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Abstract

Introduction: Cannabis has been historically classified as a hallucinogen. However, subjective cannabis
effects do not typically include hallucinogen-like effects. Empirical reports of hallucinogen-like effects pro-
duced by cannabis in controlled settings, particularly among healthy research volunteers, are rare and
have mostly occurred after administration of purified A-9 tetrahydrocannabinol (THC) rather than whole
plant cannabis.

Methods: The case of a healthy 30-year-old male who experienced auditory and visual hallucinations in a con-
trolled laboratory study after inhaling vaporized cannabis that contained 25 mg THC (case dose) is presented.
Ratings on the Hallucinogen Rating Scale (HRS) following the case dose are compared with HRS ratings obtained
from the participant after other doses of cannabis and with archival HRS data from laboratory studies involving
acute doses of cannabis, psilocybin, dextromethorphan (DXM), and salvinorin A.

Results: Scores on the Volition subscale of the HRS were greater for the case dose than for the maximum dose
administered in any other comparison study. Scores on the Intensity and Perception subscales were greater for
the case dose than for the maximum dose of cannabis, psilocybin, or salvinorin A. Scores on the Somaesthesia
subscale were greater for the case dose than for the maximum dose of DXM, salvinorin A, or cannabis. Scores on
the Affect and Cognition subscales for the case dose were significantly lower than for the maximum doses of
psilocybin and DXM.

Conclusion: Acute cannabis exposure in a healthy adult male resulted in self-reported hallucinations that rated
high in magnitude on several subscales of the HRS. However, the hallucinatory experience in this case was qual-
itatively different than that typically experienced by participants receiving classic and atypical hallucinogens, sug-
gesting that the hallucinatory effects of cannabis may have a unique pharmacological mechanism of action. This
type of adverse event needs to be considered in the clinical use of cannabis.
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Introduction experiences of anxiety, physiological distress, spiritual or
Cannabis, containing the psychoactive constituent A-9 mystical effects, and alterations to perception, awareness,
tetrahydrocannabinol (THC), was historically classified and insight. These case reports provided support for
as a hallucinogen, possibly due to the observation of characterizing cannabis as a hallucinogen.” Currently, it
powerful psychoactive effects. Early case reports that is uncommon for cannabis to be categorized as a hallu-
documented the subjective effects of cannabis™? included ~ cinogen, but, as policy changes regarding the medicinal
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and nonmedicinal (i.e., “recreational”) use of cannabis
are rapidly being implemented, revisiting this potential
effect of cannabis is warranted.

Hallucinations may be elicited by a variety of psycho-
active drugs, with variable pharmacology. That said, hal-
lucinations are consistently observed, and, arguably, the
defining feature of a subset of drugs. The primary subjec-
tive effects of classic hallucinogens (e.g., psilocybin, lyser-
gic acid diethylamide, and dimethyltryptamine [DMT])
are altered perception and cognition,3 mystical or spiri-
tual experiences,*” and occasional anxiety and physio-
logical distress,’ and the molecular mechanism of
action of hallucinogens is understood to be 5HT, 4 recep-
tor agonism.”® A set of pharmacologically diverse atypi-
cal hallucinogens, including x-opioid agonists (e.g.,
salvinorin A)° and N-methyl-D-aspartate (NMDA) an-
tagonists (including ketamine and dextromethorphan
[DXM]),!° are also known to consistently produce ef-
fects similar to, but distinguishable from, those of classic
hallucinogens. THC is a partial agonist of cannabinoid
receptor type-1 (CB1) and type-2 (CB2) receptors. Nei-
ther THC, nor minor cannabinoids, nor the terpenoids
present in cannabis plant material have known direct ef-
fects at the 5HT,4, k-opioid, or NMDA receptor.11

Most case reports describing hallucinations following
acute cannabis exposure involve individuals with current
psychosis or a family history of psychosis, populations
that are known to have an atypical response to cannabis. >
A growing literature continues to explore the relation-
ship between cannabis use and development of psychosis
among individuals with an underlying vulnerability for
psychosis."*'® While perceptual alterations in healthy
individuals during the acute effects of THC have been
described,"”'® empirical reports describing hallucinogen-
like effects of cannabis and cannabis constituents in con-
trolled settings and in healthy participants without a
family history of psychosis are quite rare.

