggest a shared mechanism and potential therapeutic use. With the improved drug-like properties
of KLLS-13019 in comparison to CBD, a therapeutic alterative in the treatment of CIPN may be
emerging for this intractable neuropathic pain.
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The prevalence of psychiatric disorders is common, with anxiety, mood disorders, and
schizophrenia reporting prevalence rates of 28.3%, 9.5%, and ~1% respectively. However, patient
outcomes remain not ideal. Therefore, it is imperative to find novel treatment approaches for these
disorders. Dopamine controls cognitive, emotional and motor aspects of goal-directed behaviour,
with perturbations in the system playing a role in a number of psychiatric disorders and their
underlying symptoms. Relating to the dopamine system, the endocannabinoid system serves as an
important filter of afferent inputs, helping shape how incoming information is conveyed onto
dopamine neurons and to output targets. Therefore, we hypothesize that compounds negatively
targeting the endocannabinoid system could be candidates in treating positive and affective
symptoms in psychiatric illness. We tested the effect of ABM300, a novel negative allosteric
modulator (NAM) of the CB; receptor (ICso of ~20nM).

Adult (>P70) GluN1-knockdown (GluN1KD - F1: C57BIl/6]J x 129S1/SvimJ) and DAT-knockout
(DATKO - C57B1/6J), balanced for sex, were treated with either vehicle (1:1:18 — Tween80 : 95%
ethanol : saline) or a novel CB1 NAM, ABM300, at 10mg/kg, tested on behavioural assays, and
compared to littermate controls. Locomotor, stereotypic movements and vertical activity were
tested, along with anxiety/mania and sensorimotor gating behaviours. All data were analyzed with
two- or three-way ANOVA, as appropriate, and corrected for multiple comparisons. Behaviour
effects of ABM300 were compared to an antipsychotic (olanzapine; 1mg/kg), a CB1 orthosteric
inverse agonist (rimonabant; 10mg/kg), and a cannabinoid that is traditionally believed to act as a
CB1 NAM (cannabidiol; 60 and 120mg/kg).

GluN1KD and DATKO mice display hyperactivity, impaired habituation and sensorimotor gating,
along with increased stereotypy and vertical activity, in a state of mania-like behaviour. Following
acute treatment with ABM300, amelioration of these dysregulated behaviours was observed.
GluN1KD mice saw a reduction in locomotor and vertical activity, along with an amelioration of
repetitive stereotypic movements and mania-like behaviour. DATKO mice also saw the same
amelioration of behaviours as that of the GluN1KD, with additional amelioration of sensorimotor
deficits. Effects of ABM300 were similar to those seen with olanzapine, while cannabidiol had no
effect, and rimonabant exacerbated behavioural abnormalities.

