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Dear Colleagues, 

 
Welcome to the Second Annual Saskatchewan Cannabinoid Research Symposium! We want to 
acknowledge that our symposium is held on Treaty 6 Territory, and aims to respect the histories, 
languages, and cultures of First Nations, Metis, Inuit, and all First Peoples of Canada, whose presence 
continues to enrich our vibrant community. 
 
Building on the growing interest in cannabinoid research nationally and internationally – and the success 
of our inaugural meeting in 2018 – the Cannabinoid Research Initiative of Saskatchewan (CRIS) has 
organized an exciting program. Our symposium is intended to provide a platform for discussion and 
collaboration amongst health care practitioners, the patient community, policy makers, and researchers 
as we work together to understand the evidence-base concerning Cannabis and cannabinoids as 
medicine.  
 
We are very fortunate to attract invited speakers from across Canada and the United States who are 
internationally-recognized as leaders in their fields. This symposium demonstrates the growing 
expertise of CRIS and the capacity of our research group. We are excited to highlight the work of our 
trainees, which reflects the mounting research success we should celebrate during this gathering. 
 
This year’s symposium would not be possible without the generous financial support from our sponsors 
and the hard work of the many trainees and volunteers. Our sponsors include the Saskatchewan Health 
Research Foundation (SHRF), University of Manitoba, ZYUS Life Sciences, Kanata Earth Genetics, Aurora 
Cannabis, The Green Organic Dutchman, College of Pharmacy and Nutrition, and the University of 
Saskatchewan Student Chapter of the American Associated for Pharmaceutical Sciences. Over and 
above all other support, I wish to thank Gen Clark for her tireless efforts to plan, facilitate, and organize 
the symposium. Thank you all for your support! 
 
On behalf of the Cannabinoid Research Initiative of Saskatchewan, I wish to welcome all participants to 
our symposium and look forward to meeting with all of you! 
 
Sincerely, 
 
Dr. Robert B. Laprairie 
 
Co-Chair, Biomedical Pillar, Cannabinoid Research Initiative of Saskatchewan 
GlaxoSmithKline-CIHR Research Chair in Drug Discovery and Development 
Assistant Professor, College of Pharmacy and Nutrition, University of Saskatchewan 
  



 

Thursday August 15 

8:00 AM – 9:00 AM REGISTRATION & BREAKFAST 

9:00 AM – 9:15 AM OPENING REMARKS 

 
THEME I: EDUCATION AND THE PATIENT PERSPECTIVE 

9:15 AM – 9:45 AM CANNABIS 101 – Robert Laprairie  

9:50 AM – 10:45 AM 
9:50 

10:10 
10:30 

EDUCATION & KNOWLEDGE DISSEMINATION  
Knowledge and Public Education – Holly Mansell  
Historical and Legal Perspectives – Alan Shackelford 
Q&A 
 

10:45 AM – 11:00 AM MORNING BREAK & POSTER SESSION (sponsored by TGOD) 

 
11:00 AM – 12:00 PM 

11:05 
11:25 
11:45 

 
PATIENT & CAREGIVER PERSPECTIVES 
Patient Perspective – Alyssa Sanderson     
Advocacy Group Perspective – Jaime Hagel 
Q&A 

12:00 PM – 1:00 PM LUNCH & POSTER SESSION 

 
THEME II: CLINICAL PERSPECTIVE 

1:00 PM – 2:00 PM NURSING PERSPECTIVE – Keynote: Lynda Balneaves 

2:00 PM – 3:00 PM 
2:05 
2:25 
2:45 

PHYSICIAN PERSPECTIVE       
Cancer – Paul Daeninck  
Clinical Trials – Lauren Kelly 
Q&A 

3:00 PM – 3:15 PM AFTERNOON BREAK & POSTER SESSION 

 
3:15 PM – 4:15 PM 

3:20 
4:00 

 
PHARMACY PERSPECTIVE      
Drug-drug interactions and pharmacist perspective – Kelly Kizlyk 
Q&A 

5:00 PM – 7:30 PM RECEPTION & DINNER (6 PM)  

 



 

Friday August 16 

8:00 AM – 9:00 AM BREAKFAST 

 
THEME III: HARM REDUCTION 

9:00 AM – 10:00 AM CANNABIS AND COGNITION – Keynote: James MacKillop 

10:00 AM – 11:00 AM 

10:05 

10:25 
10:45 

HEALTH POLICY 

Youth Cannabis Prevention & Education: Thoughts on a new post-legalization 

paradigm – Rebecca Haines-Saah  

Substance Use – Jenna Valleriani 
Q&A 

11:00 AM – 11:15 AM MORNING BREAK 

 
11:15 AM – 12:15 PM 

11:20 

11:40 

12:00 

 
CANNABIS & CULTURE 

Veterinary Perspective – Al Chicoine Workplace 
Safety – Sandra Cripps Q&A 

12:15 PM – 1:15 PM LUNCH & TRAINEE POSTER AWARDS 

 
THEME IV: PRE-CLINICAL RESEARCH 

1:15 PM – 2:15 PM NEW THERAPEUTICS FOR THE ENDOCANNABINOID SYSTEM 

Keynote: Melanie Kelly 

2:15 PM – 3:30 PM 

2:20 

2:40 

3:00 
3:20 

Animal models – Benjamin Lau Toxicology and 

forensics – Graham Jones In vitro models – Jane 

Alcorn 

Plant structure and function – Teagen Quilinchini 
Q&A 

3:30 PM CLOSING 

 
 

 

 
 

 
 
 
 
 

 
 
 
 
 
 



Poster Abstracts  
1. 