Peer-reviewed reports that do detail hallucinogen-like
experiences in healthy adults predominantly come from
research studies involving the administration of purified
THC'® or case reports of individuals who experience ad-
verse reactions following use of synthetic cannabinoids
(often full CB1 agonists with greater potency than
THC),"? rather than whole plant cannabis. This distinc-
tion is worth noting as it points to exogenous CB1 recep-
tor agonism as a potential mechanism for inducing
hallucinations, and also because it has been postulated
that phytocannabinoids such as cannabidiol (CBD)*
or terpenoids'' that are present in the cannabis plant
may mitigate some of the deleterious effects of THC.
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The following report presents the case of an atypi-
cal response to cannabis that included self-reported
“hallucinogen-like” effects after inhalation of vaporized
cannabis containing THC, but nominal levels of CBD in
a controlled laboratory study. To qualitatively investi-
gate the phenomenology of this hallucinogen-like expe-
rience, we conducted cross-sectional comparisons of
data from this case with archival data obtained from
controlled behavioral pharmacology studies of canna-
bis, the classic hallucinogen psilocybin, and the atypical
hallucinogens DXM and salvinorin A.

Methods

Approach

In the context of a double-blind, placebo-controlled
laboratory study investigating the effects of smoked
and vaporized cannabis, we present the details of an ad-
verse reaction to inhalation of vaporized cannabis con-
taining 25 mg THC (the “case dose”) in a healthy male
research participant (H.C.). Ratings of subjective drug
effects provided by H.C. during the case dose are com-
pared with subjective data obtained from other partic-
ipants in the same study, as well as subjective effects
reported by participants in separate self-administration
studies that evaluated acute dose effects of oral canna-
bis, psilocybin,5 DXM,'° and salvinorin A.>*!

Study methods

All research studies were conducted at the Johns Hopkins
Behavioral Pharmacology Research Unit (BPRU). Across
investigations, research participants were enrolled if they
were medically healthy adults who screened negative for
current Axis I psychiatric disorders, denied a personal or
family history of psychosis (i.e., first or second-degree
relative), did not meet formal diagnostic criteria for sub-
stance use disorders (other than caffeine or tobacco), and
were not taking medications that could interact with
study drugs. Urine drug tests verified abstinence from
drugs of abuse before all experimental sessions.

Cannabis studies.  Subjective effects data from 31 healthy
adult participants were collected across two cannabis self-
administration studies; one experiment (N=17) evaluated
acute doses of orally ingested cannabis in brownies that
contained 0, 10, 25, and 50mg THC, and a second
study (N=14), in which H.C. was a participant, examined
acute doses of smoked, and vaporized cannabis contain-
ing 0, 10, or 25mg THC. Cannabis plant matter was
sourced from and certified by the Drug Supply Program
of the National Institute on Drug Abuse (NIDA) to



Barrett, et al.; Cannabis and Cannabinoid Research 2018, 3.1
http://online.liebertpub.com/doi/10.1089/can.2017.0052

contain 13.4% THC and 0.03% CBD. Dried cannabis
was weighed and dispensed in a quantity that was calcu-
lated to contain the target dose of THC (e.g., 186.6 mg of
cannabis would be vaporized to deliver 25 mg THC).
Participants endorsed a history of cannabis use and de-
nied use of cannabis for at least 30 days before study en-
rollment. Participants were not dependent on or seeking
treatment for cannabis or other psychoactive drugs. A
minimum of 1 week separated each dose condition to
allow for a full washout of doses, and washout was bio-
chemically verified with quantitative urine and blood
toxicology tests.

Psilocybin study. Eighteen healthy adult participants,
17 who were hallucinogen-naive, completed five experi-
mental sessions involving administration of 0, 5, 10, 20,
and 30mg/70kg psilocybin doses in a controlled and
supportive laboratory setting.” Drug administration ses-
sions were separated by ~ 1 month. Data collected dur-
ing the 5 mg/70 kg dose is not included in this report.

DXM study. Twelve healthy adults with histories of
hallucinogen use were administered up to eight doses
of DXM (100-800 mg/70 kg), two doses of the sedative—
hypnotic drug triazolam (0.25 and 0.5 mg/70kg), and
placebo under blinded conditions using an ascending
dose run-up design.'” A minimum of 48h separated
each drug administration session. All participants re-
ceived at least the first four doses of DXM (100, 200,
300, and 400 mg/70 kg), but the study was halted before
the 800 mg/70 kg dose for 10 participants due to adverse
effects at lower doses. For the current comparison, we
present data from placebo, 200 mg, the second highest
(penultimate) dose, and the maximum dose adminis-
tered to each participant.

