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Neurological Benefits  
of Medical Marijuana 9-THC 
and Cannabidiol CBD

Numerous physical, psychological and emotional benefits have been attributed to marijuana since its first  

reported use in 2600 BC in a Chinese pharmacopoeia. The phytocannabinoids cannabidiol (CBD) and  

delta-9-tetrahydrocannabinol (Δ9-THC) are the most studied extracts from cannabis sativa subspecies hemp  

and marijuana. CBD and Δ9-THC interact uniquely with the endocannabinoid system (ECS). Through direct and 

indirect actions, intrinsic endocannabinoids and plant-based phytocannabinoids modulate and influence a variety 

of physiological systems influenced by the ECS. 

Neurological applications are now the major focus of renewed research using medical marijuana and  

phytocannabinoid extracts.  Recent neurological uses include adjunctive treatment for malignant brain tumors, 

Parkinson’s disease, Alzheimer’s disease, multiple sclerosis, neuropathic pain, and the childhood seizure disorders 

Lennox-Gastaut and Dravet Syndrome. In addition, psychiatric and mood disorders, such as schizophrenia,  

anxiety, depression, addiction, post-concussion syndrome and post-traumatic stress disorders, are being studied 

using phytocannabinoids. 
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Introduction:

Cannabinoid receptor pharmacology began in the late 1960s when Δ9-tetrahydrocannabinol (Δ9-THC) was  

isolated and synthesized and found to be the primary psychoactive constituent of marijuana. [1 ,2] The discovery 

in the early 1990s of specific membrane receptors for Δ9-THC lead to identification of the endogenous signaling 

system now known as the endocannabinoid system (ECS). Shortly after, the endogenous cannabinoids,  

N-arachidonoylethanolamine (anandamide) and 2-arachidonoylglycerol (2-AG) were identified.  The ECS consists 

of two major types of endogenous cannabinoid receptors (CB1 and CB2) located in the mammalian brain and 

throughout the central and peripheral nervous systems, including tissues associated with the immune system.  

The ECS is known to influence neuroplasticity, apoptosis, excitotoxicity, neuroinflammation and cerebrovascular 

breakdown associated with degenerative disease, stroke and brain trauma. [3] 

Cannabinoid Receptors

Phytocannabinoid compounds and extracts can come from both hemp and marijuana subspecies, including CBD.  

CBD does not elicit the same psychoactive effects as seen with Δ9-THC (i.e. users of CBD do not feel euphoric).  

The various psychoactive effects generally associated with Δ9-THC are attributed to activation of the CB1  

cannabinoid receptor found abundantly in the brain. Δ9-THC has been shown to reduce nociception in animal 

models of acute, visceral, inflammatory, and chronic pain. [4,5] Stimulation of CB1 receptors also suppresses  

neuronal excitability and inhibits neurotransmission.  These effects have led to the study of phytocannabinoids  

for the treatment of epilepsy. 

The CB2 receptors are distributed widely in the major tissues of immune cell production and regulation,  

including the spleen, tonsils and thymus.[6] These cell lines include B and T lymphocytes, natural killer cells,  

monocytes, macrophages, microglial cells and mast cells.   CBD’s interaction with CB2 receptors functions to  

reduce the inflammatory response. CBD’s interaction with the CB2 receptor is just one of several pathways by  

which CBD can affect neuroinflammation [Table 1]. 
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[Table 1] [7,8]

Ongoing research indicates a wide range of cellular mechanisms associated with CBD and the ECS. Specific  

cellular targets include neurons, endothelial cells, oligodendrocytes and microglial cells.  

Neuroprotective Benefits of Phytocannabinoids

CBD Research in animal models and humans has demonstrated anxiolytic, antidepressant, neuroprotective  

anti-inflammatory, and immunomodulatory benefits. CBD decreases the production of inflammatory cytokines, 

influences microglial cells to return to a ramified state, preserves cerebral circulation during ischemic events and 

reduces vascular changes and neuroinflammation. [8] Experimentally, in vitro, cannabinoid receptor interactions 

with CBD and Δ9-THC together and separately have demonstrated neuronal protection from excitotoxicity, hypox-

ia and glucose deprivation in vivo; cannabinoids decrease hippocampal neuronal loss and infarct volume after  

cerebral ischemia, acute brain trauma and induced excitotoxicity. [9]