Determining Plasma Protein Binding Profiles  
of Bioactive Cannabinoids in Human Plasma 

 
Stephanie Vuong1, Deborah Michel1, Andrew W. Lyon2, and Jane Alcorn1 

 
1College of Pharmacy and Nutrition, University of Saskatchewan 

 2Pathology and Laboratory Medicine, College of Medicine, University of Saskatchewan 
 

Background: Ketogenic diet, a high fat diet, is a treatment option for children with refractory epileptic 
encephalopathy. The ketogenic diet may change the distribution profile of lipoproteins, a major plasma 
binding protein of cannabinoids, to in turn alter the unbound fraction of cannabinoids. As the unbound 
fraction is responsible for the pharmacological response, an understanding of plasma protein binding 
characteristics of cannabinoids is necessary when developing an optimal dose for children on a 
ketogenic diet. Due to high lipophilicity and non-specific binding of cannabinoids to plastics, 
ultrafiltration and ultracentrifugation cannot be used for plasma protein binding assays. A new 
technique, adapted from a method looking at plasma protein binding of lipophilic pyrethroids, has been 
developed to quantify unbound and bound fractions of cannabinoids.  
 
Method: A 3-solvent extraction determined plasma protein binding characteristics of cannabinoids. 
Isooctane, 2-octanol, and acetonitrile were added to spiked plasma to extract unbound, lipoprotein 
bound, and remaining bound fraction of cannabinoids, respectively. LC-MS/MS was used to quantify CBD 
and THC at three levels of concentrations, with MRM transitions (m/z 315.1>193.2; 315.1>252.2). 
 
Results and conclusions: Cannabinoids exhibit 80-88% binding to plasma protein of which 15-20% is 
bound to lipoproteins and 60-73% is bound to the remaining plasma proteins. These results are 
inconsistent with the literature, which suggests cannabinoids are 95-99% plasma protein bound. The 
new technique has provided accurate quantification of unbound and bound fractions of cannabinoids. 
Research is still ongoing to confirm reproducibility of assay. 
 
Funding: Research is funded by the Jim Pattison’s Children’s Hospital Foundation and Saskatchewan 
Health Research Foundation (SHRF). 
 
 

 

 
 
 

 

  



 

2. 
Structure Activity Relationship between  

GAT Allosteric Modulators and CB1 Receptor 
 

Asher L. Brandt,Φ  Sumanta Garai,† Peter Carlton Schaffer, † Ayat Zagzoog, Φ   Tallan Black, Φ  David R. 
Janero, §  Ganesh A. Thakur*,† and Robert B. Laprairie, Φ,^ 

 
ΦCollege of Pharmacy and Nutrition, University of Saskatchewan; †Department of Pharmaceutical 

Sciences, Northeastern University; ^Department of Pharmacology, Dalhousie University 
 

The intoxicating effects of Cannabis represent a major limitation to their use as medicines. The 
intoxicating effects are due to ∆9-tetrahydrocannabinol binding to the orthosteric site of the type 1 
cannabinoid receptor (CB1). It is hypothesized that the intoxicating properties of CB1 activation can be 
avoided if a drug bound to the allosteric site (i.e. separate or “other”) on the receptor to promote 
endogenous activation but not directly activate CB1. This is how we propose to create CB1-targeted 
medicines. Allosteric modulators may be positive allosteric modulators (PAMs) or negative allosteric 
modulators (NAMs). A PAM enhances the effect of the primary ligand while a NAM reduces the effect 
the primary ligand.  
 

 
Figure 1. GAT591 and its Enantiomers GAT1664 and GAT1665 
 
In the present study, we explored CB1 PAM structure-activity relationships with 2 main structural 
considerations (1) enantiomeric differences, and (2) substituent effects. Previous research shows that 
GAT591 behaves as a mixed agonist-PAM (ago-PAM). It is thought that agonist activity is attributed to 
one enantiomer, while the other its PAM activity. Thus far 13 GAT compounds have been evaluated via 
radioligand binding, cAMP inhibition, and arrestin2 recruitment assays to measure (1) CB1 affinity and 
(2) whether the compound behaves as a PAM or agonist. Preliminary findings suggest that the S 
enantiomer produces PAM activity while the R enantiomer produces agonist activity. Due to this S 
enantiomer GAT derivatives will continue to be studied in finding optimal substituents for CB1-targeted 
therapies. 
  



 

3. 
Characterization and Targeting of the Endocannabinoid System  

in Traumatic Brain Injury 
 

Tallan Black1, Robert B. Laprairie1, Ayat Zagzoog1, John Howland2, Andrew Roebuck2, Quentin Greba2 
 

1College of Pharmacy and Nutrition, University of Saskatchewan 
2 College of Medicine, University of Saskatchewan 

 
Traumatic Brain Injuries (TBI) are considered one of the leading causes of death and disability world-
wide. Unfortunately, despite significant research dedicated to TBI, as yet there are no successful 
pharmacological treatments available. One emerging area of TBI research is the involvement of the 
endocannabinoid system (ECS) in response to brain injury. This is in part because endogenous 
cannabinoids possess the capacity to modulate inflammation, pain, anxiety, and general 
neurotransmitter release through the activation of the cannabinoid receptors CB1R and CB2R. The ECS is 
modulated by exogenous cannabinoids such as ∆9-tetrahydrocannabinol (THC) found in Cannabis sativa. 
THC activates both CB1R and CB2R as a partial agonist. CB1R activation produces analgesia and 
anxiolytic effects, but also produces intoxication, whereas CB2R activation reduces inflammation. One 
emerging area of TBI research is the involvement of the ECS in response to TBI and exercise. As 
awareness surrounding post-traumatic complications and return to sports activities increases, the need 
for research examining this intricate relationship between exercise, the ECS, and TBI is apparent. 
Because of these known modulatory roles, the ECS, cannabinoids, and exercise may play a role in the 
treatment of traumatic brain injury (TBI); however, to date there has been a lack of research into 
the effects of TBI and exercise on the ECS, pre-clinical or otherwise. We hypothesis that treatment of 
male and female exercised rats subjected to TBI with THC post-injury will normalize neurotransmitter 
dysregulation, improve inflammatory cytokine profiles, restore motor function and improve behavioral 
profiles of injured rats. 

