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Systemic Effects of Omega-3 Fatty Acids,  
Phytocannabinoids, and the  
Endocannabinoid System in 
Health and Disease 

“Understanding how the balance between n-3 versus n-6 enriched PUFA impacts the [endocannabinoid]  

content and synaptic activity in the [central nervous system] is crucial to reveal novel therapeutic and nutritional 

approaches that may prevent and/or contribute to the recovery of impaired regulation of pain, cognition, mood, 

behavior, and metabolism.”

—Freitas HR, Isaac AR, Malcher-Lopes R, Diaz BL, Trevenzoli IH, De Melo Reis RA. Polyunsaturated fatty acids and 

endocannabinoids in health and disease. Nutr Neurosci. 2017 Jul 7:1-20.

The endocannabinoid system in the brain influences neuronal synaptic communication, affecting nearly every 

biological and cognitive process, from appetite and metabolism to mood, memory, neurodegenerative diseases, 

inflammation, pain, and reproduction.1 It is influenced not only by endogenous cannabinoids, but also by 

exogenous phytocannabinoids, defined as “any plant-derived natural product capable of either directly  

interacting with cannabinoid receptors or sharing chemical similarity with cannabinoids or both.”2

The theory of clinical endocannabinoid deficiency (CED), first espoused in 2011, suggests that a deficiency in 

endocannabinoid levels may contribute to neurological conditions affected by neurotransmitter deficiencies, such 

as Alzheimer’s disease, depression, and Parkinson’s disease, as well as pain-related conditions such as migraine, 

fibromyalgia, and irritable bowel syndrome.3 

The polyunsaturated fats omega-3 (n-3, docosahexaenoic acid [DHA] and eicosapentaenoic acid [EPA]), and 

omega-6 (n-6, arachidonic acid [ARA]) are the currency of the ECS system. Through their actions on the ECS, 

they are critical for proper brain development and function; demonstrate strong anti-inflammatory properties; and 

are involved in numerous metabolic processes as well as the ability of the body to achieve homeostasis.4 Without 

these fats, which are only available through diet or supplements, the ECS itself is at risk.

Shifting dietary patterns in industrialized countries has resulted in significant deficiencies in n-3 levels in most 

people, however.4 This, in turn, has significant deleterious effects on the ECS. Thus, it is thought that dietary  

deficiencies in omega-3 play a role in several diseases and health issues, including neurological conditions such  

as attention deficit hyperactivity disorder (ADHD) and Alzheimer’s disease (AD).4

The ECS consists of several endogenous cannabinoid receptors found throughout the brain and central and  

peripheral nervous systems. The main receptors (C1and C2) and their endogenous agonists, the cannabinoids 

anandamide (AEA) and 2-arachidonyglycerol (2-AG), both of which are dependent upon PUFAs for synthesis, 

form the foundation.4 Anandamide and 2-AG are primarily metabolized by fatty acid amide hydrolase (FAAH), 

monoacylglycerol lipase, and oxygenating enzymes.6 

The CB1 receptors are concentrated in the central nervous system, particularly the hippocampus, association  

cortices, basal ganglia, cerebellum, spinal cord, and peripheral nerves. CB2 receptors are found in lower levels 

in the brain, but primarily in lymph tissue, where they exert their effects through the innate immune system.4 

These receptors are involved in multiple signaling pathways that induce cell cycle arrest, autophagy, apoptosis, 

and tumor inhibition.4 They also regulate processes to maintain systemic homeostasis in response to changing 

environmental conditions.

The endogenous cannabinoids AEA and 2-AG, as well as exogenous phytocannabinoids such as THC and CBD, 

bind primarily to CB1 and CB2 receptors, with THC demonstrating a particular affinity for CB1 receptors and CBD 

for CB2 receptors.7 Omega fatty acids influence all ECS receptors.

The Endocannabinoid System
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Animal and human studies  nd that low levels of n-3 increase 2-AG in the brain and plasma, while  

supplementing with n-3 reduces levels.4,8-10

In one such study, mice fed an n-3 PUFA-deficient diet demonstrated a signi cant reduction in DHA levels  

with no change in arachidonic acid levels compared to those fed a PUFA-sugnificient diet. The n-3-deficient mice 

also demonstrated signi cantly higher brain 2-AG levels, which have been linked to neurological conditions  

such as psychosis.9

Another experiment from the same lab found that short-term supplementation with DHA-rich fish oil  

significantly reduced brain 2-AG levels versus supplementation with low n-3 PUFAs. The investigators concluded 

that “physiological and pathological events mediated by 2-AG through cannabinoid receptor in the  

