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Abstract: In the past few years, the pathophysiological role of various factors in type 2 diabetes mellitus
has been fully explored. Subsequently, this marked the progression in the development of a novel
therapeutic agent. Such brain-derived neurotropic factors, including neurotrophic factor-2 and anti-
inflammatory agents for the treatment of diabetes, have emerged. However, the therapeutic potential of
endocannabinoids in type 2 diabetes mellitus is still not fully understood. At present, cannabinoids are
under research for their therapeutic and safety profile issues in numerous thrust areas. Its wide biological
actions are implemented through cannabinoid receptor type 1(CB1) and CB2 receptors, which find
major applications as anti-arthritic, anti-inflammatory, neuroprotective, anti-cancer, and antidiabetic
therapeutics with lesser side effects than any other traditional therapy. The current review aims to reveal
detailed aspects of pathological and physiological pathways with endocannabinoids followed in disease
progression. Different alterations induced by them in the pancreas, such as 2-arachidonylglycerol and
anandamide during hyperglycemia, clearly verify their participation in the progression of type 2
diabetes. Activation of both cannabinoid receptors results in metabolic changes inside the body, and
receptor antagonist rimonabant has been proven to be protective in controlling insulin resistance in
diabetic patients. Therefore, endocannabinoids are a promising target in new drug developments and
further in-depth analysis of their hidden aspects, which would help develop alternate beneficial targets
in combating the progression of diabetes.
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1. Introduction

The endocannabinoid system (ECS) controls our body's physiological processes,
maintaining energy homeostasis by controlling the mechanism of energetic balance. It
comprises peripheral and central receptors, i.e., cannabinoid receptor type 1 and 2 (CB1 and
CB2), endogenic and exogenic agonist for regulating degradation and synthesis of its
endogenic ligands. Endocannabinoids are active factors, immunosuppressive in nature, and
play a vital role in various autoimmune diseases such as diabetes, where necessary action takes
place by apoptosis to prevent suppression/prevention synthesis and proliferation of cytokines
chemokines and inductor regulation of T lymphocytes [1,2]. It regulates the homeostasis of
energy, hunger and controls lipid and glucose metabolism. Experiments conducted in different
preclinical research establish the influence of inactivation of the pharmacological and genetic
makeup of CB1 in enhancing the energy expenditure and decreasing body weight of rodents.
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Thus, this system body's enhanced activity has evolved out as an emerging therapy for
obese patients suffering from type 2 diabetes mellitus by controlling and regulating endocrine
functioning [3,4]. In recent times, cannabinoids are of much attraction for controlling cellular
functions of alpha as well as beta cells in islets of Langerhans, where presences of CB1 and
CB2 cannabinoid receptors have been reported. Experimental findings reported the impact of
these two receptors along with their agonists on the secretion of somatostatin, glucagon, and
insulin and the regulation of pancreatic endocrine functioning. The regulation of these cells
helps in maintaining glucose levels within optimum limits. Since insulin acts as a major
mediator for glucose homeostasis, it controls the proliferation of beta cells in an autocrine
manner [4, 5]. A different set of studies are being conducted to define the effects of these
endogenous cannabinoids on proliferation action of beta cells in which the biological actions
of factors are controlled by coupling of mentioned two receptors with specific G protein,
CB1R, and CB2R involved in stimulating the secretion of insulin is under investigation [6].

