
Received: 29 February 2024 | Accepted: 27 June 2024

DOI: 10.1002/jcp.31373

R EV I EW AR T I C L E

Dissecting the role of cannabinoids in vascular
health and disease

Yanan Guo1,2,3 | Xiaoyun Wei4 | Junyu Pei2,3 | Haibo Yang1 | Xi‐Long Zheng2,3

1Department of Cardiology, The First

Affiliated Hospital of Zhengzhou University,

Zhengzhou, China

2Department of Biochemistry and Molecular

Biology, Libin Cardiovascular Institute of

Alberta, Cumming School of Medicine,

University of Calgary, Calgary, Alberta,

Canada

3Department of Physiology and

Pharmacology, Libin Cardiovascular Institute

of Alberta, Cumming School of Medicine,

University of Calgary, Calgary, Alberta,

Canada

4Department of Cardiology, The Fifth School

of Clinical Medicine of Henan University of

Traditional Chinese Medicine, Zhengzhou,

China

Correspondence

Haibo Yang, Department of Cardiology, The

First Affiliated Hospital of Zhengzhou

University, 1 Jianshe East Rd., Zhengzhou,

Henan 450052, China.

Email: yanghaibo1975@126.com

Xi‐Long Zheng, Department of Biochemistry

and Molecular Biology, Libin Cardiovascular

Institute of Alberta, Cumming School of

Medicine, University of Calgary, 3330

Hospital Dr. NW, Calgary, AB T2N 4N1,

Canada.

Email: xlzheng@ucalgary.ca

Funding information

Henan Medical Science and Technology Joint

Building Program, Grant/Award Numbers:

LHGJ20210697, LHGJ20230162; Canadian

Institutes of Health Research,

Grant/Award Numbers: PJT‐178010,
PJT‐165941

Abstract

Cannabis, often recognized as the most widely used illegal psychoactive substance

globally, has seen a shift in its legal status in several countries and regions for both

recreational and medicinal uses. This change has brought to light new evidence

linking cannabis consumption to various vascular conditions. Specifically, there is an

association between cannabis use and atherosclerosis, along with conditions such as

arteritis, reversible vasospasm, and incidents of aortic aneurysm or dissection.

Recent research has started to reveal the mechanisms connecting cannabinoid

compounds to atherosclerosis development. It is well known that the primary

biological roles of cannabinoids operate through the activation of cannabinoid

receptor types 1 and 2. Manipulation of the endocannabinoid system, either

genetically or pharmacologically, is emerging as a promising approach to address

metabolic dysfunctions related to obesity. Additionally, numerous studies have

demonstrated the vasorelaxant properties and potential atheroprotective benefits of

cannabinoids. In preclinical trials, cannabidiol is being explored as a treatment option

for monocrotaline‐induced pulmonary arterial hypertension. Although existing

literature suggests a direct role of cannabinoids in the pathogenesis of athero-

sclerosis, the correlation between cannabinoids and other vascular diseases was only

reported in some case series or observational studies, and its role and precise

mechanisms remain unclear. Therefore, it is necessary to summarize and update

previously published studies. This review article aims to summarize the latest clinical

and experimental research findings on the relationship between cannabis use and

vascular diseases. It also seeks to shed light on the potential mechanisms underlying

these associations, offering a comprehensive view of current knowledge in this

evolving field of study.
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1 | INTRODUCTION

Cannabis, commonly known as marijuana, is the most frequently used

illicit substance globally. To date, cannabinoids have been approved

for the treatment of chemotherapy‐induced gastrointestinal symp-

toms, multiple sclerosis (MS), and two rare forms of epilepsy. With

the trend of global legalization of cannabis for both recreational and

medical purposes, the prevalence of cannabis use has increased

markedly over the past few years. Hence, it is necessary for

healthcare providers to understand the effects of cannabinoids on

human physiology. Here, we will focus on vascular diseases.

Based on their source of production, cannabinoids can be

classified into three groups: phytocannabinoids produced primarily

by cannabis, synthetic cannabinoids (SCs) that are made artificially in

the lab, and endocannabinoids produced by the human body. The

two major constituents of cannabis, delta‐9‐tetrahydrocannabinol

(THC, the primary psychoactive cannabinoid) and cannabidiol (CBD),

are the best‐characterized cannabinoids. The mechanism of cannabi-

noid effects on vascular diseases became clear with the identification

of two classical cannabinoid receptors (CBRs; CB1 and CB2), and

nonclassical cannabinoid receptors such as transient receptor

potential vanilloid (TRPV1 and TRPV4) and G protein‐coupled

receptors (GPR18 and GPR55). CB1 is located mainly in the central

nervous system (CNS), and its variants are associated with

dyslipidemia, obesity, and insulin resistance. In contrast, CB2,

referred to as “the peripheral CBR” is highly expressed in the

peripheral immune system.

Over the past several decades, considerable evidence from both

animal and human studies has demonstrated that the endocannabi-

noid system (ECS) participates in the regulation of atherogenic

dyslipidemia (Bluher et al., 2006; Boon et al., 2014; Hu et al., 2011;

Jiang et al., 2009). Sugamura et al. reported that serum endocanna-

binoids and mRNA expression of CB1 in coronary atheroma were

significantly increased in patients with coronary artery disease

(Sugamura et al., 2009). Interestingly, although rimonabant (30mg/

kg/d), a selective CB1 inhibitor, did not affect serum total cholesterol,

it still had antiatherosclerotic effects in low‐density lipoprotein

receptor (LDLR)−/− mice (Sugamura et al., 2009). This study shows

that CB1 blockade may inhibit atherosclerosis progression by

multiple mechanisms independent of cholesterol metabolism. CB2

is expressed in atherosclerotic lesions of mice and humans and a

growing body of research has revealed that CB2 activation has a

protective effect against atherosclerosis (Steffens et al., 2005; Zhao,

Liu, et al., 2010; Zhao, Yuan, et al., 2010). CB2 is also associated with

matrix metalloproteinase‐9 (MMP‐9) activity, collagen degradation,

and subsequent plaque vulnerability (Montecucco et al., 2009, 2012;

Netherland et al., 2010).

Many clinical cases have also linked cannabis use to cannabis

arteritis (Combemale et al., 2005; Desbois & Cacoub, 2013; Peyrot

et al., 2007; Pilitsi et al., 2023; Sterne & Ducastaing, 1960), reversible

arterial vasospasm (Adamson et al., 2020; Baskaran et al., 2019; Bliss

et al., 2021; Gunawardena et al., 2014; Hodcroft et al., 2014; Robert

et al., 2013; Uhegwu et al., 2015; Wolff et al., 2011) and spontaneous

artery dissection (Ibn Hadj Amor et al., 2021; Lou et al., 2015; Mason

et al., 2019; Sarmiento et al., 2021; Schmid & Auer, 2011), especially

in young healthy men with no other risk factors. With the rise in

cannabis use among older adults, it is expected that these reports will

increase in the next decades. Although existing literature has not

found a significant association between marijuana smoking and

vascular calcification (VC) (Murtha et al., 2023), cannabinoids may

contribute to VC via impaired calcium homeostasis, autophagic flux,

and increased endoplasmic reticulum (ER) stress in vascular smooth

muscle cells (VSMCs).

In several multicenter trials, selective blocking of CB1 with

rimonabant not only reduced body weight, but also improved

cholesterol profile and reduced high‐sensitivity C‐reactive protein

(hsCRP), blood glucose, fasting insulin, and leptin in overweight

patients with dyslipidemia (Despres et al., 2005). However, rimona-

bant was removed from the market due to its adverse psychiatric

events. Therefore, peripherally restricted second‐generation or

hybrid CB1 blocker third‐generation (Cinar et al., 2020) treatments

that do not cause CNS‐mediated side effects represent a new

therapeutic strategy for metabolic diseases.

Previous studies demonstrated that balloon injury increased

endocannabinoid levels and the expression of CB1/2 in injured arteries

(Molica et al., 2012, 2013). A further study revealed that CB1 activation

contributes to VSMC proliferation and neointima formation in response

to arterial injury (Molica et al., 2013). In contrast, CB2 activation

attenuates tumor necrosis factor‐α (TNF‐α)‐induced proliferation and

migration of VSMCs and reduces neointima formation in injured arteries

(Rajesh et al., 2007; Rajesh, Mukhopadhyay, Haskó, Huffman, et al.,

2008). Therefore, blocking CB1 together with selective activation of

CB2 could be an attractive therapeutic strategy for the treatment of in‐

stent restenosis (ISR).

In previous studies, CBD has been proven to modify endocan-

nabinoid levels via the inhibition of fatty acid amide hydrolase (FAAH)

(De Petrocellis et al., 2011). CBD inhibited the hyperproliferation of

pulmonary artery smooth muscle cells (PASMCs) and ameliorated

Sugen + hypoxia‐induced pulmonary arterial hypertension (PAH) in

mice and monocrotaline (MCT)‐induced PAH in rats via improved

PASMCs mitochondrial function (Lu et al., 2021) and activation of the

transforming growth factor β1 (TGF‐β1) signaling pathway (Krzy-

żewska et al., 2023). CBD may also attenuate PAH by decreasing CB1

expression and levels of inflammatory mediators. Additionally, CBD

also showed therapeutic effects for PAH by inhibiting platelet

aggregation (Walsh et al., 2010) and decreasing plasminogen

activator inhibitor‐1 (PAI‐1) expression (Ramer et al., 2010), and

ameliorating MCT‐induced PAH. The pleiotropic properties of CBD

may prove useful as a therapeutic tool for the treatment of PAH.

Based on these findings, it is reasonable to speculate that the

growing popularity of cannabis for both recreational and medical

purposes will be associated with a parallel rise in the incidence of

vascular complications. Therefore, a thorough understanding of the

effects of cannabis on the vascular system is warranted. Here we

provide a review of the cannabis and cannabinoid receptors followed

by examining the effects of cannabis on the vascular system,
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including the occurrence of atherosclerosis, arterial vasospasms,

cannabis arteritis (CA), and spontaneous artery dissection. Addition-

ally, accumulating studies suggest that CBRs are present in vascular

tissues and cells, and may play a pivotal part in various vascular

diseases. Therefore, the pharmacologic regulation of CBRs is a

promising therapeutic strategy for vascular diseases. We also briefly

summarize the recent evidence in experimental and human studies

relating to the therapeutic potential of CBR agonists/antagonists in

various pathological conditions, including atherosclerosis, ISR,

and PAH.

2 | CANNABIS AND CANNABINOIDS

Following increased recreational use of marijuana in the mid‐1960s,

Raphael Mechoulam and his colleagues in Israel isolated THC and

other phytocannabinoids. Based on their source of production,

cannabinoids can be classified into three groups: phytocannabinoids

produced primarily by cannabis, synthetic cannabinoids that are made

artificially in the lab, and endocannabinoids produced by the human

body. All three groups of cannabinoids have a similar structure

(Figure 1).

2.1 | Phytocannabinoids

Cannabis is an herb that has three major subspecies: sativa, indica,

and ruderalis. Cannabis is a complex mixture of over 500 cannabi-

noids, of which 120 cannabinoids have been identified, including

THC, CBD, cannabinol (CBN), and cannabigerol (CBG). Among them,

THC and CBD are the best characterized. THC is the major

psychoactive compound in cannabis and two synthetic THC

cannabinoids (Dronabinol and Nabilone) have been approved by the

Food and Drug Administration (FDA) in the United States for the

F IGURE 1 Classification of cannabinoids and chemical structures of the main representative phyto‐, endo‐ and synthetic cannabinoids.
(a) Phytocannabinoids are bioactive natural products found in cannabis plants. (b) Synthetic cannabinoids are manmade chemicals that have a
chemical structure similar to those of phytocannabinoids. (c) Endocannabinoids 2‐AG and AEA are biosynthesized by DAGL and NAPE‐PLD,
respectively. MAGL and FAAH are the metabolizing enzymes that degrade AEA to produce AA and EA, and 2‐AG to AA and glycerol. Both
AEA and 2‐AG can also be oxidized by COX‐2, to create prostamides. 2‐GA, 2‐arachidonoylglycerol; AA, arachidonic acid; Abn‐CBD,
abnormal cannabidiol; AEA, anandamide; CBD, cannabidiol; CBG, cannabigerol; CBN, cannabinol; COX‐2, oxidized by cyclooxygenase‐2;
DAGL, diacylglycerol lipase; EA, ethanolamine; FAAH, fatty acid amide hydrolase; MAGL, monoacylglycerol lipase; NAPE‐PLD,
N‐acylphosphatidylethanolamine phospholipase D; THC, 9‐tetrahydrocannabinol.
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treatment of chemotherapy‐induced nausea and vomiting and human

immunodeficiency virus/acquired immunodeficiency syndrome‐

induced anorexia. Additionally, the FDA approved Sativex, an oral

spray containing THC and CBD in a 1:1 ratio, for easing spasticity in

adult MS patients. CBD is the major nonpsychotropic ingredient in

cannabis, and the FDA has approved Epidiolex (highly purified CBD)

for the treatment of seizures associated with Dravet syndrome and

Lennox‐Gastaut syndrome. CBD was also found to exert beneficial

effects in many preclinical disease models ranging from MCT‐induced

PAH (Lu et al., 2021), cardiac ischemia/reperfusion injury (Walsh

et al., 2010), and doxorubicin‐ and diabetes‐induced cardiomyopa-

thies (Hao et al., 2015; Rajesh et al., 2010). Of note, safety concerns

have arisen regarding the potential conversion of CBD to psycho-

tropic cannabinoids under in vitro and in vivo conditions.

