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Outline 

 

The endocannabinoid system is neuroprotective  

• homeostatic response to injury, excitotoxicity, reactive oxygen species 

• phytocannabinoids from cannabis engage the endocannabinoid system and 

act as neuroprotective agents 

 

 

 

 

       

  

This research is EXCITING, 

highly consistent and 

reproducible!  

This research is inconsistent, 

marred by bias, and yet 

publicized sensationally. 

Does cannabis use damage the brain?  

• Brain imaging to detect structural alterations in cannabis users 

• Psychological testing to detect neurotoxic consequences of cannabis   
 



Effects of cannabis in the brain are undeniably the 

root of human attraction and aversion – both – to 

this plant that has been cultivated and utilized as 

medicine for longer than any historical record.  
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… a out 3000 ea s ago…[a ie t Ass ia] left us a 

pharmaceutical legacy on hundreds of clay tablets. 

Cannabis was one of the major drugs of their 

pharmacopoeia. Apparently they named the plant 

according to its use: qunnabu seems to have been used in 

certain rites; azallu may have been the medical term as 

well as hemp; gan-zi-gun-nu has been translated as the 
d ug that takes a a  the i d  

 

 



 

• How does marijuana make someone…  
 

• Stoned  
 

• Lazy 

 

• Addicted (including to other drugs) 

 

• Violent!!! 

 

• Mentally impaired for life… rai  da age odel  
 (THC as neurotoxin) 

 

• Insane (paranoid schizophrenia) 
 

 

The 

endocannabinoid 

system 

The focus of cannabis research in the 2nd half of the 20th century was not so even-handed. 



Endocannabinoid signaling as a 

synaptic circuit breaker in 

neurological disease  
István Katona & Tamás F Freund 

Nature Medicine, Sept 2008, pp923 - 930 



Endocannabinoids as guardians of the nervous system 
 

 

 

Physical trauma or seizure activity rapidly and significantly elevates 

endocannabinoids in the brain. 
 

Administering endocannabinoids to animals:  

 

•  attenuates many kinds of chemically or electrically induced seizure activity  

 

• reduces the extent and severity of brain injury following experimentally 

inflicted head wounds 

 

• reduces the severity of inflammation that naturally follows brain injury, and 

which has enormous clinical consequence for recovery  



• In some cell culture systems, CB1 receptors CAN promote reactive oxygen species (ROS) 

or NO activity.  

 

• This conceivably could contribute to cellular oxidative stress in living brains.  

(see Maccarrone et al, 2015 Trends Pharmacol Sci. 36(5): 277-296) 

 

• Or the tumor-fighting capacity of the ECS (see Velasco, Sanchez and Guzmán, Curr Oncol, 

2016)  

 

 

If endocannabinoids are an innate 

system of neuroprotection, how is it 

that plant cannabinoids are damaging 

to the brain?  

Some points of difference to consider:  

This is where cellular toxicity of 

cannabinoids has been reproducibly 

observed!  



• The ECS is synapse specific, maintaining homeostasis in neuronal circuits as 

eeded… he eas e oge ous pla t  a a i oids s a p the s ste  

 

• But do the cognitive and neurological effects of cannabis reflect actual 

damage to brain cells and brain health? 

 

• These uestio s a e ot t i ial, a d the la el of ai  da age  a ies 
tremendous implications 

Some points of difference to consider:  

If endocannabinoids are an innate 

system of neuroprotection, how is it 

that plant cannabinoids are damaging 

to the brain?  



Multiple cannabinoid pathways to brain resilience and repair 
 

Excitotoxicity  (cell damage due to excessive excitation and calcium 

 signaling) 

 

Reactive oxygen species (ROS) and nitrosylation  

 - cannabinoids as antioxidants  

 

 Microglial activation  

 

Pro-inflammatory cytokines  

 

 

Vasodilation and cerebral perfusion  

 

Neurogenesis – growth of new neurons from neuronal stem cells  

  

Innate Immune Response 

Neuroinflammation  

Pleiot opi  Neu op ote tio  
 



http://www.nature.com/nm/journal/v14/n9/extref/nm.f.1869-S1.swf 

Animation from: Katona, I and Freund, T (2008) Nature Medicine 14: 923-930 

Excitotoxicity  

 

An EXCITATORY synapse is formed 

when an axon terminal EXCITES its 

target cell to elicit a response.  
 

