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T he recreational use of the plant Cannabis sativa and the 
attempt to exploit their potential therapeutic use have 

been described over the centuries. The popularity of marijuana, 
one of the most common forms of consumption as a recreational 
substance and as a drug, reflects its ability to later sensory 
perceptions and to reduce anxiety. Other non-psychoactive 

actions of marijuana, like pain relief, were also described in 
ancient texts. However, the biochemical and pharmacological 
study of this substance has a fairly recent start. The first 
attempts to isolate the cannabinoids (phytocannabinoids) of 
Cannabis sativa, conducted in mid-twentieth century, led to very 
rudimentary pharmacological investigations. In the sixties, the 
chemical structures of Δ-9-tetrahydrocannabinol (Δ 9-THC) and 
cannabidiol were described, their procedures for synthesis were 
found and THC was identified as the major phytocannabinoid 
among the 60 existing phytocannabinoids in Cannabis sativa. 

Although the THC, cannabidiol and other phytocannabinoids 
present bioactivity with potential use (anti-inflammatory, 
anti-convulsive and antiemetic, for example), THC is the only 
psychotropic cannabinoid present in Cannabis sativa. Because 
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ABSTRACT
The long history of Cannabis sativa had its development stimulated and oriented for medicine after the 
discovery and chemical characterization of its main active ingredient, the 9-tetrahydrocannabinol (9-THC). 
Consequently, a binding site for 9-THC was identified in rat brains and the first cannabinoid receptor (CB1) was 
cloned, followed by the CB2 and by the discover of two endogenous agonists: anandamide and 2-arachidonoyl 
glycerol. Cannabinoid receptors, endocannabinoids and the enzymes that catalyze its synthesis and degradation 
constitute the endocannabinoid system (ECS), which plays an important role in the cardiovascular system. 
In vivo experiments with rats have demonstrated the action of anandamide and 2-AG on the development of 
atherosclerotic plaque, as well as an effect on heart rate, blood pressure, vasoactivity and energy metabolism 
(action in dyslipidemia and obesity). Recent studies with an antagonist of CB1 receptors showed that the 
modulation of ECS can play an important role in reducing cardiovascular risk in obese and dyslipidemic patients. 
Similarly, studies in rats have demonstrated the action of CB2 receptors in adhesion, migration, proliferation and 
function of immune cells involved in the atherosclerotic plaque formation process. The evidence so far gathered 
shows that the modulation of ECS (as agonism or antagonism of its receptors) is an enormous potential field for 
research and intervention in multiple areas of human pathophysiology. The development of selective drugs for 
the CB1 and CB2 receptors may open a door to new therapeutic regimens.This review article aims to address 
the key findings and evidences on the modulation of ECS, in order to prospect future forms of therapeutic 
intervention at the cardiovascular level. A recent, emerging, controversial and of undoubted scientific interest 
subject, which states as a potential therapeutic target to reach in the 21st century.

KEY WORDS: Atherosclerosis, cannabinoids, cardiovascular system, endocannabinoids, hypertension, shock, 
ischemia/reperfusion, therapeutics

Access this article online
Quick Response Code:

Website:

www.jpbsonline.org

DOI:

10.4103/0975-7406.84435



Journal of Pharmacy and Bioallied Sciences   July-September 2011   Vol 3   Issue 3		  351 

Cunha, et al.: Endocannabinoid system and cardiovascular therapeutics 

of its psychoactivity and early availability in synthetic form as 
a research tool, THC quickly gained the status of cannabinoid 
prototype and became the target of numerous studies during 
the 70’s and the 80’s. Much of this research, in vivo, focused 
on the effects of THC in animal models using synthetic 
analogues, some of which radiolabeled as molecular probes for 
the interactions of the cannabinoids with the tissues. Given the 
psychotropic effects of THC, many biological investigations 
used brain and its plasma membranes, in order to describe the 
action of cannabinoids.[1-4]

Their connection with the plasma membranes of the brain is 
greedy, saturable and stereospecific, according to the responses 
in vivo and in vitro. These characteristics suggested that 
cannabinoid pharmacology could be mediated by receptors, 
which led to the research of THC binding sites in mammalian, 
to justify their psychotropic effects. These studies were the 
basis for the discovery and cloning of two G protein-coupled 
receptors (GPCR) for cannabinoids, called CB1 and CB2, which 
in humans share about 44% of homologous sequence.[5] The 
CB1 receptor has its preferential location in the central nervous 
system (CNS), reflecting his prevalence as the most abundant 
GPCR in the brain. CB1 receptors can be found in cortex, 
cerebellum, hippocampus and basal ganglia, which are brain 
regions that control motor functions and cognitive, emotional 
and sensory actions. Thus, activation of central CB1 receptors is 
responsible for most of the behavioral and psychotropic effects of 
cannabinoids.[6] These receptors are also present in high density 
in the brainstem, hypothalamus and pituitary gland, affecting 
the perception of pain, hormonal activity, thermoregulation 
and cardiovascular, gastrointestinal and respiratory physiology.[6] 
CB1 receptors are also located peripherally (eg. adipocytes, liver, 
uterus) where are able to regulate basic physiological processes, 
such as energy balance and reproduction.[6] Although they are 
detectable in trace concentrations in brain, CB2 receptors are 
expressed mainly in immune cells and hematopoietic cells, 
osteoblasts and osteoclasts, mediating immune responses, 
inflammation, neuropathic pain and bone remodeling.[5]