Salvinorin A study. Eight healthy adults with previous
lifetime use of a classic hallucinogen and at least one in-
stance of salvia divinorum use in the past 5 years inhaled
up to 16 ascending doses of vaporized salvinorin A
(0.375-21 ug/kg).” A minimum of 24 h separated each
drug administration session. Data from placebo, 9, 15,
and 19.5 ug/kg doses were used for comparison in this
study, as these doses of salvinorin A roughly corre-
sponded to low, moderate, and high doses of psilocybin5
on ratings of drug effect intensity.

Hallucinogen effects assessment
Participants across studies completed the Hallucinogen
Rating Scale (HRS).?* The HRS has been widely used to
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investigate the effects of a range of classic hallucino-
gens, including DMT,>*%¢ psilocybin,4’5 2C-B,*” and
3,4-methylenedioxy-N-ethylamphetamine.”® The HRS
contains 59 items that are rated using a 5-point scale
(0—not at all, 1—slightly, 2—moderately, 3—very
much, 4—extremely) and scored with subscales indi-
cating the degree of change that occurs during an
acute drug experience from a more typical everyday ex-
perience across six dimensions (with example items for
each dimension): Intensity (“high,” “a rush”), Somaes-
thesia (“change in body temperature,” “electric/tingling
feeling”), Affect (“panic,” “euphoria”), Perception
(“change in distinctiveness of sounds,” “change in
brightness of objects in room”), Cognition (“change
in rate of thinking,” “change in quality of thinking”),
and Volition (“in control,” “able to move around if
asked to”). Subscale scores were calculated as the aver-
age rating on all items that load onto each subscale.

Analyses

Average scores from the HRS were computed for each
drug condition in each study, and plotted along with
the HRS scores from responses for each dose and
route of administration reported by H.C. A one-sample
Student’s t-test was used to compare HRS scores from
each drug condition in each study to the HRS scores for
H.C. during the experimental session (vaporized can-
nabis containing 25 mg THC) in which he self-reported
experiencing hallucinations.

Results

Case description

H.C. presented as a medically and psychiatrically healthy
30-year-old Caucasian male. He denied a history of sig-
nificant health and psychiatric conditions and denied a
family history of psychosis. He endorsed prior cannabis
use, denied a history of any significant adverse effects as-
sociated with prior use, and he disclosed that 6 years had
passed since he last used cannabis. He reported weekly
use of alcohol and caffeine and denied use of nicotine/to-
bacco products and illicit drugs. He endorsed use of
over-the-counter medication as needed for seasonal al-
lergies. During the first three study sessions, he smoked
cannabis that contained 0, 10, or 25mg THC through
hand-held pipe. Dose-related subjective drug effects,
cardiovascular effects, and impairment on cognitive per-
formance assessments were observed as expected. On
the fourth experimental session (as with other experi-
mental sessions), baseline assessments were within nor-
mal limits and urine drug screening (for common drugs
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of abuse) and breath alcohol tests were negative. After
consuming a standard low-fat breakfast, the participant
self-administered vaporized cannabis that contained
25 mg THC within 10 min (per protocol). Acute drug ef-
fects escalated in magnitude for the first 20 min following
inhalation. He had difficulty responding to staft inquiries,
was unable to complete self-report questionnaires, had
difficulty keeping his head up, and appeared to period-
ically fall asleep or lose consciousness despite encour-
agement by research staff to stay awake and continue.
He was unable to maintain a balanced, steady gait
when he walked.

H.C. displayed behavior consistent with heavy seda-
tion. The volunteer had difficulty maintaining con-
sciousness and, at times, would not respond to verbal
inquiries by study staff. He was under direct supervi-
sion of medical staff and neither his vital signs nor
his behavior required medical intervention. He was
able to complete a self-reported drug effect question-
naire, but had extreme difficulty completing cognitive
performance assessments in the first 90 min following
drug exposure. When he did speak, he reported feeling
faint, dizzy, nauseated and that he was experiencing
tingling sensations in his arms and legs and pain at
the base of his neck.

Quantitative analysis (LC/MS/MS) of whole blood col-
lected 10 min after the completion of cannabis adminis-
tration (peak level measured in this study) showed 16 ng/
mL THC, 3ng/mL 11-OH-THC, and 17 ng/mL THC-
COOH for H.C. These are consistent with mean values
(14 ng/mL THC, 2ng/mL 11-OH-THC, and 7ng/mL
THC-COOH) observed for all participants in this study
at that time point and dose of vaporized cannabis.”’
Analysis of whole blood collected 10 min after the com-
pletion of cannabis administration in the smoked condi-
tion for the same dose level for H.C. (25mg THC)
showed 1ng/mL THC, 1ng/mL 11-OH-THC, and
4ng/mL THC-COOH, and these values are consistent
with mean values observed for all participants in this
study at that time point and dose of smoked cannabis.*”

