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Abstract: Abnormal blood coagulation or coagulopathy is a common manifestation of many pathological conditions. It occurs when there is an imbalance between the activities of the coagulation system
and the fibrinolytic system, leading to excessive or impaired intravascular blood clot formation,
which can disturb blood flow causing ischemia or hemorrhage in the affected tissues. A growing
body of evidence has demonstrated blood coagulation abnormalities in association with cannabinoid
use, suggesting the involvement of the endogenous cannabinoid system (ECS) in modulating blood
coagulation. However, the evidence in the literature has been controversial on whether cannabinoids
promote or inhibit blood coagulation. The ECS has been extensively studied in recent years for its
potential as a therapeutic target for many diseases. This review provides a brief introduction to the
ECS and discusses the reported anticoagulatory and procoagulatory effects of various cannabinoids,
highlighting some possible mechanisms that might underlie the observed effects. Understanding the
coagulatory effects of cannabinoids and the interaction between the coagulation system and the ECS
is vital for developing novel therapeutics for coagulopathies.
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1. Introduction
The endogenous cannabinoid system (ECS) is a complex regulatory network involved
in the homeostasis of the organism at the cell, tissue, and organ levels. It is involved in
embryogenesis and neurodevelopment [1,2], neuromodulation and neuroprotection [3,4],
learning and memory [5,6], motor control [7], pain modulation [8,9], metabolic and immune
responses [10–12], autonomic regulation of organ functions [13–15], among others. Given
its involvement in tuning a wide range of pathophysiological processes, the ECS has
attracted many researchers to study its potential as a therapeutic target in many pathological
conditions such as cancer, cardiovascular disease, neurological disorders, inflammatory
conditions, obesity, and metabolic disorders [11,16–18].
The versatile ECS consists primarily of (i) cannabinoid receptors type 1 and 2 (CB1 and
CB2); (ii) their endogenous activating ligands including arachidonoyl ethanolamide (AEA),
also known as anandamide, 2-arachidonoylglycerol (2-AG), virodhamine (O-arachidonoyl
ethanolamine (O-AEA), and N-Arachidonoyl Dopamine [19], the latter two being sometimes considered as endocannabinoid-like ligands; and (iii) the enzymes involved in
the metabolism of these endocannabinoids, such as diacylglycerol lipase (DAGL), Narachidonoyl phosphatidylethanolamine phospholipase D (NAPE-PLD), monoacylglycerol
lipase (MAGL), and fatty acid amide hydrolase (FAAH) [20,21]. Both CB1 and CB2 receptors belong to the class A subfamily of G protein-coupled receptors (GPCRs). Activation
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of these receptors results in cellular signaling that (i) inhibits adenylyl cyclase causing a
decrease in intracellular cyclic adenosine monophosphate (cAMP) and protein kinase A
levels, (ii) inhibits voltage-dependent N and P/Q type Ca2+ channels leading to a decrease
in calcium influx, (iii) stimulates type A K+ channels causing an increase in potassium
efflux, and (iv) stimulates mitogen-activated protein kinases (MAPK) [22]. The best characterized endogenous ligands of CB1/CB2 receptors, AEA and 2-AG, are eicosanoids that are
synthesized on demand from phospholipid precursors. NAPE-PLD catalyzes the synthesis
of AEA [23], while DAGL is involved in 2-AG synthesis [24]. AEA and 2-AG have a short
activity in vivo that is followed by rapid cellular uptake and intracellular degradation
into arachidonic acid (AA) through metabolic reactions facilitated by the catalytic activities of FAAH and MAGL, respectively [25,26]. With the activities of various enzymes,
AA is further metabolized into other eicosanoids, such as thromboxane A2 (TXA2 ) and
prostaglandins [27]. AEA can act as a partial or full agonist on CB1 receptors depending
on the system, but it has low efficacy at CB2 receptors, whereas 2-AG is considered a full
agonist for both receptors [28]. In addition to the endogenous ligands of CB1 and CB2, these
receptors can be modulated exogenously by other compounds including various synthetic
receptor agonists and antagonists, as well as by naturally occurring plant-derived cannabinoids (phytocannabinoids), such as ∆9 -tetrahydrocannabinol (∆9 -THC), cannabinol (CBN),
and cannabigerol (CBG). ∆9 -THC represents the most abundant cannabinoid in marijuana
and is considered the main constituent responsible for its psychoactive effects [29,30].
CB1 receptors are widely distributed throughout the body, but an abundant tissue
expression has been reported in regions of the central nervous system including basal
ganglia, hippocampus, cerebellum, amygdala, cingulate cortex, medial hypothalamus, and
spinal cord [31]. Peripheral CB1 tissue expression is found at lower, yet functional levels in
postganglionic autonomic nerve terminals [28], vascular endothelial and smooth muscle
cells [32], myocardium [33], skeletal muscle [34,35], liver [36], and adipose tissue [16]. By
contrast, CB2 receptors are more limited to peripheral tissues with a predominant expression in immune and hematopoietic cells [22,37], although recent findings suggest the expression of CB2 receptors centrally in neurons and glia under pathological conditions [38–41].
Changes in the expression and/or function of CB1/CB2 receptors indicate an impaired
endocannabinoid tone and have been detected in a great number of disorders, making the
ECS a potential therapeutic target for many diseases [17,21,42].
Hemostasis is a tightly regulated physiological process that is achieved by a delicate
balance between the activities of the coagulation system and the fibrinolytic system to
ensure normal blood circulation. Blood coagulation disorders or coagulopathies are a
group of disorders in which there is a hypercoagulative state leading to excessive abnormal blood clot formation and tissue ischemia, or hypocoagulation with impaired blood
clot formation or extensive blood clot lysis, both of which can result in hemorrhage [43].
Accumulating evidence in the literature points to links connecting cannabinoid actions
with blood coagulation abnormalities, suggesting crosstalk between the coagulation system
and the ECS. However, the evidence has been conflicting, and it remains unclear whether
cannabinoids have procoagulatory or anticoagulatory effects. Understanding the nature of
the cannabinoid coagulatory effects as well as the interaction between the coagulation system and the ECS is essential in utilizing the ECS as a potential target for developing novel
therapeutics for coagulopathies. This paper aims to review the potential anticoagulatory
and procoagulatory effects of various cannabinoids, highlighting the possible mechanisms
that might underlie some effects of these cannabinoids on blood coagulation. To facilitate
reading the review, the reported anticoagulatory effects of (i) synthetic, (ii) plant-derived,
and (iii) endogenous cannabinoids will be presented first, followed by their reported procoagulatory effects. Finally, discussing these findings with a reflection on the potential
clinical uses of cannabinoids in modulating blood coagulation will be presented.
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2. Anticoagulatory Effects of Cannabinoids
Anticoagulatory effects of cannabinoids have been reported in a few preclinical studies
and clinical case reports. Recently, in 2018, a multistate outbreak of synthetic cannabinoidassociated coagulopathy was declared in the Midwest of the United States with a series of
case reports indicating an association between the (over-)use of synthetic cannabinoids and
the incidence of coagulopathic hemorrhage, which may suggest potential anticoagulatory
effects of these cannabinoids. However, in many of these cases, the hemorrhage induced
by synthetic cannabinoid consumption seems to be an indirect effect and attributed to
contamination of these cannabinoids with Brodifacoum, a commonly used rodenticide that
functions as a long-acting vitamin K-dependent antagonist, hence, has anticoagulatory
properties [44–48]. In other cases, however, the reported coagulopathic hemorrhage was
thought to be a result of drug–drug interaction. Patients were on anticoagulative warfarin
therapy and presented to clinics with events of supratherapeutic INR with or without
bleeding in association with therapeutic or recreational uses of phytocannabinoids. It
has been suggested that these cannabinoids may potentiate the anticoagulative effect of
warfarin through cytochrome P450 interaction, thus, close monitoring and adjusting of
warfarin doses are necessary for patients who consume cannabinoids [49–51].
Some preclinical studies, however, have indeed demonstrated anticoagulatory effects
of phytocannabinoids as well as endocannabinoids. Levendal and Frost [12] studied