Endocannabinoids (EC) are involved in several physiological 
functions, among which, special attention has been given 
to the regulation of appetite by central mechanisms and its 
influence on obesity.[7,8] Considering these innovative findings, 
the research for new pharmacological agents has drastically 
increased and the discovery of rimonabant, a synthetic 
antagonist of CB1 receptors, has confirmed the important role 
of endocannabinoid system on the modulation of food ingestion 
and energetic balance.[9] These facts led to the first clinical 
studies using rimonabant as a new tool against obesity and its 
associated metabolic disorders. However, psychiatricside-effects, 
namely central, which include increased risk of depression 
and even suicide, US Food and Drug Administration declined 
permission for rimonabant, and in October 2008, rimonabant 
was also suspended across the EU. After rimonabant withdrawal, 
other CB1 antagonist drugs have also tested, including the 
taranabant, which was associated with weight loss in rats 
and in humans.[10,11] However, due also to central side effects, 
including anxiety and depression, the clinical trials were stopped 
in October 2008 (EMEA. The European Medicines Agency 

recommends suspension of the marketing authorisation of 
Acomplia: http://www.emea.europa.eu 2008).

Although several other different influences of endocannabinoids 
have been discussed during the last years, including in 
inflammation, diabetes, cancer, affective and neurodegenerative 
diseases, and epilepsy.[12] the most recent findings are related 
to their cardiovascular actions,[13] which seem to be very ample 
bust also complex. The endocannabinoid system (ECS), which 
includes the endocannabinoids and its receptors, have been 
implicated in hypotensive stages associated with hemorrhagic 
chock, both endotoxic and cardiogenic, and even to advanced 
liver cirrhosis; on the other hand, recent evidence suggests 
that ECS plays an important role in cardiovascular regulation 
associated with hypertension, as well as a protective role in 
ischemia grafting. The development of atherosclerotic plaque 
and the metabolic stages associated to obesity are also matter 
of study of possible ECS pharmacomodulation. 

This article reviews the effects of endocannabinoids on the 
cardiovascular system, focusing on their role on cardiovascular 
pathophysiology and on new therapeutic opportunities in 
this field.

Endogen cannabinoids and the endocannabinoid 
signaling system 

The apparent discrepancy between the presence of  
cannabinoid receptors in the brain of mammals and 
the absence of phytocannabinoids in tissues led to the 
demand of cannabinoid receptor ligand molecules that 
were produced and metabolized as endogenous bioactive 
constituents (“endocannabinoids”). In mild 1990, the first two 
endocannabinoids, N-arachidonoylethanolamine (anandamide) 
and 2-Arachidonoylglycerol (2-AG), were identified; both 
derived from arachidonic acid, a polyunsaturated fatty acid. 
Anandamide and 2-AG are members of a family of natural 
derivatives of amide and long chain fatty acids ester, which are 
found in humans and other mammals, acting as agonists of CB1 
and/or CB2 receptors.[14] Anandamide is a partial agonist of CB1 
receptors and a relatively weak ligand of CB2 receptors, with 
a low overall efficiency, while 2-AG, produced in much larger 
amounts than anandamide, is a full agonist of both receptors. [15] 
“Classical” transmission of CB1 and CB2 receptors involves 
inhibitory G proteins, which inhibits adenylcylase (thus, 
formation of cyclic AMP) and the calcium channels type L, N 
and P/Q, enabling potassium channels and mitogen activated 
protein kinase.[16] When coupled to other classes of G proteins, 
cannabinoid signaling mediated by receptors influences various 
signal transduction systems to induce, for example, the entry of 
calcium into the cells.[16] Moreover, endocannabinoids are able 
to make independent systems from signaling through G protein, 
involving messengers such as phospatidylinositol-3-phosphate 
or nitric oxide, and also effects independent from the receptors 
present in excitable cells.[17] 

The endocannabinoid signaling system is composed by the 
endocannabinoids and their cellular receptors, together 
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with the messengers and carriers that support the traffic of 
these hydrophobic mediators between cells and enzymes 
directly responsible for the biosynthesis and metabolism of 
endocannabinoids constitute. In line with the hydrophobic 
nature of the endocannabinoids and the selective provision 
of receptors in tissues, the metabolism and distribution of 
endocannabinoid metabolizing enzymes helps to define 
the broad influence that these lipid mediators can exert on 
mammals physiology. The balanced action of these enzymes 
of endocannabinoid biosynthesis and metabolism are essential 
for strict homeostatic regulation of endocannabinoid signaling. 
Contrary to many neurotransmitters that are stored in 
intracellular vesicles, awaiting their mobilization in the bioactive 
form, endocannabinoids are synthesized “on demand” in 
response to increased intracellular calcium induced by stimuli.

The precursor for the synthesis of anandamide is the membrane 
phospholipid N-arachidonoyl phosphatidylethanolamine 
(NAPE). Acrylamids, such as anandamide, are synthesized by 
hydrolytic release of polyunsaturated fatty acids by a specific 
phospholipase D; by the formation of phosphorus-anandamide 
mediated by phospholipase C, being self-dephosphorylated 
by a specific phosphotase; or trough a sequence deacylation 
of NAPE by α,β-hydrolase 4 with the subsequent cleavage 
of glycerolphosphate.[18] NAPE is synthesized by an 
N-acetyltranferase that can be limiting for the biosynthesis of 
anandamide. The formation of 2-AG occurs mainly through 
the hydrolysis of 2-arachidonoyl-phosphatidylinositol to 
diacylglycerol by phospholipase C, that is hydrolysed to 2-AG 
by diacylglycerol lipase or, in certain tissues, by phospholipase 
A1 and subsequent lysophospholipase activity.[19]