 

Presynaptic axon release site  

 

 

Postsynaptic target dendrite (or cell 

body) 

 

 
 

An excitatory glutamatergic synapse 

http://www.nature.com/nm/journal/v14/n9/extref/nm.f.1869-S1.swf


E do a a i oids a t as et og ade esse ge s  at e itato  s apses! 
 

 

Blocks the excessive accumulation of glutamate that is toxic to cells 

(excitotoxicity)  

 

CBD also helps block seizure activity, with multiple possible mechanisms.  

 

 

Excitoxicity is a dominant problem in epilepsy, stroke and headwounds 

 

 

MANY p e li i al a i al studies sho  the ECS to e a  o  de a d defe se 
against excitotoxicity.  



What other kind of damage occurs to the brain during 

disease and injury?  
 

REACTIVE OXYGEN SPECIES (ROS) 
 

 

 

 

HYPOXIA – ISCHEMIA  
 

 

 

 

GLUCOSE DEPRIVATION  
 

 

We can help!! 

Hampson, AJ et al. (1998). Cannabidiol and (-) D9-tetrahydrocannabinol 

are neuroprotective antioxidants. Proc. Natl. Acad. Sci. U.S.A. 95, 8268–
8273.  

THC and CBD have vasodilatory properties through pleiotropic 

mechanisms (CB2 receptors, GPR 55, TRPV1, PPARγ)  

Cannabinoids influence glucose metabolism in astrocytes, possibly a benefit in 

the context of injury 



Caltana, et al. (2015) J Neurochem. Nov;135(3):616-29.  

Cannabinoids have positive outcome 

on experimental stroke 

 

Example: Cannabinoid receptor type 1 agonist 

ACEA improves motor recovery and 

protects neurons in ischemic stroke in mice 

 

MCAo = medial cerebral artery 

occlusion  

 

ACEA = CB1 agonist (1 mg/kg) 

 

AM251 = CB1 antagonist  



Do t ou thi k 
we might help? 



With st oke, ti e is ai .   

Ischemic 

core 

Ischemic penumbra 

 

Largely a product of 

the innate immune 

response  

Hypoxia  

 Inflammatory mediators 

 TNFα, IL-1β, IL-6 

 

 Leukocyte infiltration 

 

 Microglia activation  

 

 phagocytosis  gliosis 
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CANNABINOIDS 



We sele ted controlled studies assessing acute administration of CBs for 

experimental stroke, identified through systematic searches.   
 

O e all, CBs significantly reduced infarct volume and improve functional outcome in 

experimental stroke.  

 

The pleiotropic effects of CBs on the ischemic penumbra and cerebral vasculature 

after stroke, combined with their excellent tolerability, make them promising 

candidates for future treatment.   



Prior cannabis use is associated 

with outcome after intracerebral 

hemorrhage (Di Napoli, 2016) 

 

 

 

 

In this multinational cohort, cannabis use 

was discovered in nearly 10% of patients 

with spontaneous ICH. Although there was 

no relationship between cannabis use and 

specific ICH characteristics, CB+ patients had 

milder ICH presentation and less disability at 

discharge.   



Endocannabinoids and traumatic brain injury  

 

British Journal of Pharmacology 

Volume 163, Issue 7, pages 1402-1410, 12 JUL 2011 DOI: 10.1111/j.1476-5381.2011.01343.x 

http://onlinelibrary.wiley.com/doi/10.1111/j.1476-5381.2011.01343.x/full#f1 

(Shohami et al., 2011) 

See also  Nguyen et al. 

(2014) The American 

Surgeon 

 

…. A positive THC screen 

is associated with 

decreased mortality 

[increased survival] in 

adult patients sustaining 

TBI.  

http://onlinelibrary.wiley.com/doi/10.1111/j.1476-5381.2011.01343.x/full#f1


Cannabinoid receptors 

are importantly 

involved with 

neurogenesis in adults 

and during 

development.  