Endocannabinoids also affect insulin functioning in tissues that are dependent on
insulin, such as muscle and liver. It exerts an immunosuppressive action via CB2 receptors and
aid in the inhibition of leukocyte proliferation, decreased pro-inflammatory cytokine secretion,
and induction of cell apoptosis [7]. Thus, endocannabinoids are of great interest for researchers
to discover their use as immunosuppressants for numerous types of autoimmune disorders like
type 2 diabetes to modulate insulin and glucagon secretion for regulating glucose homeostasis
[8, 9]. Research conducted by French and Spanish authors has presented in their work about
endogenous participation of CB1R, which participates in regulating beta cells' growth and
viability. It also highlights the blockade strategy for combating age-related metabolic diseases,
and this can further be exploited for insulin resistance, proving to be an appropriate therapy for
type 2 diabetes. The blockade or modulation of the endocannabinoid system can also reduce
the chances of cardiovascular disorder in a diabetic person. Its participation in the central and
peripheral energy storage and food intake promotion directly affects individuals' appetite and
feeding behavior [10,11]. This system was developed over the past two decades. Complete
understanding of the molecular entity of this system has led to the development of its agonists
as well as antagonists as a boon to the clinical field. It is interesting to note that synthetic
endocannabinoids exhibit many potential therapeutic roles [12], with antagonists of CB1
receptors directly affect the physiology of the liver, pancreas, and skeletal muscle.
Observations suggest that use of inverse agonists of CB1 receptor such as taranabant and
rimonabant can be used for managing type 2 diabetes mediated complications, including failure
of B-cell causing hyperglycemia, progressive gain in weight, insulin resistance, cardiovascular
risk factors such as high blood pressure, atherogenic dyslipidemia, coronary artery disease,
cerebrovascular and peripheral artery diseases [13]. There is an increased need to manage
weight for diabetic patients to improve glycemic control because of EC system CB1 receptors'
participation in it. The current review aims to summarize all the available knowledge about
endogenous cannabinoid systems and exploit their potential in the treatment of diabetes.

2. Endocannabinoid System: An Overview

The endogenous cannabinoid system is a multifaceted signaling system that includes
endogenous ligands of cannabinoid receptors and enzymes required for the degradation and
biosynthesis of endocannabinoids (ECs) [14]. This ubiquitous system that appeared during
evolution exerts vital function on cells and tissues. Endocannabinoids are lipid-based signaling
molecules [15], and this term was coined soon after the detection of endogenous ligands of 9-
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tetrahydrocannabinol receptors [16]. Signaling systems include enzymes involved in the
degradation and synthesis of this system. The EC system developed is one of the major neuro-
modulatory systems present inside the brain, where it regulates inhibition of synaptic activity
via its neurotransmitters [17]. ECS serves its vital role in peripheral organs, which are involved
in the regulation of energy metabolism. It regulates behavior at various sites throughout the
body, thus increasing the total intake of energy. 2-arachidonoyl glycerol and anandamide are
the two major types of ECs, which are derived from triglycerides and membrane phospholipids
[18].

In comparison to other neurotransmitters, ECs are produced in response to the acute
level of stimulation through enhanced intracellular calcium concentration, which is more
specifically known as use-dependent synthesis. These enzymes are specific for developing two
mentioned types of ECs and are released immediately from cells when biosynthesized,
possessing their capability to bind and functionalized CB receptors. CB1 and CB2 are
identified molecular characteristics of CB receptors that reside exclusively in immune cells and
blood [19]. Enzymatic hydrolysis and their intracellular level help in removing ECs from
extracellular spaces by selective uptake into cells. Fatty acid amide hydroxylase plays a major
role in the degradation of EC [20].