the metabolic and coagulatory effects of a plant-derived cannabinoid, organic Cannabis
sativa L. extract, administered subcutaneously, in streptozocin-induced diabetic Wistar rats.
Thrombin-induced clotting time showed a significant prolongation in cannabis-treated
diabetic rats compared to a vehicle. A similar effect of the cannabis extract on thrombininduced clotting time was observed in rats without diabetes compared to the vehicle group.
In another study conducted by the same group [52], researchers have extended their
studies to examine the possible pro-/anti-coagulatory effects of cannabis extract, and three
other major phytocannabinoids including THC, CBN, and CBD, on thrombin activity,
using both in vitro and in vivo approaches. To evaluate the in vitro effects, samples of
human plasma were treated with saline, cannabis extracts, or phytocannabinoids and a
thrombin assay was used to monitor the clotting induced by adding bovine thrombin.
While CBD did not show any significant effect on thrombin activity, the other cannabinoids
exhibited various degrees of significant inhibition with a 5-fold greater inhibition for
THC compared to that of CBN. Furthermore, the IC50 values were determined to be
1.79 mg/mL and 9.89 mg/mL for THC and cannabis extract, respectively, whereas no
sufficient inhibition was produced by CBN for an IC50 value to be determined. Utilizing a
turbidimetric clotting assay, CBD had no significant inhibition on thrombin-induced clotting
formation, while both THC and CBN showed significant and comparable inhibition with
IC50 values of 87 µg/mL and 83 µg/mL, respectively. Cannabis extract also significantly
inhibited thrombin-induced clotting, but with a greater IC50 value of 0.6 mg/mL. The
in vivo coagulatory effect of cannabis extract was evaluated on lean and obese rats. The
experimental groups of lean (LE) and obese (OE) rats were treated every alternate day with
subcutaneous injections of cannabis extract for 28 days, whereas the control groups (LC
and OC) received a vehicle. It has been shown that OC significantly had a 1.7-fold shorter
50% clotting time than that of LC, suggesting that obesity leads to a procoagulatory state.
LE had a 1.5-fold longer 50% clotting time compared to LC. The anticoagulatory effect of
cannabis extract was even more prominent in obese rats, as OE had a 2-fold longer 50%
clotting time compared to OC. Collectively, the results of these studies demonstrate that
cannabis extract, THC, and CBN inhibit plasma clot formation both in vitro and in vivo
and, thus, display an anticoagulatory activity.
The coagulatory effects of the phytocannabinoids olivetol, CBG, CBD, CBN, and THC
were also examined on human and rabbit platelets [53]. It has been found that ADP-induced
platelet aggregation was inhibited by all these cannabinoids in a dose-dependent manner
both in human and rabbit platelets. A partial primary inhibition and a total secondary
inhibition by these compounds were observed in human platelet aggregation induced by
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adrenaline. These cannabinoids also showed a dose-dependent inhibition of rabbit platelet
aggregation when the aggregation was induced by PAF. Although these cannabinoids
had inhibitory effects on human and rabbit platelet aggregation, their effects on serotonin
[I4 C]5-HT release did not correlate with the inhibition of aggregation.
In addition to the anticoagulatory effects observed with the abovementioned plantderived cannabinoids, diffuse alveolar hemorrhage and hemoptysis have also been linked
to cannabis smoking [54–56], which may suggest an anticoagulatory activity of some
components of cannabis. In these cases; however, the exact contents of the smoked cannabis
are unknown, and the underlying mechanisms of the bleeding remain to be elucidated.
The endocannabinoid AEA has also been shown to have an anticoagulatory effect. In
a study conducted by De Angelis et al. [57] to examine the role of AEA on platelet function
both in vitro and ex vivo, it has been found that platelet aggregation in suspension and
α-granule release induced by collagen, collagen-derived peptide (CRP-XL), ADP, AA, and
TXA2 analog, U46619, were prevented by AEA, which inhibits the expression of platelet
activation surface marker P selectin. Stimulating platelet aggregation with collagen or
CRP-XL, but not with the other agonists, significantly impaired calcium mobilization;
however, collagen-induced phosphorylation of spleen tyrosine kinase (Syk) was inhibited
by AEA. Furthermore, treating platelets with AEA results in limiting glycoprotein IIb/IIIa
activation and, thus, reducing platelet spreading on immobilized fibrinogen, decreasing
platelet capacity for binding fibrinogen in solution, and impairing platelet aggregate formation under flow over collagen. In line with these findings, ex vivo collagen-induced
platelet aggregation and aggregate formation on immobilized collagen under flow were
also impaired in whole blood of donors that had consumed Cannabis sativa.
3. Procoagulatory Effects of Cannabinoids
While some reports in the literature have linked cannabinoid actions with hemorrhage,
others illustrate an association between cannabinoid use and thromboembolic complications, suggesting procoagulatory effects of cannabinoids. In one case [58], the patient over a
period of nine months had presented with recurrent thromboembolism manifested as acute
bilateral renal infarcts, a left renal infarct, a pulmonary embolism (PE), and an ischemic
stroke on four separate occasions following synthetic cannabinoid smoking. Her past
medical history and family history were negative for potential risk factors of coagulopathy.
Furthermore, her clinical investigation did not reveal any results that could explain her
condition. She was started on anticoagulative therapy after her first thrombotic event and,
despite being on a prophylactic daily aspirin (ASA), she developed repeated thromboembolism. The fact that each of these thromboembolic events was preceded by heavy smoking
of cannabinoids is strongly indicative of a procoagulatory response triggered by these
cannabinoids that possibly led to the activation of inflammatory pathways or coagulation
pathways, albeit the exact mechanisms remain unknown.
Freeman et al. [59] reported two cases of young male and female siblings who presented independently with an acute ischemic stroke shortly after smoking synthetic cannabinoids. They have a history of smoking marijuana and tobacco, respectively; however, it has
been found that they had smoked synthetic cannabinoids from the same batch prior to each
of their presentations to the ER. A serum sample from the second patient was analyzed
using liquid chromatography-tandem mass spectroscopy and it revealed the presence of
JWH-018 but was negative for the other testable compounds (AM-2201, JWH-019, JWH-073,
JWH-250). The patients had no significant medical history, and their family history was
negative for blood clots, hypercoagulability, heart disease, stroke, or any risk factors of
stroke. They had unremarkable laboratory investigation, but the presence of infarction with
cerebral blood clots was confirmed by brain MRI and CT angiography for both patients.
Two other cases of young females who presented with an ischemic stroke associated with
synthetic cannabinoid use have also been reported [60]. While both patients developed
an acute ischemic stroke soon after synthetic cannabis consumption, the patients have
other risk factors for developing stroke including oral contraceptive use, a patent foramen
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ovale without venous thromboses, migraine with aura, smoking, and a family history
of superficial thrombophlebitis. Whether their stroke was triggered by pre-existing risk
factors or by their recent synthetic cannabinoid consumption remains to be determined.
Stupinski et al. [61] studied the impact of pre-injury chronic marijuana (THC) exposure
on the development of thromboembolic complication (TEC) in adult trauma patients using
a 2-year retrospective cohort analysis of the American College of Surgeons Trauma Quality
and Improvement Program (ACS-TQIP) database. While trauma patients usually meet the
criteria of Virchow’s triad (hypercoagulability, stasis, and endothelial injury) and, thus, are
more susceptible to developing TEC, it has been found that trauma patients who chronically
consumed the phytocannabinoids THC before their injury independently exhibited higher
rates of venous TEC, namely, DVT (6.6% vs. 1.8%, p = 0.02) and PE (2.2% vs. 0.2%,
p = 0.04) compared to their matching control groups with no prior chronic exposure to THC.
Interestingly, pre-injury chronic exposure to THC had no significant effects on mortality
rates (p = 0.28) nor on developing arterial TEC, namely, stroke (p = 0.24) and myocardial
infarction (MI) (p = 0.35). Using a similar approach to study the impact of THC exposure
on TEC in geriatric trauma patients (age > 65 years), researchers found that the rate of TEC