2.2 | Synthetic cannabinoids

SCs were initially synthesized following the discovery of THC in 1964.

With the growing popularity of medical and recreational consumption,

numerous synthetic analogs have been produced. Most SCs are agonists

of CBRs, and have a higher affinity for CB1 (Table 1). Because of the risk

of psychiatric side effects, CB1 antagonists have evolved from first‐

generation brain penetrance (e.g., rimonabant, Taranabant, and Otena-

bant) to second‐generation peripherally restricted antagonists (e.g.,

TM38837 and AM6545), to a third‐generation multitargeting approach

(e.g., MRI‐1867 and MRI‐1569) (Cinar et al., 2020).

Early SCs were named after either the scientist who first

synthesized them or the institution or company where they

originated. For example, the JWH and AM series of SCs are derived

from the scientists John W. Huffman and Alexandros Makriyannis,

and the HU and CP series of SCs were developed at the Hebrew

University and Charles Pfizer. Additionally, recreational SCs have

been marketed under brand names, such as Spice, K2, K3, and many

others. In recent years, SCs have been assigned names derived from

their four pharmacophore components termed the linked group,

linker, core, and tail, using the following arrangement: LinkedGroup‐

TailCoreLinker. In addition, many nonclassical SCs have been

synthesized to simplify the classical SCs structure, presenting

challenges to nomenclature.

2.3 | Endocannabinoid system

The ECS is a widespread neuromodulatory network that plays

important roles in the CNS regulation of food intake, emotional

behavior, cognition, memory, and pain sensation. The ECS includes

endocannabinoids, the enzymes that synthesize and degrade en-

docannabinoids, and G‐protein‐coupled CB1/2. Over the past

decade, substantial evidence has accumulated demonstrating that

alterations and dysfunctions of the ECS modulate several processes

critical in the pathophysiology of metabolic cardiovascular risk

factors, and atherosclerosis (Cristino et al., 2020). Patients with

obesity or type 2 diabetes‐related hyperglycemia exhibit higher

concentrations of endocannabinoids in visceral fat or serum (Engeli

et al., 2005; Matias et al., 2006), indicating that the ECS is

upregulated in patients with obesity and those with multiple

cardiovascular risk factors.

Endocannabinoids are lipophilic molecules synthesized in biolog-

ical membranes on demand. The arachidonic acid derivatives

anandamide (AEA) and 2‐arachidonoylglycerol (2‐AG) are the most

characterized endocannabinoids. AEA is mainly synthesized by the

catabolism of the phospholipid hormone precursor N‐acyl‐

phosphatidylethanolamine (NAPE) via NAPE phospholipase D

(NAPE‐PLD). 2‐AG is almost exclusively catalyzed from the hydrolysis

of diacylglycerol (DAG) by diacylglycerol lipase (DAGL), releasing a

free fatty acid and 2‐AG (Figure 1). Once taken up through a specific

anandamide transporter, AEA is hydrolyzed by FAAH into arachidonic

acid (AA) and ethanolamine (EA), whereas 2‐AG is mostly degraded

by monoacylglycerol lipase (MAGL) into AA and glycerol. Additionally,

both AEA and 2‐AG can also be oxidized by cyclooxygenase‐2 (COX‐

2), to create prostamides.

3 | CANNABINOID RECEPTORS

Owing to their lipophilic nature, cannabinoids were initially thought

to exert various biological effects by disrupting the cell membrane

nonspecifically. In the early 1990s, the mechanism of cannabinoids

became clear with the subsequent identification of two classical

CBRs, CB1 and CB2, which are seven‐transmembrane G‐protein

coupled receptors (GPCRs). In recent years, other nonclassical

cannabinoid receptors such as transient receptor potential vanilloid

(TRPV1 and TRPV4) and G protein‐coupled receptors (GPR18 and

GPR55) were found to have affinity for cannabinoids. Additionally, an

as yet unidentified endothelial cannabinoid receptor was reported to

partially participate in the vasodilatory effects of endocannabinoids.

CB1 is located mainly in the CNS, while CB2 is primarily found in the

periphery, especially the immune system. In addition to their well‐

established roles in the CNS and immune system, CB1 and CB2 are

also present in vascular tissues and cells, including endothelial cells

(ECs), VSMCs, and macrophages, and may play a pivotal part in

various vascular diseases, as summarized in Table 2.

3.1 | Cannabinoid receptor type 1

CB1 and CB2 are both members of the superfamily of metabotropic

GPCRs. CB1 is the most abundant GPCR in the CNS and was

immediately recognized as the receptor responsible for the effects of

cannabis on the CNS. CB1 is also abundantly expressed in the

peripheral nervous system and tissues, and its expression is

upregulated in the vascular system under pathological conditions,

which promotes vascular diseases progression (Baranowska‐Kuczko

et al., 2016; Gestrich et al., 2015; Molica et al., 2013; Sugamura

et al., 2009).
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Like the majority of GPCRs, CB1 is primarily localized in the cell

membrane. Typically, CB1 can be coupled to different G proteins,

such as Gi/o and/or Gq proteins, to modulate ion‐channel function

and several signaling cascades, including the phosphatidylinositol‐3‐

kinase (PI3K)‐protein kinase B (AKT), mitogen‐activated protein

kinase (MAPK), and protein kinase A (PKA) cascades. Interestingly,

considerable observations have shown that CB1 is functionally

localized in the intracellular milieu, including endo/lysosomes and

mitochondrial membranes (mtCB1). Follow‐up studies discovered

that intracellular CB1 may come from the agonist‐induced internal-

ization of plasma membrane or a distinct pool of intracellularly

localized CB1 (Zou & Kumar, 2018). Intracellular‐localized CB1 does

not translocate to the plasma membrane and exerts its pharmaco-

logical properties distinct from plasma membrane‐localized CB1.

Endo/lysosome‐located CB1 can increase intracellular calcium

concentrations from the endoplasmic reticulum and lysosomes.

mtCB1 has been shown to be present in different cell types and

regulates the motility of sperm, progesterone production in ovarian

cells, cognitive functions in brain, and oxygen consumption in skeletal

and myocardial muscles.

CB1 is encoded by the CNR1 gene, and consists of 472 amino

acids in humans, and 473 amino acids in rats and mice, with

97%–99% amino acid sequence identity among them. CNR1 is

located on human chromosome 6q14‐15 and has one promoter and

four exons that are spliced into six variants. The entire protein coding

region of CNR1 is contained within the single Exon 4. Two isoforms

(CB1a and CB1b) result from intra‐exonal splicing of Exon 4. A

number of polymorphisms has demonstrated that genetic variability

TABLE 1 Agonist and antagonist/inverse agonists of several cannabinoid receptors.

Agonist Antagonist Inverse agonists

CB1 JWH‐018, −019, −030, −073, −122, −200, −251
AM‐1220, −2201, −679, −694, −251, −281
CP‐47,497, −55244
PB‐22, 5F‐PB‐22
O‐1812
MDMB‐FUBINACA, MAM‐2201, APINACA, ACEA

SR141716 (Rimonabant)

SR147778 (Surinabant)
O‐1248, −2050
SLV‐319
LY‐320, 135
WIN55, 212‐2
AM‐6545
JD5037
CP945598

AM‐251, −281

CB2 HU‐308
JWH‐015, −133, −151
UR‐144
AM‐1241

SB‐705498, −366791
AMG‐9810, −517
AP‐18
A‐784168
HC‐030031
JNJ‐17203212
JYL1421
BCTC

SR144528
AM‐630
WIN54,461
JTE 907

GP 1a
COR 170
SCH 336
SR144528

CB1
and CB2

HU‐210
JWH‐081, −203, −250, −307
AM‐2232, −2233, −1248
EAM‐2201
CP‐55,940

TRPV1 Capsaicin 20‐HETE Capsazepine
HC‐067047
GSK2193874

RN‐9893, −1734
GSK1016790A
SB‐366791
Ruthenium red
AMG‐9810

TRPV4 4α‐PDD PSB CB5
HC067047
CID‐85469571
RN1734

GPR18 PSB‐KD107
PSB‐KK‐1415

O‐1918

GPR55 O‐1602
Lysophosphatidylinositol

ML‐193 CID16020046
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in the CNR1 gene is associated with common obesity and its related

metabolic disorders, including dyslipidemia and insulin resistance

(Figure 2). In the coming era of personalized medicine, genetic

variants and haplotypes in CNR1 associated with metabolic disorders

may help identify specific targets in conditions of endocannabinoid

dysfunction.

Endogenous CB1 signaling plays a critical role in regulating

energy homeostasis by increasing food intake (Bellocchio et al., 2010;

Di Marzo et al., 2001), modulating the release of adipose‐derived

hormones (Balsevich et al., 2018; Cota et al., 2003), promoting

lipogenesis in the liver (Kunos & Osei‐Hyiaman, 2008; Osei‐Hyiaman

et al., 2005) and insulin secretion in the pancreas (Matias et al., 2006),

and regulating digestion from salivation to nutrient absorption in the

intestinal tract (Lee et al., 2016). Therefore, increased CB1 activation

can lead to excessive weight gain, insulin resistance and dyslipidemia,

and CB1 antagonists appear to be efficacious in facilitating weight

reduction, and improving glucose homeostasis and lipid homeostasis.

Several clinical trials have demonstrated the efficacy of rimonabant,

the first commercially available CB1 blocker, in improving obesity and

its associated metabolic abnormalities (Despres et al., 2005).

However, the drug was quickly withdrawn due to psychiatric effects

in 2008. Therefore, peripherally restricted second generation or

hybrid CB1 blocker third generation treatments that do not causing

CNS‐mediated side effects represents a new therapeutic strategy for

mitigating obesity and its multiple metabolic disorders (Cinar

et al., 2020).

3.2 | Cannabinoid receptor type 2

CB2 is highly expressed in cells of the peripheral immune system,

thus it is referred to as “the peripheral CBR.” Due to its low

expression in the vascular system, CB2 does not exert direct vascular

effects under physiological conditions. However, CB2 can be induced

in ECs (Rajesh et al., 2007) and VSMCs (Rajesh et al., 2007; Rajesh,

Mukhopadhyay, Haskó, Huffman, et al., 2008) under pathological

conditions such as inflammatory stimulation or tissue injury. For

example, increased CB2 expression has been described in athero-

sclerotic plaques (Netherland et al., 2010; Steffens et al., 2005),

neointimal lesions following balloon injury (Molica et al., 2012), and in

aortic aneurysms (Gestrich et al., 2015).

CB2 is encoded by CNR2 and was first cloned from the human

leukemia cell line HL‐60 in 1993. CNR2 is located in human

chromosome 1p35‐p36.1 and contains four exons alternatively

transcribed and spliced to yield two isoforms (Figure 2). With two

separate promoters (P1 and P2) and four exons, CNR2 (87.7 kb) is

over three times as large as CNR1 in genomic size (26.5 kb). CNR2 has

CB2a with Exons 3 and 4, and CB2b with Exons 1 and 2. Human

CB2a is found primarily in the testis and in the brain, while the CB2b

isoform is expressed primarily in the immune differential tissues.

Despite sharing 44% homology, CB1 and CB2 appear to be

functionally distinct. CB1 has a yin‐yang relationship with CB2

structurally and functionally. CB1 promotes proinflammatoryT
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responses of macrophages through reactive oxygen species (ROS)

production, which is negatively regulated by CB2 through Rap1

activation (Han et al., 2009). Strong evidence supports a protective

role of CB2 in mouse models of atherosclerosis (Montecucco et al.,

2012; Netherland et al., 2010; Steffens et al., 2005; Zhao, Liu, et al.,

2010; Zhao, Yuan, et al., 2010), restenosis (Molica et al., 2012), and

ischemia/reperfusion injury (Defer et al., 2009). Considering basic

research data, CB2 activation may be a promising approach against

atherosclerosis and acute ischemic complications.