Endocannabinoids are efficiently removed from their sites of 
action trough cellular uptake (a mechanism still to be entirely 
characterized), as well as by specific intracellular enzymes.[20]  
In most tissues, anandamide is metabolized by fatty acid 
amide hydrolase (FAAH), a membrane-bound amidase and, 
although FAAH can also act on 2-AG, this endocannabinoid is 
metabolized by soluble monoacylglycerol lipase (MAG). Several 
oxidative enzymes, including lipoxygenases, cytochrome P450 
and cyclooxygenase-2, can transform the endocannabinoids 
in bioactive products related eicosanoids, whose physiological 
roles remain unclear.[21,22] 

Cardiovascular effects of endocannabinoids in vivo

Cardiovascular effects of endocannabinoids in vivo are complex 
and may involve the modulation of autonomic flow of central 
and peripheral nervous systems, as well as the direct effects 
of myocardium and vasculature. However, its peripheral 
actions appear to play a dominant role, at least after systemic 
administration of doses used by most researchers. Besides that, 
the effects of endocannabinoids are complicated due to their 
rapid metabolism, which can release other vasoactive substances 
and their precursors.[23]

In humans, the acute effect of smoking Cannabis usually 
manifests by an increase in heart rate, without significant 

changes in blood pressure.[24] However, the chronic use of 
Cannabis in man, in addiction with acute and prolonged 
administration of THC to animals, causes a decrease in long-
term blood pressure and heart rate.[25] Given the well known 
effects of cannabinoids in the CNS, the first studies focused 
on the ability of these substances to inhibit the sympathetic 
tone as the underlying mechanism. Indeed, experiments in 
dogs showed some evidence for a THC centrally mediated 
sympathetic inhibitory effect, although some peripheral sites 
of action could not be excluded.[26] In this way, in an early 
stage, the potential use of cannabinoids as anti-hypertensive 
drugs was considered,[27] hoping that the cardiovascular and the 
psychoactive effects could be separated. This hypothesis was 
first suggested in 1977, with the publication of the biological 
effects of “abnormal cannabidiol”, a synthetic analogue of 
cannabidiol, the non-psychoactive cannabinoid present in 
Cannabis sativa.[28] However, more than two decades passed 
before the development of this promising observation.

Role of CB1 receptors in the cardiovascular in vivo 
effects of cannabinoids

The discovery of the first endocannabinoid, anandamide, 
raised important questions about the potential cardiovascular 
activity similar to THC. The injection of an intravenous bolus 
of anandamide in anesthetized rats caused a triphasic blood 
pressure response and bradycardia,[29] in many ways similar 
to the one observed previously with THC. The first phase of 
the response is a sharp fall in heart rate and blood pressure, 
which persists for a few seconds. These effects are mediated by 
vagal responses, since they are absent in animals after bilateral 
transaction of the cervical vagus nerve or after pretreatment 
with methylatropine.[29] This vagal component is followed 
by a brief pressor response that persists in the presence of a 
α-adrenergic blockade, as well as in rats whose sympathetic 
tone was abolished by section of the spinal cord and it is not, 
therefore, mediated by sympathetic nervous system (SNS).[29]  
This pressor component is not affected by CB1 receptor 
antagonists and persists in mice lacking CB1 receptors,[30] 
indicating that they are not involved in the process. Recent 
observations suggest that this pressor component may be 
originated in vasoconstriction of certain vascular territories, 
such as the spleen.[31] The third and most prominent phase of 
the effect caused by anandamide is associated to hypotension, 
moderate bradycardia, persisting for 2-10 minutes. This phase 
is absent in normotensive conscious rats,[32] but is present and 
has prolonged duration in spontaneously hypertensive conscious 
rats.[33] Since the sympathetic tone is reduced in normotensive 
rats kept in a quiet environment,[34] these observations seem 
consistent with a sympathetic-inhibitory mechanism underlying 
the hypotension and bradycardia induced by anandamide. The 
discovery that a metabolically stable analog of anandamide, 
R-methanandamide,[35] causes hypotension and bradycardia 
similar but of longer duration,[36] eliminates the possibility that 
the hypotensive and bradycardia effects of anandamide are 
caused indirectly by a metabolite. Several evidences indicate 
that the hypotension induced by cannabinoids is mediated by 
CB1 receptors. At the outset, hypotension is antagonized by 
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rimonabant, a CB1-selective antagonist.[29] This drug inhibits 
the hypotension induced by cannabinoids derived from plant or 
synthetic cannabinoids, as well as by anandamide.[37] However, 
in tests with anesthetized rats, the hypotensive effect of 2-AG 
resisted, unexpectedly, to inhibition by rimonabant, but was 
antagonized by indomethacin, suggesting an involvement of a 
cyclooxygenase metabolite.[38] In fact, it was shown that 2-AG 
is rapidly degraded in mouse blood (less than 30 seconds), 
generating arachidonic acid. Accordingly, the metabolically 
stable analog of 2-AG saw its hypotensive effect caused by 
rimonabant and was absent in mice deficient in CB1 receptors, 
indicating that, similar to anandamide, it is an effective agonist 
of CB1 hypotensive receptors.[38]

The second line of evidence for the involvement of CB1 receptors 
is a strong positive correlation between the concentrations of 
various cannabinoid agonists producing hypotensive and 
bradycardic responses and their affinity constants for binding 
to CB1 receptors in the brain.[37] The strongest evidence lies, 
however, in the absence of hypotension and bradycardia induced 
by cannabinoids in mice lacking CB1 receptors.[30] Interestingly, 
the isolated tachycardia in response to acute administration 
of THC in human volunteers, who are not chronic users of 
Cannabis sativa, was inhibited by rimonabant.[39] In healthy 
young adults, the heart is under dominant vagal tone, and the 
tachycardic effect of THC is, mainly, due to the inhibition of 
acetylcholine release from the efferent cardiac vagal, trough 
presynaptic CB1 receptors.[40]

The acute effects of drug on blood pressure result from changes 
in peripheral vascular resistance, cardiac output, or both. 
Although the exclusive role of CB1 receptors in the hypotensive 
effect of cannabinoids is strongly suggested, there is a growing 
evidence that vasodilatation induced by anandamide in the 
mesenteric vascular flow, and possibly elsewhere, is dependent 
of CB1 and CB2 receptors.