 

 

 

NP = neural progenitor 

 

NPs reside in the 

subgranular zone (SGZ) 

of the dentate gyrus of 

the hippocampus  

Cannabinoids and neurogenesis (Galve-Roperh et al., 2007)  



Ba k to the flip side of the oi … 

 

Does cannabis use disrupt normal  

brain development?  

• eCBs are involved in neuroplasticity  

 

Does it DAMAGE the growing brain? 

• Mouse studies show high THC to alter cortical maturation. 

 

The important question for medical cannabis:  

How serious is it as a possible side effect of a vital medicine? 



Does cannabis 

alter the brain?  

 

 

Human brain 

imaging studies 

are asking this 

question.  



Found small volume changes 

associated with cannabis use,  

 

no correlation to any decrease 

in performance 

 

cannabis users were more 

likely to also be alcohol 

drinkers 

Increased volume of the left nucleus accumbens 

Slightly different shape of right amygdala 



Found small volume changes 

associated with cannabis use,  

 

no correlation to any decrease in 

performance 

 

cannabis users were more likely 

to also be alcohol drinkers 

Controlled for alcohol use,  

 

Same methods, but greater 

numbers and statistical power  

 

found no correlation between 

brain structures and cannabis 

use 



I  conclusion, clear evidence regarding the effects of 

marijuana on the brain and on health in general are 

important for informing the public and policy makers 

about the potential risks and/or benefits of marijuana 

use. The press may not cite studies that do not find 

sensational effects, but these studies are still 

extremely important. While the literature clearly 

supports a deleterious short-term effect of marijuana 

on learning and memory (Ranganathan a d D Souza, 
2006; Crane et al., 2013), it seems unlikely that 

marijuana use has the same level of long-term 

deleterious effects on brain morphology as other 

drugs like alcohol. It is imperative that rigorous 

research accurately identifies the harms associated 

with marijuana use to better inform policy and 

perception, especially with respect to harm reduction 

st ategies i  the fa e of i easi g use.  

Weiland, BJ et al (2015) J Neurosci 35(4): 1505–1512  



HIGHLY cited by NIDA 

and other US policy 

officials 

Not a pa t of the ai  
you want to mess 

a ou d ith  

Virtually ignored by 

NIDA luminaries and 

the media 



doi:10.1001/jamapsychiatry.2015.1054 

 differences in amygdala volume in cannabis users were attributable to 

common predispositional factors, genetic or environmental in origin, with little 

support for causal influences.  Pagliacco, D et al. (2015) 

2 studies in the October 2015 issue of JAMA Psychiatry  

 Genetic factors associated with cortical development likely mediate the 

observed connection between cannabis use and the development of 

schizophrenia. French, L et al. (2015)  

 



Autho s fou d that f e ue t use of high-potency cannabis is associated with disturbed 

callosal microstructural organization in individuals with and without ps hosis.   
(emphasis added)   Rigucci, S et al. (2015)  

 

My general critique of brain imaging studies in cannabis users: 

 

Brain structural alterations CAN be found among chronic heavy cannabis users, but 

typically in the absence of a  lea  fu tio al o se ue e… to i te p et su h 
differences by default as a disturbance, or damage, or compensation for damage, is a 

reflection of institutional negative bias, not scientific objectivity.  
 



Persistent cannabis users show neuropsychological 
decline from childhood to midlife 
 

NATURE | NEWS: EXPLAINER        

Pot smokers might not turn into dopes after all 
Revisiting data casts doubts on link between heavy cannabis use and declining IQ. 

•Arran Frood 

14 January 2013 

Medscape Medical News  

Cannabis Use in Teens Linked to Irreparable 

Drop in IQ 
Fran Lowry 

April 26, 2013 

Old Fears i  e  t appi gs…  

http://www.nature.com/news/pot-smokers-might-not-turn-into-dopes-after-all-1.12207#auth-1
http://www.nature.com/news/pot-smokers-might-not-turn-into-dopes-after-all-1.12207#auth-1
http://www.nature.com/news/pot-smokers-might-not-turn-into-dopes-after-all-1.12207#auth-1


Conclusions (of Meier et al. study, by Dr Gerdeman) 

 

Risk of dependence and other adverse outcomes mostly 

center on very heavy use starting at an early age.  