3.3 | Transient receptor potential channels

Transient receptor potential (TRP) channels constitute a superfamily

of cation‐permeable ion channels located mostly on the plasma

membrane. Among them, the TRP vanilloid (TRPV1‐TRPV4), TRP

ankyrin (TRPA1), and TRP melastatin (TRPM8) have been reported to

mediate cannabinoid activity, and are often referred to as ionotropic

cannabinoid receptors. TRPV1 is predominantly expressed in

peripheral sensory neurons and is also expressed in SMCs, ECs, and

the immune system. It participates in the regulation of vascular tone

and blood pressure, and is involved in the pathogenesis of

atherosclerosis development (Li et al., 2014; Ma et al., 2011),

pulmonary hypertension (Song et al., 2017), and abdominal aortic

aneurysm (Wang & Jia, 2020). There is evidence suggesting that

endogenous, phytogenic, and synthetic cannabinoids can modulate

vascular tone via the activation of TRPV1. TRPV4 shares over 40%

sequence homology with TRPV1. Watanabe et al. have shown that

TRPV4 is highly expressed in ECs, and may partly participate in the

endothelium‐dependent relaxation in response to AEA (Watanabe

et al., 2003) and 2‐AG (Ho et al., 2015) (Table 2). Although

cannabinoids may cause vasorelaxation via endothelial TRPV1/4, it

is not clear whether cannabinoids can exert other vascular effects

through the activation these TRP channels.

3.4 | G protein‐coupled receptor

GPR55 shares numerous cannabinoid ligands but low sequence

homology with classical CBRs, therefore, it has emerged as a putative

“type 3” CBR. Previous studies have demonstrated that GPR55

participates in oxidized LDL (oxLDL)‐induced foam cells, and may be

associated with the formation of unstable plaques (Montecucco et al.,

2016). However, its physiological role and underlying mechanism

remain unclear. Additionally, GPR18, which shares moderate identity

with GPR55 (21%), was reported to cause vasorelaxation in human‐

isolated pulmonary arteries (Kozlowska et al., 2022). However, there

are no reports on GPR18 activation in vascular diseases.

4 | CANNABIS AND VASCULAR DISEASES

4.1 | Cannabis and atherosclerosis

Since the ECS participates in the regulation of atherogenic

dyslipidemia in mice (Boon et al., 2014; Hu et al., 2011; Jiang et al.,

2009) and humans (Blüher et al., 2006), evidence from previous

studies has demonstrated that blocking CB1 can attenuate

F IGURE 2 Schematic representation of human CNR1 (a) and CNR2 (b) genomic structure, their alternative spliced transcripts (mRNAs), and
the effects of CNR1 mutations on metabolism. The coding region of CNR1 and CNR2 is contained within Exon 4. (a) CNR1 is on human
chromosome 6q15. It has one promoter (P), four exons, and six splice sites in Exon 1 (a) and (b) and Exon 4 (4A‐D) indicated by downward arrows
and capital letters. CNR1 can be spliced into six transcripts including four full‐length CB1 transcripts and two N‐terminal altered and deleted
isoforms (CB1a and CB1b). A number of polymorphisms associated with metabolism have been identified and the positions of some of the
polymorphisms are indicated by thin blue lines. (b) CNR2 is located on human chromosome 1p36. CNR2 has two separate promoters (P1 and P2)
and four exons that are spliced into CB2a and CB2b transcripts, encoding the same peptide sequences. CNR2 contains human‐specific Exons 1
and 2 encoding CB2a that is under control of P1, whereas P2 controls expression of Exons 3 and 4 encoding CB2b that is preferentially
expressed in the immune system. P (red font) represents promoters. CNR1, cannabinoid receptor type 1; CNR2, cannabinoid receptor type 2.
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atherosclerosis development through activating the reverse choles-

terol transport system in ApoE−/− mice (Sugamura et al., 2010) and

reversing dyslipidemia in APOE*3‐Leiden.CETP mice (van Eenige

et al., 2021). In a human study, Sugamura et al. reported that blood

endocannabinoids and mRNA expression of CB1 in coronary

atheroma are significantly increased in patients with coronary artery

disease, and rimonabant exerts anti‐inflammatory effects on

macrophages through modulation of the activation of cyclic adeno-

sine monophosphate (cAMP) and phosphorylation of c‐Jun N‐

terminal kinase, JNK (Sugamura et al., 2009) (Figure 3).

Subsequently, Dol‐Gleizes et al. demonstrated that rimonabant

(50mg/kg/d) significantly reduces weight gain, serum total choles-

terol, and atherosclerotic lesion development in LDLR−/− mice (Dol‐

Gleizes et al., 2009). Interestingly, although a low dosage of

F IGURE 3 Hypothetical effects of cannabinoids on vascular cells and subsequent vascular diseases. Cannabis use is associated with
atherosclerosis and triggers vasospasm, arteritis, aortic dissection, and VC. Cannabinoids may also represent a new therapeutic strategy for PAH
and arterial remodeling. CB1 activation promotes atherosclerosis development by increasing food intake, modulating fat metabolism and the
release of adipose‐derived hormones. Additionally, cannabinoids can ameliorate atherosclerosis progression via immunomodulatory effects of
CB1 on macrophages. CB1 activation contributes to VSMC proliferation and neointima formation. By contrast, CB2 activation inhibits
proliferation and migration of VSMCs, and reduces neointima formation. Mechanically, CB1 inhibition and CB2 activation can attenuate
PDGF‐ and TNF‐α‐induced proliferation and migration of VSMCs by the activation of the Ras‐Erk 1/2 and MAPK/Ras/AKT pathways, respectively.
The mechanisms underlying cannabis arteritis may be associated with allergic reactions and EC inflammation. Cannabinoids may promote the
progression of VC via dysfunctional calcium homeostasis, impaired autophagy, and ER stress in VSMCs. Cannabis use may also contribute to
spontaneous artery dissection/aneurysm formation through the mutual interaction of CB1 and AT1‐R and CB2‐induced TLR4/MMP‐9 signaling.
CBD can increase endocannabinoid levels via the inhibition of FAAH, and then ameliorate PAH progress by improving endothelial function. CBD
may also attenuate PAH progress by inhibiting the CB1‐induced inflammatory response and hyperproliferation of PASMCs via improved PASMC
mitochondrial function and activation of the TGF‐β1 signaling pathway. Additionally, CBD may also show therapeutic usage in PAH by inhibiting
PAI‐1‐induced platelet aggregation. 2‐GA, 2‐arachidonoylglycerol; AEA, anandamide; AT1‐R, angiotensin II type 1 receptor; CBD, cannabidiol; ECs,
endothelial cells; ER, endoplasmic reticulum; FAAH, fatty acid amide hydrolase; MMP‐9, matrix metalloproteinase‐9; PAH, pulmonary arterial
hypertension; PAI‐1, plasminogen activator inhibitor‐1; PASMCs, pulmonary arterial smooth muscle cells; TGF‐β1, transforming growth factor
β1; THC, 9‐tetrahydrocannabinol; TNF‐α, tumor necrosis factor‐α; VC, vascular calcification; VSMCs, vascular smooth muscle cells.
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rimonabant (30mg/kg/d) did not affect serum total cholesterol, it still

had antiatherosclerotic effects in LDLR−/− mice. Moreover, rimona-

bant was shown to decrease lipopolysaccharide (LPS)‐and IL‐1β‐

induced proinflammatory gene expression in vitro as well as

thioglycolate‐induced recruitment of macrophages in vivo (Dol‐

Gleizes et al., 2009). In another study, Lim et al. found that chronic

treatment with rimonabant reduces myocardial infarct size in a model

of ischemia‐reperfusion injury and the cardioprotective effects

appeared to be independent of weight loss (Lim et al., 2009). The

above studies indicate that CB1 may participate in the regulation of

atherosclerosis by multiple mechanisms independent of cholesterol

metabolism.

The Rimonabant in Obesity–Lipids (RIO–Lipids) study revealed

that selective blockage of CB1 with rimonabant not only reduces

body weight, but also improves several metabolic risk factors by

increasing concentrations of high‐density lipoprotein (HDL) choles-

terol and adiponectin, and reducing hsCRP, triglycerides, blood

glucose, fasting insulin, and leptin in overweight patients with

dyslipidemia (Despres et al., 2005). Despite the benefit obtained in

weight reduction, the favorable effects of rimonabant on cardiovas-

cular diseases remain unclear. The Strategy To Reduce Athero-

sclerosis Development In‐Volving Administration of Rimonabant—the

Intravascular Ultrasound Study (STRADIVARIUS) found that rimona-

bant (20mg/day) administered over 18 months did not reduce

coronary disease progression in patients with abdominal obesity and

metabolic syndrome as assessed by intravascular ultrasound (Nissen

et al., 2008). The Comprehensive Rimonabant Evaluation Study of

Cardiovascular Endpoints and Outcomes (CRESCENDO) trial demon-

strated that rimonabant did not improve adverse cardiovascular

outcomes, and the trial was prematurely terminated after a mean of

14 months follow‐up owing to serious neuropsychiatric side effects

(Topol et al., 2010).

CB2 is expressed in atherosclerotic lesions of mice and humans

and a growing body of research has revealed a link between the

activation of CB2 signaling and atherosclerosis (Meletta et al., 2017;

Montecucco et al., 2012; Steffens et al., 2005; Zhao, Liu, et al., 2010).

CB2 is expressed primarily in immune cells, and in vitro studies have

shown that CB2 modulates macrophage migration, adhesion,

differentiation, accumulation, and oxLDL‐induced apoptosis. In vivo

studies suggest that oral administration of THC (Steffens et al., 2005)

(1 mg/kg/d) or WIN55212‐2 (Zhao, Liu, et al., 2010; Zhao, Yuan,

et al., 2010) ameliorates atherosclerosis progression in ApoE−/− mice

via immunomodulatory effects of CB2 on macrophages. Moreover,

Delsing et al. reported that CB2 deficiency in hematopoietic cells

aggravates early atherosclerosis in LDLR−/− mice (Delsing, 2011).

Additionally, CB2 was reported to be associated with MMP‐9 activity

(Montecucco et al., 2009, 2012; Netherland et al., 2010), collagen

degradation, and subsequent plaque vulnerability. In an in vivo study,

Montecucco et al. found that CB2 was downregulated in human

vulnerable plaque, and its expression was inversely correlated with

MMP‐9 expression (Montecucco et al., 2012). Subsequent in vitro

investigations suggested that CB2 colocalized with neutrophils and

MMP‐9 in ApoE−/− mice, and JWH‐133, a selective CB2 agonist,

prevented neutrophil release of MMP‐9 in vivo and in vitro by

reducing TNF‐α‐induced ERK1/2 phosphorylation in human neutro-

phils (Montecucco et al., 2012). Therefore, CB2 may serve as a new

marker for the diagnosis (Meletta et al., 2017) and treatment of

atherosclerosis. Conversely, although JWH‐133 reduced lesion

formation by improving endothelial function, CB2 deficiency had no

impact on plaque formation in ApoE−/− mice (Hoyer et al., 2011).

Furthermore, although CB2 deficiency results in increased macro-

phage content and elastin fiber fragmentation and reduced lesional

apoptosis in atherosclerotic plaques, both genetic deficiency and

pharmacological blockage of CB2 do not relevantly modulate

atherogenesis in LDLR−/− mice (Freeman‐Anderson et al., 2008) and

ApoE−/− mice (Montecucco et al., 2009). These conflicting results

may be partly explained by several factors including the athero-

sclerotic genetic background, the composition of the atherogenic

diets, and/or the methods for lesion quantitation.

At present, angioplasty with balloon predilatation followed by

drug‐eluting stent placement has been an effective therapeutic

option for coronary artery disease. Despite improvements in stent

design, drugs, and polymers, ISR in second‐generation drug‐eluting

stents still happens in 5%–10% of patients and continues to pose a

therapeutic challenge. Although the detailed mechanisms are yet to

be determined, it is generally believed that aggressive neointimal

proliferation and late neoatherosclerosis are the predominant

pathogenic mechanisms of the ISR process. Thus, inhibiting VSMC

proliferation is critical for preventing ISR. Previous studies demon-

strated that balloon injury increases systemic endocannabinoid levels

and induces expression of cannabinoid receptors (CB1 and CB2) in

injured arteries of ApoE−/− mice (Molica et al., 2012, 2013). A further

study revealed that endogenous CB1 activation contributes to VSMC

proliferation and neointima formation in response to arterial injury,

and CB1 antagonist AM‐281 or CB1 deficiency significantly reduces

proliferation rates of VSMCs in vitro (Molica et al., 2013). By contrast,

CB2 deficiency resulted in increased intima formation compared with

the control group, whereas pharmacological CB2 activation using

JWH‐133 reduces neointima formation in injured arteries of ApoE−/−

mice (Molica et al., 2012). In in vitro studies, CB1 inhibition with

rimonabant (Rajesh, Mukhopadhyay, Haskó, & Pacher, 2008) and

CB2 activation with JWH‐133 (Rajesh, Mukhopadhyay, Haskó &

Huffman, Mackie, et al., 2008) attenuated PDGF‐ and TNF‐α‐induced

proliferation and migration of human coronary SMCs by the

activation of Ras‐ERK and Ras/MAPK/AKT pathways, respectively

(Figure 3). Taken together, these preclinical data appear to support

that blocking CB1 together with selective activation of CB2 could be

an attractive therapeutic strategy for the treatment of ISR.