The data suggest that CB1 NAMs represent a novel treatment for psychiatric symptoms as a result
of dopamine dysregulation. ABM300 ameliorates dopamine dysregulation in both animal models
of psychiatric illness. Furthermore, targeting the endocannabinoid system offers the opportunity
to normalize deficits that arise from differing underlying dysfunctions that manifest as similar
behavioural changes; both of which are mediated by dopamine dysregulation.
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Inhibition of diacylglycerol lipase (DAGL)-a and -B, the main biosynthetic enzymes for the
endogenous cannabinoid 2-arachidonoylglycerol (2-AG), reduce inflammatory responses to a pro-
inflammatory insults. Thus, here we tested whether blockade of these enzymes would ameliorate
nociceptive behavior in a mouse model of Chemotherapy-Induced Peripheral Neuropathy (CIPN),
a condition in humans that is resistant to traditional analgesics. Intraperitoneal (i.p.) administration
of either the DAGL-o/f inhibitor DO34 or the selective inhibitor DAGL-f inhibitor KT109 dose-
dependently reversed paclitaxel-induced allodynia. As DAGL-a (-/-) mice or DAGL-B (-/-) mice
showed similar magnitudes of basal and paclitaxel-induced nociceptive behavior as wild type
control mice, these transgenic mice were then used to screen each inhibitor. Both KT109 (40
mg/kg, i.p.) and DO34 (30 mg/kg, i.p.) fully reversed paclitaxel-induced allodynia in wild-type
mice and DAGL-a (-/-) mice, but did not elicit antinociceptive effects in DAGL- B (-/-) mice,
suggesting that DAGL- plays a necessary role in the observed antinociceptive effects. In addition,
the observation that i.p. injection of KTI09 reduced the levels of proinflammatory
cytokines/chemokines (IL-1f, IL-2, IL-17, IFN-y, GM-CSF, MCP-1) in the dorsal root ganglia
isolated from paclitaxel-injected mice and that KT109 showed low brain penetration when
compared to peripheral tissue, and did not significantly inhibit the DAGL-B activity within the
brain suggests a possible peripheral mechanism of action. In order to test whether these
antinociceptive effects undergo tolerance, mice were given a daily i.p. injection of KT109 (40
mg/kg, i.p.) for six days. Not only did KT 109 maintain its anti-allodynic effects following repeated
administration, but also its duration of action persisted for at least 24 h after the final injection of
drug. In contrast, the antinociceptive effects of an acute injection of KT109 are resolved by 8 h. In
the final set of experiments, we sought to elucidate potential neural mechanisms mediating these
effects by examining the ex vivo consequences of deletion or prolonged pharmacological inhibition
of DAGL-B on paclitaxel-induced hyperexcitability of primary afferent neurons isolated from
dorsal root ganglia (DRG) innervating the lumbar level of the spinal cord. Strikingly, DRG
harvested from either DAGL-P (-/-) mice or wild type mice administered repeated KT109 were
resistent to paclitaxel-induced hyperexcitability. Overall, these findings suggest that DAGL-f
inhibitors may reverse paclitaxel-induced allodynia by attenuating proinflammatory
cytokine/chemokine release at the level of the DRG to dampen neuronal hyperexcitability.
Collectively, these findings identify DAGL-P as a viable target to treat neuropathic pain associated
with chemotherapy.

Acknowledgements: Funded by RO1DA039942, and start-up funds from the VCU School of
Pharmacy.
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Multiple sclerosis (MS) is characterized by neurodegeneration associated with demyelination and
excitotoxicity. Cannabis has been used for decades to mitigate MS-associated symptoms and
preclinical evidence support the role of the endocannabinoid system as a key target [1-2].
Endocannabinoid (EC) increase has shown positive results in mouse models of MS; however, they
might have limitations in clinical settings for chronic use [3]. Here we analyzed the therapeutic
potential of WOBE437, a selective EC reuptake inhibitor (SERI) which is orally bioavailable and
it has shown anxiolytic, analgesic and anti-inflammatory effects in different animal models,
including mitigation of chronic inflammation through a polypharmacological mechanism [4-5].
Chronic-progressive experimental autoimmune encephalomyelitis was induced in C57BL/6 mice
as a model of MS; daily treatments (i.p.) started individually at the onset and lasted 20 days. Our
results indicate that WOBE437 significantly reduced disease severity and favored an earlier
recovery, mediated mainly through a CB2 receptor-dependent mechanism. CB1 receptor itself
seemed to play an important role for disease severity, as its blockage was detrimental for the mice.
WOBE437 treatment increased EC levels only in cerebellum during the peak of disease, while a
less localized increase was seen after full treatment without inducing desensitization of brain CB
receptors. Not change on the infiltration or activation of immune cells was observed during the
disease peak and ongoing experiments aim to elucidate the role of microglia. Our results show that
SERIs may represent a novel therapeutic strategy for slowing MS progression.
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Human immunodeficiency virus type 1 (HIV-1) is known to provoke microglial immune responses
which likely play a paramount role in the development of the chronic neuroinflammatory
conditions and neuronal damage related to HIV-1 associated neurocognitive disorders (HAND).
In particular, HIV-1 Tat protein is a proinflammatory neurotoxin which predisposes neurons to
synaptodendritic injury. Drugs targeting the degradative enzymes of endogenous cannabinoids
have shown promise in reducing inflammation with minimal side effects in rodent models. Our
lab has demonstrated that the HIV-1 Tat protein can produce indirect neurotoxic effects through
microglial activity. Considering that markers of neuroinflammation can predict the extent of
neuronal injury in HAND patients, we evaluated the neurotoxic effect of HIV-1 Tat-exposed
microglia following blockade of fatty acid amid hydrolyze (FAAH), a catabolic enzyme
responsible for degradation of endocannabinoids (e.g. anandamide). We have shown before that
FAAH inhibition blunts Tat-mediated toxicity in neuronal cultures through cannabinoid receptor
mechanisms. In the present study, cultured murine microglia were incubated with Tat and/or
FAAH inhibitor (PF3845). After 24 hours, cells were imaged for morphological analysis and
microglial conditioned media (MCM) was collected for neuron exposure experiments. Neuron
cultures (DIV 7-11) were then exposed to MCM, and neurotoxicity was assessed using calcium
(Ca?") imaging. These experiments were also repeated using FAAH KO derived microglial cells
for comparison. Interestingly, PF3845’s strong attenuation of microglial responses to Tat was
found to be independent of CB1/, receptor mechanisms. Past reports have described the ability of
GPR18 to regulate microglial function, therefore we evaluated the involvement of this receptor in
microglial-mediated dysregulation of neuronal [Ca®']i. We found that a purported GPRIS
antagonist, CID-85469571, blocked the neuroprotective effects of PF3845. Moreover, the GPR18
agonist, N-Arachidonyl glycine (NAGly), also attenuated Tat-induced increases in neuronal
[Ca®']i. This suggests that the observed effects are dependent on GPR18 activation via a ligand
targeted by FAAH. It is important to note that NAGly agonism of GPR55 and inhibition of FAAH
could also play a role in the observed effects. These findings not only further elucidate
neuroprotective mechanisms of endocannabinoid catabolic enzyme inhibition and also highlight
the potential therapeutic benefit of a non-classic cannabinoid receptor in treating HAND and other
diseases involving neuroinflammatory pathologies.