  



 

4. 
Development of a stable CHO-K1 cell line expressing  

G protein-coupled receptor 55 (GPR55) 
 

Michael J. Benko, Robert B. Laprairie 
 

College of Pharmacy and Nutrition, University of Saskatchewan 

 

GPR55 is an orphan receptor that has been putatively referred to as the type 3 cannabinoid receptor 
‘CB3’, however, the receptor’s endogenous ligands lysophosphatidylinositol (LPI) and 2-arachidonoyl 
lysophosphatidylinositol (2-ALPI) point toward classification as a non-cannabinoid lipid receptor.  
Regardless of the classification, it seems that GPR55 plays a physiologically relevant role in multiple 
aspects of the endocannabinoid system (ECS), so it should be considered along with CB1 and CB2 when 
developing novel therapeutics targeting the ECS. To help facilitate future research on this receptor, a 
stable cell line must first be developed which expresses GPR55.  
 
CHO-K1 cells were transfected with pcDNA3.1 containing human, HA-conjugated, GPR55 using 
Lipofectamine 3000, then incubated with high concentrations of ampicillin to select for transfected cells. 
Immunocytochemistry was conducted to identify cells expressing GPR55. Receptor-dependent signaling 
via phosphorylated ERK was quantified via in-cell western in cells treated with 0.1 nM – 10 µM THC, 
CBD, O-1602, or CP55940, then fixed with 4% paraformaldehyde and stained with primary and 
secondary antibodies for analysis. Data was analyzed and compiled using GraphPad Prism 8. 
HA-conjugated GPR55 was detected in transfected CHO-K1 cells. Treatment with THC, O-1602, and 
CP55940 elicited a receptor-dependent response in HA-GPR55-transfected CHO-K1 cells. Work is 
ongoing to isolate cells expressing GPR55 at high levels and propagate these as a stable GPR55-
expressing cell line. 
 
This work was supported by a grant from the Canadian Institutes of Health Research and 
GlaxoSmithKline (CIHR; 386247 to RBL) and a grant from the Natural Sciences and Engineering Research 
Council (NSERC; 419912 to RBL). MJB is supported by the Canada Summer Jobs Funding Program. 
  



 

5. 
Development of the REACH (Real Education About Cannabis and Health) Program  

for Canadian Youth 
 

Patricia King, Jennafer Klemmer, Jane Alcorn, Kerry Alcorn, Robert Laprairie,  
Kerry Mansell, Holly Mansell 

 
University of Saskatchewan  

 

Background: Saskatchewan youth need reliable information about Cannabis to make confident, healthy, 
informed decisions in a time when the social context regarding this substance is undergoing massive 
change.  The use of recreational Cannabis is now legal in Canada for adults. Cannabis is illegal for youth, 
though use by youth is prevalent and has significant adverse health and social consequences. Education 
about these effects is warranted. 
  
Methods:  An interprofessional clinical rotation wherein nursing and pharmacy students worked with 
university faculty and middle and high school students to create an educational program (REACH: Real 
Education About Cannabis and Health). Four schools in Saskatoon from the Public and Catholic school 
divisions participated, involving students in grades 7 through 10, representing a broad range of 
socioeconomic demographics. Feedback was solicited from participating students and stakeholders.  
 
Results: A REACH toolkit and curriculum resource were developed for Grade 7 & Grade 9, including 
lesson plans for teachers and supplemental resources. Lessons cover the science of cannabis, social & 
legal consequences, peer pressure, decision making, and harm reduction, at an age-appropriate level. 
Videos featuring youth testimonials from the participating schools have been developed. Preliminary 
feedback from the review process has indicated that the materials are informative and engaging.  
 
Conclusion: An educational program designed by University students in collaboration with middle and 
high school students has preliminarily been shown to be relatable and informative. The REACH program 
will undergo a formal evaluation to see if it affects youth knowledge and behaviour in January 2020.  
  



 

6. 
Evaluating the analgesic effects of a T-type Ca2+ channel antagonist and a CB1 

positive allosteric modulator in rats 
 

Yuanyi Song1, Andrew J. Roebuck1, Nimra B. Tahir1, Terrance P. Snutch2, Ganesh A. Thakur3, Robert B. 
Laprairie4, John G. Howland1. 

 
1
Department of APP, University of Saskatchewan 

2Michael Smith Laboratories and Djavad Mowafaghian Centre for Brain Health, University of 
British Columbia 
3Department of Pharmaceutical Sciences, Center for Drug Discovery, Bouvé College of Health 
Sciences, Northeastern University, Boston 
4College of Pharmacy and Nutrition, University of Saskatchewan 

 

Background and Relevance: Acute and chronic pain states are poorly treated by existing analgesics and 
the side effects of existing medications are of concern. Therefore, novel therapeutic targets are needed 
to improve therapeutic efficacy while reducing side effects and abuse liability. One potential target is the 
low-voltage Cav3.2 T-type calcium channel, which is involved in afferent pain sensation and thalamic 
excitability. Another related target is the endocannabinoid system, which modulates pain at peripheral 
and central sites, and in supra- spinal pain-associated brain regions. Particularly, activation of the CB1 

receptor is known to produce antinociceptive effects. We performed tail-flick and hot-plate pain assays 
on rats to assess the analgesic effects of Z944, a T-type antagonist, and GAT229, a CB1 positive allosteric 

modulator, in response to acute thermal nociceptive pain.  
 
