
Journal of Clinical and Diagnostic Research. 2017 Jun, Vol-11(6): CE01-CE03 11

DOI: 10.7860/JCDR/2017/23862.9969 Review Article

P
hy

si
o

lo
g

y 
S

ec
tio

n Role of Endocannabinoids on 
Neuroinflammation in Autism 

Spectrum Disorder Prevention

IntRoductIon
ASD is a severe neurodevelopmental disorder characterized by 
repetitive, stereotyped behavior, impai-rment in communication and 
social interaction in children [1]. 

The number of cases in the Arab world ranges from 1.4 to 29 per 
10000 [2]. While these rates are much lower than those found in 
the literature, it does not mean the condition is less prevalent in 
the Arab world, because many cases may remain undiagnosed. In 
fact, evidence does not support differences in ASD prevalence by 
geographic region nor of a strong impact of ethnic/cultural factors 
[1]. Factors that might contribute to an apparent lower prevalence 
of autism in Arab countries include low awareness of ASD in 
professionals (e.g., paediatricians) and in the general population 
(e.g., parents, teachers), few child neuro-psychiatrists in general 
and fewer specialized in ASD.

Although the diagnosis is made during first three years of age, 
however the onset of disease can be from birth or usually during the 
second year [3]. The aetiology of ASD is not fully understood but 
there is consensus that genetics, environmental and autoimmunity 
factors interact to play a role in its development [4]. Neuroinflammtion 
in ASD has attracted the attention of research in targeting the 
neuroprotective mechanisms [5]. The growing number of medical 
benefits of Endocannabinoid System (ES), such as their ability to 
regulate neuroinflammation, neurogenesis and memory, raise the 
question of their potential role as a preventive treatment of ASD. This 
hypothesis paper highlights the basic and clinical studies that allow 
us a thorough investigation of the role of ES in the pathogenesis of 
ASD [6].

neuroinflammtion in ASd
Neuroinflammtion is an important aspect in ASD and had been 
shown in postmortem brain specimens from ASD patients of different 
age (4–45 years of age) groups [5]. Microglia, resident mononuclear 
cells of the CNS, takes part in immune surveillance and synaptic 
pruning [7]. Studies have shown prominent microglia activation 
and increased inflammatory cytokine and chemokine production, 
including IFN-γ, IL-1β, IL-6, IL-12p40, TNF-α (tumor necrosis factor 
α) and chemokine CCL-2 in the brain tissue and cerebral spinal 
fluid [8-10].  

Expression profiling analysis of postmortem brain tissues from ASD 
patients revealed increased levels of mRNA transcripts of several 

immune-related genes [11]. In addition to neuroinflammation, there 
are alterations in the systemic immune responses that are associated 
with disease severity. For example, different proinflammatory cytokines 
such as, IL-1β, IL-6, IL-8, IL-12p40, and chemokines CCL2, CCL5, 
are elevated in ASD and are associated with poor communication 
and social interaction [12-14]. These findings indicate a trend 
towards neural and systemic proinflammatory status of the immune 
system in ASD. 

Endocannabinoid system as neuro protective 
mechanisms
Central nervous system (CNS) has inherent mechanisms of neural 
cells protection. Activation of ES may be one of those mechanisms 
which are involved in protecting the negative effects of inflammation, 
because of its anti-inflammatory effects on CNS [15]. The ES is a 
novel system of intracellular signalling and consists of two main 
cannabinoid (CB) receptors type 1 and type 2 (CB1 and CB2). 
Initially identified in mouse spleen cells, CB1 receptors are located 
in the CNS, peripheral nervous system, and peripheral organs. CB1 
receptors are also found in adipocytes, liver, pancreas and skeletal 
muscle. CB2 receptors are expressed on immune cells such as 
microglia (resident mononuclear cells of the immune system in CNS) 
and neurons. In the CNS, CB1 receptors are concentrated in the 
cerebellum, hippocampus, and the basal ganglia [16], which are 
areas in the brain implicated as dysfunctional in autism [17,18]. 

Linking endocannabinoid system, neuroinflammation 
and neurodegeneration
Although ES and the immune system are autonomous, however 
both systems communicate with each other anatomically and 
physiologically through autonomic nervous system via innervations of 
lymph nodes, spleen, bone marrow, thymus, liver and gastrointestinal 
tract. The two systems communicate through chemical messengers, 
which range from smaller molecules, including nitric oxide, to larger 
proteins, such as cytokines. Inflammation is one of the example 
which shows an intimate interaction between the two system 
acting in a complex manner to generate appropriate adaptive 
cellular responses [19]. Neuronal wiring of the ANS (sympathetic 
and parasympathetic) to the main sites of immune system such 
as thymus, liver, spleen and bone marrow, skin and lymph nodes 
modulates the immune system. Second, small molecules such as 
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AbStRAct 
Autism Spectrum Disorder (ASD) disease has become a mounting socio-economical alarm around the world. Neuroinflammtion had been 
shown in postmortem brain specimens from ASD patients. The Endocannabinoids System (ES) consists of a family of locally produced, 
short-lived, endogenous, phospholipid-derived agonists (endocannabinoids) that control energy balance and body composition. The 
growing number of medical benefits of ES, such as their ability to regulate processes like neuroinflammation, neurogenesis and memory, 
raise the question of their potential role as a preventive treatment of ASD.

To test this hypothesis, basic and clinical studies allow us a thorough investigation of the role of ES in the pathogenesis of ASD. This 
hypothesis will help to understand the mechanism of ES and its role in ASD.
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nitric oxide and large like cytokines and growth factors and their 
respective receptors connect these two systems. Thus, these two 
important entities of the body are interlinked physiologically and 
anatomically to mount an effective response when required [6].   

