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1. Overview of cannabis and cannabinoid action in the brain 







We all have cannabis in our brains:  

the endocannabinoids 

http://www.endocannabinoid.net/ 





Courtesy of Dr Miles Herkenham 



Brain Regions That Express the CB1 Receptor  
Red = abundant CB1 receptor expression     Black = moderately abundant CB1 receptor expression 

Adapted from Joy JE et al, eds. Marijuana and Medicine. 1999. 
http://www.endocannabinoid.net/ 



Endocannabinoids act as retrograde messengers regulating the release of 
glutamate and GABA 

Courtesy of Vincenzo Di Marzo 



CB1 Receptors: not just in the brain! 
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http://www.endocannabinoid.net/ 



THC exposure in vivo increases the size of adipocytes (fat 
cells) while decreasing their number 
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Gunasekaran, Arnold, Denyer, McGregor, under review 
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Expression of the CB1 Receptor Gene in Human Tissue 

Engeli S et al. Diabetes. 2005;54:2838-2843. 



Effects of blocking the endocannabinoids with the CB1 antagonist rimonabant 
(Accomplia) 

•  Reduced appetite, body weight and adiposity 

•  Beneficial effect in type 2 diabetes 

•  Inhibition of alcohol, tobacco and opiate self-administration 

•  Cognition enhancement 

•  Depression and dysphoria 

•  Anxiety 

•  Nausea  



Relax, eat, rest, forget and protect 

Di Marzo et al, 1998 



2. Acute THC-related effects: new findings from animal models 



CAN HUMAN RESEARCH MAKE UP ITS MIND ABOUT CANNABIS? 



CAN HUMAN RESEARCH MAKE UP ITS MIND ABOUT CANNABIS? 



Estimated drug related harms        (Nutt et al 2007) 

Prescription drugs 



High dose THC effects in a rat: catalepsy 



If you smell strawberry, then lick tube for a reward 

If you smell lemon then don’t lick, because you will get nothing 

Subtle low dose effects: 
olfactory go/no-go discrimination task 



No difference Olfactory and auditory discrimination paradigms 

Sokolic, Long, Callaghan, McGregor (manuscript under review)  



THC and rimonabant do not affect olfactory discrimination 
performance in rats 
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Sokolic, Long, Callaghan, McGregor (manuscript under review)  



THC impairs reversal of olfactory discriminations: loss of cognitive flexibility 



Impairment of reversal learning may involve prefrontal cortex 



THC impairs auditory discrimination performance in rats: 

cannabis impairs auditory more than olfactory performance 
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Significant washout impairment 



Significant THC blood levels on the days following THC 10 mg/kg in rats 

Arnold, Long, Surgeon, McGregor (unpublsihed data)  



Differences in Regional Blood Volume During a 28-Day Period of Abstinence in Chronic Cannabis Smokers 

Sneider et al Eur Neuropsychopharm (2008) 18: 612-619 

Temporal lobe shows increased regional blood flow in heavy cannabis users, even 
after 28 days of abstinence 



3. Residual cannabis harms: animal models 



Adolescent behaviours 
“from dependence to independence” 

  Novelty seeking 

  Risk taking and impulsivity 

  Peer to peer social 
networking 

  Sexual awakening 

  Abstract reasoning 

Salvador Dali. Old age, Adolescence, Infancy (The Three Ages) 
(1940)
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Developmental stages in rats 

“Periadolescence” 

Weaning 
Reproductive 
maturity Leaves burrow 



Adolescent 

Adult 

Adolescent 

Adult 

PLACEBO 

THC 

ACUTE DRUG EFFECTS? RESIDUAL DRUG EFFECTS? BRAIN  
EFFECTS? 

Adolescent drug effects: standard experimental design 



Conditioned place preference apparatus:  
do you like the drug or not? 

Drug paired side Placebo paired side 



Conditioned Place Preference Results 

Adult rats avoid the place 
where they received THC 

Quinn H.R., et al & McGregor IS (2008). Adolescent rats find repeated 
delta(9)-THC less aversive than adult rats but display greater residual 
cognitive deficits and changes in hippocampal protein expression following 
exposure. Neuropsychopharmacology. 33, 1113-1126.  



Residual deficits in social interaction in THC pre-exposed adult and adolescent rats 

“Sociability Index” 

Quinn H.R., et al & McGregor IS (2008). Adolescent rats find repeated 
delta(9)-THC less aversive than adult rats but display greater residual 
cognitive deficits and changes in hippocampal protein expression following 
exposure. Neuropsychopharmacology. 33, 1113-1126.  