Methods: Two groups of naïve Non- Epileptic Control rats were tested following injection of Z944 at 1, 3, 
and 5 mg/kg (n=6) and GAT229 at 1, 3, and 10 mg/kg (n=7). Animals were tested three times on tail-flick 
and once on hot-plate, and latencies were measured as the time elapsed before the animal tail-flicked 
and licked its hind-paw, respectively.  
 
Results: One-way repeated-measures ANOVA were used to compare concentration-dependent 
responses in hot-plate and mean tail-flick. We did not observe a significant difference in responses 
between treatment groups for either Z944 or GAT229. 
 
Conclusion: Our results suggest that Z944 and GAT229 do not produce analgesia to thermal nociceptive 
pain at the tested doses. Further investigation is required to reveal whether the lack of significance lies at 
the level of mechanism or concentration. 
 
Acknowledgments/Funding Sources: This work was supported by an NSERC Undergraduate Summer 
Research Award and a SHRF grant. 
  



 

7. 
Positive allosteric modulation of cannabinoid 1 receptors reduces absence seizures in 

Genetic Absence Epilepsy Rats from Strasbourg 

Andrew J. Roebuck1, Quentin Greba1, Anna Maria Smolyakova2, Mariam Alaverdashvili2, Wendie N. 
Marks1, Sumanta Garai3, Sam Baglot5, Gavin Petrie5, Stuart M. Cain4, Terrance P. Snutch4, Ganesh A. 

Thakur3, Matthew N. Hill5, Robert B. Laprairie2, John G. Howland1* 

1Department of Anatomy, Physiology, and Pharmacology, University of Saskatchewan 
2College of Pharmacy and Nutrition, University of Saskatchewan 
3Department of Pharmaceutical Sciences, Northeastern University, Boston 
4Michael Smith Laboratories and Djavad Mowafaghian Centre for Brain Health, University of 
British Colombia 
5Hotchkiss Brain Institute, University of Calgary 

 

Childhood Absence Epilepsy (CAE) is a developmental epilepsy accounting for approximately 10% of all 
pediatric epilepsies. Direct agonists of the type 1 cannabinoid receptor (CB1R) have shown promise in 
the treatment of pediatric epilepsies; however, they are associated with undesirable side-effects that 
limit clinic utility. Modulation of the endocannabinoid system (eCBS) may provide a more desirable 
treatment profile. The Genetic Absence Epilepsy Rats from Strasbourg (GAERS) models aspects of CAE, 
including cortical spike and wave discharges (SWD). In a series of experiments, we investigated how 
modulation of CB1R may affect seizures in GAERS. Using western blot and mass spectroscopy we 
determined that both female and male GAERS had reduced (>50%) expression of CB1R and elevated 
levels of the endocannabinoid 2-AG in cortex compared to Non-Epileptic Controls (NEC). We 
administered the CB1R positive allosteric modulators GAT211 and GAT229 to GAERS chronically 
implanted with cortical electrodes. Systemic administration of GAT211 to male GAERS (n=14) dose-
dependently reduced seizure time recorded by electroencephalogram (EEG) by as much as 40%. 
Furthermore, a dose-dependent reduction in seizure time was observed following systemic GAT229 in 
female (n=8) and male (n=7) GAERS. Direct infusion of GAT229 into cortex of male GAERS (n=5) reduced 
seizures time by over 60%. Something about SR study (yes/no cb1r dependent). Lastly, in contrast to 
CB1R agonists, and in agreement with previous studies, no substantial effects were seen on a modified 
tetrad. Together these experiments identify altered endocannabinoid tone in GAERS and suggest that 
modulation of CB1R is viable mechanisms to reduce seizures. 
  



 

8. 
In vitro pharmacology of cannabichromene (CBC), cannabigerol (CBG), and 

cannabidiolic acid (CBDA) on the type 2 cannabinoid receptor 
 

Kawthar A Mohamed1, Larry A Holbrook2, Robert B Laprairie1,3 

 
1College of Pharmacy and Nutrition, University of Saskatchewan 
2Zyus Life Sciences, Saskatoon 
3Department of Pharmacology, Dalhousie University, Halifax NS 

 
Background: Cannabinoids are compounds whose structure or function is similar to Δ9-
tetrahydrocannabinol (THC), the intoxicating component of Cannabis. Cannabinoids can be classified 
under three groups: endocannabinoids (from the body), synthetic cannabinoids, and phytocannabinoids 
(from Cannabis sativa sp.). In addition to THC, at least 120 other phytocannabinoids are present in 
Cannabis. The pharmacology of many of these phytocannabinoids remains poorly understood. Two 
cannabinoid receptors have been identified: CB1R and CB2R. CB1R is well-known as a neuromodulatory 
receptor while CB2R is thought to inhibit inflammatory responses.  
 
Objective: To examine the molecular pharmacology of the phytocannabinoids cannabichromene (CBC), 
cannabigerol (CBG), and cannabidiolic acid (CBDA) at CB2R. 
 
Methods: Immunocytochemical techniques were used to measure ERK phosphorylation. Enzyme 
fragment complementation (EFC) assays were used to determine if downstream signaling involves 
βarrestin2 recruitment.  
 