was significantly higher in THC(+ve) geriatric trauma patients compared to THC(−ve)
group (3.0% vs. 1.7%; p = 0.01). Furthermore, the THC(+ve) group had significantly higher
rates of DVT (2.2% vs. 0.6%, p < 0.01) and PE (1.4% vs. 0.4%, p < 0.01) in comparison to
control THC(−ve) patients [62].
Although the previous two studies have shown no association between cannabinoid
use and developing MI in trauma patients, numerous other studies demonstrate a link
between cannabinoid consumption and triggering myocardial ischemia or infarction. Mittleman et al. [63] conducted a case-crossover study with self-matched control to examine
the association between frequency of MI onset and marijuana smoking within an hour
before experiencing symptoms of acute MI. Results showed that, in the 60 min following
marijuana smoking, the risk of MI onset is increased by 4.8 times over baseline (95% confidence interval, 2.4 to 9.5; p < 0.001), with a rapid decline in the risk thereafter. Consistent
with these results, several cases reported an incidence of myocardial ischemia or infarction that is temporally associated with cannabinoid consumption [64–67]. The potential
mechanisms underlying the transient elevated risk of MI post cannabinoid smoking are
not fully understood; however, cannabinoid smoking is associated with rapid absorption
of cannabinoids through the lung circulation, and the concentration of these compounds
can reach peak levels in the systemic circulation within 30 min after smoking. In addition,
previous studies indicate that cannabinoids (marijuana or synthetic ligands) can influence
cardiovascular autonomic nervous system activity via CB1 receptor activation, resulting in
a wide range of acute hemodynamic effects that largely depend on the cannabinoid dose,
route of administration, duration of the use, and individual sensitivity. In this context,
hypotension, increased heart rate by 20–100%, and decreased myocardial contractility
have been documented [68–70]. These effects may increase the myocardium workload,
thereby increasing the cardiac oxygen demand with unmatched oxygen supply. Moreover,
cannabinoid smoking increases the production of carboxyhemoglobin [71], which, along
with the compromised oxygen supply, can further impair the myocardial oxygen balance.
Generation of reactive oxygen species (ROS) and subsequent endothelial dysfunction have
also been reported with CB1 receptor activation [70]. Altogether, these acute effects may
associate with transient ischemic/reperfusion changes with increased oxidative stress at
the cardiovascular tissue levels that may, ultimately, lead to the activation of coagulative
pathways causing MI in susceptible individuals.
In vitro studies conducted to examine the effects of endogenous cannabinoids on
platelet function may give insights into possible mechanisms underlying the cannabinoidinduced procoagulatory responses seen with the previously reported thromboembolism
cases associated with cannabinoid use, although, as indicated above, other mechanisms
might be implicated. A study examined the effects of the main endocannabinoids AEA,
2-AG, and virodhamide on platelet aggregation in human blood and platelet-rich plasma
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(PRP) samples using multiple electrode aggregometry showed that both 2-AG and virodhamide stimulated platelet aggregation in blood, and induced shape change and adenosine
triphosphate (ATP) release that was followed by platelet aggregation in PRP, whereas AEA
(600 µM) was inactive. In addition, the stimulatory effects of 2-AG and virodhamide on
platelet aggregation in blood and PRP were dose-dependent. The synthetic cannabinoids
ACEA, a CB1 agonist, and JHW015, a CB2 agonist, showed neither a stimulatory nor
inhibitory effect on platelet aggregation. The platelet aggregation induced by 2-AG and
virodhamide was inhibited by ASA, a COX-1 inhibitor, daltroban, a specific TXA2 -receptor
antagonist, and JZL184, a MAGL inhibitor, suggesting that this aggregation resulted from
the degradation of these endocannabinoids into free AA and its metabolite TXA2 , rather
than direct CB1/CB2 activation [72]. Baldassarri et al. [73] have also found that the 2-AGinduced platelet activation in gel-filtered platelets is independent of CB1/CB2 stimulation,
as they could not detect the presence of CB1 and CB2 mRNA nor their proteins on the
platelet surface. It has been demonstrated that the platelet activation was triggered by a
robust release of TXA2 from these platelets leading to cytoplasmic Ca2+ release, granule secretion, and platelet aggregation. The 2-AG-induced platelet aggregation, however, was not
inhibited by MAGL inhibitors, which prevent the degradation of 2-AG into AA and TXA2.
On the other hand, a study on washed human platelets demonstrated a dose-dependent
platelet activation by AEA (250–1300 µM) resembling the effects induced by AA. However,
unlike the AA-induced platelet activation, the activation triggered by AEA was not inhibited by ASA. Furthermore, PMSF, an inhibitor of FAAH that degrades AEA into AA, did
not affect platelet activation induced by AEA, suggesting that this activation is independent of the AA pathway with no evidence to support a CB1/CB2 activation-dependent
mechanism [74]. Another in vitro study, however, was able to show the existence of both
CB1 and CB2 cannabinoid receptor expression on human platelet surface using Western
blot. It also investigated the effects of THC (final concentrations 10−7 to 10−5 M) on platelet
activation. Whole blood flow cytometric analyses revealed that THC increased the expression of activated platelet surface markers: fibrinogen receptor (glycoprotein IIb-IIIa) and P
selectin in a dose-dependent manner [75]. Together, the results of this study may suggest a
procoagulatory effect of cannabinoids that is dependent on cannabinoid receptor activation.
A more recent study has also confirmed the presence of CB1 and, to a lesser extent, CB2
receptor proteins intracellularly in human platelets using Western blot, ELISA, and confocal
fluorescence microscopy [76]; however, further in vivo studies are needed to confirm the
potential involvement of CB1/CB2 stimulation in platelet activation and blood coagulation.
4. Discussion
As illustrated in the previous two sections, members of all classes of cannabinoids
(synthetic, plant-derived, and endogenous), despite being vastly different in their structure,
receptor affinity, potency, and metabolism can have pro- or anti-coagulatory (Table 1). The
reported variations in the coagulatory effects of a particular cannabinoid often depends on
the experimental conditions under which the cannabinoid was studied. In the case of synthetic cannabinoids, contamination with other substances might largely be responsible for
the observed anti-/pro-coagulatory effects. Nonetheless, plant-derived cannabinoids have
shown interactions with warfarin, a well-known vitamin K antagonist that is commonly
prescribed as an anticoagulant for many clinical indications including stroke prevention
and DVT treatment and other cardiovascular conditions. Studies have indicated that both
phytocannabinoids, ∆9 -THC and CBD, are potential inhibitors for the enzymatic activity of
the cytochrome P450 enzyme CYP2C9 [77–79], which is the primary metabolic site where
the S-enantiomer of warfarin, the part of the warfarin medication that exhibits the most
potent anticoagulative effect, undergoes significant oxidative metabolism in the liver [79].
Therefore, the anticoagulative effect of warfarin could potentially be potentiated using
these cannabinoids. With the recent increase in the interest in exploring the clinical potential of cannabinoids and the medicinal use of marijuana, clinicians should be aware of
such drug–drug interactions that affect blood coagulation like the one reported with an
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FDA-approved CBD-based drug for treating intractable epilepsy, (Epidiolex, Greenwich
Biosciences) [50]. In addition to the indirect anticoagulatory effects of phytocannabinoids,
some of them indeed have been shown to exhibit anticoagulatory effects in pre-clinical
studies by inhibiting thrombin activity [12,52] or platelet aggregation [53,57]. It seems,
however, that consuming phytocannabinoids (or sometimes synthetic ligands) by smoking
is likely to be associated with procoagulatory effects [58,59,63,66,67]; whether smoking
itself is responsible for inducing the procoagulatory effects of these cannabinoids remains to
be elucidated. Reported coagulatory studies of endogenous cannabinoids have been mainly
done in vitro and, except for one study that demonstrated an anticoagulatory effect of AEA
by inhibiting platelet aggregation [57], most of these studies support a procoagulatory effect
through stimulating platelet activation and aggregation, although the exact mechanisms by
which this effect occurs are still controversial [72–74].
Table 1. Overview of the reported coagulatory effects of various classes of cannabinoids with potential
underlying mechanisms.
Cannabinoid