Although blocking CB1 may protect against neointima formation,

in two double‐blind, randomized controlled trials, STRADIVARIUS

and AUDITOR, despite treatment with rimonabant reducing body

weight, waist circumference, and total atheroma volume, it did not

significantly reduce percent atheroma volume and carotid intima‐

media thickness progression in patients with abdominal obesity and

metabolic syndrome. To date, only two clinical trials have been

conducted, therefore more clinical trials with suitable drugs should be
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performed to confirm the role of cannabinoid receptors in neointimal

proliferation.

4.2 | Cannabis and pulmonary arterial
hypertension

PAH is a progressive condition characterized by pulmonary vaso-

constriction and vascular remodeling leading to elevated pulmonary

arterial pressures and right‐heart failure. Despite current therapies

improving the quality of patients' lives, PAH remains an incurable

disease that urgently needs new strategies and better therapeutic

interventions. In recent years, the vasorelaxation of human and rat

pulmonary arteries caused by abnormal CBD and endocannabinoids

suggests the potential therapeutic significance of CBD in PAH

treatment.

CBD has multipotent beneficial effects. First, CBD has been

shown to modify endocannabinoid levels via the inhibition of FAAH

(De Petrocellis et al., 2011). CBD (10mg/kg/d for 3 weeks) also

increases lung concentration of endocannabinoids and ameliorates

MCT‐induced PAH in rats by improving endothelial function and

reducing leukocyte count (Sadowska et al., 2020). Second, CBD

inhibits the excessive proliferation of PASMCs in preclinical models.

In a recent study, Lu et al. demonstrated that CBD improved PASMC

mitochondrial function, inhibited the hyperproliferation of PASMCs,

and ameliorated Sugen + hypoxia‐induced PAH in mice and MCT‐

induced PAH in rats (Lu et al., 2021). In addition, Krzyzewska et al.

found that chronic administration of CBD (10mg/kg) to MCT‐treated

rats decreased the proliferation of PASMCs (Krzyżewska et al., 2023)

through the TGF‐β1 signaling pathway. Third, CBD may attenuate

PAH progress by reducing the CB1‐induced inflammatory response.

In a recent study, Krzyzewska et al. found that MCT‐induced PAH

increased CB1 expression in rat lung tissues, and CBD attenuated

PAH by decreasing CB1 expression and levels of inflammatory

mediators (Krzyżewska et al., 2022).

Pulmonary thromboembolic hypertension usually manifests in

patients due to recurrent or incomplete resolution of pulmonary

embolism. In previous studies, CBD was shown to inhibit platelet

aggregation induced by collagen, adenosine, or epinephrine. More-

over, CBD was found to decrease PAI‐1 in lung (Ramer et al., 2010),

and ameliorate MCT‐induced PAH (Sadowska et al., 2020). There-

fore, CBD may also show therapeutic usage in PAH by inhibiting

platelet aggregation. The pleiotropic properties of CBD may prove

useful as a therapeutic tool for the treatment of PAH, but a large‐

scale clinical investigation on CBD in PAH patients is needed.

4.3 | Cannabis and vascular calcification

VC, which is categorized by intimal and medial calcification, is linked

to increased cardiovascular risks. Intimal calcification is associated

with atherosclerosis and increased risk for plaque rupture, while

medial calcification is prevalent in certain pathologic conditions,

including genetic diseases, diabetes, and diseases with disturbances

of calcium metabolism (e.g., chronic kidney disease), and may be

related to increased arterial stiffness. Despite clinical trials conducted

to evaluate the efficacy of drug therapies for VC, none have been

successful.

It is well‐established that dysfunctional calcium homeostasis,

defective autophagy or mitophagy, and ER stress, may all contribute

to VC. CB1 and CB2 play a crucial role in the regulation of bone

metabolism, and CB1 knockout mice have increased bone mass (Idris

et al., 2005). All this evidence suggests that cannabinoids may

promote the progression of VC via multiple mechanisms. However,

one small retrospective case‐control study found no significant

association between marijuana smoking and VC (43% vs. 26%;

p = 0.06) (Murtha et al., 2023). Therefore, more large‐scale clinical

investigations should be conducted to clarify the effect of cannabi-

noids on VC.

Aortic valve calcification (AVC) is considered a potential cause of

cerebral embolism or subclinical valve thrombosis after surgical or

transcatheter aortic valve replacement. Warfarin is the most widely

prescribed oral anticoagulant used in the prophylaxis and treatment

of thromboembolism. Warfarin consists of two optically active

isomers (R and S) and is mainly metabolized via cytochrome P450

2C9 (CYP2C9), a major cytochrome P450 isoform. Recent reports

suggest medical cannabis (Epidiolex [Cortopassi, 2020] and THC/

CBD mixture [Thomas et al., 2022]) or recreational marijuana may

interact with warfarin, resulting in increased international normalized

ratio (INR) levels and risk of overanticoagulation. In an in vitro study,

Yamaori et al. reported that three major cannabinoids (THC, CBD,

and CBN) potently cause a concentration‐dependent inhibition of

CYP2C9 activity (Yamaori et al., 2012). Additionally, synthetic

cannabinoids may be contaminated with warfarin‐like anticoagulants

or rodenticide. Therefore, new oral anticoagulants may serve as

treatment alternatives to warfarin in patients using medical cannabis

products.

4.4 | Cannabis and arteritis

CA was first reported by Sterne and Ducastaing in 1960. Since then, a

large number of new cases and several comprehensive reviews have

been published in the literature (Combemale et al., 2005; Desbois &

Cacoub, 2013; Peyrot et al., 2007; Pilitsi et al., 2023). Notably, both

heavy and light cannabis users can develop CA. Clinically, CA

manifests with claudication, Raynaud's phenomenon, ischemic ulcers

or digital necrosis, and sometimes venous thrombosis (Desbois &

Cacoub, 2013; Peyrot et al., 2007). The mechanisms underlying CA

are currently not fully understood, but several mechanisms, including

immune‐allergic vasculitis, arsenic‐containing byproducts, and asso-

ciated endothelial inflammation, have been proposed as essential for

the progression of CA.

CA is probably underdiagnosed because of its clinical resem-

blance to Buerger's disease. Therefore, the diagnosis of CA should be

suspected in all young patients with peripheral arterial disease.
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Treatment of CA is mainly medical. Anticoagulant and vasodilator

therapy can be given in the acute phase, followed by platelet

aggregation inhibitors. Hyperbaric oxygen therapy and complete

revascularization can also be used to treat CA. Cannabis‐associated

arteriopathy had a poor prognosis without cannabis weaning, as 58%

of patients underwent limb amputation (Desbois & Cacoub, 2013).

Therefore, the most effective treatment of CA is to stop cannabis

consumption immediately and definitively.

4.5 | Cannabis and other vascular diseases

In experimental conditions, the vasorelaxation of cannabinoids is well

documented; however, this is not always the rule. A growing body of

evidence suggests cannabis use causes reversible arterial vasos-

pasms, which is considered the most common cannabis‐induced

vascular event, responsible for transient ischemic attack (Bliss et al.,

2021; Robert et al., 2013; Uhegwu et al., 2015; Wolff et al., 2011)

and acute coronary syndrome (Baskaran et al., 2019; Gunawardena

et al., 2014; Hodcroft et al., 2014). The underlying mechanisms are

still uncertain, but may be associated with baseline autonomic

dysfunction coupled with THC‐induced irritation of the vascular

endothelium.

Spontaneous artery dissection is a rare vasculopathy, and

there have been previous reports of cannabis‐induced artery

dissection in young people, particularly in patients with other

predisposing risk factors, affecting coronary artery (Schmid &

Auer, 2011), renal artery (Lou et al., 2015), carotid artery (Ibn Hadj

Amor et al., 2021), and thoracic aorta (Mason et al., 2019;

Sarmiento et al., 2021). The pathophysiology is postulated to be

associated with increased hemodynamic and oxidative stress (Ibn

Hadj Amor et al., 2021). Additionally, Gestrich et al. found that the

mRNA levels of cannabinoid receptors (CB1, CB2, TRPV1, and

GRP55) in human aortic aneurysm samples and endocannabinoid

concentrations were significantly higher in aneurysms than in

controls (Gestrich et al., 2015) (Table 3). Furthermore, the mutual

interaction of CB1 and angiotensin II type 1 receptor (AT1‐R) in

the paraventricular nucleus of the hypothalamus plays an impor-

tant role in blood pressure (Mińczuk et al., 2022) and heart rate

control (Grzeda et al., 2017). Moreover, rimonabant was reported

to decrease AT1‐R expression in VSMCs and reduce angiotensin II‐

mediated ROS production and NADPH oxidase activity (Tiyerili

et al., 2010). As AT1‐R was proven to enhance vascular inflamma-

tion and aortic aneurysm formation, it may be speculated that

activation of the ECS leads to aortic aneurysm by upregulation of

AT1‐R and thus increased vascular oxidative stress. Additionally,

previous studies demonstrated that CB2 deficiency alters athero-

sclerotic lesion formation by inhibiting MMP‐9 expression, and

exogenous activation of CB2 by JWH‐133 could attenuate rat

spinal cord ischemia‐reperfusion by inhibiting the expression of

TLR4/MMP‐9. As MMP‐9 levels correlate significantly with aortic

dissection formation, we speculated that CB2 may also participate

in aortic dissection formation by modulating TLR4/MMP‐9

expression.

TABLE 3 Summary of clinical studies associated with cannabinoids and vascular diseases.

Vascular diseases Study Cannabinoids Relevant findings

Atherosclerosis Cross‐sectional study NA Levels of blood endocannabinoids is increased in patients with coronary artery
disease (Sugamura et al., 2009).

RIO‐Lipids study Rimonabant Rimonabant significantly reduces body weight and improves the profile of
metabolic risk factors (Despres et al., 2005).

STRADIVARIUS study Rimonabant Rimonabant does not reduce coronary disease progression in patients with
metabolic syndrome (Nissen et al., 2008).

AUDITOR study Rimonabant Rimonabant does not significantly reduce carotid intima‐media thickness
progression (O'Leary et al., 2011).

CRESCENDO study Rimonabant Rimonabant does not improve adverse cardiovascular outcomes (Topol
et al., 2010).

Vascular calcification Cross‐sectional study NA There is no significant difference in coronary artery calcification rates between
marijuana smokers and nonsmoker control patients (Murtha et al., 2023).

Cannabis arteritis Case series study NA Cannabis use can lead to cannabis arteritis (Desbois & Cacoub, 2013; Peyrot

et al., 2007; Pilitsi et al., 2023).

Reversible arterial

vasospasms

Case series study NA Cannabis use may be associated with the occurrence of reversible arterial

vasospasm (Baskaran et al., 2019; Robert et al., 2013; Wolff et al., 2011).

Artery dissection Case series study NA Marijuana may be a contributing risk factor for acute aortic dissection
(Baskaran et al., 2019).

Aortic aneurysms Cross‐sectional study NA Levels of endocannabinoid concentration are significantly higher in aneurysms
than in controls (Gestrich et al., 2015).

Abbreviation: NA, not applicable.
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5 | CONCLUSIONS

Cannabis use has increased tremendously over the past decade,

however, the effects of cannabinoids on vascular diseases are not

fully understood. Current case series or observational studies have

shown that cannabis use is associated with atherosclerosis and

triggers arteritis, reversible vasospasm, and aortic aneurysm/dissec-

tion. However, large‐scale clinical investigations still need to be

conducted to clarify the relationship between cannabinoids and

vascular diseases. Conversely, CBD, a nonintoxicating cannabis

component, was reported to exhibit a wide therapeutic potential on

the vascular system. However, translational studies that explore the

effectiveness of CBD in human populations are needed. Additionally,

cannabinoids exert their physiological and pathophysiological effects

on vascular diseases mainly by binding to various CBRs and activating

different signaling pathways. Increased CB1 and CB2 expression has

been described in atherosclerotic plaques, neointimal lesions follow-

ing balloon injury, and aortic aneurysms. CB1 has been shown to

have a yin‐yang relationship with CB2 structurally and functionally,

and existing CB1 agonists have psychiatric side effects so they are no

longer used. Thus, a peripherally restricted CB1 antagonist or

polytherapy with a CB1 antagonist and CB2 agonist are promising

candidates for the management of metabolic syndrome and vascular

diseases. However, the absence of data regarding this polytherapy in

preclinical models and clinical studies necessitates future well‐

designed studies.