Central versus peripheral mechanisms in the 
cardiovascular in vivo effects of cannabinoids

The first studies with THC have suggested that the hypotensive 
effect of cannabinoids is mediated by a sympathetic-inhibitory 
mechanism.[26] However, hypotension induced by anandamide 
in anaesthetized rats is not associated with any alteration of 
sympathetic premotor neurons in medullary vasomotor center 
or to the activity of post ganglionic sympathetic nerve,[41] which 
excludes the centrally mediated sympathetic inhibition or the 
ganglionic blockade as a mechanism, at least with regard to 
anandamide. The intracerebroventricular administration in 
rabbits of the potent synthetic cannabinoid WIN55,212-2 
induced an increase, rather than a decrease, in sympathetic tone, 
which is an argument against a central mechanism underlying 
the hypotension.[42] Furthermore, the pressor response by 
electrical stimulation of the vasomotor center was reversibly 
inhibited by anandamide, while the effect of phenylephrine 
was not affected, suggesting an inhibitory effect of presynaptic 
release of noradrenaline of peripheral sympathetic nerve 
terminals.[41] Indeed, stimulation of CB1 receptors inhibits 
the presynaptic release of noradrenaline, both in vitro[43] and 

in vivo.[42] However, when the sympathetic tone is eliminated 
by ganglionic blockade and vascular tone is restored by an 
infusion of vasopressin, the hypotensive response to potent 
cannabinoid HU-210 keeps unchanged, while the bradycardic 
effects are lost. [31] This suggests that the bradycardia induced 
by cannabinoids is due to the inhibition of sympathetic tone 
to the heart, while the hypotensive response is due to direct 
vasodilatation, and the same is suggested by its presence in 
rats, following chemical sympathetic chemical denervation.[44]

Cardiovascular effects of endocannabinoids in vitro

Direct vasodilatory effects of cannabinoids

It was soon demonstrated that the vasodilator response 
caused by anandamide in blood flow could be inhibited by 
indomethacin[45] and, thus, it was surmised that anandamide 
induces vasodilatation indirectly by producing arachindonic 
acid and its subsequent metabolism by cyclooxygenase. 
Although THC also produces a sensitive response to 
indomethacin, subsequent studies have not documented an 
effect of cyclooxygenase inhibition in vasodilatation induced 
by anandamide in other blood vessels, including mesenteric and 
coronary vasculature,[46] excluding the production of prostanoids 
as a major mechanism for the vasodilator effect.

The vasodilator effect of anandamide differs between tissues 
and species. Therefore, previous studies have demonstrated a 
vasodilator action of anandamide in the hepatic artery of the 
rat, guinea pig basilar artery[47] and bovine coronary arteries,[48] 
although the same was not observed in the carotid arteries and 
aorta of rats.[49] It was demonstrated that anandamide induces 
vasodilatation of afferent arterioles of the kidney by endothelial 
release of nitric oxide (NO).[50] The same is released in various 
human blood vessels and in the right atrium by anandamide 
action.[51] In contrast, other studies have shown the callousness 
of the vasodilatation induced by anandamide inhibition of NO 
synthase.[46]

New endothelial endocannabinoid receptor 

The existence of non-CB1 and non-CB2 receptors have been 
hypothesized repeatedly during the last years. One of the 
most studied possibilities is the transient receptor potential 
vanillinoid (TRPV) receptors, in particular, but not only, the 
TRPV1, including on the vasculature. 

The hypothesis of the existence of others cannabinoid receptors 
distinct from CB1 and CB2 was first raised after the discovery 
that potent synthetic cannabinoids, such as THC, did not 
induce vasodilatation in the same preparations of mesenteric 
vascular beds in which anandamide and methanandamide 
had a strong vasodilator action.[52] In these experiments, 
the effects of anandamide and methanandamide could be 
inhibited by rimonabant, but the concentration required was 
significantly higher than that required for inhibition of CB1 
receptors.[30] Furthermore, the ability of rimonabant to inhibit 
vasodilatation induced by anandamide disappeared after 
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endothelial denudation.[30] These data led to the postulation 
of a endothelial site, sensitive to inhibition by rimonabant, but 
distinct from CB1 and CB2 receptors, which will contribute 
to vasodilatation induced by anandamide in mesenteric 
circulation[31] and, possibly, in other vascular bedsteads, such 
as rats coronary circulation.[53] More recently, the existence of 
a local non-CB1/non-CB2 was also postulated in glutamatergic 
terminals in rat hippocampus, where activation by cannabinoids 
inhibits glutamatergic transmission and excitatory postsynaptic 
potentials.[54] Non-CB1/CB2 receptors have been also postulated 
for the immune cells, and some evidences suggest that for these 
cells, as well as for the brain, these cannabinoids receptor engaged 
by PEA could be the GPR55, which was first identified as an 
orphan G protein coupled receptor (GPCR) enriched in the 
brain, but is now known as part of a family of GPCRs that might 
play a role on endocannabinoids and cannabinoids actions.[55] 