[central nervous system] could be modi ed by the manipulation of the dietary n-3 PUFA status.”10

In another study, mice fed a diet low in n-3 demonstrated significient changes in the ECS system, particularly  

related to CB1 receptors in the prefrontal cortex and hypothalamus, leading to behavioral changes, including  

depression. A control group of mice who received significient levels of n-3 did not demonstrate any such  

changes.11 In yet another study, depriving a generation of n-3-deprived rats led to increased depression 

and aggression.12

Meanwhile, there is also evidence that long-term n-3 de ciency impairs the cannabinoid receptor signaling  

pathway related to mood control.10

Given the increasing prevalence of neuropsychiatric disorders in industrialized countries, including AD,  

depression, anxiety, pain, and schizophrenia, the potential of the ECS in the central nervous system has become 

a major area of interest in the research community.1 Here we highlight a few areas of interest.

Depression. The role of n-3 PUFAs in depression is well known, with low levels correlated with depression risk.15-19 

Not surprisingly, there are alterations in endocannabinoid signaling in patients with depression, with genetic  

polymorphisms in CB1 and CB2 receptors associated with major depression and bipolar disorder, as well as  

treatment resistance.20-24

PUFAs and the Endocannabinoid System

Neuropsychiatric and Neurological Conditions

The Rise of Medical Cannabis

The medicinal use of phytocannabis (sativa/marijuana) dates back centuries. While there are more than 100  

constituent compounds within cannabis, 3 have been particularly studied in animal and human studies: Δ9- 

tetrahydrocannabinol (THC), Δ9-tetrahydrocannabivarin (THCV), and cannabidiol (CBD). THC is responsible  

for marijuana’s psychotropic effects.13

The discovery of the ECS in the 1990s spurred research into the effects of cannabinoids (exogenous and  

endogenous) on health and disease. This, in turn, drove the passage of medical marijuana laws throughout  

the country. Today, 29 states and the District of Columbia allow the use of medical marijuana for numerous  

conditions, including epilepsy, AIDS-related anorexia, AD, arthritis, asthma and other breathing disorders,  

cancer-related nausea, gastrointestinal disorders, glaucoma, pain, and certain psychological conditions.  

Another 18 allow the use of cannabidiol (CBD), the non-psychoactive cannabinoid compound found in  

phytocannabis, for medicalconditions.14
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Manipulating endocannabinoid signaling via low-n-3 diets in mice elicited depressive-like symptoms. Other studies 

find that CB2-knockout mice exhibit higher corticosterone serum levels after exposure to stress, similar to that 

seen in humans with major depressive disorder.25 Meanwhile, the CB1 antagonist rimonabant, approved for weight 

loss, triggered depressive-like behaviors and changes in biochemical markers of the disease, among other 

psychiatric effects, leading to its eventual removal from the market.26

Schizophrenia. In one of the few randomized, double-blind clinical trials to assess the effects of CBD on patients 

with schizophrenia, investigators randomized 42 patients with acute schizophrenia to receive either CBD or the 

antipsychotic amisulpride for 4 weeks. Both groups demonstrated significant clinical improvements in numerous 

objective indicators of the disease.13

Patients in the CBD group, however, exhibited significantly fewer extrapyramidal symptoms, weight gain, and  

a lower prolactin increase (an indicator of galactorrhea and sexual dysfunction). The researchers hypothesized  

that the effects of the CBD-treated patients resulted from the ability of CBD to inhibit FAAH activity leading  

to enhanced intrinsic AEA signaling. Levels of AEA are inversely related to symptom severity in patients  

with schizophrenia. 

Alzheimer’s disease. The wide distribution of CB1 receptors in the brain has stimulated extensive study into the 

potential of the ECS system to modulate or even prevent neurodegenerative diseases like AD. Indeed, cognitive 

deficits of AD correlate with cerebral disturbances in the frontal cortex and hippocampal region,  both of which 

are rich in CB1 receptors. Animal studies show a reduction in those receptors with age, while post-mortem studies 

in AD patients also demonstrate lower levels of CB1 receptors.27

Other work finds that the senile plaques in AD patients express both CB receptors and are implicated in  

microglial activation, with neurons rich in CB1 receptors significantly reduced in areas of microglial activation 

and CB2 receptors enhanced in AD patients. They are also correlated with 2 molecular markers of the disease.27 