Monoacylglycerol lipase and pre (FAAH), i.e., fatty acid amide hydrolase, are CB2
receptors located in numerous body organs, where the former links the endocannabinoid and
eicosanoid systems by facilitating degradation of endocannabinoid 2-arachidaoylglycerol to
form arachidonic acid [21]. The study related to ECs is made about pharmacological and
genetic methods, which revealed its broad role in various pathological and physiological
processes such as motor learning, the release of neuromodulator, appetite, synaptic plasticity,
fertility and reproduction, neurodegenerative diseases, energy metabolism modulation,
neuroendocrine and autonomic responses, pain sensation, inhibition of cancerous cell growth,
inflammation, mental disorders, induction of bradycardia, and hypotension [22,23]. The ECS
is considered a unified physiological system involved in modulating nutrient intake, storage,
metabolism, transport, and dysfunction related to comorbidities associated with abdominal
adiposity. The over-activity of ECS can occur due to enhanced synthesis of EC and can be due
to over expression of CB receptor or decreased degradation of EC. In contrast to this, any sort
of pharmacological modulation in ECS over-activity can significantly reduce EC production
on a theoretical basis. This results in enhanced degradation of endocannabinoids and blockade
of CB1 receptors [24]. The ECS comprises seven-member G proteins that couples with
cannabinoid receptors, mainly CB1 and CB2. A well-established study has been performed on
cannabis-like substances and their derived lipid molecules such as 2-arachidonoylglycerol and
anandamide. Out of the two, CB1 receptors are present most abundantly in various peripheral
and central nervous systems such as the cerebral cortex, hippocampus, forebrain, cerebellum,
hypothalamus, and basal ganglia. It expresses itself via astrocyte processes, axon terminals,
interneurons, and neuron dendrites. CB1 is articulated in peripheral nerves of the
gastrointestinal tract, pancreas, adrenal medulla, skeletal muscles, autonomic nervous system,
liver, and skeletal muscles [25], and it regulates cognitive motor and sensory actions of the
brain [26]. On the other hand, CB2 receptors are most commonly found in the cerebral cortex,
brainstem, cerebellum, adipose tissue, circulating immune cells, thymus and spleen. In such
areas, it carries out processes like modulation of cytokine release from immune cells. ECS
belongs to the eicosanoid family, including N-arachidonoyl glyceryl ether, N-
arachidonoylethanolamide, and 0-arachidonoyl ethanolamine, N-arachidonoyl dopamine, and
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2-arachidonylglycerol. The ligand interacts with cannabinoid receptors and helps regulate and
maintain certain body functions and internal homeostasis via the expanded endocannabinoid
system called endocannabinoidome [27]. ECS is present throughout the body and regulates the
working and functioning of the immune system, digestive system, food intake, processing and
storage of energy, stress and mood reactions, inflammatory responses, and female and male
fertility [28].

EC gets released in a receptor-dependent manner from amino acids, this release occurs
in order to converse the glutamatergic synapses and GABAergic signaling messengers.
Released EC modulates postsynaptic transmission as well as the interaction of
neurotransmitters such as dopamine [29]. The released cannabinoids are transported towards
the cells via definite uptake systems and regularly degraded by enzymes such as
monoacylglycerol lipase and fatty acid amide hydrolase. The term ‘'endocannabinoid’ was
coined in the 1990s, soon after the detection of delta9-tetrhydrocannabinol receptors and their
ligands. Since it has an "exostatic" character in environmental conditions, the activation of the
ECS system can lead to overeating and orientation of metabolism in energy storage [30,31].

Besides this, EC system is regulated through a feed-forward directing mechanism in
obesity. It is also involved in pathophysiological loops which maintain aggravation related to
overweight. Existing evidence suggests the role/involvement of EC system in physiological
functions. Studies were also done in regards to the maintenance of stress as well as energy
balance. Thus, EC is basically an assimilated physiological system that modulates transport,
intake, metabolism, storage, and dysfunction related to comorbidities of abdominal adiposity
and disorders like atherosclerosis [32,33].

On the contrary, modulations at pharmacological levels aim to correct the over-activity
of the EC system, leading to reduced production, blockage of transportation, and enhanced
degradation on a theoretical basis. Thus, the endocannabinoid system presents a major
challenge in comprehending its signaling system's complication and designing drugs with
selective action [34]. Additionally, it postulates an opportunity to discover new therapeutic
agents. Presently, much work is done to discover unique agonists and antagonists with specific
receptor selectivity, which provides a better comprehension of the physiological participation
of ECS in a large number of pathologies [35]. This could further lead to advancement in the
development of drugs that can modulate ECS activity and exert therapeutic potential in this
regard (Figure 1).
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Figure 1. Enzymatic synthesis and degradation of endocannabinoids.
3. CB1 Receptors and their Antagonism