Potential pro-inflammatory role of cannabinoids have also 
been reported in a few studies, indicating involvement of complex 
mechanisms that need to be unraveled [20,21]. 

It is well known that pro-inflammatory cytokines such as IL-6, IL-
12, IL-1β, TNF-α released by immune cells in the CNS adds to the 
development of neuroinflammation and neurodegeneration [22]. 
Activation of ES is one the mechanism in the CNS, which protect 
from the detrimental effects of these cytokines. During inflammation, 
endogenous endocannabinoids such as Arachidonyl Ethanolamide 
(AEA) and 2-arachidonyl glycerol (2-AG) are released from different 
immune cells and neurons in the CNS. These endocannabinoid 
ligands (AEA, 2-AG) bind to endocannabinoids receptors and 
induce neuroprotection through different mechanisms [23].    

Thus, it is possible that participation of ES in the regulation of immune 
responses is associated with therapeutic effects mediated by the 
down regulation of cytokine expression.

Regardless of the challenges in targeting ES receptors that will 
potentially disrupt the processes of learning and memory, approaches 
for neuroprotection have been taken to avoid those side effects 
by targeting specifically the ES CB2 receptors [Table/Fig-1], by 
modulation of the degradation pathway of ES, or by using low, 
non-psychoactive doses of non-selective agonists of CB1/CB2 
endocannabinoid receptors [24]. 

It has been shown that mRNA and protein levels of CB2 receptor 
were up-regulated in the blood, peripheral blood mononuclear cells, 
of children with autistic disorder [25], suggesting the involvement of 
the endocannabonoid system in the development of autism. 

The ES plays an important role in the development of the central 
nervous system and its activation can induce long-lasting functional 
adaptations [26]. Use of cannabis (an exogenous cannabinoid) in the 
still-maturing brain may produce persistent alterations in brain structure 
and cognition [27]. Due to poor efficacy of current treatments and 
the likely delay to implement future safe and efficacious treatments, 
there is an opportunity to develop preventive approaches based 
on currently available knowledge regarding the pathogenesis and 
risk factors of ASD. It has been found that endocannabinoids have 
anti-inflammatory and immuno-suppressive effects and can act as 
potential therapies [28]. Different pharmacological agents providing 
anti-inflammatory and neuroprotective effects in the diseases of CNS 
can modulate Endocannabinoid receptors CB1, CB2 and other EC 
receptors which are not fully defined. For example, in experimental 
models of AD, stimulation of CB1, CB2 and other non-CB1 and non-
CB2 receptors with cannabinoids reduced microglial activation and 
microglia-mediated neurodegeneration [29]. It has been shown that 
increase in endogenous levels of endocannabinids has protective 
effect against β-amyloid-induced neurotoxicity [30]. In experimental 
models of multiple sclerosis, stimulation of CBI and CB2 receptors 
have anti-inflammatory effects in response to pharmacological 
AMT inhibitors. AMT is a purported high-affinity transporter which 
is responsible for removal of anandamide and CB receptors and 
AMT inhibitors like AM404, VDM11 and UCM707 block cellular 

[table/Fig-1]: Schematic representation of multisite actions of endocannabinoid system. 
*Potential therapeutic target to treat neuroinflammation in autism through selective CB2 receptor agonists.



www.jcdr.net Syed Shahid Habib et al., Endocannabinoid in ASD

Journal of Clinical and Diagnostic Research. 2017 Jun, Vol-11(6): CE01-CE03 33

PaRTiCulaRS OF CONTRibuTORS:
1. Professor, Department of Physiology, King Saud University, Riyadh, Saudi Arabia.
2. Assistant Professor, Department of Physiology, King Saud University, Riyadh, Saudi Arabia.
3. Assistant Professor, Department of Physiology, King Saud University, Riyadh, Saudi Arabia.
4. Researcher, Department of Physiology, King Saud University, Riyadh, Saudi Arabia.

NaMe, addReSS, e-Mail id OF The CORReSPONdiNg auThOR:
Dr. Syed Shahid Habib,
Professor, Department of Physiology, King Saud University, Riyadh, Saudi Arabia.
E-mail: shahidhabib44@hotmail.com

FiNaNCial OR OTheR COMPeTiNg iNTeReSTS: None.

Date of Submission: Sep 01, 2016
Date of Peer Review: Oct 05, 2016
Date of Acceptance: Nov 19, 2016

Date of Publishing: Jun 01, 2017

uptake of anandamide and CB receptors [31,32]. This therapeutic 
use of drugs targeting EC system in CNS disorders has a great 
potential and animal experiments have shown encouraging results 
in reducing clinical symptoms in degenerative and inflammatory 
disease conditions.  For example AMT inhibitors such as AM404 
and VDM11 showed anti-cytotoxic effects in experimental model of 
Parkinson’s disease. Similarly administration of AM404 and VD11 
also reduced the spasticity in mice suffering from chronic relapsing 
experimental allergic encephalomyelitis, a model of MS [33]. 

testing the hypothesis
Hence, ES modulators can be explored in autism animal models with 
well-established face and predictive validities which could serve as 
a translational link between laboratory findings from animal’s studies 
leading to exploratory studies in humans. Thus, we postulate that 
modulation of the ES in ASD could prove a valuable tool to prevent 
or delay the progression of disease [Table/Fig-1].

Implications of the hypothesis
The complex nature of ASD advocates a multimodal drug approach that 
could protect from the various processes underlying neurodegeneration 
and thus, at minimum, delay the pathological process. The 
expected benefit from a chronic treatment aimed at stimulating 
the endocannabinoid system is a delayed progression of ASD: 
i.e., reduced inflammation, sustained potential for neurogenesis, 
and delayed memory impairment. Such results could lead to new 
therapeutic strategies that target the inflammation and the decline 
in neurogenesis associated ASD. 
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