Three hours after drug administration, his symptoms
began to decrease in severity. He indicated that he had
experienced a dissociative state and altered perceptions
of auditory and visual stimuli at the time of peak drug
effect. He reported a hypersensitivity to voices at that
time, which he described as if he was more aware of
conversations around him, but was unable to hear or
understand distinct words. He described visual distor-
tions in the form of the environment and floor sinking
away and the appearance of patterns moving on the car-
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pet and chairs in the room. Additionally, he reported an
“out-of-body” experience characterized by the feeling of
being removed from his body, existing above it in space,
and feeling that his surroundings were sinking away
from him, which was also accompanied by a feeling
of paralysis. He reported having had a similar experi-
ence when administered ketamine before surgery for a
broken leg. Four hours after drug administration, and
after eating lunch, H.C’s symptoms of nausea, faint-
ness, dissociation, and auditory, visual, and perceptual
alterations had almost completely subsided. Five hours
after drug administration, he appeared more alert and
was able to complete all study-related tasks.

At the end of the experimental session, H.C. was
prompted to recount his experience. He reported feeling
overwhelmed that it was an uncomfortable, scary, and
unpleasant experience akin to what he would expect
an overdose or anxiety attack may feel like, and he in-
dicated he never wanted to have the experience again.
He expressed the sense that he thought he would
“never come out of this” and that he would always
feel the adverse effects. Within 8 h of acute drug admin-
istration, measures of cognitive performance, subjective
mood and drug effects assessments, and vital signs had
returned to baseline levels. The study medical team de-
termined that there was no significant health risk with
continued study participation and H.C. completed
two remaining experimental sessions (lower dose and
placebo cannabis) without significant discomfort.

Comparison of Hallucinogen Rating Scale scores

The participant’s scores on the HRS are plotted in Fig-
ure 1 along with mean participant HRS scores from
studies of acute cannabis, psilocybin, DXM, and salvi-
norin A drug administration. Volition scores (Fig. 1F)
were significantly greater for the participant’s 25 mg
THC dose of vaporized cannabis (referred to as “the
case dose”) than for mean scores following the maxi-
mum dose of all other drug conditions and studies
(all ps<0.0001). Intensity scores (Fig. 1A) from the
case dose were not significantly different than mean
Intensity scores from the maximum tolerated dose
(400-800mg) of DXM [#(11)=1.21, p=0.13], but
were significantly greater than the mean Intensity
scores for the maximally rated dose of psilocybin
[30 mg/70kg; t(17)=4.55, p<0.0005], salvinorin A
[19.5 ug/kg; t(7) = —2.57, p<0.05], smoked cannabis
[25mg THC; t(9)=—-5.69, p<0.0005], vaporized
cannabis [25mg THC; #(11)=—3.93, p<0.005], and
oral cannabis [50mg THC; #(15)=-3.71, p<0.005].
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FIG. 1. Comparison of HRS scores across studies. (A) HRS Intensity score, (B) HRS Somaesthesia score,
(C) HRS affect score, (D) HRS perception score, (E) HRS cognition score, and (F) HRS volition score. Each
(A-F) compares the scores for the indicated scale of the HRS (ordinate) at each of four dose conditions for each
drug (abscissa) for each of the studies identified within the legend. Pen=average of ratings provided after
the second-highest (penultimate) dose of DXM that a given participant received.'® Max =average of ratings
provided after the highest dose of DXM that a given participant received.'® “Cannabis THC dose” refers to
the amount of THC contained in dried cannabis that was administered. Smoked cannabis and vaporized
cannabis studies are not yet published. HRS, Hallucinogen Rating Scale; THC, tetrahydrocannabinol.
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The score on the Perception subscale (Fig. 1D) of the
HRS for the case dose was qualitatively higher than
mean scores following the maximum tolerated dose
(400-800 mg/70kg) of DXM [#(11)=1.78, p=0.051],
and was significantly greater than those for the maximum
dose of psilocybin [30 mg/70kg; #(17) = —2.24, p<0.05],
salvinorin A [19.5 ug/kg; t(7)=—5.99, p<0.0005], and
all cannabis conditions (p<0.0001). HRS scores for the