Anticoagulatory Effects with Potential Underlying Mechanisms

Reference

Synthetic
Indirect anticoagulatory effect → contamination of cannabinoid with
brodifacoum (Vitamin K antagonist).

[44–48]

THC, CBD, cannabis

Drug–drug interactions → cannabinoids may potentiate the
anticoagulative effect of warfarin in patients taking warfarin therapy
through cytochrome P450 interaction.

[49–51]

Cannabis extract

Prolongation of thrombin-induced clotting time in diabetic Wistar rats.

[12]

Cannabis extract, THC, CBN

Inhibition of thrombin-induced clotting formation in vivo and in vitro.

[52]

Synthetic Cannabinoids
Plant-derived

Olivetol, CBG, CBN, CBD, THC

Inhibition of human and rabbit platelet aggregation.

Cannabis smoking

Diffuse alveolar hemorrhage and hemoptysis (unknown mechanisms)

[53]

Cannabis sativa

Impairment of collagen-induced platelet aggregation and aggregate
formation on immobilized collagen under flow ex vivo.

[57]

Inhibition of platelet aggregation and aggregate formation under flow over
collagen in vitro through inhibiting P selectin expression and limiting
glycoprotein IIb/IIIa activation.

[57]

Procoagulatory Effects with Potential Underlying Mechanisms

Reference

Synthetic cannabinoid smoking

Repeated thromboembolic events with possible activation of inflammatory
or coagulative pathways.

[58]

Synthetic cannabinoid smoking
(JWH-018)

Acute ischemic stroke in patients with no prior risk factors for stroke
(unknown mechanisms).