Δ9-THC has also been shown to protect the brain from various neuronal insults and improve the symptoms of 

neurodegeneration in animal models of multiple sclerosis (MS), Parkinson’s Disease (PD), Huntington’s disease 

(HD), amyotrophic lateral sclerosis (ALS), and Alzhemier’s disease (AD). [10] Mechanisms include modulation of 

excitatory glutamatergic transmissions and synaptic plasticity, modulation of immune responses, the release of 

anti-inflammatory mediators, modulation of excitability of  N-methyl-d-aspartate (NMDA) receptors and its effect 

on gap junctions, calcium and antioxidants. [11]

Multiple Sclerosis

        The use of cannabis-based medicine for the treatment of MS has a long history, and its interaction with  

the endocannabinoid system shares many of the same pathways to other neurodegenerative conditions. [12] In 

models of experimental MS, stimulation of CB1 and CB2 receptors has been shown to be beneficial against the 

inflammatory process, lending support to early findings showing that individuals with MS experience a reduction 

in the frequency of relapses when smoking marijuana. [13]

In 2014, the American Academy of Neurology (AAN) published a review article of 34 studies investigating the  

use of medical marijuana (as extracts, whole plants and synthetic phytocannabinoids) for possible neurological 

clinical benefits.  They found strong support for symptoms of spasticity and spasticity-related pain, excluding  

neuropathic pain in the research using oral cannabis extracts (OCE). They reported inconclusive support for 

symptoms of urinary dysfunction, tremor and dyskinesia. This article was subsequently used to form a  

consensus statement for their society.  In the article they concluded their results based on the strength of  

the reported research. [14] 
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Intractable Epilepsy  

Experiments with Δ9-THC have demonstrated a rebound hyperexcitability in the CNS in mice, with enhanced 

neuronal excitability and increased sensitivity to convulsions, and has not been used on most trials of intractable 

epilepsy. CBD, however, produces anti-epileptiform and anticonvulsant effects in both in vitro and in  

vivo models. [15] 

CBD’s overall effect appears to result in reduction of neuronal hyperactivity in epilepsy. CBD, via CB1 receptor, 

activates voltage-gated calcium channels and enhances potassium-channel conduction in presynaptic terminals. 

CBD also increases endogenous anandamide expression.  Anandamide affects excitability in neuronal networks by 

activating the transient receptor potential (TRP) cation channel. CBD regulation of Ca2+ homeostasis via several 

mechanisms may contribute to these actions, particularly for partial or generalized seizures. [16] 

Safety

A comprehensive safety and side effect review of CBD in 2016 on both animal and human studies described an 

excellent safety profile of CBD in humans at a wide variety of doses. The most commonly reported side effects 

were tiredness, diarrhea and changes of appetite/weight. [17]  In studies comparing other medicinal drugs used for 

the treatment of these medical conditions, CBD also had a very favorable side effect profile. CBD does have  

interactions with common hepatic (drug)-metabolizing enzymes, belonging to the cytochrome P450 family. 

Therefore, interactions with drug-transporters and interactions with drugs must be considered. [17]

CBD also has a better safety profile compared to other cannabinoids, such as THC. For instance, high doses of 

CBD (up to 1500 mg/day) are well tolerated in animals and humans. In contrast to THC, CBD does not alter heart 

rate, blood pressure or body temperature, does not induce catalepsy, nor does it alter psychomotor or psycholog-

ical functions. This improved safety profile may be a result of its lack of direct agonist properties at  

cannabinoid receptors. [18]

Conclusion

Phytocannabinoid compounds and extracts can come from both hemp and marijuana subspecies, including  

CBD. Though federal and state laws are inconsistent about the legality of cannabis production, its increasingly 

documented health benefits make it once again relevant in medicine. Current research indicates the  

phytocannabinoids have a powerful therapeutic potential in a variety of ailments primarily through their  

interaction with the endocannabinoid system. CBD is of particular interest due to its wide-ranging capabilities  

and lack of side effects in a variety of neurological conditions and diseases.
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This scientific and medical information is provided as education to physicians and  
licensed healthcare providers only. This information is not intended for marketing  
purposes. Do not distribute to consumers or patients. 
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