Residual deficits in object recognition memory in THC pre-exposed adolescent rats 

“Memory Index” 

Quinn H.R., et al & McGregor IS (2008). Adolescent rats find repeated 
delta(9)-THC less aversive than adult rats but display greater residual 
cognitive deficits and changes in hippocampal protein expression following 
exposure. Neuropsychopharmacology. 33, 1113-1126.  





Numerous significant hippocampal protein changes in THC pre-exposed adolescent rats 

Quinn H.R., et al & McGregor IS (2008). Adolescent rats find repeated delta(9)-THC less aversive than adult rats but display greater residual cognitive 
deficits and changes in hippocampal protein expression following exposure. Neuropsychopharmacology. 33, 1113-1126.  



Fewer significant hippocampal protein changes in THC pre-exposed adult rats 

Quinn H.R., et al & McGregor IS (2008). Adolescent rats find repeated delta(9)-THC less aversive than adult rats but display greater residual cognitive 
deficits and changes in hippocampal protein expression following exposure. Neuropsychopharmacology. 33, 1113-1126.  



Female rats may be more vulnerable to adverse effects? 



4. Cannabis withdrawal: lithium and oxytocin as therapeutics 





Anxiety and irritability during cannabis withdrawal 



Cannabis withdrawal 



Lithium and IP oxytocin attenuate cannabis withdrawal in rats 



Dr Adam Guastella 
BMRI 

Intranasal oxytocin for: 

• Autism 

• Prader-Willi syndrome 

• Social Anxiety disorder 

• Schizophrenia 

• Addictions? 

Methamphetamine 
Alcohol 
Cannabis 





NHMRC funded project: RCT of Lithium/oxytocin for cannabis withdrawal (2009-2010) 

Nick Lintzeris, Adam Winstock, Adam Guastella, Iain McGregor 

Riverlands, 
Lismore 

Liverpool 
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Need a job? 



5. “Reintoxication effects”: the curious case of cannabis flashbacks 



Case study 1: anomalous post-mortem THC levels 

DH and GF, known cannabis smokers, drown in an unfortunate 
accident at sea. It takes some 8 days for their bodies to be washed 
up. Post mortem analysis indicates the presence of alcohol and very 
high levels of THC (> 90 and 250 ng/ml) in both bodies. Blood levels of 
THC-COOH are negligible. 

Possible explanation  

“Death struggle” during drowning causes major lipolysis (fat metabolism) 
causing fat-stored THC to be released into blood. 

Case from Collins et al (1997) J Analyical Toxicol 21, 538-542 



Case study 2: death by dope…..or parachute? 

JG, a novice parachuter, gets in a tangle with his chute and spends 2 minutes 

plummeting to his death at 200 km/h. Post mortem analysis shows high levels of 

THC in his bloodstream and cannabis intoxication is considered to be a possible 

contributing factor of the tragedy. However, friends accompanying him on the 

jump insist that he was not intoxicated at the time and his family know him as only 

an occasional cannabis smoker.  

Possible explanation  

The horror of impending death causes sympathetic activation (e.g. adrenaline and 
ACTH release), massive lipolysis and release of THC from fat into blood. 



Case study 3: jockey returns THC-positive sample 

BB, an up-and-coming jockey and former cannabis smoker, returns a urine 
sample that is positive for THC-COOH after a major race.  He admits to having 

been a former cannabis smoker but claims that he no longer indulges. He notes 
that in the week prior to the the race he was forced to lose 7 kilos of body 
weight. He did not eat for 5 days and undertook extensive gym workouts and 
saunas during that time.  

Possible explanation  

Again, major fat metabolism caused by starvation is liberating stores of THC from 
fat into blood causing the positive urine test for THC-COOH 



Food deprivation increases blood THC and THC-COOH levels in THC pre-
exposed rats after 48 h washout 

Gunasekaran, Long, Arnold, McGregor (2009) British 
Journal of Pharmacology 



The stress hormone, ACTH, like food deprivation, increases blood THC levels in 
rats chronically pre-exposed to THC 

Gunasekaran, Long, Arnold, McGregor (2009) British Journal of 
Pharmacology 







Conclusions 

•   Massive breakthroughs are being made in our understanding of the role of 

endocannabinoids in brain and body function 

•  Acute THC effects are sometimes subtle: look out for reversal learning deficits and 

impairment of auditory discrimination 

•   Chronic THC appears to have greater adverse effects in adolescent than adult 
animals: look out for deficits in social behaviour and recognition memory 

•  Cannabis withdrawal and craving is only poorly understood in the brain: lithium and 

oxytocin hold out some promise as novel pharmacotherapies to assist withdrawal 

•   THC installs itself easily in fat: and might come out again under surprising 
circumstances 
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