Meanwhile, in vivo and in vitro models of AD find that synthetic cannabinoids may improve cognitive impairment, 

preserve neuronal cells, and prevent β-amyloid protein-induced microglial activation and the generation of  

pro-inflammatory mediators, as well as remove pathological deposits in different in vivo and  in vitro models  

of AD.28

A preclinical study evaluating a phytocannabinoid combination in an AD-disorder mouse model found the  

intervention reduced gliosis and oxidative stress, improved chaperone function, and reduced deposition of tau 

and β-amyloid pathology in the hippocampus and cerebral cortex.28,29

In a study of 42 individuals with probable AD and 30 matched controls, researchers conducted ultrasound  

examination of cerebral and neck vessels; measured serum endocannabinoid levels; and conducted  

neuropsychological evaluation and brain MRI. They found higher 2-AG levels in AD patients compared to controls, 

with levels correlated to white matter hyperintensity volume, memory, and attention.30

Pain. Until its criminalization in the 1930s, cannabis was often legally sold as a pain treatment.31 Since then,  

research has found high levels of CB1 receptors in areas of the brain and spinal cord involved in nociceptive  

perception. Blocking those receptors with exogenous cannabinoids provides an analgesic effect in acute  and 

chronic pain, as well as a synergistic effect with other pain relievers, including opioids and non-steroidal anti-in-

flammatories.31-33 These receptors are believed to modulate pain by regulating neuronal activity, while CB2 

receptors provide anti-inflammatory effects in peripheral tissues.31

Two conditions—migraine and fibromyalgia—demonstrate the correlation between the ECS and pain and the  

potential for cannabinoid therapies.

In migraine, research finds that migraineurs demonstrate reduced AEA levels in their spinal fluid, suggesting the 

“failure” of the endogenous cannabinoid system.34 Other studies find lower levels of FAAH and AEA membrane 

transporter platelet activity in men and women with chronic migraine, and elevated AEA hydrolysis in the  

platelets of migraine sufferers.3

The use of synthetic cannabis in fibromyalgia patients has demonstrated clinically and statistically significant  

benefits. In one study of 40 patients who received nabilone 1 mg BID for 4 weeks, scores on the Fibromyalgia  

Impact Questionnaire and pain and anxiety scales all improved compared to placebo.35 Similar effects were  

observed in another study of 142 individuals with fibromyalgia or central neuropathic pain who  

received dronabinol.36
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Appetite and weight. The endocannabinoid system also plays a role in hunger and satiety, with obese individuals 
often demonstrating increased levels of circulating AEA and 2-AG, signs of potentially increased activation of  
EC receptors.4

Activating the ECS system triggers hunger, while blocking receptors exerts anti-obesity effects through its  
effects on metabolism and inflammation.37 Indeed, animal and human studies find that supplementing with n-3 
fatty acids reduces 2-AG levels in the brain, lowers body mass, and prevents the development of obesity.37 These 
effects are facilitated by the impact of the ECS on insulin/glucose metabolism. Excess food intake and obesity 
upregulates the ECS, which, in turn, leads to reduced energy expenditure and increased food intake and  
lipogenesis, culminating in insulin resistance. At the same time, the overactive ECS has direct deleterious  
effects on insulin sensitivity independent of weight gain in the liver, adipose tissue, and skeletal muscle.

Conclusion
Activating the ECS system triggers hunger, while blocking receptors exerts anti-obesity effects through its  
The potential of a healthy ECS to potentiate human disease and improve overall health appears to be significant. 
Our understanding of the role of phytocannabinoid and polyunsaturated fat consumption  to support a healthy 
ECS is both established and is continually evolving. Their consumption would  appear to be complimentary and 
may prove to be synergistic. 

While the majority of studies on the use of phytocannabinoids, synthetic cannabinoids, and cannabinoid receptor 
agonists and antagonists have occurred in in vitro and animal studies, human studies are increasing, not only in 
the areas covered above, but also in the areas of attention deficit hyperactivity disorder, diabetes, and multiple 
sclerosis.

The pipeline for cannabinoid agonists and antagonists is growing, with numerous drugs in development for  
pediatric epilepsy, pain, anxiety, depression, osteoarthritis, anti-cancer properties, and neurological disorders  
such as AD.38-41

At the same time, research continues to explore polyunsaturated fatty acids, particularly omega-3 and its  
metabolites in both inflammatory and endocannabinoid pathways.

It will be interesting to track advances in our scientific and medical knowledge of cannabinoids, their   
receptors, polyunsaturated fatty acids, and their role in human health over the next decade. Given the  
functional overlap between omega-3 and phytocannabinoids in immunomodulation, cognitive, and  emotional 
health, it would appear that future research will serve to increase our understanding of their interaction in  
facilitating health outcomes.
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