[59]

Synthetic cannabinoid use

Acute ischemic stroke with other prior risk factors for developing stroke.

[60]

Chronic THC exposure

Increase in the risk of developing venous thromboembolic complications in
adult and geriatric trauma patients (unknown mechanisms).

[61,62]

Acute marijuana
smoking

Increase in the risk of M.I by 5 times over baseline during the 60 min
following acute marijuana smoking.
Potential mechanisms: Activation of CB1 receptors with increased
oxidative stress at the cardiovascular tissue level that may ultimately lead
to the activation of coagulative pathways.

[63,68–71]

THC

Stimulation of platelet activation via CB1/CB2-dependent mechanism
through increasing fibrinogen receptor (glycoprotein IIb-IIIa) and P
selectin expression.

[54–56]

Endogenous
AEA
Cannabinoid
Synthetic

Plant-derived

[75]
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Table 1. Cont.
Cannabinoid

Procoagulatory Effects with Potential Underlying Mechanisms

Reference

Endogenous
2-AG, Virodhamide

Stimulation of platelet aggregation in human blood and PRP samples
through degradation of these endocannabinoids into AA
metabolite (TXA2 ).

[72]

2-AG

Stimulation of platelet activation accompanied by a robust TXA2 release
from these platelets leading to cytoplasmic Ca2 + release, granule secretion,
and platelet aggregation.

[73]

AEA

Stimulation of platelet activation through a mechanism independent of the
AA pathway.

[74]

The presented studies in this review do show the potential of different cannabinoids
in modulating blood coagulation. Both anticoagulatory and procoagulatory effects could
be beneficial in clinical use, as coagulopathies can manifest as abnormal clot formation or
hemorrhage. However, the heterogenicity of the studies makes it difficult to conclude a
statement on the coagulatory effects of cannabinoids. We are still far away from translating
these preliminary findings into clinical practice. Careful designing of further experiments
both in vitro and in vivo is needed to understand the conditions under which pro- or
anti-coagulatory effects of these cannabinoids may predominate, as well as the underlying
mechanisms of each of these effects. Further research is also needed to overcome the
undesired psychoactive effects which might be associated with cannabis-based drugs.
5. Conclusions
In summary, while the literature displays controversial findings on the coagulatory
effects of cannabinoids, there is strong evidence that supports the presence of crosstalk
between the ECS and the coagulation system. Multiple mechanisms might be implicated
in the coagulatory effects seen with different cannabinoids and these variations in the
effects may also be influenced by other factors including the dose, route of administration,
duration of the use, and individual sensitivity, as well as the health/disease state of the
subject, as the synthesis and expression of CB1/CB2 receptors is regulated on demand.
Both CB1 and CB2 receptors have been identified on human platelet, suggesting potential
roles for cannabinoids in modulating platelet function and blood coagulation. Further
studies are needed to understand the cannabinoid effects on blood coagulation and the
association between the ECS and the coagulation system, which would help in developing
new therapeutic strategies for coagulopathies.
Author Contributions: Conceptualization, C.L. and W.K.; literature search, W.K. and C.L.; writing,
review, and editing, W.K. and C.L. All authors have read and agreed to the published version of
the manuscript.
Funding: This research received no external funding.
Conflicts of Interest: The authors declare no conflict of interest.

References
1.
2.
3.

4.

Fernández-Ruiz, J.; Berrendero, F.; Hernández, M.L.; Ramos, J.A. The endogenous cannabinoid system and brain development.
Trends Neurosci. 2000, 23, 14–20. [CrossRef]
Habayeb, O.M.H.; Taylor, A.H.; Bell, S.C.; Taylor, D.J.; Konje, J.C. Expression of the Endocannabinoid System in Human First
Trimester Placenta and Its Role in Trophoblast Proliferation. Endocrinology 2008, 149, 5052–5060. [CrossRef] [PubMed]
El-remessy, A.B.; Khalil, I.E.; Matragoon, S.; Abou-mohamed, G.; Tsai, N.; Roon, P.; Caldwell, R.B.; Caldwell, R.W.; Green, K.;
Liou, G.I. Neuroprotective Effect of (-) ∆9-Tetrahydrocannabinol and Cannabidiol in N -Methyl- D -Aspartate-Induced Retinal
Neurotoxicity Involvement of Peroxynitrite. Am. J. Pathol. 2003, 163, 1997–2008. [CrossRef]
Di Marzo, V.; Melck, D.; Bisogno, T.; De Petrocellis, L. Endocannabinoids: Endogenous cannabinoid receptor ligands with
neuromodulatory action. Trends Neurosci. 1998, 22, 521–528. [CrossRef]

Metabolites 2022, 12, 541

5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

23.
24.

25.
26.
27.

28.
29.
30.

31.
32.