Research supported by NIDA R21 DA041903, RO1 DA045596, T32 DA007244, RO1 DA032933, and K05 DA021696.
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Age-related cognitive decline has been associated with increased levels of inflammatory cytokines,
but the precise relationship between aging, cognitive decline, and cytokine load remains to be
elucidated. B-caryophyllene (BCP) is a naturally occurring sesquiterpene cannabinoid receptor 2
(CB») agonist that has established anti-inflammatory and neuroprotective effects in several models
of neurotoxicity or neurodegeneration. It is also a safe and tolerable FDA-approved food additive.
It is also known to improve memory function in several behavioral tasks in rodents, and have
recently been shown to increase lifespan in C. elegans. It therefore of interest to explore the
potential of BCP to reduce age-related cognitive decline, and to relate improved cognitive function
to objective blood-based biomarkers that may have translational relevance. In this study, we sought
to assess changes in circulating cytokines across the life-span to discover which cytokines are most
closely associated with increased age. Furthermore, we also sought to determine whether BCP can
reverse cognitive deficits in aged mice and whether improved cognitive function is associated with
decreased levels of aging-related cytokines.

A full profile of 12 cytokines was conducted in Swiss-Webster mice at 3, 12, and 18 months of
age using multiplexed flow cytometry. Working memory was compared in young young (3
months) and aged (12 months) mice using the spontaneous alternations Y maze assay. A dose-
response function (100-300 mg/kg) of memory improvements was then determined using
subchronic dosing regimens of BCP in young and aged mice. Finally, the effects of subchronic
dosing of BCP on cytokine levels was assessed in aged mice using the most effective dose of BCP
(178 mg/kg) in the memory study. The circulating levels of several cytokines significantly
increased with age. Multilinear regression analysis corrected for collinearity revealed that 11.-12
family cytokines were most strongly associated with increased age. Aged mice (12 month) showed
deficits in Y-maze performance compared to young mice (3 month). BCP treatment had no
significant effect on working memory in young mice, yet significantly improved working memory
in aged mice. Furthermore, BCP treatment significantly reduced circulating levels of IL-12 family
cytokines. BCP appears to reverse age-associated cognitive decline in the working memory
domain as well as age-associated increases in circulating IL-12 family cytokines. BCP may be a
promising treatment for the deleterious effects of aging and IL-12 family cytokines may be a
biomarker for anti-aging therapeutic responses.