 

Widely reported impacts on IQ are:  

1) complicated by poor controls for socioeconomic status 

and education;  

 

2) modest changes of ~6 points… slightly eyo d argi  
of error for IQ tests;  

 

3) to be interpreted within well-recognized limitations of 

IQ as a measure of general intelligence. 

 



Reduced gray matter volume in bilateral orbitofrontal 

gyri in marijuana users compared with controls.  

Francesca M. Filbey et al. PNAS 2014;111:16913-16918 

©2014 by National Academy of Sciences 



Average functional connectivity maps (i.e., OFC network; bilateral OFC 

and temporal gyri) of the control and cannabis groups 

Francesca M. Filbey et al. PNAS 2014;111:16913-16918 

©2014 by National Academy of Sciences 



A representative participant’s forceps minor tract (in red) and gray matter nodes 

(in blue) is overlaid on its corresponding fractional anisotropy map. 

Filbey et al. (2014) 

Take away:  

 

Lower volume of OFC grey 

matter but greater functional 

connectivity (white matter) 

 

Compensation for damage or 

metabolic compromise?  

What about just different 

neuronal computational 

strategies?  



Nader, D.A. and Sanchez, Z.M. (2017) Effects of regular cannabis use on 

neurocognition, brain structure, and function: a systematic review of findings in 

adults. The American Journal of Drug and Alcohol Abuse 

- 56 studies included  

 

- The st u tu al eu oi agi g studies sho  g o i g e ide e of 
abnormalities in hippocampus volume and gray matter density of 

a a is use s elati e to o t ols…   
 

- The fu tio al eu oi agi g studies suggest a  alte ed patte  of 
ai  a ti it  asso iated ith a a is use.    



Limitations:  

- most are cross-sectional 

 

- a se e of sta da dizatio  of a a is use patte s… assess e t 
pa adig s… data a al sis 

 

- f e ue t use of a a is i  o i atio  ith othe  su sta es… a d 
other lack of control for potential confounding variables 

 

- le gth of a sti e e pe iod… esult of lo g-term use? Residual? 

Withdrawal?  

Nader, D.A. and Sanchez, Z.M. (2017) Effects of regular cannabis use on 

neurocognition, brain structure, and function: a systematic review of findings in 

adults. The American Journal of Drug and Alcohol Abuse 



Conclusions:  

 

- suggests e ide e of su tle ha ges asso iated ith egula  
a a is use i  og itio  as ell as i  ai  st u tu e a d fu tio …  

 

- … fi di gs o e t ate o  hea  use s a d a e u likel  to ep ese t 
ost asual e eatio al use s.   

 

Nader, D.A. and Sanchez, Z.M. (2017) Effects of regular cannabis use on 

neurocognition, brain structure, and function: a systematic review of findings in 

adults. The American Journal of Drug and Alcohol Abuse 



Brain morphology changes reported should not be uncritically interpreted 

as da age.  It reflects deep institutional biases that continue to favor 

research that is aimed at uncovering hypothesized risks, and 

interpretations that emphasize potential risks. These biases can and do 

shape public health concerns around medical access to cannabis.  

 

Advocates must not flatly dismiss science that claims to describe adverse 

outcomes, but should seek out expert assistance to provide critical and 

objective review. Learn from new findings, identify those that are 

spurious.   

 

As cannabis medicines advance socially, there is a need for 

pharmacovigilance.  

Summary Perspective  



Cannabis is a medicine of the present and future, not just the past.  

 

Cannabinoids are neuroprotective.  

• Research should be unshackled to investigate how and when. 

 

Biological axis between processes of inflammation / neurogenesis  / brain repair is a 

conceptual frontier of understanding the brain and human health.  

 

Endocannabinoids are right at leading edge.  

 

Phytocannabinoids act in multifaceted, pleiotropic ways as well.  

 

Potential effects of terpenes – various possible interactions with signal transduction – 

are very exciting 
 

 



Phrenology  Microstructural brain topography   

Correlation cannot be misconstrued as 

proof of causation, or as confirmation of 

a preconceived hypothesis not directly 

verified.   



We MUST check ourselves on our institutionalized biases 

and socially ingrained prejudices! 

 

This cannot be misapplied to use of a very safe, very 

important, very REAL natural medicine.  
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