9 of 11

Mazzola, C.; Micale, V.; Drago, F. Amnesia induced by β-amyloid fragments is counteracted by cannabinoid CB 1 receptor
blockade. Eur. J. Pharmacol. 2003, 477, 219–225. [CrossRef]
Giovanni, M. Pauline Lafenêtre Roles of the Endocannabinoid System in Learning and Memory. In Behavioral Neurobiology of the
Endocannabinoid System; Kendall, D.A.S., Ed.; Springer: Berlin/Heidelberg, Germany, 2009; pp. 201–230. ISBN 978-3-540-88955-7.
Giuffrida, A.; Parsons, L.H.; Kerr, T.M.; Rodríguez De Fonseca, F.; Navarro, M.; Piomelli, D. Dopamine activation of endogenous
cannabinoid signaling in dorsal striatum. Nat. Neurosci. 1999, 2, 358–363. [CrossRef]
Calignano, A.; La Rana, G.; Giuffrida, A.; Piomelli, D. Control of pain initiation by endogenous cannabinoids. Nature 1998, 394,
277–281. [CrossRef]
Walker, J.M.; Huang, S.M.; Strangman, N.M.; Tsou, K.; Sañudo-Peña, M.C. Pain modulation by release of the endogenous
cannabinoid anandamide. Proc. Natl. Acad. Sci. USA 1999, 96, 12198–12203. [CrossRef]
Klein, T.W.; Newton, C.; Larsen, K.; Lu, L.; Perkins, I.; Nong, L.; Friedman, H. The cannabinoid system and immune modulation.
J. Leukoc. Biol. 2003, 74, 486–496. [CrossRef]
Conti, S.; Costa, B.; Colleoni, M.; Parolaro, D.; Giagnoni, G. Antiinflammatory action of endocannabinoid palmitoylethanolamide
and the synthetic cannabinoid nabilone in a model of acute inflammation in the rat. Br. J. Pharmacol. 2002, 135, 181–187. [CrossRef]
Levendal, R.A.; Frost, C.L. In vivo effects of cannabis sativa L. extract on blood coagulation, fat and glucose metabolism in normal
and streptozocin-induced diabetic rats. Afr. J. Tradit. Complement. Altern. Med. 2006, 3, 181. [CrossRef]
Mang, C.F.; Erbelding, D.; Kilbinger, H. Differential effects of anandamide on acetylcholine release in the guinea-pig ileum
mediated via vanilloid and non-CB 1 cannabinoid receptors. Br. J. Pharmacol. 2001, 134, 161–167. [CrossRef] [PubMed]
Krylatov, A.V.; Maslov, L.N.; Nam, I.F.; Bushov, Y.V. Cannabinoidergic Regulation of the Functional State of the Heart. The Role of
the Autonomic Nervous System. Neurosci. Behav. Physiol. 2019, 49, 331–340. [CrossRef]
Wagner, J.A.; Varga, K.; Kunos, G. Cardiovascular actions of cannabinoids and their generation during shock. J. Mol. Med. 1998,
76, 824–836. [CrossRef] [PubMed]
Engeli, S.; Böhnke, J.; Feldpausch, M.; Gorzelniak, K.; Janke, J.; Bátkai, S.; Pacher, P.; Harvey-White, J.; Luft, F.C.; Sharma, A.M.;
et al. Activation of the peripheral endocannabinoid system in human obesity. Diabetes 2005, 54, 2838–2843. [CrossRef]
Lowe, H.; Toyang, N.; Steele, B.; Bryant, J.; Ngwa, W. The endocannabinoid system: A potential target for the treatment of various
diseases. Int. J. Mol. Sci. 2021, 22, 9472. [CrossRef]
Martín Giménez, V.M.; Noriega, S.E.; Kassuha, D.E.; Fuentes, L.B.; Manucha, W. Anandamide and endocannabinoid system: An
attractive therapeutic approach for cardiovascular disease. Ther. Adv. Cardiovasc. Dis. 2018, 12, 177–190. [CrossRef]
Grabiec, U.; Dehghani, F. N-Arachidonoyl Dopamine: A Novel Endocannabinoid and Endovanilloid with Widespread Physiological and Pharmacological Activities. Cannabis Cannabinoid Res. 2017, 2, 183–196. [CrossRef]
Battista, N.; Di Tommaso, M.; Bari, M.; Maccarrone, M. The endocannabinoid system: An overview. Front. Behav. Neurosci. 2012,
6, 9. [CrossRef]
Lu, Y.; Anderson, H.D. Cannabinoid signaling in health and disease. Can. J. Physiol. Pharmacol. 2017, 95, 311–327. [CrossRef]
Howlett, A.C.; Barth, F.; Bonner, T.I.; Cabral, G.; Casellas, P.; Devane, W.A.; Felder, C.C.; Herkenham, M.; Mackie, K.; Martin, B.R.;
et al. International Union of Pharmacology. XXVII. Classification of cannabinoid receptors. Pharmacol. Rev. 2002, 54, 161–202.
[CrossRef] [PubMed]
Okamoto, Y.; Morishita, J.; Tsuboi, K.; Tonai, T.; Ueda, N. Molecular Characterization of a Phospholipase D Generating Anandamide and Its Congeners. J. Biol. Chem. 2004, 279, 5298–5305. [CrossRef] [PubMed]
Bisogno, T.; Howell, F.; Williams, G.; Minassi, A.; Cascio, M.G.; Ligresti, A.; Matias, I.; Schiano-Moriello, A.; Paul, P.; Williams, E.;
et al. Cloning of the first sn1-DAG lipases points to the spatial and temporal regulation of endocannabinoid signaling in the brain.
J. Cell Biol. 2003, 163, 463–468. [CrossRef] [PubMed]
Murataeva, N.; Straiker, A.; MacKie, K. Parsing the players: 2-arachidonoylglycerol synthesis and degradation in the CNS. Br. J.
Pharmacol. 2014, 171, 1379–1391. [CrossRef]
Maccarrone, M. Metabolism of the endocannabinoid anandamide: Open questions after 25 years. Front. Mol. Neurosci. 2017, 10,
166. [CrossRef] [PubMed]
Kozak, K.R.; Crews, B.C.; Morrow, J.D.; Wang, L.H.; Ma, Y.H.; Weinander, R.; Jakobsson, P.J.; Marnett, L.J. Metabolism of the
endocannabinoids, 2-arachidonylglycerol and anandamide, into prostaglandin, thromboxane, and prostacyclin glycerol esters
and ethanolamides. J. Biol. Chem. 2002, 277, 44877–44885. [CrossRef]
Pacher, P.; Mukhopadhyay, P.; Mohanraj, R.; Godlewski, G.; Bátkai, S.; Kunos, G. Modulation of the endocannabinoid system in
cardiovascular disease: Therapeutic potential and limitations. Hypertension 2008, 52, 601–607. [CrossRef]
Pertwee, R.G. The diverse CB 1 and CB 2 receptor pharmacology of three plant cannabinoids: ∆ 9-tetrahydrocannabinol,
cannabidiol and ∆ 9-tetrahydrocannabivarin. Br. J. Pharmacol. 2008, 153, 199–215. [CrossRef]
Sainz-Cort, A.; Jimenez-Garrido, D.; Muñoz-Marron, E.; Viejo-Sobera, R.; Heeroma, J.; Bouso, J.C. Opposite Roles for Cannabidiol
and δ-9-Tetrahydrocannabinol in Psychotomimetic Effects of Cannabis Extracts: A Naturalistic Controlled Study. J. Clin.
Psychopharmacol. 2021, 41, 561–570. [CrossRef]
Herkenham, M.; Lynn, A.B.; Little, M.D.; Johnson, M.R.; Melvin, L.S.; De Costa, B.R.; Rice, K.C. Cannabinoid receptor localization
in brain. Proc. Natl. Acad. Sci. USA 1990, 87, 1932–1936. [CrossRef]
Mackie, K. Cannabinoid receptors as therapeutic targets. Annu. Rev. Pharmacol. Toxicol. 2006, 46, 101–122. [CrossRef] [PubMed]

Metabolites 2022, 12, 541

33.
34.
35.