Direct cardiodepressant effects of cannabinoids

Unlike the vascular effects of cannabinoids, whose knowledge 
is increasing, not much is known about their direct cardiac 
effects. Anandamide, anandamide amidohidrolase and the 
signs of message to CB1 receptor[51,56] were detected in the 
human heart. In a more recent study, the existence of CB1 
receptors was confirmed in human auricular myocytes by 
immunoblotting and immunohistochemistry.[57] In the same 
study, it was shown that anandamide, R-methanandamide and 
HU-210 all decreased, in a dose-dependent way, the contractility 
of isolated and electrically stimulated human atrial muscle. 
AM51 is a potent and selective CB1 receptor antagonist[58] 
which has blocked the negative ionotropic effect of three 
drugs, excluding the involvement of CB2 receptors activation, 
NO and prostanoids release.[57] Consistent with these in vitro 
results, it was shown that HU-210 decreases the cardiac output 
depending on CB1 receptors activity.[31] Previous studies had 
shown that anandamide induces coronary vasodilatation 
sensitive to rimonabant in isolated perfused rat hearts,[59] which 
meant cannabinoid receptors. These results were mimicked by 
arachidonic acid, indicating a vasodilator effect, not mediated 
by metabolites of arachidonic acid.

According to what is observed in isolated cardiac preparations, 
the use of Millar system of pressure-volume conductance to 
measure cardiac performance in vivo has strongly supported the 
idea of a crucial component in the cardiac hemodynamic effects 
of cannabinoids. Taken together, those studies suggest that 
CB1 receptors are present in cardiomyocytes and that they can 
induce a decrease of cardiac contractility trough mechanisms 
that can be dependent or independent from the CB1 receptors.

Effects of cannabinoids on cardiovascular 
diseases pathophysiology

Myocardial ischemia/reperfusion and preconditioning

Initial studies used isolated preparations of heart to study 
the role of endocannabinoid system in myocardial ischemia/
reperfusion (I/R) and preconditioning. The involvement 

of ECS in preconditioning induced by the endotoxin 
(lipopolysaccharide: LPS) against the injury induced by I/R 
on myocardium has been implicated for the first time in 2001, 
based on the hypothesis that LPS could increase the production 
of endocannabinoids in inflammatory cells.[60] A 90 minutes 
of low flow ischemia followed by 60 minutes of reperfusion 
with normal flow in isolated rat hearts pretreated with LPS 
was compared with a saline solution. The pretreatment with 
LPS reduced the infarct size and improved functional recovery 
after reperfusion when compared with control group, which 
could be attenuated by SR144528 (CB2 antagonist), but not 
by rimonabant (CB1 antagonist), suggesting the involvement 
of myocardium CB2 in the cardioprotection induced by LPS.[61]  
In a subsequent study, in which the preconditioning was 
triggered by heat stress, the SR144528 also abolished the effect 
of reducing the infarct size, unlike rimonabant.[62]

These early studies suggested that the protection created by 
the preconditioning induced by heat stress or by LPS was 
mediated by the action of endocannabinoids in the CB2 
receptors. In contrast, when preconditioning was induced by a 
brief period of ischemia (5 minutes), the blockade of CB1 and 
CB2 receptors did not raise the abolition of protection, and 
both receptors have been implicated in preserving endothelium-
dependent vasodilatation induced by serotonin.[63] The 
palmitoylethanolamide or the 2-AG, but not anandamide, when 
added to perfused isolated rat hearts offer protection against 
ischemia by reducing myocardial damage and infarct size and 
by improving the functional recovery of myocardium.[64] The 
SR144528 completely blocked the cardioprotective effect of 
palmytoylethanolamide and 2-AG, whereas rimonabant only 
inhibited, partially, the effect of 2-AG.[64] Similarly, ACEA 
and JWH015 (CB1 and CB2 agonists) also reduced the size 
of the infarct in this model.[64] In contrast, it was found that 
anadamida’s effect of reducing infarct area could also be 
antagonized by CB1 and CB2 antagonists; however, the same 
could not be mimicked by selective CB1 and CB2 agonists, 
suggesting an involvement of a different site of CB1 and CB2 
receptors. Another recent study, which used a model of delayed 
preconditioning in rats, induced by transdermal treatment of 
nitroglycerin (as a NO donor) for 24 hours, suggested that the 
protective effect of nitroglycerin against myocardial infarction 
is mediated trough CB1 receptors. Nitroglycerin increased the 
concentration of 2-AG in myocardium, but did not increase 
anandamide.[65]

The major limitation of the studies mentioned above is the 
use of ex vivo models (eg, isolated preparations of heart) that 
could not clarify if endocannabinoids or the synthetic agonists 
can modulate the activation of immune or endothelial cells 
and their interactions, which constitute key events in the 
sequelae of reperfusion injury.[66] Despite those limitations, 
these pioneer studies implicated a possible contribution of 
CB2 functional receptors in cardiomyocytes and the endothelial 
cells responsibility, at least in part, on the protective effects 
of preconditioning. Indeed, subsequent studies showed the 
presence of CB2 receptors in myocardium,[67] in cardiomyoblast 
cells[67] and in endothelial cells with different origins.[68] 
Concurrently with the beneficial effect of the activation of CB2 
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receptors in cardiomyocytes, a recent study showed that THC 
protected cardiomyoblast cells H9c2 submitted to hypoxia in 
vitro, presumably trough the activation of CB2 receptors and 
increased NO production.[69]