AUTHOR CONTRIBUTIONS

Xi‐Long Zheng and Yanan Guo have made substantial contributions

to conception and design. Yanan Guo drafted the manuscript. Xiaoyun

Wei provided writing assistance. Junyu Pei was involved in revising it

critically for important intellectual content. Xi‐long Zheng and Haibo

Yang gave the final approval of the version to be published. Each

author has participated sufficiently in the work to take public

responsibility for appropriate portions of the content and agreed to

be accountable for all aspects of the work in ensuring that questions

related to the accuracy or integrity of any part of the work are

appropriately investigated and resolved. All authors agreed on the

order in which their names will be listed in the manuscript.

ACKNOWLEDGMENTS

This study was supported by grants from the Henan Medical

Science and Technology Joint Building Program (LHGJ20210697

and LHGJ20230162) and the Canadian Institutes of Health Research

(CIHR, PJT‐178010 to X.‐L. Zheng, PJT‐165941 to X.‐L. Zheng).

CONFLICT OF INTEREST STATEMENT

The authors declare no conflict of interest.

REFERENCES

Adamson, M., Di Giovanni, B., & Delgado, D. H. (2020). The positive and
negative cardiovascular effects of cannabis. Expert Review of

Cardiovascular Therapy, 18(12), 905–917. https://doi.org/10.1080/
14779072.2020.1837625

Balsevich, G., Sticht, M., Bowles, N. P., Singh, A., Lee, T. T. Y., Li, Z.,
Chelikani, P. K., Lee, F. S., Borgland, S. L., Hillard, C. J., McEwen, B. S.,

& Hill, M. N. (2018). Role for fatty acid amide hydrolase (FAAH) in
the leptin‐mediated effects on feeding and energy balance.
Proceedings of the National Academy of Sciences of the United States

of America, 115(29), 7605–7610. https://doi.org/10.1073/pnas.
1802251115

Baranowska‐Kuczko, M., Kozłowska, H., Kloza, M., Karpińska, O.,
Toczek, M., Harasim, E., Kasacka, I., & Malinowska, B. (2016).
Protective role of cannabinoid CB1 receptors and vascular effects of
chronic administration of FAAH inhibitor URB597 in DOCA‐salt
hypertensive rats. Life Sciences, 151, 288–299. https://doi.org/10.
1016/j.lfs.2016.03.014

Baranowska‐Kuczko, M., Kozłowska, H., Kloza, M., Kusaczuk, M., Harasim‐
Symbor, E., Biernacki, M., Kasacka, I., & Malinowska, B. (2021).
Vasoprotective endothelial effects of chronic cannabidiol treatment
and its influence on the endocannabinoid system in rats with primary

and secondary hypertension. Pharmaceuticals, 14(11), 1120. https://
doi.org/10.3390/ph14111120

Baranowska‐Kuczko, M., Kozłowska, H., Kloza, M., Sadowska, O.,
Kozłowski, M., Kusaczuk, M., Kasacka, I., & Malinowska, B. (2020).

Vasodilatory effects of cannabidiol in human pulmonary and rat
small mesenteric arteries: Modification by hypertension and the
potential pharmacological opportunities. Journal of Hypertension,
38(5), 896–911. https://doi.org/10.1097/HJH.0000000000002333

Baskaran, J., Anantha Narayanan, M., Vakhshoorzadeh, J., Ahmad, A., &

Bertog, S. (2019). Marijuana‐induced coronary vasospasm with
persistent inter‐coronary connection: A case report and review of
literature. Cureus, 11(6), e4799. https://doi.org/10.7759/
cureus.4799

Bellocchio, L., Lafenêtre, P., Cannich, A., Cota, D., Puente, N., Grandes, P.,

Chaouloff, F., Piazza, P. V., & Marsicano, G. (2010). Bimodal control
of stimulated food intake by the endocannabinoid system. Nature
Neuroscience, 13(3), 281–283. https://doi.org/10.1038/nn.2494

Bliss, L., McGowan, B., & Rahman, A. (2021). A rare pediatric case of

marijuana‐induced reversible cerebral vasoconstriction syndrome.

Pediatric Neurology, 120, 33–35. https://doi.org/10.1016/j.
pediatrneurol.2021.03.008

Blüher, M., Engeli, S., Klöting, N., Berndt, J., Fasshauer, M., Bátkai, S.,
Pacher, P., Schön, M. R., Jordan, J., & Stumvoll, M. (2006).

Dysregulation of the peripheral and adipose tissue endocannabinoid
system in human abdominal obesity. Diabetes, 55(11), 3053–3060.
https://doi.org/10.2337/db06-0812

Boon, M. R., Kooijman, S., Dam, A. D., Pelgrom, L. R., Berbée, J. F. P.,
Visseren, C. A. R., Aggele, R. C., Hoek, A. M., Sips, H. C. M.,

Lombès, M., Havekes, L. M., Tamsma, J. T., Guigas, B., Meijer, O. C.,
Jukema, J. W., & Rensen, P. C. N. (2014). Peripheral cannabinoid 1
receptor blockade activates brown adipose tissue and diminishes
dyslipidemia and obesity. The FASEB Journal, 28(12), 5361–5375.
https://doi.org/10.1096/fj.13-247643

Chiurchiù, V., Lanuti, M., Catanzaro, G., Fezza, F., Rapino, C., &
Maccarrone, M. (2014). Detailed characterization of the endocan-
nabinoid system in human macrophages and foam cells, and anti‐
inflammatory role of type‐2 cannabinoid receptor. Atherosclerosis,
233(1), 55–63. https://doi.org/10.1016/j.atherosclerosis.2013.

12.042
Cinar, R., Iyer, M. R., & Kunos, G. (2020). The therapeutic potential of

second and third generation CB(1)R antagonists. Pharmacology &

Therapeutics, 208, 107477. https://doi.org/10.1016/j.pharmthera.

2020.107477
Combemale, P., Consort, T., Denis‐Thelis, L., Estival, J. L., Dupin, M., &

Kanitakis, J. (2005). Cannabis arteritis. British Journal of Dermatology,

14 of 18 | GUO ET AL.

 10974652, 2024, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jcp.31373, W

iley O
nline L

ibrary on [26/04/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1080/14779072.2020.1837625
https://doi.org/10.1080/14779072.2020.1837625
https://doi.org/10.1073/pnas.1802251115
https://doi.org/10.1073/pnas.1802251115
https://doi.org/10.1016/j.lfs.2016.03.014
https://doi.org/10.1016/j.lfs.2016.03.014
https://doi.org/10.3390/ph14111120
https://doi.org/10.3390/ph14111120
https://doi.org/10.1097/HJH.0000000000002333
https://doi.org/10.7759/cureus.4799
https://doi.org/10.7759/cureus.4799
https://doi.org/10.1038/nn.2494
https://doi.org/10.1016/j.pediatrneurol.2021.03.008
https://doi.org/10.1016/j.pediatrneurol.2021.03.008
https://doi.org/10.2337/db06-0812
https://doi.org/10.1096/fj.13-247643
https://doi.org/10.1016/j.atherosclerosis.2013.12.042
https://doi.org/10.1016/j.atherosclerosis.2013.12.042
https://doi.org/10.1016/j.pharmthera.2020.107477
https://doi.org/10.1016/j.pharmthera.2020.107477


152(1), 166–169. https://doi.org/10.1111/j.1365-2133.2005.
06340.x

Cortopassi, J. (2020). Warfarin dose adjustment required after cannabidiol
initiation and titration. American Journal of Health‐System Pharmacy,

77(22), 1846–1851. https://doi.org/10.1093/ajhp/zxaa268
Cota, D., Marsicano, G., Tschöp, M., Grübler, Y., Flachskamm, C.,

Schubert, M., Auer, D., Yassouridis, A., Thöne‐Reineke, C.,
Ortmann, S., Tomassoni, F., Cervino, C., Nisoli, E.,
Linthorst, A. C. E., Pasquali, R., Lutz, B., Stalla, G. K., & Pagotto, U.

(2003). The endogenous cannabinoid system affects energy balance
via central orexigenic drive and peripheral lipogenesis. Journal of
Clinical Investigation, 112(3), 423–431. https://doi.org/10.1172/
JCI17725

Cristino, L., Bisogno, T., & Di Marzo, V. (2020). Cannabinoids and the

expanded endocannabinoid system in neurological disorders. Nature
Reviews Neurology, 16(1), 9–29. https://doi.org/10.1038/s41582-
019-0284-z

De Petrocellis, L., Ligresti, A., Moriello, A. S., Allarà, M., Bisogno, T.,
Petrosino, S., Stott, C. G., & Di Marzo, V. (2011). Effects of

cannabinoids and cannabinoid‐enriched Cannabis extracts on TRP
channels and endocannabinoid metabolic enzymes. British Journal of

Pharmacology, 163(7), 1479–1494. https://doi.org/10.1111/j.1476-
5381.2010.01166.x

Defer, N., Wan, J., Souktani, R., Escoubet, B., Perier, M., Caramelle, P.,
Manin, S., Deveaux, V., Bourin, M. C., Zimmer, A., Lotersztajn, S.,
Pecker, F., & Pavoine, C. (2009). The cannabinoid receptor type 2
promotes cardiac myocyte and fibroblast survival and protects
against ischemia/reperfusion‐induced cardiomyopathy. The FASEB

Journal, 23(7), 2120–2130. https://doi.org/10.1096/fj.09-129478
Delsing, D. J. M. (2011). Cannabinoid receptor 2 deficiency in haemato-

poietic cells aggravates early atherosclerosis in LDL receptor
deficient mice. The Open Cardiovascular Medicine Journal, 5, 15–21.
https://doi.org/10.2174/1874192401105010015

Desbois, A. C., & Cacoub, P. (2013). Cannabis‐associated arterial disease.
Annals of Vascular Surgery, 27(7), 996–1005. https://doi.org/10.
1016/j.avsg.2013.01.002

Despres, J. P., Golay, A., & Sjöström, L., Rimonabant in Obesity‐Lipids
Study Group. (2005). Effects of rimonabant on metabolic risk factors

in overweight patients with dyslipidemia. New England Journal of

Medicine , 353(20), 2121–2134. https://doi.org/10.1056/
NEJMoa044537

Di Marzo, V., Goparaju, S. K., Wang, L., Liu, J., Bátkai, S., Járai, Z., Fezza, F.,

Miura, G. I., Palmiter, R. D., Sugiura, T., & Kunos, G. (2001). Leptin‐
regulated endocannabinoids are involved in maintaining food intake.
Nature, 410(6830), 822–825. https://doi.org/10.1038/35071088

Dol‐Gleizes, F., Paumelle, R., Visentin, V., Marés, A. M., Desitter, P.,
Hennuyer, N., Gilde, A., Staels, B., Schaeffer, P., & Bono, F. (2009).

Rimonabant, a selective cannabinoid CB1 receptor antagonist,
inhibits atherosclerosis in LDL receptor‐deficient mice.
Arteriosclerosis, Thrombosis, and Vascular Biology, 29(1), 12–18.
https://doi.org/10.1161/ATVBAHA.108.168757

Engeli, S., Böhnke, J., Feldpausch, M., Gorzelniak, K., Janke, J., Bátkai, S.,

Pacher, P., Harvey‐White, J., Luft, F. C., Sharma, A. M., & Jordan, J.
(2005). Activation of the peripheral endocannabinoid system in
human obesity. Diabetes, 54(10), 2838–2843. https://doi.org/10.
2337/diabetes.54.10.2838

Freeman‐Anderson, N. E., Pickle, T. G., Netherland, C. D., Bales, A.,

Buckley, N. E., & Thewke, D. P. (2008). Cannabinoid (CB2) receptor
deficiency reduces the susceptibility of macrophages to oxidized
LDL/oxysterol‐induced apoptosis. Journal of Lipid Research, 49(11),
2338–2346. https://doi.org/10.1194/jlr.M800105-JLR200

Gestrich, C., Duerr, G. D., Heinemann, J. C., Meertz, A., Probst, C.,
Roell, W., Schiller, W., Zimmer, A., Bindila, L., Lutz, B., Welz, A., &
Dewald, O. (2015). Activation of endocannabinoid system is
associated with persistent inflammation in human aortic aneurysm.

BioMed Research International, 2015, 456582. https://doi.org/10.
1155/2015/456582

Grzęda, E., Schlicker, E., Toczek, M., Zalewska, I., Baranowska‐Kuczko, M.,
& Malinowska, B. (2017). CB(1) receptor activation in the rat

paraventricular nucleus induces bi‐directional cardiovascular effects
via modification of glutamatergic and GABAergic neurotransmission.
Naunyn‐Schmiedeberg's Archives of Pharmacology, 390(1), 25–35.
https://doi.org/10.1007/s00210-016-1302-y

Gunawardena, M. D. V. M., Rajapakse, S., Herath, J., & Amarasena, N.