36.
37.
38.
39.
40.

41.
42.
43.
44.
45.
46.
47.
48.

49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.

10 of 11

Bonz, A.; Laser, M.; Küllmer, S.; Kniesch, S.; Babin-Ebell, J.; Popp, V.; Ertl, G.; Wagner, J.A. Cannabinoids acting on CB1 receptors
decrease contractile performance in human atrial muscle. J. Cardiovasc. Pharmacol. 2003, 41, 657–664. [CrossRef] [PubMed]
Pagotto, U.; Marsicano, G.; Cota, D.; Lutz, B.; Pasquali, R. The emerging role of the endocannabinoid system in endocrine
regulation and energy balance. Endocr. Rev. 2006, 27, 73–100. [CrossRef]
Iannotti, F.A.; Pagano, E.; Guardiola, O.; Adinolfi, S.; Saccone, V.; Consalvi, S.; Piscitelli, F.; Gazzerro, E.; Busetto, G.;
Carrella, D.; et al. Genetic and pharmacological regulation of the endocannabinoid CB1 receptor in Duchenne muscular dystrophy.
Nat. Commun. 2018, 9, 3950. [CrossRef]
Mallat, A.; Lotersztajn, S. Endocannabinoids and Liver Disease. I. Endocannabinoids and their receptors in the liver. Am. J.
Physiol. Gastrointest. Liver Physiol. 2007, 294, 9–12. [CrossRef]
Simard, M.; Rakotoarivelo, V.; Di Marzo, V.; Flamand, N.; Flammnd, N. Expression and Functions of the CB 2 Receptor in Human
Leukocytes. Fontiers. Pharmacol. 2022, 13, 826400. [CrossRef]
Chen, D.J.; Gao, M.; Gao, F.F.; Su, Q.X.; Wu, J. Brain cannabinoid receptor 2: Expression, function and modulation. Acta Pharmacol.
Sin. 2017, 38, 312–316. [CrossRef]
Kibret, B.G.; Ishiguro, H.; Horiuchi, Y.; Onaivi, E.S. New Insights and Potential Therapeutic Targeting of CB2 Cannabinoid
Receptors in CNS Disorders. Int. J. Mol. Sci. 2022, 23, 975. [CrossRef]
Núñez, E.; Benito, C.; Pazos, M.R.; Barbachano, A.; Fajardo, O.; González, S.; Tolón, R.M. Julián Romero Cannabinoid CB 2
Receptors Are Expressed by Perivascular Microglial Cells in the Human Brain: An Immunohistochemical Study. Synapse 2004,
213, 208–213. [CrossRef]
Ortega-Alvaro, A.; Aracil-Fernández, A.; García-Gutiérrez, M.S.; Navarrete, F.; Manzanares, J. Deletion of CB2 cannabinoid
receptor induces schizophrenia-related behaviors in mice. Neuropsychopharmacology 2011, 36, 1489–1504. [CrossRef]
Osafo, N.; Yeboah, O.K.; Antwi, A.O. Endocannabinoid system and its modulation of brain, gut, joint and skin inflammation. Mol.
Biol. Rep. 2021, 48, 3665–3680. [CrossRef] [PubMed]
Scher, C.S.; David, A.; Liu, H.; Perelman, S. Essentials of Blood Product Management in Anesthesia Practice; Scher, C.S., Kaye, A.D.,
Liu, H., Perelman, S., Leavitt, S., Eds.; Springer International Publishing: Cham, Switzerland, 2021; ISBN 978-3-030-59294-3.
Boyack, I.; Opsha, O. Coagulopathic hemorrhage with use of synthetic cannabinoids. Am. J. Emerg. Med. 2019, 37, 374.e3–374.e4.
[CrossRef] [PubMed]
Kircher, M.; Perez, J. Brodifacoum poisoning linked to synthetic marijuana use in Wisconsin. Wis. Med. J. 2020, 119, 129–131.
Arepally, G.M.; Ortel, T.L. Bad weed: Synthetic cannabinoid-associated coagulopathy. Blood 2019, 133, 902–905. [CrossRef]
Kelkar, A.H.; Smith, N.A.; Martial, A.; Moole, H.; Tarantino, M.D.; Roberts, J.C. An Outbreak of Synthetic Cannabinoid–Associated
Coagulopathy in Illinois. N. Engl. J. Med. 2018, 379, 1216–1223. [CrossRef]
Devgun, J.M.; Rasin, A.; Kim, T.; Mycyk, M.B.; Bryant, S.M.; Wahl, M.S.; DesLauriers, C.; Navon, L.; Moritz, E.D.; Thompson,
T.M.; et al. An outbreak of severe coagulopathy from synthetic cannabinoids tainted with Long-Acting anticoagulant rodenticides.
Clin. Toxicol. 2020, 58, 821–828. [CrossRef]
Brown, G.W.; Bellnier, T.J.; Janda, M.; Miskowitz, K. ∆-9-tetrahydrocannabinol dose increase leads to warfarin drug interaction
and elevated INR. J. Am. Pharm. Assoc. 2021, 61, e57–e60. [CrossRef]
Cortopassi, J. Warfarin dose adjustment required after cannabidiol initiation and titration. Am. J. Heal Pharm. 2021, 77, 1846–1851.
[CrossRef]
Damkier, P.; Lassen, D.; Christensen, M.M.H.; Madsen, K.G.; Hellfritzsch, M.; Pottegård, A. Interaction between warfarin and
cannabis. Basic Clin. Pharmacol. Toxicol. 2019, 124, 28–31. [CrossRef]
Coetzee, C.; Levendal, R.A.; van de Venter, M.; Frost, C.L. Anticoagulant effects of a Cannabis extract in an obese rat model.
Phytomedicine 2007, 14, 333–337. [CrossRef]
Formukong, E.A.; Evans, A.T.; Evans, F.J. The Inhibitory Effects of Cannabinoids, The Active Constituents of Cannabis sativa L.
on Human and Rabbit Platelet Aggregation. J. Pharm. Pharmacol. 1989, 41, 705–709. [CrossRef] [PubMed]
Alqahtani, A.; Ammari, Z.; Ramahi, A.; Said Ahmed, T.S.; Klada, E. Cannabis Smoking-induced Diffuse Alveolar Hemorrhage.
Cureus 2019, 11, e5089. [CrossRef] [PubMed]
Monfort, M.; Larakeb, A.; Gouraud, F. Inhalation de cannabis frelaté, responsable d’une hémoptysie. Arch. Pediatr. 2013, 20,
637–639. [CrossRef] [PubMed]
Hashmi, H.R.T.; Duncalf, R.; Khaja, M. A case report of cannabis induced hemoptysis. Medicine 2016, 95, e3232. [CrossRef]
De Angelis, V.; Koekman, A.C.; Weeterings, C.; Roest, M.; De Groot, P.G.; Herczenik, E.; Maas, C. Endocannabinoids control
platelet activation and limit aggregate formation under flow. PLoS ONE 2014, 9, e3232. [CrossRef]
Raheemullah, A.; Laurence, T.N. Repeated Thrombosis After Synthetic Cannabinoid Use. J. Emerg. Med. 2016, 51, 540–543.
[CrossRef]
Freeman, W.D.; Louh, I.K. Ischemic stroke after use of the synthetic marijuana spice. Neurology 2014, 83, 772–773. [CrossRef]
Bernson-Leung, M.E.; Leung, L.Y.; Kumar, S. Synthetic cannabis and acute ischemic stroke. J. Stroke Cerebrovasc. Dis. 2014, 23,
1239–1241. [CrossRef]
Stupinski, J.; Bible, L.; Asmar, S.; Chehab, M.; Douglas, M.; Ditillo, M.; Gries, L.; Khurrum, M.; Joseph, B. Impact of marijuana
on venous thromboembolic events: Cannabinoids cause clots in trauma patients. J. Trauma Acute Care Surg. 2020, 89, 125–131.
[CrossRef]