In an ischemia/reperfusion injury model in rats, both 
anandamide and HU-210 decreased the incidence of ventricular 
arrhythmias and reduced the size of the infarct, presumably 
trough the activation of CB2 receptors but not CB1 receptors. [70] 
In an myocardic I/R injury model induced by ligation of 
coronary artery in rats, the reduction of the second myocardic 
injury depending on leucocytes subsequent to the initial I/R 
injury was attributed to the activation of CB2 receptors, since 
the protection given by WIN 55.212-2 could be prevented by 
AM630, but not by AM251 (a CB1 antagonist).[71] Two recent 
studies in myocardial infarct models, acute and chronic, in 
rats, showed that cannabinoids contribute to hypotension and 
cardiac depression associated to cardiogenic acute shock, which 
could be attenuated by antagonists of CB1 receptors.[72]

Overall, despite the role of CB1 receptors and of endocannabinoids 
in the protection given by the preconditioning against myocardic 
I/R, the issue remains controversial, recommending further 
investigation namely using mice with deletion of genes 
and more selective agonists of CB2 receptors. However, the 
findings that imply CB2 receptors’ importance, presumably 
in both endothelial and inflammatory cells and perhaps in 
cardiomyocytes, are quite encouraging. 

Cerebral ischemia/reperfusion (cerebrovascular accident)

The endocannabinoid system may constitute an essential 
mechanism of neuroprotection, in both acute forms of neuronal 
injury, such as stroke or brain trauma, and in several chronic 
neurodegenative disorders, including multiple sclerosis, 
Parkinson’s disease, Hungtington’s disease, Alzheimer’s 
disease and amyotrophic lateral sclerosis.[73] Although the exact 
mechanisms of this neuroprotection are not yet completely 
understood, several processes dependent and independent of 
CB receptors seem to be involved: 1) modulation of the immune 
responses and release of inflammatory mediators by CB1, CB2 
and not CB1/not CB receptors in neurons, astrocytes, microglia, 
macrophages, neutrophils and lymphocytes;[74] 2) modulation of 
synaptic plasticity and excitatory glutamatergic transmissions 
via presynaptic CB1 receptors;[75] 3) activation of cytoprotective 
signaling pathways;[73] 4) modulation of calcium homeostasis 
and excitability trough interactions with calcium channels, 
potassium and sodium, gap junctions and intracellular calcium 
reserves, and with NMDA receptors;[75] 5) central hypothermia 
mediated by CB1 receptors, presumably by the reduction of 
the metabolic rate of needed oxygen; 6) antioxidant properties 
of cannabinoids;[76] 7) modulation of endothelial activity and 
inflammatory response, leucocytes mobilization, adhesions to 
the endothelium, transmigration and activation presumably 
through CB2 receptors.

The first evidence of a neuroprotective effect of cannabinoids has 
emerged in research studies on cerebrovascular accident, in which 
was used the non psychoactive cannabinoid dexanabinol/HU-211 

that exerts its effect through CB1/CB2 independent mechanisms, 
in cerebral ischemia models in vivo in rats and gerbils.[73] Further 
studies also investigated the neuroprotective effects of CB1 
receptors stimulation with synthetic agonists. The synthetic 
cannabinoid WIN 55.212-2 attenuated the neurological damage 
in the hypothalamus resulting from cerebral global and transient 
ischemia in rats and reduced infarct size after permanent focal 
cerebral ischemia induced by cerebral middle artery occlusion, 
when it was administrated 40 minutes before or 30 minutes after 
occlusion, in a dependent way from CB1 receptors, since the 
protective effect was prevented by rimonabant.[77] WIN 55.212-
2, as well as anandamide and 2-AG, did also confer protection 
to cultured cortical neurons submitted to hypoxia and glucose 
deprivation in vitro, but these effects proved to be insensitive to 
antagonists of CB1 and CB2 receptors.[77]

In models of cerebral middle artery occlusion in rats, the 
agonist BAY38-7271 reduced the size of the infarct, even when 
administered intravenously 4 hours after the occlusion.[78] The 
pre-treatment with rimonabant partially attenuated the effect of 
HU-210, indicating the involvement of CB1 receptor. However, 
the protective effect of HU-210 could be completely abolished 
by warming the animals’ body until the controls temperature, 
showing that hypothermia mediated by CB1 receptors was 
responsible for the beneficial effects observed.[79] Similarly, 
hypothermia mediated by CB1 receptors was responsible for the 
neuroprotective effects of THC in a model of cerebral ischemic 
injury in rats,[80] and in a model of global cerebral ischemia injury 
in rats.[81] Concurrently with the neuroprotection mediated 
by CB1 receptors, mice without CB1 receptors showed an 
increased neurotoxicity to NMDA and high mortality levels 
in permanent focal cerebral ischemia, and an increased infarct 
area, with neurological deficits more severe after transient focal 
cerebral ischemia and decreased blood flow in brain in ischemic 
penumbra during reperfusion, when compared with controls 
under the same aggressions.[82]

In contrast, several recent studies do not support the 
neuroprotective role of endocannabinoids in the activation 
of CB1 receptors. In fact, rimonabant and LY320135 (CB1 
receptors antagonist) reduced the size of the infarct and 
improved the neurological function in a cerebral ischemia model 
in rats, induced by brain middle artery occlusion,[83] while low 
doses of WIN 55,212-2 showed no protective effects.[83] Recent 
studies have evaluated the effect of selective CB2 agonists (O-
3853, O-1966) in a model of cerebrovascular accidents. CB2 
agonists significantly decreased cerebral infarct and improved 
motor function after cerebral middle artery occlusion for one 
hour, followed by 23 hours of reperfusion in rats, by attenuation 
of the increased mobilization of leucocytes and their adherence 
to vascular endothelial cells induced by transient ischemia. [84] 
The role of CB2 receptors in I/R injury was also supported 
by the increased accumulation of CB2-positive macrophages 
derived from resident microglia and/or from invading monocytes 
resulting from I/R cerebral injury.[85]

In general, it seems clear that both agonists and antagonists of 
CB1 receptors may play a neuroprotective effect on cerebral 
I/R injury. The reason for the contradictory effects of the 
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pharmacological blockade versus genetic “knockout” of CB1 
receptors is still unclear, but could be related with effects that 
are independent from CB1 antagonists, and that’s the reason 
why this subject requires further clarification. In the case of CB2 
agonists, the most likely protection mechanism is the reduction 
of increased leukocyte infiltration, mobilization and adhesion 
to vascular endothelial cells and consequent activation, in a 
process induced by I/R transient injury.