CB1 and CB2 receptors are seven-membered receptors coupled with G-protein
receptors, similar to that of the receptors of various other neurotransmitters and hormones. The
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presence of such receptors is all over the peripheral organs of the body. These receptors are
known to mediate food intake via the hypothalamus and thus control the limbic system,
homeostasis of the body, and other eating aspects [36,37]. The activity of antagonists of
CB1receptor such as rimonabant blocks lipogenesis in the body, which is the initial step and
clears the EC system's understanding mechanism in controlling various metabolic processes in
the body. These receptors are also found in the pancreas, where they regulate the
pathophysiology of type 2 diabetes mellitus and promote fat accumulation, lipogenesis, insulin
resistance, induction of glucose intolerance, homeostasis moderation via its expression on
peripheral tissues. Pharmacological investigations related to antagonists of CB1 receptors have
emphasized on detection of substances that could act as possible antagonists or agonists for
cannabinoid receptors [38, 39]. In contrast, the antagonists can adopt any possible mechanisms
to show their effect on the specific receptors. The ligands may competitively antagonize the
ligands and activate them by endogenously releasing endocannabinoids or by acting as an
inverse agonist to modulate receptor activity by transforming it from "on," i.e., active or "off,"
I.e., inactive state. Inverse agonists, similar to antagonists, block binding with receptors, and
activation occur with competitive agonists' help. They also oblige spontaneous internal receptor
signaling, causing an effect opposite in comparison by an agonist, which is called inverse
agonism [40, 41]. The inverse agonists of CB1 receptors' behavioral and physiological actions
are because of their ability to obstruct basic receptor activity or blockade of EC signaling at the
pharmacological level. The explanation related to the expression of CB1 receptors in
adipocytes and the capability of several antagonists such as rimonabant to block lipogenesis
that EC initially stimulated signifies an initial step in thorough understanding about ECS
involvement in the regulation of various metabolic processes [42]. The following has also been
confirmed by the blockade of cannabinoid receptors with this molecule's help, leading to
increased expression of adinopectins [43].

Undeniably, rimonabant is one of most extensively investigated compound which acts
as both invert agonist and antagonist for the CB1 receptor. AM4113, which has a high affinity,
serves as a neutral molecule for the receptor, reduces body weight and food intake in rats in a
dose-dependent manner as that of other inverse agonists consequently supports the energy
balancing role of ECS [44,45]. It is noteworthy that these neutral agonists' actions are
considerably less tricky than AM251, which is an inverse agonist for the CB1 receptor. Lastly,
since these receptors are G protein-coupled receptors [46], it can be assumed that their action
can also be influenced by the activity of basal G proteins, which could affect EC's metabolic
activities. Thus, all the factors that could affect G proteins' activity can be considered a possible
therapeutic approach for treating the antagonism of CB1 receptor. Though, the interest and
experimental data in support of this in the current time is still lacking. Among these, rimonabant
which is a derivative of diarylpyrazole 141716A was the first antagonist investigated and
reported for its activity on animals as well as humans in clinical trials. Rimonabant is one of
the highest commercialized molecules in many countries, and its successful development
boosted the search for ligands of the receptor as a unique chemical entity possessing a similar
pharmacological profile as that of rimonabant [47]. Many other cannabinoid receptors targeting
drugs have also been developed [48]. Any sort of substitutional modification or bioisosteric
replacement of pyrazole entity present in rimonabant pharmacophore proves to be a novel
approach for the generation of new ligands for CB1 receptor that acts as inverse or neutral
agonists. Some of the known CB1 receptor modulators include triazole, amino alkylindole, and
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diarylpyrazole derivatives. All these have been actively perused in the pharmaceutical industry
as a leading pharmacotherapy for metabolic disorders related to diabetes and obesity [49].