(2014). Myocardial infarction following cannabis induced coronary
vasospasm. BMJ Case Reports, 2014, bcr2014207020. https://doi.
org/10.1136/bcr-2014-207020

Han, K. H., Lim, S., Ryu, J., Lee, C. W., Kim, Y., Kang, J. H., Kang, S. S.,
Ahn, Y. K., Park, C. S., & Kim, J. J. (2009). CB1 and CB2 cannabinoid

receptors differentially regulate the production of reactive oxygen
species by macrophages. Cardiovascular Research, 84(3), 378–386.
https://doi.org/10.1093/cvr/cvp240

Hao, E., Mukhopadhyay, P., Cao, Z., Erdélyi, K., Holovac, E., Liaudet, L.,
Lee, W. S., Haskó, G., Mechoulam, R., & Pacher, P. (2015).

Cannabidiol protects against doxorubicin‐induced cardiomyopathy
by modulating mitochondrial function and biogenesis. Molecular

Medicine, 21, 38–45. https://doi.org/10.2119/molmed.2014.00261
Hao, M., Jiang, L., Fang, N., Pu, J., Hu, L., Shen, L. H., Song, W., & He, B.

(2010). The cannabinoid WIN55,212‐2 protects against oxidized
LDL‐induced inflammatory response in murine macrophages. Journal
of Lipid Research, 51(8), 2181–2190. https://doi.org/10.1194/jlr.
M001511

Ho, W. S. V., Zheng, X., & Zhang, D. X. (2015). Role of endothelial TRPV4

channels in vascular actions of the endocannabinoid, 2‐
arachidonoylglycerol. British Journal of Pharmacology, 172(22),
5251–5264. https://doi.org/10.1111/bph.13312

Hodcroft, C. J., Rossiter, M. C., & Buch, A. N. (2014). Cannabis‐associated
myocardial infarction in a young man with normal coronary arteries.

The Journal of Emergency Medicine, 47(3), 277–281. https://doi.org/
10.1016/j.jemermed.2013.11.077

Hoyer, F. F., Steinmetz, M., Zimmer, S., Becker, A., Lütjohann, D.,
Buchalla, R., Zimmer, A., & Nickenig, G. (2011). Atheroprotection
via cannabinoid receptor‐2 is mediated by circulating and vascular

cells in vivo. Journal of Molecular and Cellular Cardiology, 51(6),
1007–1014. https://doi.org/10.1016/j.yjmcc.2011.08.008

Hu, C., Wei, H., van den Hoek, A. M., Wang, M., van der Heijden, R.,
Spijksma, G., Reijmers, T. H., Bouwman, J., Wopereis, S.,

Havekes, L. M., Verheij, E., Hankemeier, T., Xu, G., &
van der Greef, J. (2011). Plasma and liver lipidomics response to
an intervention of rimonabant in ApoE*3Leiden. CETP transgenic
mice. PLoS One, 6(5), e19423. https://doi.org/10.1371/journal.pone.
0019423

Ibn Hadj Amor, H., Touil, I., Boukriba, S., Bouchnak, S., Kraiem, S., &
Rouabhia, R. (2021). Case report: Spontaneous simultaneous
coronary and carotid dissection in a young cannabis user.
F1000Research, 10, 387. https://doi.org/10.12688/f1000research.
52606.2

Idris, A. I., van't Hof, R. J., Greig, I. R., Ridge, S. A., Baker, D., Ross, R. A., &
Ralston, S. H. (2005). Regulation of bone mass, bone loss and
osteoclast activity by cannabinoid receptors. Nature Medicine, 11(7),
774–779. https://doi.org/10.1038/nm1255

Jehle, J., Schöne, B., Bagheri, S., Avraamidou, E., Danisch, M., Frank, I.,

Pfeifer, P., Bindila, L., Lutz, B., Lütjohann, D., Zimmer, A., &
Nickenig, G. (2018). Elevated levels of 2‐arachidonoylglycerol
promote atherogenesis in ApoE‐/‐ mice. PLoS One, 13(5),
e0197751. https://doi.org/10.1371/journal.pone.0197751

Jiang, L., Pu, J., Han, Z., Hu, L., & He, B. (2008). Role of activated
endocannabinoid system in regulation of cellular cholesterol
metabolism in macrophages. Cardiovascular Research, 81(4),
805–813. https://doi.org/10.1093/cvr/cvn344

GUO ET AL. | 15 of 18

 10974652, 2024, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jcp.31373, W

iley O
nline L

ibrary on [26/04/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1111/j.1365-2133.2005.06340.x
https://doi.org/10.1111/j.1365-2133.2005.06340.x
https://doi.org/10.1093/ajhp/zxaa268
https://doi.org/10.1172/JCI17725
https://doi.org/10.1172/JCI17725
https://doi.org/10.1038/s41582-019-0284-z
https://doi.org/10.1038/s41582-019-0284-z
https://doi.org/10.1111/j.1476-5381.2010.01166.x
https://doi.org/10.1111/j.1476-5381.2010.01166.x
https://doi.org/10.1096/fj.09-129478
https://doi.org/10.2174/1874192401105010015
https://doi.org/10.1016/j.avsg.2013.01.002
https://doi.org/10.1016/j.avsg.2013.01.002
https://doi.org/10.1056/NEJMoa044537
https://doi.org/10.1056/NEJMoa044537
https://doi.org/10.1038/35071088
https://doi.org/10.1161/ATVBAHA.108.168757
https://doi.org/10.2337/diabetes.54.10.2838
https://doi.org/10.2337/diabetes.54.10.2838
https://doi.org/10.1194/jlr.M800105-JLR200
https://doi.org/10.1155/2015/456582
https://doi.org/10.1155/2015/456582
https://doi.org/10.1007/s00210-016-1302-y
https://doi.org/10.1136/bcr-2014-207020
https://doi.org/10.1136/bcr-2014-207020
https://doi.org/10.1093/cvr/cvp240
https://doi.org/10.2119/molmed.2014.00261
https://doi.org/10.1194/jlr.M001511
https://doi.org/10.1194/jlr.M001511
https://doi.org/10.1111/bph.13312
https://doi.org/10.1016/j.jemermed.2013.11.077
https://doi.org/10.1016/j.jemermed.2013.11.077
https://doi.org/10.1016/j.yjmcc.2011.08.008
https://doi.org/10.1371/journal.pone.0019423
https://doi.org/10.1371/journal.pone.0019423
https://doi.org/10.12688/f1000research.52606.2
https://doi.org/10.12688/f1000research.52606.2
https://doi.org/10.1038/nm1255
https://doi.org/10.1371/journal.pone.0197751
https://doi.org/10.1093/cvr/cvn344


Karpińska, O., Baranowska‐Kuczko, M., Kloza, M., Ambroz˙ewicz, E.,
Kozłowski, T., Kasacka, I., Malinowska, B., & Kozłowska, H. (2017).
Activation of CB1 receptors by 2‐arachidonoylglycerol attenuates
vasoconstriction induced by U46619 and angiotensin II in human and

rat pulmonary arteries. American Journal of Physiology‐Regulatory,
Integrative and Comparative Physiology, 312(6), R883–R893. https://
doi.org/10.1152/ajpregu.00324.2016

Kozłowska, H., Malinowska, B., Baranowska‐Kuczko, M., Kusaczuk, M.,
Nesterowicz, M., Kozłowski, M., Müller, C. E., Kieć‐Kononowicz, K.,

& Schlicker, E. (2022). GPR18‐mediated relaxation of human isolated
pulmonary arteries. International Journal of Molecular Sciences, 23(3),
1427. https://doi.org/10.3390/ijms23031427

Krzyżewska, A., Baranowska‐Kuczko, M., Jastrząb, A., Kasacka, I., &
Kozłowska, H. (2022). Cannabidiol improves antioxidant capacity

and reduces inflammation in the lungs of rats with monocrotaline‐
induced pulmonary hypertension. Molecules, 27(10), 3327. https://
doi.org/10.3390/molecules27103327

Krzyżewska, A., Baranowska‐Kuczko, M., Kasacka, I., & Kozłowska, H. (2023).
Cannabidiol inhibits lung proliferation in monocrotaline‐induced
pulmonary hypertension in rats. Biomedicine & Pharmacotherapy, 159,
114234. https://doi.org/10.1016/j.biopha.2023.114234

Kunos, G., & Osei‐Hyiaman, D. (2008). Endocannabinoids and liver
disease. IV. American Journal of Physiology‐Gastrointestinal and Liver

Physiology, 294(5), G1101–G1104. https://doi.org/10.1152/ajpgi.
00057.2008

Lee, Y., Jo, J., Chung, H. Y., Pothoulakis, C., & Im, E. (2016).

Endocannabinoids in the gastrointestinal tract. American Journal of

Physiology‐Gastrointestinal and Liver Physiology, 311(4), G655–G666.
https://doi.org/10.1152/ajpgi.00294.2015

Li, B. H., Yin, Y. W., Liu, Y., Pi, Y., Guo, L., Cao, X. J., Gao, C. Y., Zhang, L. L.,
& Li, J. C. (2014). TRPV1 activation impedes foam cell formation by
inducing autophagy in oxLDL‐treated vascular smooth muscle cells.
Cell Death & Disease, 5(4), e1182. https://doi.org/10.1038/cddis.

2014.146
Lim, S. Y., Davidson, S. M., Yellon, D. M., & Smith, C. C. T. (2009). The

cannabinoid CB1 receptor antagonist, rimonabant, protects against
acute myocardial infarction. Basic Research in Cardiology, 104(6),
781–792. https://doi.org/10.1007/s00395-009-0034-2

Lou, J. Y., Randhawa, M. S., Hornacek, D., & Bajzer, C. (2015). Spontaneous
renal artery dissection in a cannabis user. Vascular Medicine, 20(4),
379–380. https://doi.org/10.1177/1358863X15575770

Lu, X., Zhang, J., Liu, H., Ma, W., Yu, L., Tan, X., Wang, S., Ren, F., Li, X., &

Li, X. (2021). Cannabidiol attenuates pulmonary arterial hyper-
tension by improving vascular smooth muscle cells mitochondrial
function. Theranostics, 11(11), 5267–5278. https://doi.org/10.
7150/thno.55571

Ma, L., Zhong, J., Zhao, Z., Luo, Z., Ma, S., Sun, J., He, H., Zhu, T., Liu, D.,

Zhu, Z., & Tepel, M. (2011). Activation of TRPV1 reduces vascular
lipid accumulation and attenuates atherosclerosis. Cardiovascular

Research, 92(3), 504–513. https://doi.org/10.1093/cvr/cvr245
Mason, E. K., Gak, A. E., Finno, J. G., Cannon, R. D., & Jacoby, J. L. (2019).

Thoracic aortic dissection associated with marijuana use. The Journal

of Emergency Medicine, 57(2), 235–237. https://doi.org/10.1016/j.
jemermed.2019.03.034

Matias, I., Gonthier, M. P., Orlando, P., Martiadis, V., De Petrocellis, L.,
Cervino, C., Petrosino, S., Hoareau, L., Festy, F., Pasquali, R.,
Roche, R., Maj, M., Pagotto, U., Monteleone, P., & Di Marzo, V.