Acknowledgements: These studies were supported by the National Institutes of Health
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Alzheimer’s disease (AD), the most common age-related neurodegenerative disease, is
characterized by the accumulation of amyloid-beta peptide (AP) in neuritic plaques within the
brain leading to a strong inflammatory response. Previously, our group observed an increase in the
expression of CB; receptors that was restricted to plaque-associated microglia. Additionally, the
activation of CB: receptors by specific agonists in animal models of AD resulted in the reduction
of the inflammation associated with the disease as well as in the A} processing. These data suggest
arole of CB> in AP clearance by microglia.

In the present work, we wanted to assess the role of CB: receptors in A} phagocytosis by microglia
both in vitro and in vivo. Microglial cells obtained from CB,FS™{ CB,”- and WT mice were
treated with HiLyte™ Fluor 555 labeled-Ap (1-42) for 4h, and internalized AP was measured by
flow cytometry and immunofluorescence. Inhibition of phagocytosis with cytochalasin-D was
employed as negative control. To determine the AP phagocytosis in vivo, 5XFAD/CB,F9"f and
5xFAD/CB;"" mice were injected with methoxy-XO4, a fluorescent dye for AB oligomers. 24h
later, brains were harvested to isolate microglia and measure the internalized methoxy-X0O4 signal
by flow cytometry.

Our data show that the deletion of CB; receptor leads to a lower efficiency of AP phagocytosis by
microglia both in vitro and in vivo. These results demonstrate a key role of CB: receptor in the
ability of microglia to remove the pathogenic deposits of AP peptide in AD, and support the
therapeutic potential of cannabinoids through CB: signalling. We are currently performing
additional experiments in order to determine the molecular mechanisms underlying this process
and to analyse its impact in the disease.

Acknowledgements: This work was supported by Ministerio de Economia y Competitividad
(SAF2016/75959-R), and Universidad Francisco de Vitoria.
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Heavy episodic alcohol drinking (also termed binge drinking) is a serious health problem. There
is ample of evidence demonstrating that binge alcohol consumption can lead to life-threatening
adverse cardiovascular events including atrial fibrillation, acute myocardial infarction, and
congestive heart failure. Despite numerous studies investigating the effects of chronic moderate or
excessive alcohol consumption on cardiovascular function and/or risk, relatively few reports have
explored the cardiovascular effects of binge ethanol use. It is well documented that under
pathological conditions overactivation of endocannabinoid- cannabinoid 1 receptor (CB1-R)
signaling may exert important effects on cardiovascular function, including abnormalities in
cardiac inotropy, chronotropy, conduction and vascular tone. Emerging clinical evidence also
describes severe (often life-threatening) cardiovascular consequences of potent synthetic
cannabinoids. In this study, by using multiple approaches (echocardiography, Pressure-Volume
analysis, laser Doppler flow probes and laser speckle analysis) we aimed to characterize the
detailed hemodynamic effects of acute alcohol intoxication in vivo in mice and to explore the
potential role of the endocannabinoid-CB1-R signaling in mediating these effects.

Alcohol intoxication induced marked time-dependent elevation of cardiac anandamide levels
which paralleled with profound cardiac dysfunction and impaired blood redistribution in vivo.
Acute administration of CB1-R antagonist rimonabant was able to reverse the alcohol binge-
induced cardiac dysfunction, which was also attenuated in CB1-R knockout mice. Thus, the
anandamide-CB1-R signaling plays an important role in acute alcohol intoxication-induced
hemodynamic adverse effects. Since there is an increasing prevalence of alcohol ingestion in
combination with synthetic cannabinoids leading to adverse cardiovascular effects in adolescents,
this emerging threat raises major health concerns. Therefore, repurposing CB1-R antagonists for
acute treatment of combined alcohol and synthetic cannabinoid intoxication by
reversing/preventing cardiovascular collapse may save lives.