Results: CBDA was a partial agonist of CB2R-dependent ERK phosphorylation, whereas CBC and CBG 
displayed partial agonist activity in the βarrestin2 recruitment assay. 
 
Conclusion: Expanding our knowledge of cannabinoid function beyond THC will enhance our 
understanding of Cannabis and its activity on the body. Additionally, exploring the pharmacology of the 
numerous phytocannabinoids which make up Cannabis and establishing their activity at CB2R may be 
beneficial in the development of novel therapeutics.  
 
Acknowledgement: Funding support for this project is from the Natural Sciences and Engineering Research 
Council (NSERC) through a Collaborative Research and Development Grant between RBL and CanniMed 
Therapeutics Inc. KAM is supported by an NSERC USRA. 

  



 

9. 
Assessment of novel type 1 cannabinoid receptor positive allosteric modulators in 

vitro and in vivo 
 

Ayat, Zagzoog1, Tallan Black1, Asher L. Brandt1, Sumanta Garai2, Peter Carlton Schaffer2, David 
R. Janero2, Ganesh A. Thakur2, and Robert B. Laprairie1,3 

 

1College of Pharmacy and Nutrition, University of Saskatchewan 
2Department of Pharmaceutical Sciences, Bouvé College of Health Sciences, Northeastern 
University, Boston 
3Department of Pharmacology, College of Medicine, Dalhousie University, Halifax 

 

The human body produces endogenous cannabinoids that activate the type 1 cannabinoid receptor 
(CB1R) to regulate several physiological processes such as locomotion, nociception, anxiety, and body 
temperature. CB1R is being investigated as a therapeutic target for several pathologies, including pain, 
epilepsy, and anxiety. However, the direct activation of CB1R by exogenous compounds, such as ∆9-
tetrahydrocannabinol (THC) from Cannabis, is associated with intoxication, dependence and drug 
tolerance. CB1R positive allosteric modulators (PAM) enhance the binding, potency, and efficacy of 
endogenous cannabinoids, but should not themselves produce the direct activation association with 
exogenous compounds. Previously, our group has synthesized and characterized the CB1R PAMs GAT211, 
GAT228, and GAT229. Here, we sought to characterize four novel derivatives of GAT211 (GAT1600, 
GAT1601, GAT1602 and GAT1603) that we hypothesized would have enhanced potency, efficacy, and bias 
for inhibition of cAMP relative to GAT211. Novel PAMs were assessed in CHO cells stably expressing human 
CB1R for cAMP inhibition and barrestin2 recruitment. Also, GAT compounds were tested in vivo in the 
tetrad screen (locomotion, catalepsy, nociception, body temperature). All compounds were more potent 
and efficacious than the parent compound GAT211 in vitro and GAT1601 was the most potent, efficacious, 
and cAMP-biased. In vivo, GAT1601 displayed the greatest anti-nociceptive efficacy. Therefore, structural 
modification of GAT211 successfully enhanced in vitro and in vivo efficacy, which may lead to the 
development of novel therapeutics.   
  



 

10. 
In vivo assessment of the plant-based cannabinoids 

 
Eunhyun Kim1, Ayat Zagzoog1, Jacob Cohen1, Jay Kim1, Asher L Brandt1, Michael Benko1,  Larry A 

Holbrook2, Robert Laprairie1 
 

1College of Pharmacy and Nutrition, University of Saskatchewan 
2CB3 Life Sciences, Saskatoon, SK 

 
Cannabis and cannabinoids are being intensively investigated for their potential utility as medicine 

in a number of disease states. Despite attracting increasing scientific interest, the majority of the more 
than 120 cannabinoids present in Cannabis are poorly characterized, with the notable exceptions of ∆9-
tetrahydrocannabinol (THC) and cannabidiol (CBD). It is possible that these other cannabinoids may have 
therapeutic utility, lead to the development of new drug compounds, or may need to be studied for safety 
and harms reduction purposes. In this project, plant-derived cannabinoids that have yet to be studied 
were isolated from plant materials and tested for their pharmacological activity in mice. The hypothesis 
of this project is that lesser known plant-derived cannabinoids display measurable pharmacological 
activity at the type 1 cannabinoid receptor (CB1R) that may be novel and useful in understanding the 
biology of our endogenous cannabinoid system. To test this hypothesis, a battery of animal experiments 
known as the tetrad were used to assess behaviours and physiological changes associated with CB1R 
activation: hypolocomotion, hypothermia, anti-nociceptive effects, and catalepsy. We found that 
cannabichromene (CBC), one of the novel-cannabinoids tested, has an anti-nociceptive potential with a 
high dose of 10mg/kg. A high dose, 10mg/kg, of Cannabigerol (CBG) provokes cataleptic responses. 
Cannabidiolic acid (CBDA) has a positive dose-hypothermia relationship. Most importantly, none of the 
lesser-known cannabinoids tested have the efficacy comparable to that of THC or CP55,490, a synthetic 
cannabinoid. The investigation will contribute to the expansion of our knowledge of cannabinoids, which 
could lead to the development of cannabinoid-based therapies and improve safety associated with 
Cannabis use. 
 
This work was supported by a grant from the Natural Sciences and Engineering Research Council of Canada 
(NSERC) in a Collaborative Research Development Grant with Aurora Cannabis Inc (419912). MJB is 
supported by the Canada Summer Jobs Funding Program. EK is supported by an NSERC Undergraduate 
student research award and from the Canadian Korean Scientists Association. 
 