Circulatory shock (organ/body ischemia and/or ischemia/
reperfusion)

In addition to its well-known immunologic and neurobehavioral 
actions, cannabinoids and their synthetic endogenous analogs 
exert complex cardiopressant and vasodilator effects, which 
were implicated in the mechanisms underlying hypotension 
associated to hemorrhagic shock, cardiogenic and septic, 
advanced liver cirrhosis, cirrhotic cardiomyopathy, heart failure 
induced by doxorubicin and shock associated to necrotizing 
pancreatitis.[66,86-89] These depressant effects of the cardiovascular 
system could be prevented or reversed by the pretreatment with 
CB1 receptor antagonists, and they have been analyzed in 
many recent studies. CB receptors antagonists (eg. rimonabant, 
AM281, AM251 and SR144528) prolonged the survival in septic 
shock or in necrotizing pancreatitis,[60] increasing mortality in 
hemorrhagic[90] and cardiogenic[91] shock, despite the increase 
in blood pressure. One possible explanation for this intriguing 
controversy is the hypothesis that vasodilatation mediated by 
endocannabinoids can provide a survival value by increasing 
tissues oxygenation, neutralizing the excessive sympathetic 
vasoconstriction triggered by hemorrhage or by myocardium 
infarct, which could be avoided by blocking CB1 receptors. In 
contrast, the blockade of CB1 receptors could increase survival 
in endotoxic shock by preventing the primary hypotensive 
response to LPS.[73] Even more complicated is the fact that, in 
hemorrhagic shock, both cardiogenic and septic, UH-210, WIN 
55,212-2 and THC (CB agonists) are able to improve endothelial 
function and/or survival.[60] Since cardiovascular failure and 
dysfunction in many of the cited studies are triggered by I/R 
injury and/or ischemia, and consequently oxidative/nitrosative 
stress and inflammatory response associated to the activation of 
several cell death pathways downstream,[92] another explanation 
for the different beneficial effects of agonists and antagonists in 
circulatory shock could reside in their various anti-inflammatory 
and/or antioxidant properties.[74] These could be attributed to 
their inverse agonist properties or to mechanisms independent 
from CB1 and CB2 receptors.[15]

In global terms, it seems clear that both cannabinoids and 
antagonists of CB receptors may exert several beneficial effects 
in shock models in rats; however, the specificity of these effects 
and their importance for the circulatory shock in humans 
requires further investigation.

Role of endocannabinoid system in hypertension 

The potential use of cannabinoid ligands as antihypertensive 
agents was even considered since 1970,[93,94] and were further 

reviewed.[89,95] Cannabinoids decrease blood pressure in 
hypertensive rodents primarily because of decrease cardiac 
contractility, suggesting that could have a therapeutic role 
on hypertension and cardiac hypertrophy. Rimonabant, the 
CB(1) receptor blocker induced a significant increase in cardiac 
contractility and blood pressure in hypertensive rats but, on the 
contrary, contributed to decrease blood pressure in weight-loss 
clinical trials especially in obese patients with hypertension, 
which suggests that the overactivation of the ECS in intra-
abdominal obesity could be a deleterious effect, in particular 
from a cardiometabolic opinion.[89] 

In addition to the studies in animal models that were already 
mentioned, it was found that inhalation of THC causes a 
greater and more lasting fall in blood pressure in hypotensive 
subjects when compared with normotensive subjects.[96] 
Although the mechanism underlying this increased sensitivity 
is not cleared yet, it suggests a role of endocannabinoid system 
in the regulation of cardiovascular functions in hypertension. 
In a recent study, using three different experimental models 
of hypertension to explore this possibility, the authors found a 
significant endocannabinergic tone in hypertension that limits 
the blood pressure rise and cardiac contractility through the 
activation of cardiac and vascular CB1 receptors.[97] It was also 
found, that over-regulation of these same receptors contributes 
to potentiate of this tone, maybe trough the inhibition of 
the activation of endogenous anandamide, stabilizing blood 
pressure and the contractility of the heart in hypertension. 
These findings contribute to the interesting possibility of 
using inhibitors of fatty acid amide hydrolase in the treatment 
of hypertension. More clinical studies will be needed to clarify 
this interesting possibility in a near future.

Role of endocannabinoid system in atherosclerosis 

Cannabinoids, endogenous and synthetic, have complex 
cardiovascular actions through the activation of CB1 receptors 
(vascular and myocardial).[98] The decline of cardiac function 
associated with age and the changes in inflammation genes 
expression, nitrative stress and apoptosis in rats FAAH-/- 
compared with wild type rats was analyzed.[99,100] The authors 
found that increased levels of anandamide in FAAH-/- rats have a 
protective effect, which is consistent with the protective role of 
cannabinoids in inflammatory disorders, such as atherosclerosis. 
Besides that, anandamide demonstrated its capacity to 
attenuate, in a dose-dependent manner, the expression of 
ICAM-1, induced by TNF-α, and of VCAM-1 in endothelial 
cells of human coronary arteries, and also THP-1 monocytes 
adhesion in a process dependent on CB1 and CB2 receptors.[99]

Contrary to the potential beneficial effect in cardiovascular 
disease, the endocannabinoids may exhibit some prothrombotic 
effects. In fact, both anandamide and 2-AG were described as 
activators of human and rodent platelets. The platelets are 
cellular anucleated fragments that circulate on blood stream. 
Besides their recognized role in homeostasis and in thrombus 
formation, platelets may also have proinflammatory properties 
and be growth regulators, contributing to the progression of 
atherosclerosis.[101] Endothelial cells, macrophages and platelets 
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may, by itself, increase their synthesis of endocannabinoids 
during the formation of atherosclerotic plaque, leading to 
the activation of platelets. Alternatively, these cells are able 
to metabolize 2-AG and anandamide, which can offset the 
increased levels of cannabinoids. 