Acknowledgements: This study was supported by the Intramural Research Program of
NIH/NIAAA (to P.P.).
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We have previously shown that in a murine model of acute pain, Palmitoylethanolamide (PEA)
potentiates analgesic effects of sub-effective doses of THC, while also counteracting the AEs
exerted by THC higher doses. The working theory behind this is an "entourage effect"
phenomenon. There is, however, an unanswered question of how does PEA, which does not bind
the THC target receptor, CB1 receptor (CB1R), do it. In order to examine the entourage mechanism
of PEA on THC, we assessed the THC binding to CB1 receptor and the effect of PEA on the
affinity of CB1 receptor to THC in an in vitro setting. We've utilized the GPCR B-Arrestin assay,
which takes advantage of Enzyme Fragment Complementation technology. Activation of the
GPCR stimulates binding of B-arrestin to the ProLink-tagged GPCR and forces complementation
of the two enzyme fragments, resulting in the formation of an active -galactosidase enzyme. This
interaction leads to an increase in enzyme activity that can be measured using chemiluminescent
detection reagents. The tests demonstrated the efficacy range of THC to be 1-100 uM, and the
optimal therapeutic window to be 90 to 180 min. Following the initial test, the effect of increasing
concentrations of PEA was examined on pre-determined concentrations of THC. The chosen
duration of the receptor stimulation was 120 min. PEA markedly enhanced lower doses of THC
binding to the CB1R. PEA did not affect the binding affinity of CBIR in high doses of THC,
probably due to receptor saturation. The effective working ratio between THC:PEA concentration
was observed at approximately 1:100. Furthermore, when downstream to CBIR activation
signaling cascade, Ca’+ flux and cAMP production, were examined with THC versus THC with
PEA, similar findings were demonstrated. Ca*+ flux was measured utilizing the Fluo-8 AM dye in
human CB1-expressing cells and cAMP production was measured using phosphorylated protein
Kinase A. PEA at concentrations of about 40-fold higher than THC, increased both THC-induced
Ca?+ flux and cAMP production.

These findings suggest that PEA directly affects THC binding affinity to CB1R, further impacting
CBI1R induced signaling cascade. These results shed light on intricate interactions between THC,
CBIR and PEA, which constitute the basis of the "entourage effect", originally coined by Prof.
Mechoulam.
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Monoacylglycerol lipase (MGL) inhibition provides a potential approach towards treating diverse
pathological conditions such as chronic pain, neurodegenerative diseases and cancer, through the
regulation of 2-AG levels, and possibly via the indirect stimulation of CBI1 receptors.
Understanding the mechanism of action of compounds that inhibit the degradation of 2-AG can
provide important insights into enzyme function and assist in the discovery of safer therapeutics
with predictable and varying durations of action.

Based on biophysical studies, we herein provide a comparative analysis while exploring the
mechanisms of action of different classes of MGL inhibitors comprising of both reversible and
irreversible compounds. The study includes analyses of MGL interactions with known and new
inhibitors containing the carbamate and urea moieties, as well as transition state analogues and
cysteine-targeting compounds. Identification of MGL allosteric sites and potential allosteric
inhibitors will be also discussed. In addition, we will address the phenomenon where potent
irreversible MGL inhibitors that are commonly used in pharmacological studies may have
relatively shorter biochemical T values due to fast hydrolysis of the covalent MGL-inhibitor
complex and subsequent regeneration of the enzyme. This unique pseudo-irreversible mode of
MGL inhibition, now shown via experimentation using a diverse set of compounds, represents a
powerful mechanism for abrogating enzyme activity, as it is considered the most
pharmacologically tractable mechanism of drug action. Our strategy of elucidating “reversible
covalent” mechanisms using NMR techniques offers the advantage of discovering and rapid “fine-
tuning” of compounds that mimic the action of irreversible inhibitors, with predictable dissociation
rates that can be translated in vivo.
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Derived from arachidonic acid (AA)-containing phospholipids, the endogenous cannabinoid
(eCB) 2-arachidonoyl glycerol (2-AG) is a substrate for the enzyme af-hydrolase domain 12
(ABHD12). Loss-of-function mutations of ABHD12 are associated with the neurodegenerative
disorder polyneuropathy, hearing loss, ataxia, retinitis pigmentosa, and cataract (PHARC).
Currently, there is no cure for PHARC. Representing an animal model of PHARC, ABHD12
knockout (KO) mice show PHARC-like symptomology in older adulthood. Here, we test the
hypothesis that ABHD12 deletion age-dependently regulates bioactive lipids in the mouse CNS.
Methanolic lipid extracts from frozen brainstem, cerebellum, cortex, hippocampus, hypothalamus,
midbrain, striatum, and thalamus of young (3-4 months) and older (7 months) adult male ABHD12
KO and age-matched wild-type (WT) mice were partially purified on C18 solid phase extraction
columns. Eluants were analyzed with high-pressure liquid chromatography coupled to tandem
mass spectrometry using an API 3000 triple quadrupole MS. Over 80 lipids were screened in each
brain area, including eCBs, lipoamines, 2-acyl glycerols, free fatty acids, and prostaglandins
(PGs).