At the surface level, the use of such selective antagonists as lead molecules for weight
management has been successfully examined on obese mouse models. The evaluation
parameters included measurement of adipose tissue mass, metabolic, distribution parameters
of insulin, glucose, and lipid levels in plasma. Although, very little information is known about
inverse agonists other than rimonabant, on which a large amount of positive experimental data
is already known [50]. The study involving brain imaging involved MK-9470 as a high affinity
selected inverse CB1 antagonist for CB1 receptor, which showed higher binding in substantia
nigra, hippocampus, putamen, cerebellum, globus pallidus, and cerebral cortex. In monkeys,
positron emission tomography scans showed a large amount of uptake, as clearly observed
through autoradiographic studies. Additionally, MK-0364 which is also one of the inverse
agonists for this receptor, presented a dose-dependent reduction in binding shown through
clinical trials, which included obese persons. Thus, this unbane practice presented a vital target
for explaining non-invasive techniques for treating diabetic patients by using CB1 receptors
[51,52]. This signaling pathway's mechanism involves activation of CB receptors coupled with
G proteins and causes activation of numerous signaling pathways at the intracellular level.
Along with the inhibition activity of adenylate cyclase and inhibition of protein kinase A [53],
activation of CB1 receptor leads to stimulation of K* channels that inwardly rectifies together
with inhibition of voltage-regulated Ca?* channels, directing them to regulate synaptic
transmission [54]. The activation of CB1 can also result in the instigation of phospholipase C-
v and phosphatidylinositol-3-kinase to release intracellular calcium ions [55]. Other than this,
certain focal-adhesion kinases are regulated extracellularly, and mitogen-stimulated kinases
are also activated by stimulation of CB receptors [56, 57].

Various endogenous ligands for the receptor, such as anandamide, were synthesized
from the forerunner protein ethanolamine called N-arachidonoyl 1-phosphatidylethanolamine
(NAPE), which is formed from the action of NAPE-phospholipase upon intracellular
membranes [58]. Also, NAPE is known to exert no effect on anandamide and N-acyl
ethanolamines in mice's brains. Anandamide is produced by the hydrolytic breakdown of
diacylglycerols containing specific diacylglycerol lipases such as 2-arachidonate on its plasma
membranes. Both anandamide and 2-AG have similar binding affinities for CB1 and CB2
receptors, though they differ in their ability to activate the receptor, with anandamide
presenting its activity as a partial agonist only. In comparison, 2-AG activates both cannabinoid
receptors [59]. Several pieces of evidence support the diffusion of these endocannabinoids into
cell membranes to activate cannabinoid receptors within the cells where they were initially
produced and released to target CB receptors located on other cells. Within the brain, the
concentration of 2AG is much higher, making it a better receptor ligand. The termination of
EC action occurs due to cellular uptake and enzymatic hydrolysis within the cell in which
FAAH, i.e., fatty acid amide hydrolase and monoacylglycerol lipase, are responsible for its
serine hydrolysis [60] (Figure 2).
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Figure 2. Role of CB1 receptor in the development of diabetes.