Metabolites 2022, 12, 541

62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.

74.
75.
76.
77.
78.
79.

11 of 11

Asmar, S.; Nelson, A.; Anand, T.; Hammad, A.; Obaid, O.; Ditillo, M.; Saljuqi, T.; Tang, A.; Joseph, B. Marijuana and thromboembolic events in geriatric trauma patients: The cannabinoids clots correlation! Am. J. Surg. 2021, 89, 125–131. [CrossRef]
Mittleman, M.A.; Lewis, R.A.; Maclure, M.; Sherwood, J.B.; Muller, J.E. Triggering myocardial infarction by marijuana. Circulation
2001, 103, 2805–2809. [CrossRef] [PubMed]
Clark, B.C.; Georgekutty, J.; Berul, C.I. Myocardial Ischemia Secondary to Synthetic Cannabinoid (K2) Use in Pediatric Patients. J.
Pediatr. 2015, 167, 757–761.e1. [CrossRef] [PubMed]
Mir, A.; Obafemi, A.; Young, A.; Kane, C. Myocardial infarction associated with use of the synthetic cannabinoid K2. Pediatrics
2011, 128, e1622–e1627. [CrossRef] [PubMed]
Biyik, I.; Akturk, I.F.; Yalcin, A.A.; Tanidir, I.C.; Erturk, M. Cannabis joint triggered recurrent anterior myocardial infarction in an
adolescent taking dual anti-platelet therapy. Postep. Kardiol. Interwencyjnej 2012, 8, 156–159. [CrossRef]
Kocabay, G.; Yildiz, M.; Duran, N.E.; Ozkan, M. Acute inferior myocardial infarction due to cannabis smoking in a young man. J.
Cardiovasc. Med. 2009, 10, 669–670. [CrossRef]
Beaconsfield, P.; Ginsburg, J.; Rainsbury, R. Marihuana Smoking: Cardiovascular Effects in Man and Possible Mechanisms. N.
Engl. J. Med. 1972, 287, 209–212. [CrossRef]
Clark, C.S.; Greene, C.; Karr, G.; MacCannell, K.; Milstein, S. Cardiovaseular effects of marihuana in man. Can. J. Physiol.
Pharmacol. 1974, 52, 706–719. [CrossRef]
Pacher, P.; Steffens, S.; Haskó, G.; Schindler, T.H.; Kunos, G. Cardiovascular effects of marijuana and synthetic cannabinoids: The
good, the bad, and the ugly. Nat. Rev. Cardiol. 2018, 15, 151–166. [CrossRef]
Aronow, W.S.; Cassidy, J. Effect of Marihuana and Placebo-Marihuana Smoking on Angina Pectoris. N. Engl. J. Med. 1974, 291,
65–67. [CrossRef]
Brantl, S.A.; Khandoga, A.L.; Siess, W. Mechanism of platelet activation induced by endocannabinoids in blood and plasma.
Platelets 2014, 25, 151–161. [CrossRef]
Baldassarri, S.; Bertoni, A.; Bagarotti, A.; Sarasso, C.; Zanfa, M.; Catani, M.V.; Avigliano, L.; Maccarrone, M.; Torti, M.; Sinigaglia,
F. The endocannabinoid 2-arachidonoylglycerol activates human platelets through non-CB1/CB2 receptors. J. Thromb. Haemost.
2008, 6, 1772–1779. [CrossRef] [PubMed]
MacCarrone, M.; Bari, M.; Menichelli, A.; Del Principe, D.; Finazzi Agrò, A. Anandamide activates human platelets through a
pathway independent of the arachidonate cascade. FEBS Lett. 1999, 447, 277–282. [CrossRef]
Deusch, E.; Kress, H.G.; Kraft, B.; Kozek-Langenecker, S.A. The procoagulatory effects of delta-9-tetrahydrocannabinol in human
platelets. Anesth. Analg. 2004, 99, 1127–1130. [CrossRef] [PubMed]
Catani, M.V.; Gasperi, V.; Catanzaro, G.; Baldassarri, S.; Bertoni, A.; Sinigaglia, F.; Avigliano, L.; Maccarrone, M. Human Platelets
Express Authentic CB1 and CB2 Receptors. Curr. Neurovasc. Res. 2012, 7, 311–318. [CrossRef]
Stout, S.M.; Cimino, N.M. Exogenous cannabinoids as substrates, inhibitors, and inducers of human drug metabolizing enzymes:
A systematic review. Drug Metab. Rev. 2014, 46, 86–95. [CrossRef]
Jiang, R.; Yamaori, S.; Takeda, S.; Yamamoto, I.; Watanabe, K. Identification of cytochrome P450 enzymes responsible for
metabolism of cannabidiol by human liver microsomes. Life Sci. 2011, 89, 165–170. [CrossRef]
Yamreudeewong, W.; Wong, H.K.; Brausch, L.M.; Pulley, K.R. Probable interaction between warfarin and marijuana smoking.
Ann. Pharmacother. 2009, 43, 1347–1353. [CrossRef]