(2006). Regulation, function, and dysregulation of endocannabinoids
in models of adipose and β‐pancreatic cells and in obesity and
hyperglycemia. The Journal of Clinical Endocrinology & Metabolism,
91(8), 3171–3180. https://doi.org/10.1210/jc.2005-2679

Meletta, R., Slavik, R., Mu, L., Rancic, Z., Borel, N., Schibli, R.,
Ametamey, S. M., Krämer, S. D., & Müller Herde, A. (2017).
Cannabinoid receptor type 2 (CB2) as one of the candidate genes in
human carotid plaque imaging: Evaluation of the novel radiotracer

[(11)C]RS‐016 targeting CB2 in atherosclerosis. Nuclear Medicine and

Biology, 47, 31–43. https://doi.org/10.1016/j.nucmedbio.2017.01.001
Mińczuk, K., Schlicker, E., & Malinowska, B. (2022). Cross‐talk

between CB(1), AT(1), AT(2) and mas receptors responsible for

blood pressure control in the paraventricular nucleus of hypo-
thalamus in conscious spontaneously hypertensive rats and their
normotensive controls. Cells, 11(9), 1542. https://doi.org/10.
3390/cells11091542

Molica, F., Matter, C. M., Burger, F., Pelli, G., Lenglet, S., Zimmer, A.,

Pacher, P., & Steffens, S. (2012). Cannabinoid receptor CB2 protects
against balloon‐induced neointima formation. American Journal of

Physiology‐Heart and Circulatory Physiology, 302(5), H1064–H1074.
https://doi.org/10.1152/ajpheart.00444.2011

Molica, F., Burger, F., Thomas, A., Staub, C., Tailleux, A., Staels, B., Pelli, G.,

Zimmer, A., Cravatt, B., Matter, C. M., Pacher, P., & Steffens, S.
(2013). Endogenous cannabinoid receptor CB1 activation promotes
vascular smooth‐muscle cell proliferation and neointima formation.
Journal of Lipid Research, 54(5), 1360–1368. https://doi.org/10.
1194/jlr.M035147

Montecucco, F., Bondarenko, A. I., Lenglet, S., Burger, F., Piscitelli, F.,
Carbone, F., Roth, A., Liberale, L., Dallegri, F., Brandt, K. J., Fraga‐Silva,
R. A., Stergiopulos, N., Di Marzo, V., & Mach, F. (2016). Treatment
with the GPR55 antagonist CID16020046 increases neutrophil

activation in mouse atherogenesis. Thrombosis and Haemostasis,
116(5), 987–997. https://doi.org/10.1160/TH16-02-0139

Montecucco, F., Burger, F., Mach, F., & Steffens, S. (2008). CB2
cannabinoid receptor agonist JWH‐015 modulates human monocyte
migration through defined intracellular signaling pathways. American

Journal of Physiology‐Heart and Circulatory Physiology, 294(3),
H1145–H1155. https://doi.org/10.1152/ajpheart.01328.2007

Montecucco, F., Di Marzo, V., da Silva, R. F., Vuilleumier, N., Capettini, L.,
Lenglet, S., Pagano, S., Piscitelli, F., Quintao, S., Bertolotto, M.,
Pelli, G., Galan, K., Pilet, L., Kuzmanovic, K., Burger, F., Pane, B.,

Spinella, G., Braunersreuther, V., Gayet‐Ageron, A., … Mach, F.
(2012). The activation of the cannabinoid receptor type 2 reduces
neutrophilic protease‐mediated vulnerability in atherosclerotic pla-
ques. European Heart Journal, 33(7), 846–856. https://doi.org/10.
1093/eurheartj/ehr449

Montecucco, F., Matias, I., Lenglet, S., Petrosino, S., Burger, F., Pelli, G.,
Braunersreuther, V., Mach, F., Steffens, S., & Di Marzo, V. (2009).
Regulation and possible role of endocannabinoids and related
mediators in hypercholesterolemic mice with atherosclerosis.

Atherosclerosis, 205(2), 433–441. https://doi.org/10.1016/j.
atherosclerosis.2008.12.040

Murtha, L., Sathiadoss, P., Salameh, J. P., McInnes, M. D. F., & Revah, G.
(2023). Chest CT findings in marijuana smokers. Radiology, 307(1),
e212611. https://doi.org/10.1148/radiol.212611

Netherland, C. D., Pickle, T. G., Bales, A., & Thewke, D. P. (2010).
Cannabinoid receptor type 2 (CB2) deficiency alters atherosclerotic
lesion formation in hyperlipidemic Ldlr‐null mice. Atherosclerosis,
213(1), 102–108. https://doi.org/10.1016/j.atherosclerosis.2010.
07.060

Nissen, S. E., Nicholls, S. J., Wolski, K., Rodés‐Cabau, J., Cannon, C. P.,
Deanfield, J. E., Després, J. P., Kastelein, J. J. P., Steinhubl, S. R.,
Kapadia, S., Yasin, M., Ruzyllo, W., Gaudin, C., Job, B., Hu, B.,
Bhatt, D. L., Lincoff, A. M., & Tuzcu, E. M., STRADIVARIUS
Investigators. (2008). Effect of rimonabant on progression of

atherosclerosis in patients with abdominal obesity and coronary
artery disease: The STRADIVARIUS randomized controlled trial.
Journal of the American Medical Association, 299(13), 1547–1560.
https://doi.org/10.1001/jama.299.13.1547

O'Leary, D. H., Reuwer, A. Q., Nissen, S. E., Despres, J. P., Deanfield, J. E.,
Brown, M. W., Zhou, R., Zabbatino, S. M., Job, B., Kastelein, J. J. P., &
Visseren, F. L. J. (2011). Effect of rimonabant on carotid intima‐
media thickness (CIMT) progression in patients with abdominal

16 of 18 | GUO ET AL.

 10974652, 2024, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jcp.31373, W

iley O
nline L

ibrary on [26/04/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1152/ajpregu.00324.2016
https://doi.org/10.1152/ajpregu.00324.2016
https://doi.org/10.3390/ijms23031427
https://doi.org/10.3390/molecules27103327
https://doi.org/10.3390/molecules27103327
https://doi.org/10.1016/j.biopha.2023.114234
https://doi.org/10.1152/ajpgi.00057.2008
https://doi.org/10.1152/ajpgi.00057.2008
https://doi.org/10.1152/ajpgi.00294.2015
https://doi.org/10.1038/cddis.2014.146
https://doi.org/10.1038/cddis.2014.146
https://doi.org/10.1007/s00395-009-0034-2
https://doi.org/10.1177/1358863X15575770
https://doi.org/10.7150/thno.55571
https://doi.org/10.7150/thno.55571
https://doi.org/10.1093/cvr/cvr245
https://doi.org/10.1016/j.jemermed.2019.03.034
https://doi.org/10.1016/j.jemermed.2019.03.034
https://doi.org/10.1210/jc.2005-2679
https://doi.org/10.1016/j.nucmedbio.2017.01.001
https://doi.org/10.3390/cells11091542
https://doi.org/10.3390/cells11091542
https://doi.org/10.1152/ajpheart.00444.2011
https://doi.org/10.1194/jlr.M035147
https://doi.org/10.1194/jlr.M035147
https://doi.org/10.1160/TH16-02-0139
https://doi.org/10.1152/ajpheart.01328.2007
https://doi.org/10.1093/eurheartj/ehr449
https://doi.org/10.1093/eurheartj/ehr449
https://doi.org/10.1016/j.atherosclerosis.2008.12.040
https://doi.org/10.1016/j.atherosclerosis.2008.12.040
https://doi.org/10.1148/radiol.212611
https://doi.org/10.1016/j.atherosclerosis.2010.07.060
https://doi.org/10.1016/j.atherosclerosis.2010.07.060
https://doi.org/10.1001/jama.299.13.1547


obesity and metabolic syndrome: The AUDITOR trial. Heart, 97(14),
1143–1150. https://doi.org/10.1136/hrt.2011.223446

Osei‐Hyiaman, D., DePetrillo, M., Pacher, P., Liu, J., Radaeva, S., Bátkai, S.,
Harvey‐White, J., Mackie, K., Offertáler, L., Wang, L., & Kunos, G.

(2005). Endocannabinoid activation at hepatic CB1 receptors
stimulates fatty acid synthesis and contributes to diet‐induced
obesity. Journal of Clinical Investigation, 115(5), 1298–1305. https://
doi.org/10.1172/JCI23057

Peyrot, I., Garsaud, A. M., Saint‐Cyr, I., Quitman, O., Sanchez, B., &

Quist, D. (2007). Cannabis arteritis: A new case report and a review
of literature. Journal of the European Academy of Dermatology and

Venereology, 21(3), 388–391. https://doi.org/10.1111/j.1468-3083.
2006.01947.x

Pilitsi, E., Kennamer, B., Trepanowski, N., Gonzalez, R., Trojanowski, M.,

Phillips, T., & Lam, C. S. (2023). Cannabis arteritis presenting with
Raynaud's and digital ulcerations: A case‐based review of a
controversial thromboangiitis obliterans‐like condition. Clinical

Rheumatology, 42(7), 1981–1985. https://doi.org/10.1007/
s10067-023-06603-x

Poblete, I. M., Orliac, M. L., Briones, R., Adler‐Graschinsky, E., & Huidobro‐
Toro, J. P. (2005). Anandamide elicits an acute release of nitric oxide
through endothelial TRPV1 receptor activation in the rat arterial
mesenteric bed. The Journal of Physiology, 568(Pt 2), 539–551.
https://doi.org/10.1113/jphysiol.2005.094292

Rajesh, M., Mukhopadhyay, P., Bátkai, S., Haskó, G., Liaudet, L.,
Huffman, J. W., Csiszar, A., Ungvari, Z., Mackie, K., Chatterjee, S., &
Pacher, P. (2007). CB2‐receptor stimulation attenuates TNF‐α‐
induced human endothelial cell activation, transendothelial migra-

tion of monocytes, and monocyte‐endothelial adhesion. American

Journal of Physiology‐Heart and Circulatory Physiology, 293(4),
H2210–H2218. https://doi.org/10.1152/ajpheart.00688.2007

Rajesh, M., Mukhopadhyay, P., Bátkai, S., Patel, V., Saito, K.,
Matsumoto, S., Kashiwaya, Y., Horváth, B., Mukhopadhyay, B.,

Becker, L., Haskó, G., Liaudet, L., Wink, D. A., Veves, A.,
Mechoulam, R., & Pacher, P. (2010). Cannabidiol attenuates cardiac
dysfunction, oxidative stress, fibrosis, and inflammatory and cell
death signaling pathways in diabetic cardiomyopathy. Journal of the
American College of Cardiology, 56(25), 2115–2125. https://doi.org/
10.1016/j.jacc.2010.07.033

Rajesh, M., Mukhopadhyay, P., Haskó, G., Huffman, J. W., Mackie, K., &
Pacher, P. (2008). CB2cannabinoid receptor agonists attenuate TNF‐
α‐induced human vascular smooth muscle cell proliferation and

migration. British Journal of Pharmacology, 153(2), 347–357. https://
doi.org/10.1038/sj.bjp.0707569

Rajesh, M., Mukhopadhyay, P., Haskó, G., & Pacher, P. (2008). Cannabi-
noid CB1 receptor inhibition decreases vascular smooth muscle
migration and proliferation. Biochemical and Biophysical Research

Communications, 377(4), 1248–1252. https://doi.org/10.1016/j.
bbrc.2008.10.159

Ramer, R., Rohde, A., Merkord, J., Rohde, H., & Hinz, B. (2010). Decrease
of plasminogen activator inhibitor‐1 may contribute to the anti‐
invasive action of cannabidiol on human lung cancer cells.

Pharmaceutical Research, 27(10), 2162–2174. https://doi.org/10.
1007/s11095-010-0219-2

Remiszewski, P., Pędzińska‐Betiuk, A., Mińczuk, K., Schlicker, E., Klimek, J.,
Dzięcioł, J., & Malinowska, B. (2022). Effects of the peripheral CB(1)
receptor antagonist JD5037 in mono‐ and polytherapy with the

AMPK activator metformin in a monocrotaline‐induced rat model of
pulmonary hypertension. Frontiers in Pharmacology, 13, 965613.
https://doi.org/10.3389/fphar.2022.965613

Robert, T., Kawkabani Marchini, A., Oumarou, G., & Uské, A. (2013).

Reversible cerebral vasoconstriction syndrome identification of
prognostic factors. Clinical Neurology and Neurosurgery, 115(11),
2351–2357. https://doi.org/10.1016/j.clineuro.2013.08.014

Sadowska, O., Baranowska‐Kuczko, M., Gromotowicz‐Popławska, A.,
Biernacki, M., Kicman, A., Malinowska, B., Kasacka, I., Krzyżewska, A., &
Kozłowska, H. (2020). Cannabidiol ameliorates monocrotaline‐induced
pulmonary hypertension in rats. International Journal of Molecular

Sciences, 21(19), 7077. https://doi.org/10.3390/ijms21197077
Sarmiento, I. C., Giammarino, A., Scheinerman, S. J., Guirola, A.,

Hartman, A., Brinster, D., & Hemli, J. M. (2021). Marijuana: An
underappreciated risk factor for acute type A aortic dissection. The
Heart Surgery Forum, 24(1), E137–E142. https://doi.org/10.1532/
hsf.3409

Schmid, J., & Auer, J. (2011). Spontaneous coronary artery dissection in a
young man—Case report. Journal of Cardiothoracic Surgery, 6, 22.
https://doi.org/10.1186/1749-8090-6-22

Song, S., Ayon, R. J., Yamamura, A., Yamamura, H., Dash, S., Babicheva, A.,

Tang, H., Sun, X., Cordery, A. G., Khalpey, Z., Black, S. M.,
Desai, A. A., Rischard, F., McDermott, K. M., Garcia, J. G. N.,
Makino, A., & Yuan, J. X. J. (2017). Capsaicin‐induced Ca(2+)
signaling is enhanced via upregulated TRPV1 channels in pulmonary
artery smooth muscle cells from patients with idiopathic PAH.

American Journal of Physiology‐Lung Cellular and Molecular Physiology,
312(3), L309–L325. https://doi.org/10.1152/ajplung.00357.2016

Stanley, C. P., Hind, W. H., Tufarelli, C., & O'Sullivan, S. E. (2015).
Cannabidiol causes endothelium‐dependent vasorelaxation of

human mesenteric arteries via CB1 activation. Cardiovascular

Research, 107(4), 568–578. https://doi.org/10.1093/cvr/cvv179
Steffens, S., Veillard, N. R., Arnaud, C., Pelli, G., Burger, F., Staub, C.,

Zimmer, A., Frossard, J. L., & Mach, F. (2005). Low dose oral
cannabinoid therapy reduces progression of atherosclerosis in mice.