Type 2 Diabetes

4. Therapeutic Potential of Endocannabinoids

Various clinical researches have suggested the involvement of different ailments
triggered when optimal ECS functioning is disturbed [61]. In such cases, phytocannabinoids
can be exploited for therapeutic action because of their lesser side effects and non-interference
in the body's physiological functioning. This has been observed through different clinical trials
[62]. It is well-known that CB exerts intrinsic activity via its receptors. They lack undesirable
psychotropic effects and make cannabinoids one of the best bioactive entities possessing
maximum therapeutic potential. The drugs acting on cannabinoid receptors can follow multiple
mechanisms and act as antagonists for respective receptors, presenting anxiolytic,
antidepressant, neuroprotective, and antidiabetic actions [63, 64]. The following
pharmacological potential has been attributed to the allosteric modification of d- and m-
receptors. A large amount of therapeutic potential of EC in widespread diseases is because of
its neuroprotective and immunomodulatory properties. Research data available till now also
supports the anti-inflammatory potential of EC [65] since they reduce the phenotype of
autoimmune inflammation and inhibit interferon-b and NF-kB [66]. It exerts beneficial action
like analgesic and anti-inflammatory activity in chronic disorders such as cancer, epilepsy, and
seizures [67] by acting as an antipsychotic, vasorelaxant, antiemetic, antispasmodic,
antibacterial, antidiabetic, vasorelaxant, anxiolytic, antibacterial, and anti-ischemic agent. ECs
also show positive results in cancer research and induce apoptosis of lungs' cancerous cells
and, therefore, cause cell death by modulating mitochondrial membrane channel [68]. This
illustrates success in inhibition of prostate cancer, small lung cancer, growth and invasion of
breast cancer, metastasis, reduction of gliomas, hepatocellular carcinoma, and colon
carcinogenesis. It down-regulates genes like 1D-1, which are implicated in different types of
cancers, kills cancerous cells' activity, and shields non-transformed complement from death. It
also causes the prevention of neuropathic pain induced in chemotherapy and devoid of any sort
of cognitive impairment, providing rewarding effects [69]. ECs, when given at a lower dose in
cultured T-cells, leading to apoptosis of CD8+ and CD4+ cells by enhancing the growth of
reactive oxygen species. This further upsurges natural killer T-cells' growth and induces
lymphopenia by reducing T- and B- cells. Though it does not significantly affect NK cells, EC
selectively boosts up innate immunity and overpowers acquired immunity [70]. In addition to
this, EC reduces leucocyte recruitment, acute lung infection and lung resistance, and expression
of certain molecules like TNF and IL-6, causing suppression of inflammation [71]. It was also
observed that when diabetic mice were treated with ECs, the incidence of diabetes decreased
from 86% to 30%. ECs reduce pro-inflammatory cytokines together with increased anti-
inflammatory cytokines. Effective treatment with EC in arthritic mice induced due to collagen
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blocks disease progression by suppressing proliferation of lymphocytes and TNF expression,
protecting against joint damage in arthritis [72,73]. One of the major side effects faced is a
thickening of a synovial membrane. An injection of EC cannabinoid drugs directly into the
brain preserves anxiolysis and abolishes psychotic symptoms and abolishes fearful memories
[74]. Thus, it helps treat dysphoria, mental sedation, physical sedation, anxiety-related issues,
and intoxication.

5. Endocannabinoid System, Pancreas and Hyperglycaemia

ECs system controls the body's metabolism by regulating insulin level and glucose
utilization or uptake by tissue and shows its effect on glucose tolerance, as evidenced by certain
studies [75]. The metabolic state or beta-cell differentiation in the body regulates the expression
of CB1 receptor inside the pancreas. This further enhances glucose impairment by involving
an indirect mechanism. Several laboratory data also show the involvement of both CB1 and
CB2 receptors in maintaining the process of homeostasis and ECS level inside the body
regulated by insulin and glucose concentration [76,77]. It has been detected that the pancreas
of hyperglycaemic patients contains overactive ECS as well as diacylglycerol lipase alpha and
NAPE-PDL. ECS exerts an effect on insulin level, metabolism, and glucose utilization,
ultimately leading to hypoadiponectinemia and hyperinsulinemia. In addition, ECS also
modulates the metabolism of fatty acid and glucose in the pancreas and adipose tissues [77].
CBL1 leads to enhanced blood glucose levels by inhibiting insulin release and its utilization in
peripheral tissues. Expression of both CBland CB2 receptors and biosynthesis of EC occurs in
islets of Langerhans inside pancreatic B-cells, and these receptors tend to modulate the islet
actions [78]. The administration of AEA at laboratory levels results in glucose intolerance,
mainly due to reduced glucose-dependent secretion of insulin [79]. Thus, stimulation of CB1
and CB2 receptors improves glucose handling in the body since these are present inside the
pancreas and possibly involve modulation of calcium oscillations that affect insulin secretion
[80]. The islets of Langerhans express both receptors along with machinery involved in the
modulation of glucose concentration in the body [81]. Immunofluorescence studies have
revealed that the actual location of CB1 receptor is A-cells which are involved in glucagon
secretion, while that of CB2 receptors is D-cells which secretes somatostatin and enhances
insulin secretion in humans.