CB1 blockade with rimonabant, besides reduce weight and 
abdominal adiposity, improves cardiometabolic profile, due to 
multiple influences, including increased levels of high density 
lipoprotein (HDL)-cholesterol and reduced triglycerides.[102,103]

A possible role for CB2 receptors on the progression of 
atherosclerosis was suggested in an experimental model. 
The authors found that oral low-doses THC treatment could 
inhibit the development of atherosclerostic plaque, which was 
reversed using SR144528, an antagonist of CB2 receptors.[104] 
The progression of atherosclerosis was associated with a reduced 
infiltration of macrophages in the atherosclerotic lesions. The 
mobilization, adhesion and trans-endothelial migration of 
leukocytes are triggered by the local production of chemokines, 
its receptors and adhesion molecules.[105] Cannabinoids, 
endogenous or synthetic, have shown to modulate the migration 
of several cell types, including immune cells trough activation 
of CB2 receptors.[106] 

In overall, despite some interesting findings, a specific role of 
endocannabinoid signaling during atherosclerosis remains to 
be better elucidated.

New therapeutic opportunities of ECS in 
cardiovascular disorders

Obesity remains a continuous healthy problem and research 
issue, which is explained by the serious consequences associated 
with it, as well as by the increasing incidence of type 2 diabetes 
and associated obesity, including in younger individuals. In 
this way, the EC, due to its well known properties of weight 
control and energy balance, appeared as a promising target for 
the treatment of obesity, namely by blocking its receptors. The 
blockade of these receptors was effectively done by rimonabant, 
which was viewed as a promising drug for the treatment of 
obesity. Besides its action on obesity, rimonabant has also proved 
to be efficient in controlling vascular diseases in several clinical 
trials and, therefore, this drug was presented as an effective 
therapeutic approach for treating obesity and cardiovascular 
disease. However, despite the proven effectiveness in weight 
loss, rimonabant clinical use was associated with several side 
effects, which mainly includes the following three groups: the 
first one includes psychiatric disorders such as depression and 
anxiety; the second one is associated with gastrointestinal 
disturbances such as nausea; and finally the third group with 
regard to neurological changes that are reflected in headaches 
and vertigo. Despite these adverse effects, which originated its 
removal from the marker, since the blockade of CB1 receptors 
continues to prove an asset in the management of obesity and 
its associated risks (such as reduction of lipogenesis, decreased 
waist circumference, insulin resistance and dyslipidemia), 
research in the modulation of the ECS has continued. 

Although CB1 receptors seem to be the main target for new 
therapeutic interventions, CB2 receptors are also involved in 
several mechanisms and, since they are present in immune 
cells and are, apparently, involved in modulating immune 
responses, they are extremely important and may be seen as a 
therapeutic target as well. Several line of evidences have been 
clearly suggesting that cannabinoids and their endogenous and 
synthetic analogs can promote important cardiac effects, which 
includes hypotension and cardiodepression. The actions seem to 
be mediated by complex mechanisms, including both direct and 
indirect effects both on the vasculature and on the myocardium. 
Furthermore, the ECS, including endocannabinoids and 
cannabinoid receptors, have been implicated in the myocardial 
and cerebral ischemia/reperfusion, in hypotensive state 
associated with hemorrhagic, endotoxic and cardiogenic shock, 
and in advanced liver cirrhosis. There is also promising evidences 
hypothesizing a key role for the endocannabinergic system in the 
cardiovascular regulation in hypertension, as well as a beneficial 
action on atherosclerotic plaque. 

Resuming, cannabinoids are able to modulate a countless 
number of physiologic functions, demonstration a pleiotropic 
protective action on the cardiovascular physiology [Figure 1] 
and therefore, endocannabinoid system is a potential target for 
the treatment of several diseases and the research about this 
subject still have a long way to go.

Conclusions

The continued approach of biophysics and molecular 
characterization of ligands for the cannabinoid receptor will 
contribute decisively to the success of cross-level research 
of ECS. Those advances will be pivotal for the development 
and definition of the profile of new chemical entities as 
therapeutic endocannabinoid modulators. They may also 
facilitate the identification of new dynamics of the ECS to be 
used as predictive and/or diagnostic orientation biomarkers 

Figure 1: Endocannabinoids exhibit pleiotropic effects on cardiovascular 
physiology, demonstrating protective activity on several tissues, 
including the cardiac and the vascular, together with positive impact 
on various other cells that contribute to cardiovascular/atherosclerotic 
pathologies, such as the monocytes, macrophages, lymfocyttes, 
leucocytes, neutrophils and other inflammatory cells
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for the patients, as well as therapeutic based on ECS 
pharmacomodulation.

The therapeutic approach of cardiovascular system starting 
from the modulation of ECS appears to be a promising and 
multidisciplinary issue of study that is still in its early stages but 
that could be a field for better therapeutic intervention in several 
disorders, including of cardiovascular and cardiometabolic nature.
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