Nature, 434(7034), 782–786. https://doi.org/10.1038/nature03389
Sterne, J., & Ducastaing, C. (1960). Arteritis caused by Cannabis indica.

Archives des Maladies du Coeur et des Vaisseaux, 53, 143–147.
Sugamura, K., Sugiyama, S., Fujiwara, Y., Matsubara, J., Akiyama, E.,

Maeda, H., Ohba, K., Matsuzawa, Y., Konishi, M., Nozaki, T.,

Horibata, Y., Kaikita, K., Sumida, H., Takeya, M., & Ogawa, H.
(2010). Cannabinoid 1 receptor blockade reduces atherosclerosis
with enhances reverse cholesterol transport. Journal of

Atherosclerosis and Thrombosis, 17(2), 141–147. https://doi.org/10.
5551/jat.2865

Sugamura, K., Sugiyama, S., Nozaki, T., Matsuzawa, Y., Izumiya, Y.,
Miyata, K., Nakayama, M., Kaikita, K., Obata, T., Takeya, M., &
Ogawa, H. (2009). Activated endocannabinoid system in coronary
artery disease and antiinflammatory effects of cannabinoid 1

receptor blockade on macrophages. Circulation, 119(1), 28–36.
https://doi.org/10.1161/CIRCULATIONAHA.108.811992

Szekeres, M., Nádasy, G. L., Turu, G., Soltész‐Katona, E., Benyó, Z.,
Offermanns, S., Ruisanchez, É., Szabó, E., Takáts, Z., Bátkai, S.,
Tóth, Z. E., & Hunyady, L. (2015). Endocannabinoid‐mediated modula-

tion of Gq/11 protein‐coupled receptor signaling‐induced vaso-
constriction and hypertension. Molecular and Cellular Endocrinology,
403, 46–56. https://doi.org/10.1016/j.mce.2015.01.012

Thewke, D., Freeman‐Anderson, N., Pickle, T., Netherland, C., &
Chilton, C. (2009). AM‐251 and SR144528 are acyl CoA:cholesterol

acyltransferase inhibitors. Biochemical and Biophysical Research

Communications, 381(2), 181–186. https://doi.org/10.1016/j.bbrc.
2009.02.020

Thomas, T. F., Metaxas, E. S., Nguyen, T., Bennett, W.,
Skiendzielewski, K. V., Quinn, D. H., & Scaletta, A. L. (2022). Case

report: Medical cannabis‐warfarin drug‐drug interaction. Journal of
Cannabis Research, 4(1), 6. https://doi.org/10.1186/s42238-021-
00112-x

Tiyerili, V., Zimmer, S., Jung, S., Wassmann, K., Naehle, C. P.,

Lütjohann, D., Zimmer, A., Nickenig, G., & Wassmann, S. (2010).
CB1 receptor inhibition leads to decreased vascular AT1 receptor
expression, inhibition of oxidative stress and improved endothelial

GUO ET AL. | 17 of 18

 10974652, 2024, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jcp.31373, W

iley O
nline L

ibrary on [26/04/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1136/hrt.2011.223446
https://doi.org/10.1172/JCI23057
https://doi.org/10.1172/JCI23057
https://doi.org/10.1111/j.1468-3083.2006.01947.x
https://doi.org/10.1111/j.1468-3083.2006.01947.x
https://doi.org/10.1007/s10067-023-06603-x
https://doi.org/10.1007/s10067-023-06603-x
https://doi.org/10.1113/jphysiol.2005.094292
https://doi.org/10.1152/ajpheart.00688.2007
https://doi.org/10.1016/j.jacc.2010.07.033
https://doi.org/10.1016/j.jacc.2010.07.033
https://doi.org/10.1038/sj.bjp.0707569
https://doi.org/10.1038/sj.bjp.0707569
https://doi.org/10.1016/j.bbrc.2008.10.159
https://doi.org/10.1016/j.bbrc.2008.10.159
https://doi.org/10.1007/s11095-010-0219-2
https://doi.org/10.1007/s11095-010-0219-2
https://doi.org/10.3389/fphar.2022.965613
https://doi.org/10.1016/j.clineuro.2013.08.014
https://doi.org/10.3390/ijms21197077
https://doi.org/10.1532/hsf.3409
https://doi.org/10.1532/hsf.3409
https://doi.org/10.1186/1749-8090-6-22
https://doi.org/10.1152/ajplung.00357.2016
https://doi.org/10.1093/cvr/cvv179
https://doi.org/10.1038/nature03389
https://doi.org/10.5551/jat.2865
https://doi.org/10.5551/jat.2865
https://doi.org/10.1161/CIRCULATIONAHA.108.811992
https://doi.org/10.1016/j.mce.2015.01.012
https://doi.org/10.1016/j.bbrc.2009.02.020
https://doi.org/10.1016/j.bbrc.2009.02.020
https://doi.org/10.1186/s42238-021-00112-x
https://doi.org/10.1186/s42238-021-00112-x


function. Basic Research in Cardiology, 105(4), 465–477. https://doi.
org/10.1007/s00395-010-0090-7

Topol, E. J., Bousser, M. G., Fox, K. A., Creager, M. A., Despres, J. P.,
Easton, J. D., Hamm, C. W., Montalescot, G., Steg, P. G.,

Pearson, T. A., Cohen, E., Gaudin, C., Job, B., Murphy, J. H., &
Bhatt, D. L. (2010). Rimonabant for prevention of cardiovascular
events (CRESCENDO): A randomised, multicentre, placebo‐
controlled trial. The Lancet, 376(9740), 517–523. https://doi.org/
10.1016/S0140-6736(10)60935-X

Uhegwu, N., Bashir, A., Hussain, M., Dababneh, H., Misthal, S., & Cohen‐
Gadol, A. (2015). Marijuana induced reversible cerebral vaso-
constriction syndrome. Journal of Vascular and Interventional

Neurology, 8(1), 36–38.
van Eenige, R., Ying, Z., Tambyrajah, L., Pronk, A. C. M., Blomberg, N.,

Giera, M., Wang, Y., Coskun, T., van der Stelt, M., Rensen, P. C. N., &
Kooijman, S. (2021). Cannabinoid type 1 receptor inverse agonism
attenuates dyslipidemia and atherosclerosis in APOE *3‐
Leiden.CETP mice. Journal of Lipid Research, 62, 100070. https://
doi.org/10.1016/j.jlr.2021.100070

Walsh, S. K., Hepburn, C. Y., Kane, K. A., & Wainwright, C. L. (2010). Acute
administration of cannabidiol in vivo suppresses ischaemia‐induced
cardiac arrhythmias and reduces infarct size when given at
reperfusion. British Journal of Pharmacology, 160(5), 1234–1242.
https://doi.org/10.1111/j.1476-5381.2010.00755.x

Wang, S., & Jia, C. (2020). TRPV1 inhibits smooth muscle cell phenotype
switching in a mouse model of abdominal aortic aneurysm. Channels,
14(1), 59–68. https://doi.org/10.1080/19336950.2020.1730020

Watanabe, H., Vriens, J., Prenen, J., Droogmans, G., Voets, T., & Nilius, B.

(2003). Anandamide and arachidonic acid use epoxyeicosatrienoic
acids to activate TRPV4 channels. Nature, 424(6947), 434–438.
https://doi.org/10.1038/nature01807

Wenzel, D., Matthey, M., Bindila, L., Lerner, R., Lutz, B., Zimmer, A., &
Fleischmann, B. K. (2013). Endocannabinoid anandamide mediates

hypoxic pulmonary vasoconstriction. Proceedings of the National

Academy of Sciences of the United States of America, 110(46),
18710–18715. https://doi.org/10.1073/pnas.1308130110

Wilhelmsen, K., Khakpour, S., Tran, A., Sheehan, K., Schumacher, M., Xu, F., &
Hellman, J. (2014). The endocannabinoid/endovanilloid N‐arachidonoyl
dopamine (NADA) and synthetic cannabinoid WIN55,212‐2 abate the

inflammatory activation of human endothelial cells. Journal of Biological
Chemistry, 289(19), 13079–13100. https://doi.org/10.1074/jbc.M113.
536953

Wolff, V., Lauer, V., Rouyer, O., Sellal, F., Meyer, N., Raul, J. S.,

Sabourdy, C., Boujan, F., Jahn, C., Beaujeux, R., & Marescaux, C.
(2011). Cannabis use, ischemic stroke, and multifocal intracranial
vasoconstriction: A prospective study in 48 consecutive young
patients. Stroke, 42(6), 1778–1780. https://doi.org/10.1161/
STROKEAHA.110.610915

Yamaori, S., Koeda, K., Kushihara, M., Hada, Y., Yamamoto, I., &
Watanabe, K. (2012). Comparison in the in vitro inhibitory effects
of major phytocannabinoids and polycyclic aromatic hydrocarbons
contained in marijuana smoke on cytochrome P450 2C9 activity.
Drug Metabolism and Pharmacokinetics, 27(3), 294–300. https://doi.
org/10.2133/dmpk.dmpk-11-rg-107

Zhao, Y., Liu, Y., Zhang, W., Xue, J., Wu, Y. Z., Xu, W., Liang, X., Chen, T.,
Kishimoto, C., & Yuan, Z. (2010). WIN55212‐2 ameliorates athero-
sclerosis associated with suppression of pro‐inflammatory responses
in ApoE‐knockout mice. European Journal of Pharmacology, 649(1–3),
285–292. https://doi.org/10.1016/j.ejphar.2010.09.027

Zhao, Y., Yuan, Z., Liu, Y., Xue, J., Tian, Y., Liu, W., Zhang, W., Shen, Y.,
Xu, W., Liang, X., & Chen, T. (2010). Activation of cannabinoid
CB2 receptor ameliorates atherosclerosis associated with sup-

pression of adhesion molecules. Journal of Cardiovascular

Pharmacology, 55(3), 292–298. https://doi.org/10.1097/FJC.
0b013e3181d2644d

Zou, S., & Kumar, U. (2018). Cannabinoid receptors and the endocanna-
binoid system: Signaling and function in the central nervous system.

International Journal of Molecular Sciences, 19(3), 833. https://doi.
org/10.3390/ijms19030833

How to cite this article: Guo, Y., Wei, X., Pei, J., Yang, H., &

Zheng, X.‐L. (2024). Dissecting the role of cannabinoids in

vascular health and disease. Journal of Cellular Physiology, 239,

e31373. https://doi.org/10.1002/jcp.31373

18 of 18 | GUO ET AL.

 10974652, 2024, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jcp.31373, W

iley O
nline L

ibrary on [26/04/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1007/s00395-010-0090-7
https://doi.org/10.1007/s00395-010-0090-7
https://doi.org/10.1016/S0140-6736(10)60935-X
https://doi.org/10.1016/S0140-6736(10)60935-X
https://doi.org/10.1016/j.jlr.2021.100070
https://doi.org/10.1016/j.jlr.2021.100070
https://doi.org/10.1111/j.1476-5381.2010.00755.x
https://doi.org/10.1080/19336950.2020.1730020
https://doi.org/10.1038/nature01807
https://doi.org/10.1073/pnas.1308130110
https://doi.org/10.1074/jbc.M113.536953
https://doi.org/10.1074/jbc.M113.536953
https://doi.org/10.1161/STROKEAHA.110.610915
https://doi.org/10.1161/STROKEAHA.110.610915
https://doi.org/10.2133/dmpk.dmpk-11-rg-107
https://doi.org/10.2133/dmpk.dmpk-11-rg-107
https://doi.org/10.1016/j.ejphar.2010.09.027
https://doi.org/10.1097/FJC.0b013e3181d2644d
https://doi.org/10.1097/FJC.0b013e3181d2644d
https://doi.org/10.3390/ijms19030833
https://doi.org/10.3390/ijms19030833
https://doi.org/10.1002/jcp.31373

	Dissecting the role of cannabinoids in vascular health and disease
	1 INTRODUCTION
	2 CANNABIS AND CANNABINOIDS
	2.1 Phytocannabinoids
	2.2 Synthetic cannabinoids
	2.3 Endocannabinoid system

	3 CANNABINOID RECEPTORS
	3.1 Cannabinoid receptor type 1
	3.2 Cannabinoid receptor type 2
	3.3 Transient receptor potential channels
	3.4 G protein-coupled receptor

	4 CANNABIS AND VASCULAR DISEASES
	4.1 Cannabis and atherosclerosis
	4.2 Cannabis and pulmonary arterial hypertension
	4.3 Cannabis and vascular calcification
	4.4 Cannabis and arteritis
	4.5 Cannabis and other vascular diseases

	5 CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	REFERENCES