Aging and ABHD12 deletion drove widespread changes in the CNS lipidome; however, the effects
of ABHD12 deletion were similar between old and young mice, meaning that most alterations in
the lipidome of ABHD12 KO brains precede PHARC-like symptoms. AA-derived lipids were
particularly sensitive to ABHD12 deletion. Relative to WT, 2-AG concentrations increased in the
striatum, hippocampus, cerebellum, thalamus, midbrain, and brainstem, whereas the eCB N-
arachidonoyl ethanolamine increased in all 8 brain regions, along with at least 2 PGs. Levels of
free AA were also elevated in the ABHD12 KO brainstem, cerebellum, cortex, hippocampus,
midbrain, and thalamus, suggesting that increased availability of AA may underlie elevations in
AA-derived lipids. In addition, the AA-derived bioactive lipoamines, N-arachidonoyl alanine, N-
arachidonoyl serine, and N-arachidonoyl tyrosine increased with ABHD12 deletion in every area
screened except the hypothalamus. The other AA-derived lipoamines in the screening library were
elevated in at least two brain areas of ABHD12 KO mice. Aging also had a widespread effect on
the lipidome and more age-related changes in bioactive lipids were found in ABHD12 KO mice
than WT, suggesting that ABHD12 deletion exacerbates the effects of age. The most robust effect
of aging (independent of genotype) across the CNS were decreases in N-acyl GABAs and N-acyl
glycines. In conclusion, levels of bioactive lipids are dynamic throughout adulthood and deleting
ABHDI12 disrupts the wider lipidome, modulating multiple AA-derived lipids with potential
consequences for neuropathology.

* All data was collected and analyzed while the author, Emma Leishman, was a Ph.D. student with
the Program in Neuroscience at Indiana University.
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Cannabinoids are found in marijuana and also are produced naturally in the body from ®»-3 and ®-
6 fatty acids. Exocannabinoids in marijuana, are known to be responsible for some of its euphoric
effects, but they also exhibit anti-inflammatory benefits. Our study revealed a cascade of
enzymatic reactions that convert -3 fatty acids into anti-inflammatory endocannabinoid epoxides
that act through the same receptors in the body as marijuana (PNAS 2017). Endocannabinoids are
ligands for cannabinoid receptor 1 and 2 (CB1 and CB2). CB1 receptor agonists exhibit
psychotropic properties while CB2 receptor agonists have anti-inflammatory effects.
Consequently, there is a strong interest in the discovery of CB2 selective agonists to mitigate
inflammatory pathologies. The work details the discovery and characterization of naturally
occurring m-3—derived endocannabinoid epoxides that are formed via enzymatic oxidation of ®-3
endocannabinoids by cytochrome P450 epoxygenases. These dual functional ®-3 endocannabinoid
epoxides exhibit preference towards binding to CB2 receptor and are anti-inflammatory and
vasodilatory and recipr