Numerous researchers speculated the involvement of ECs in the pathogenesis of
diabetes mellitus. A large number of pathophysiological alterations take place in
hyperglycemia, leading to dysfunction. Various pathways involved act via inhibiting fatty acid
amide hydrolasel that catabolizes anandamide [82]. It also induces protein kinase
C/diacylglycerol pathway to activate phospholipase D, simultaneously increasing phosphatidic
acid production later on forms 2-AG. Studies conducted showed the involvement of EC system
under enhanced glucose concentration. This clearly established a link between both of them
[83]. Another study showed the participation of anandamide in regulation and the metabolism
of energy balance [84]. It was shown that stimulation, differentiation of fibroblast occurs in the
adipocytes by activating downstream signaling of PPARYy, i.e., peroxisome proliferator-
activated receptor-y. Furthermore, this induces glucose uptake followed by insulin uptake
inside adipocytes [85]. Though the molecular mechanism behind the mentioned function is
independent of PPAR-y, anandamide is believed to be the possible reason behind the activation
of CB1 receptor. Subsequently, activation of the signaling pathway occurs, involved in the
upregulation/expression of nitric oxide synthase. Nitric oxide significantly modulates lipolysis
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and leads to the induction of signaling receptors that are probably persuaded due to anandamide
[86]. This can lead to increased glucose uptake within adipocytes (Figure 3).

Anti-
inflammatory
Endocannabinoid Nearo
Anticancer Signaling protective
Pathway
Antiepileptic Antipsychotic
Antiischemic

Figure 3. Pharmacological action of the cannabinoid system.

6. Role of Endocannabinoid System in Management of Diabetes Mellitus

Diabetes is caused due to hyperglycemia and is characterized by insulin resistance or
absence of insulin. It is mainly due to the autoimmune demolition of islet cells. Obesity is the
primary reason behind insulin resistance, leading to type 2 diabetes mellitus [86]. ECs amplifies
food intake in obese patients by involving both central as well as peripheral CB1 receptors.
This can result in adipogenesis, hepatic steatosis, insulin resistance, and lipogenesis. Blockade
of receptors using suitable drugs like rimonabant shows improvement in metabolic issues like
enhanced level of triglycerides and cholesterol in the body. Though the presence, functions,
and action of ECS in pancreatic cells are under wide investigation, the expression of CB1 and
CB2 receptors inside islet cells are highly contradictory in nature and show a strong
dependence on species [87,88]. The primary receptors are present in rats, but that of the latter
is debatable. Enzymes are responsible for synthesizing and metabolizing, which occurs within
the cells of the human pancreas. The presence of CB1 receptors in the pancreas is controversial
and is implicated in the secretion of insulin. These receptors are believed to enhance the
proliferation of cells from a therapeutic point [89]. The clinical trials define a clear picture of
the involvement of cannabinoid receptors in diabetic complications. RIO Diabetes was the first
clinical trial conducted to determine the safety and efficacy of CB1 antagonists in obese
diabetic patients. The same was controlled using sulfonylureas and thus improved metabolic
profile, body weight, cholesterol level, blood pressure, and glycaemic control. The vital
function of ECS in the pathogenesis of type 2 diabetes mellitus was reinforced by elevated
levels of cannabinoid in disease [90,91].