 
  



 

11. 
Investigating the effects of CB1 receptor modulation on locomotor activity and 

acoustic startle in rats: relevance to psychosis and schizophrenia 
 

Nimra B. Tahir1, Andrew J. Roebuck1, Quentin Greba1, Yuanyi Song1, Gavin A. Scott1, Ganesh A. 
Thakur2, Robert B. Laprairie3, John G. Howland1 

 

1Department of APP, University of Saskatchewan 
2Department of Pharmaceutical Sciences, Center for Drug Discovery, Bouvé College of Health Sciences, 

Northeastern University, Boston 
3College of Pharmacy and Nutrition, University of Saskatchewan 

 
Background and Relevance: The search for novel antipsychotic drugs to treat schizophrenia is essential 
given the poor efficacy and serious side effects of current treatments. Additionally, cannabis use is 
linked to psychosis and may be used to self-medicate symptoms of schizophrenia. Thus, research 
focusing on manipulating the endocannabinoid system, especially the cannabinoid type 1 receptor 
(CB1R), as means to ameliorate schizophrenia related symptoms is increasing. We investigated the 
effects of modulating CB1R activity using THC as well as two novel modulators, GAT211 and GAT229, on 
acute MK-801-induced hyperlocomotion and impaired pre-pulse inhibition (PPI) in rats.  
 
Methods: Male Long-Evans rats were treated with GAT 211 (3 mg/kg) or THC (3 mg/kg) and MK801 (0.15 
mg/kg), an NMDA receptor antagonist, and the effects on locomotor activity was evaluated. Another 
cohort of rats were treated with GAT229 (3 mg/kg) and MK801 (0.15 mg/kg) and tested in the acoustic 
startle paradigm to assess PPI, a measure of sensorimotor gating using startle inhibition by weak pre-
pulses.  
 
Results: The MK801-induced increase in locomotor activity was significantly decreased to basal levels 
following treatment with GAT211 but not THC. Furthermore, PPI was significantly decreased following 
MK801 administration. However, GAT211 had no significant difference in PPI in either saline- or MK801-
treated rats.   
 
Conclusion: GAT211 shows putative antipsychotic effects by blocking MK-801-induced locomotor 
activity. Given the null results in the PPI test, further research is necessary to delineate the specific 
effects of CB1R modulators on an array of behavioral tests relevant to psychosis and schizophrenia. 
 
Acknowledgement/Funding Sources: This work was supported by funding from the CIHR, College of 
Medicine, NSERC, and SHRF. 

 
 

  



 

12. 
Cannabis and Multiple Sclerosis: A Systematic Review Examining Utilization and 

Effectiveness 

Natasha Breward, MSc (c)1, Nafisa Absher, MPH2, Katherine Knox, MD2,  
Jane Alcorn, PhD1 and Charity Evans, PhD1 

 
1College of Pharmacy & Nutrition, University of Saskatchewan 

2College of Medicine, University of Saskatchewan 
 
Background: Multiple sclerosis (MS) is a neurodegenerative disease that affects over 2 million people 
worldwide and results in disabling and troubling symptoms due to damage to the brain and spinal cord. 
Pharmaceutical options exist for the management of MS and its symptoms. Some individuals with MS 
utilize Cannabis to help manage their symptoms. Currently one formulation of Cannabis (Sativex®) has 
Health Canada approval as an adjunct treatment option for MS-related spasticity and pain.  
 
Methods: A systematic review was conducted to examine the literature on Cannabis-based medicine 
(CBM) use in MS. Medline, Embase, and International Pharmaceutical Abstracts were searched for 
articles related to MS and CBM. All human studies, with MS-specific outcomes, and published in English 
were eligible for inclusion. There was no publication year limit and no restrictions based on study design. 
Article screening, data extraction and quality assessment were performed independently by two 
reviewers 
 
Results: After removal of duplicates, 2058 articles were identified, with 60 studies meeting the inclusion 
criteria. Twenty-six articles were randomized controlled studies, and 34 utilized a non-randomized 
design. Cannabidiol and delta-9-tetrahydrocannabidiol oromucosal spray (Sativex®) was the most 
commonly studied CBM. CBM treatment showed a trend of reducing spasticity and pain. Adverse events 
were frequent but mild, and CBM was well tolerated. 
 
Conclusion: This systematic review outlines the potential of CBM to treat MS spasticity and pain, 
however more research is needed to examine its use for other MS symptoms. Additionally, the use of 
other cannabinoid products for MS treatment, the effects of administering CBM with current MS 
medications, and possible long-term impacts of CBM in those with MS need to be investigated further.    

 
Funding: College of Pharmacy and Nutrition and College of Postdoctoral and Graduate Studies for 
scholarship support of NB.  

  



 

13. 

Synthesis of Fluorinated Cannabinoid derivatives; Towards PET Radiotracers for 
Imaging the Cannabinoid Receptor 

 
Placid Nnamdi Orji, Robert B. Laprairie (Assistant Professor, College of Pharmacy and Nutrition, 
University of Saskatchewan), Christopher Phenix (Assistant Professor, Department of Chemistry, 

University of Saskatchewan) 
 

Cannabis sativa L. has been used for its therapeutic benefits in traditional medicine since ancient times. 
The active constituents of the plant, the cannabinoids, have immense pharmacological potential including 
psychotropic effects, bronchodilation, increased heart rate, reduced intraocular pressure, analgesia, 
alteration of body temperature, anticonvulsant activity and others. Furthermore, adverse psychotropic 
affects associated with Cannabinoid 1 Receptor (CB1R) orthosteric agonists remains a challenge to the 
development of novel cannabinoid-derived therapeutics and has promoted the search for CB1R positive 
allosteric modulators (PAMs) with the promise of improving the drug-like pharmacology and safety of 
CB1R targeted compounds. To address this need, others have reported the synthesis of GAT211 (a racemic 
compound derived from 2-phenylindole) and its initial pharmacological properties. Pharmacological 
profile studies revealed that GAT211 and its resolved enantiomers were characterized as allosteric 
modulators of the CB1R orthosteric ligand binding. In this project, we will synthesize fluorinated 
cannabinoids, including those of tetrahydrocannabinol, cannabidiol, cannabicyclol and cannabichromene 
types to be used as selective ligands for CB1R.  Ligands that show high binding affinity and selectivity to 

CB1R will be labeled with 18F for imaging studies using autoradiography and microPET imaging. Such 
compounds would be useful to guide the development of cannabinoid-based drugs or as a diagnostic aid 
for diseases that involve CB1R. 
 

