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Spice, pot, and stroke

The endocannabinoid system includes 2 types of
G-protein coupled receptors: CB1 (mostly in the brain)
and CB2 (in peripheral lymphoid tissue). The major
cannabinoid ligands are arachidonylethanolamine
(“anandamide,” the Sanskrit word for bliss) and 2-
arachidonylglycerol (“2AG”). It is by binding to CB1
receptors that d-9-tetrahydrocannabinol (THC), the
principal psychoactive ingredient in marijuana
(“pot”), produces its intended subjective effects.

After the discovery of the endocannabinoid system
20 years ago, dozens of synthetic agonist and antago-
nist ligands were developed for pharmacologic
research. It was not long before synthetic cannabi-
noids emerged as recreational drugs, legally available
at head shops and gas stations and through the Inter-
net. Collectively termed “spice” and “K2,” prepara-
tions consist of one or more synthetic cannabinoid
compounds sprayed onto a mixture of herbs and aro-
matic extracts, some of which might themselves have
psychoactive properties. Alternatively, synthetic can-
nabinoids may be sold as single-ingredient powders.1,2

Some spice products are contaminated with the b2-
adrenergic clenbuterol, perhaps accounting for sym-
pathomimetic effects.3

When the increasing popularity of spice became rec-
ognized, the more widely abused synthetic cannabi-
noids were designated schedule I by the US Food and
Drug Administration (FDA). Purveyors responded by
creating pharmacologic analogs that would escape the
FDA’s jurisdiction until they could be chemically char-
acterized. Products containing the original synthetic
compounds (e.g., JWH-018, named after John W.
Huffman, who developed it) are now illegal but still
available, and hundreds of easily synthesized and quasi-
legal derivatives have appeared on the market.4 Carrying
brand names such as “Bonzai,” “Krypton,” “Chillout
Mint,” and “Aroma,” spice products are often labeled as
“herbal blends” or “incense.” In the United States, spice
is now the second most used illicit drug (after mari-
juana) among high school seniors.5

Contributing to the popularity of spice is that syn-
thetic cannabinoids are not identified in standard tox-
icology screens. Moreover, whereas THC is a partial

agonist at CB1 receptors, many synthetic cannabinoids
are full agonists with several times the potency or effi-
cacy of THC. Reported adverse effects include agita-
tion, hallucinations, psychosis, suicide, generalized
convulsions, cardiac arrhythmias, myocardial infarc-
tion, and, upon abstinence, profuse sweating, night-
mares, tremor, headache, and craving.1,4,6

In this issue of Neurology®, Freeman et al.7 describe
ischemic stroke in 2 healthy young siblings whose
symptoms appeared within “a few minutes” or “a
few hours” of smoking spice. Both were also marijuana
users, and the authors acknowledge a possible causal
role for unidentified toxins in the preparation, for mar-
ijuana itself, or for synergistic effects of marijuana and
the synthetic cannabinoid.

Fifty-nine cases of marijuana-related stroke have
been reported in the literature, and a population-based
study of hospitalized patients found an adjusted odds
ratio of 1.76 for marijuana exposure associated with
ischemic stroke.8,9 Proposed mechanisms include car-
diac arrhythmia with embolism and, in several patients
who underwent serial vascular imaging, reversible cere-
bral vasoconstriction syndrome (RCVS). (Conversely,
of 67 patients with RCVS but without a clinical stroke,
20 were marijuana users.10) The strokes described by
Freeman et al. appear to have been cardioembolic
rather than the result of RCVS.

A reason for skepticism regarding anecdotal reports
of marijuana-related stroke is how few there have been,
given that marijuana is the most widely used illicit
drug. The fact that the patients of Freeman et al.
were siblings raises the intriguing possibility of
genetic predisposition. In any event, if marijuana
can cause ischemic stroke, and if anything pot
can do spice can do better, neurologists will likely
encounter increasing numbers of spice-associated
strokes in the years ahead.
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