At present, substantial interest is shifting towards the implication of certain synthetic
ligands for cannabinoids in the modulation of different immune responses, including
subsequent production of cytokine and activation of T-lymphocytes. It is also known to weaken
the harshness of autoimmune responses in diabetic disorders, thus reducing the number of
lymphocytic cells, interleukins, interferons, and tumor necrosis factors [92,93]. The treatment
aims to protect and preserve insulin content in the pancreas, which further lowers glucose levels
in treated groups. It also showed eminent immunosuppressive capability, whose psychoactive
effects limit them for therapeutic purposes. Various studies have shown the involvement of
cannabinoids in reducing insulitis, which causes a reduction in pro-inflammatory cytokines and
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patients suffering from type 2 diabetes mellitus [94]. Altogether, it can be concluded that ECS
is known to play a crucial role in controlling the development of diabetes [95]. The exact
mechanism and cellular targets lying behind them are not yet fully comprehended. Therefore,
there is a need to investigate the functioning of cannabinoid receptors in regulating the working
of islet cells and developing suitable antagonists of CB1 receptors that can be further exploited
in different clinical trials [96]. The cannabinoids that are suitably derived from plants, such as
cannabidiol, do not report any psychoactive or toxic effects to humans. Such products serve as
the latest promising avenues to treat diabetic complications and shields pancreatic beta cells
from any oxidative injuries [97].

7. Conclusion and Future Perspectives

Though there is much debate in the arena of research regarding ECs, numerous clinical
trials and experiments performed evidently demonstrate vital participation of ECS and
inhibition effects of cannabinoid receptors in the development of the diabetic disorder. The
recently performed preclinical studies aimed to develop a therapeutic strategy of CB1
antagonists to encounter adverse effects that occur during the disease. As already discussed in
the present review, the inhibition of these receptors can attenuate reactive oxygen species and
inflammatory responses to target different tissues and cell types in diabetic complications
[98,99]. The agonists for CB2 receptors exert useful outcomes in diabetes by attenuating
oxidative stress. The naturally existing cannabinoids have incredible therapeutic potential anti-
inflammatory and antioxidant properties that can be put into human use. Thus, in the upcoming
time, it will be highly interesting to investigate both agonist and antagonistic activities of
natural cannabinoids on respective receptors in diabetic patients [100]. Hopefully, these novel
approaches will be of great use in the near future for clinical practice related to diabetes.
Currently, metabolic disorders related to diabetes are highest in the United States, where
receptor blockers like rimonabant showed positive results in obese patients facing insulin
resistance, causing type 2 diabetes mellitus, overall reducing the risk of dyslipidemia,
cardiovascular diseases, hyperglycemia, and inflammation [101]. The discovery of the
endocannabinoid system is a hallmark for neuroscience, metabolic research, and the
exploitation of various pathophysiological functions. This serves as a promising target of
numerous therapeutic applications by blocking cannabinoid receptors [102]. Certain
modifications in lifestyle and the effect of rimonabant should be considered in diabetic patients.
The safety issues are related to some of the digestive side effects, mood disorder, and
depression in persons with rimonabant therapy. However, it can prove an essential novel
approach for managing diabetes and other agents that lower glucose levels in the body [103].
Further clinical research is required to support unique strategies exerting long-term safety and
efficacy in patients with type 2 diabetes mellitus. Similarly, further information about the
benefit-risk profile of antagonists of cannabinoid receptors is required to deal with other
metabolic disorders [104]. Evidence from preclinical studies conducted authorizes the use of
ECS in cancer treatment, arthritis, diabetes, and ischemia. Cannabinoids serve as a promising
element for discovering new drugs, having a wide action spectrum in various medical
conditions with rare side effects. Nevertheless, more studies are needed to exploit the potential
actions of cannabinoids in humans. Therefore, it is expected that modern developments in the
field of physiological, pharmaceutical, and pharmacological sciences would lead to the
development of new therapeutic strategies with the least side effects in metabolic diabetic
disorder [105].
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