  



 

14.  

Determining Apparent Permeability of Tetrahydrocannabivarin  
in Caco-2 and MDCK Polarized Epithelia 

 
Wallace Rourke1, Xiaolei Yang1, Stephanie Vuong1, Jane Alcorn1 

 

1College of Pharmacy and Nutrition, University of Saskatchewan 
 

Background: Tetrahydrocannabivarin (THCV), a structural homolog of 9-tetrahydrocannabinol (THC), is 
a minor phytocannabinoid in Cannabis sativa. THCV has been studied for treatment of obesity-
associated glucose intolerance and diabetes. However, little is known about its pharmacokinetics, 
particularly absorption, an important characteristic for oral use. Caco-2 polarized epithelia are used to 
study drug permeability to infer absorption characteristics but take 21 days to grow. MDCK cells also 
form polarized epithelia with growth of 3 days but lack some transporters expressed in Caco-2 cells, 
such as p-glycoprotein (PgP). In our study, we investigated permeability of THCV in Caco-2 and MDCK 
polarized monolayer.    
 
Methods: Polarized Caco-2 monolayer, with or without lipoprotein stimulation, and MDCK monolayer on 
transwell plates were used to test the apparent permeability (Papp) and efflux ratio (EfR) of THCV at 
nontoxic concentrations. THVC was extracted from donor and receiver compartments, quantifying 
concentrations using a validated LCMS/MS method with MRM transitions (m/z 287.246>165.200; 
287.246>231.100). 
 
Results: The Papp of THCV from basal to apical in Caco-2 increased from 10-8 cm/s to 10-6 cm/s due to 
lipoprotein stimulation, indicating lipoproteins play a role in permeability of THCV in Caco-2 cells. The 
EfR in Caco-2 with lipoproteins was >2, suggesting efflux via PgP. This result was absent in MDCK, which 
does not express PgP.  
 
Conclusions: These results indicate THCV is effluxed by PgP, potentially affecting oral bioavailability. 
THCV permeability in Caco-2 cells increases in the presence of lipoproteins. This could be confirmed by 
testing permeability in the presence of Pgp inhibitor in our future work. 
  



 

15.  

Characterization of the type 1 cannabinoid receptor in Genetic Absence Epilepsy Rats 
from Strasbourg (GAERS) 

 

Anna Maria Smolyakova1, Mariam Alaverdashvili1, Quentin Greba2, Michael Anderson2, Andrew J. 
Roebuck2, Wendie N. Marks2, Gavin Petrie3, Samantha Baglot3, Matt Hill3 , John G. Howland2, Robert 

B. Laprairie1,4 
 
1College of Pharmacy and Nutrition & 2Department of Physiology, College of Medicine, 
University of Saskatchewan 
3 Hotchkiss Brain Institute , University of Calgary 
4Department of Pharmacology, College of Medicine, Dalhousie University 
 

Purpose: Dysregulation of the endocannabinoid and GABAergic systems is involved in the pathophysiology 
of many forms of epilepsy including absence epilepsy. Absence epilepsy is characterized by generalized 
thalamo-cortical seizures with short lapses of impaired consciousness, co-morbid anxiety, and an EEG 
hallmark of >2.5 Hz spike-and-wave discharges (SWD). The type 1 cannabinoid receptor (CB1R) is a 
recognized target for anti-seizure drugs. CB1R positive allosteric modulators (PAM) may enhance the 
efficacy of endogenous cannabinoids without adverse effects of agonists such as receptor downregulation 
and tolerance.  
 
Methods:  In this study, we chose to use the Genetic Absence Epilepsy Rats from Strasbourg (GAERS) 
model. Our goals were (1) to characterize aspects of the endocannabinoid and GABAergic system in this 
model using immunohistochemistry and radioligand binding and (2) determine whether the CB1R PAM 
GAT211 affected the epileptic phenotype of this model. 
 
Results:  CB1R protein levels and radioligand binding were lower in the motor cortex and hippocampus – 
but unaffected in the thalamus– of GAERS compared to non-epileptic controls (p<0.001, n=17 ; p<0.05, 
n=19 respectively). Similarly, levels of the GABA-synthesizing enzyme GAD67 were lower in the motor 
cortex of GAERS compared to non-epileptic controls (p<0.05, n=17). Preliminary data also suggests that 
seizure occurrence, seizure duration, and anxiety were reduced in GAERS following a single i.p. injection 
of the CB1R PAM GAT211 (1, 3, or 10mg/kg). 
 
Conclusion:  CB1R and GAD67 deficits in the motor cortex may contribute to the propagation of seizures 
in absence epilepsy. CB1R PAMs may alleviate seizures through normalization of synaptic transmission. 
  



 

16.  
Quantification, Extraction and Permeability Assessment  

across Caco-2 and MDCK Polarized Epithelium of CBC 
 

Abdul Salama, Shelley Yang, Stephanie Vuong, Jane Alcorn 
 

Cannabinoid Research Initiative of Saskatchewan 
College of Pharmacy and Nutrition, University of Saskatchewan 

 
Background: In recent studies, an oral treatment containing CBC was found to completely eradicate 
seizures in children with treatment-resistant epileptic encephalopathy. However, too little is known 
about CBC’s pharmacology to understand its therapeutic potential. Therefore, to provide insight into the 
pharmacokinetic properties of orally dosed CBC, this study was conducted to investigate the intestinal 
permeability characteristics of CBC using in vitro models of oral absorption. In addition, the role of 
lipoprotein’s in the transport of CBC was also investigated.  
 
Method: Caco-2 and MDCK cell lines were cultured, harvested and seeded onto 24-well plates to assess 
apparent permeability (Papp) and efflux ratio (EfR) at two different concentrations. A preliminary 
cytotoxicity assay determined nontoxic concentrations for the permeability assay  (5 μM and 10 μM). 
Samples were then collected and CBC quantified using using LC-MS/MS with MRM transitions of 
(315.139 -> 193.203, 315.139 -> 259.201) 
 
Results: In the lipoprotein stimulated Caco-2 cells, 10 μM treatment, EfR was 2.53 (when using lower 
limit of quantification (LLOQ) for Papp apical to basal). Papp was 3.16x10-4 (cm/s) in the basal to apical side 
direction. Papp from apical to basal could not be calculated as CBC values were below LLOQ.  
Conclusion: Data suggests that efflux transporters play a role in permeation across the apical membrane 
and the possibility of cell metabolism and extensive non-specific binding affecting CBC concentrations. 
The use of transwell system that limits non-specific binding is worth investigating.  
  



 

17. 
Cannabis use and other factors associated with migraines in Canadian men and 

women: Findings from cross-sectional survey data 

Devan Richard Tchir and Dr. Michael Lorne Szafron 
 

School of Public Health, University of Saskatchewan  
 

Background 
Migraines greatly impact an individual’s quality of life and society through health-care costs and the 
disability associated with them. Migraine etiology remains unknown, although the endocannabinoid 
system (ECS) is implicated. Important sex differences in migraines, the ECS, and cannabis use exist. 
Cannabis is anecdotally used for the treatment of migraines, however, whether it has protective or 
positive associations with migraines in males and/or females is unclear at the population level in Canada. 

Methodology 

Data from the 2015/16 Canadian Community Health Survey was used for the study. Binary logistic 
regression was used to determine associations between the outcome variable (being diagnosed with 
migraines) and the independent variables (including cannabis use) for model 1, and multinomial logistic 
regression was used to determine associations between the outcome variable (cannabis use) and 
the independent variables (including migraine diagnosis) for model 2. 

Results 

For both males and females, less than good perceived health, chronic conditions, mood and anxiety 
disorders, and perceived life stress were positively associated with migraines. We found a statistically 
significant, protective association between being diagnosed with migraines and former cannabis use in 
females. We failed to find any association between migraine diagnosis and cannabis use in males. 

Conclusion 

We found former cannabis use to be protectively associated with reported migraines in females but not 
males. This poses the question as to whether there are important sex differences in migraine etiology 
and cannabis use. We recommend longitudinal or experimental studies to help resolve this question. 

  



 

 

18. 
In vivo interactions between orexin and cannabinoid receptor systems 

 

Hye Ji (Jay) Kim1, Michael Benko1, Amnah Al-Heetimi1, Robert Laprairie1,2 
 

1College of Pharmacy and Nutrition, University of Saskatchewan;  
2Department of Pharmacology, College of Medicine, Dalhousie University 

 

Despite many diseases of the central nervous system presenting with abnormalities in sleep and appetite, 
the association between these physiological processes is poorly understood. The endocannabinoid and 
orexin neuromodulatory systems work in tandem control sleep and appetite in the following ways: 
Stimulating the type 1 cannabinoid receptor (CB1R) suppresses wakefulness and promotes appetite, while 
stimulating orexin receptors (OX1R and OX2R) promotes both sleep and appetite. These regulatory 
patterns are suggestive of physical interactions between either co-localized or oligomerized cannabinoid 
and orexin receptors in brain regions such as the hypothalamus, hippocampus, nucleus accumbens, 
cingulate cortex, and periaqueductal gray. In the current study, male mice were interperitoneally injected 
with combinations of agonists and antagonists of CB1R and OX1R, minutes after which they underwent 
physiological testing of catalepsy, body temperature, nociception, and locomotion. Administration of the 
OX2R antagonist MIN-202 alone decreased body temperature, cataleptic and nociceptive responses, as 
well as locomotion in these mice. When the CB1R agonist CP55,940 was simultaneously administered with 
MIN-202, a CP55,940-induced blocking effect was observed where body temperatures, catalepsy, 
nociception, and locomotion heightened. As the dose of MIN-202 increased while that of CP55,940 
remained constant, mice displayed progressive sedation in a dose-dependent manner. These results 
indicate different degrees of functional – and potentially physical – interactions between CB1 and OX1 
receptors in regions of the brain where they are colocalized. Future experiments include in vitro cyclic 
adenosine monophosphate and beta arrestin assays to delineate the molecular mechanisms and cellular 
signalling involved in these physical interactions. Agonists and antagonists of OX1 receptor will also be 
used to fully understand how the cannabinoid and orexin receptor systems regulate the intricacies of 
sleep quality and appetite.  
 
Funding disclosure: This work is supported by the NSERC Discovery Grant to RBL. MB and AA are supported 
by student stipends from the Cannabinoid Research Initiative of Saskatchewan (CRIS) and the College of 
Pharmacy and Nutrition, respectively. 
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