Somaesthesia subscale (Fig. 1B) were not significantly
different between the case dose and the maximum dose
of psilocybin [30 mg/70kg; #(17)=—1.24, p=0.23], but
Somaesthesia was significantly greater for the case dose
than for the maximum tolerated dose (400-800 mg/
70kg) of DXM [#(11)=1.90, p<0.05] as well as the
maximum dose of salvinorin A [19.5 ug/kg; H7)=—7.2,
p<0.0001], and all cannabis doses (p<0.001).
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The Affect score (Fig. 1C) for the case dose was signif-
icantly lower than the Affect score for the 30 mg/70 kg
psilocybin dose [#(17)=8.31, p<0.00001], the 10 mg/
70kg psilocybin dose [t(17)=6.22, p<0.00001], and
the maximum tolerated dose of DXM [400-800 mg/
70kg; t(11)=4.11, p<0.001], but not the 200 mg/70kg
dose of DXM, the maximum dose of salvinorin A, or
any of the cannabis conditions (all ps>0.13). The Cog-
nition score (Fig. 1E) for the case dose was also signifi-
cantly lower than the Cognition score for the 30 mg/
70kg psilocybin dose [#(17)=6.12, p<0.00001], the
10mg/70kg psilocybin dose [#(17)=4.05, p<0.001],
and the maximum tolerated dose of DXM [400-
800 mg/70kg; #(11)=3.62, p<0.005], but not the
200 mg/70 kg dose of DXM, the maximum dose of sal-
vinorin A, or any of the cannabis conditions (all
ps>0.17).

Discussion

The legalization of cannabis for medicinal and nonme-
dicinal use is rapidly expanding. The development of
novel routes of administration and technologies for de-
livering cannabis raises concerns about the adequacy of
available data to inform dosing recommendations and
complete disclosure of potential adverse consequences.
In a controlled research study, a 30-year-old healthy
male research participant (H.C.) experienced an ad-
verse reaction to an acute dose of vaporized cannabis
containing 25mg of THC self-administered over the
course of 10 min. H.C.’s response appeared somewhat
remarkable in that he reported distortions in visual
and auditory perception, cognition, and volition.
These effects are not typical in controlled laboratory
studies of healthy adults who do not report prior
adverse reactions to cannabis or family history of
psychosis. He reported large changes on the Intensity,
Somaesthesia, Perception, and Volition subscales of
the HRS, domains associated with classical hallucino-
gen drug effects, but relatively low ratings on the Affect
and Cognition subscales compared with HRS ratings
obtained in controlled laboratory studies of other hal-
lucinogenic drugs. The case dose was greater in Inten-
sity and Perception subscales of the HRS compared
with mean scores obtained following administration
of high doses of psilocybin and salvinorin A, but was
comparable to Perception scores following the maxi-
mum tolerated dose of DXM.' This is consistent
with the participant’s report of a ketamine-like experi-
ence, given that DXM is a dissociative hallucinogen/
anesthetic with a similar mechanism of action to ket-
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amine (NMDA antagonism). The participant’s scores
on the Somaesthesia subscale were similar to those ob-
served after administration of a high dose of oral psilo-
cybin (30 mg/70kg),” both of which were greater than
scores observed following DXM and salvinorin A ad-
ministration. Scores on the Affect and Cognition sub-
scales of the HRS for the case dose were low,
consistent with scores provided by other participants
in acute cannabis dosing studies, and were not con-
sistent with the most intense reported experiences
with psilocybin, DXM, or salvinorin A.

Given that changes in affect and cognition are core
features of experience with classic hallucinogens,3 it is
difficult to attribute the reported case as an experience
similar to that of a true classic hallucinogen. Curiously,
Intensity scores for the case dose were equal to the
Intensity score for H.C. after self-administration of
smoked cannabis containing the 25mg THC dose.
H.C. did not report any hallucinations during the
25mg THC smoked cannabis session. Also, scores on
the Volition subscale for all vaporized drug conditions,
including placebo, were greater than for sessions in-
volving smoked cannabis for H.C., and were higher
than those observed in archival study comparisons.

A number of case reports have been recently pub-
lished that indicate psychotic or hallucinogen-like ef-
fects after ingestion of synthetic cannabinoids in both
adults'>***" and adolescents.”>>> In many cases, these
individuals, like H.C., were otherwise healthy, had neg-
ative toxicology screens for other substances of abuse,
and were typically free of personal or family history
of psychosis.”’ Unlike H.C., cases reported after con-
sumption of synthetic cannabinoids included seizures,
agitation or violent behavior, and frank psychosis,'®
or psychiatric syndromes persisting for days or longer
after consumption of synthetic cannabinoids.”’ One
study reported development of hallucinogen persistent
perceptual disorder (HPPD) after synthetic cannabi-
noid use in otherwise healthy adults who had no
prior history of natural or synthetic hallucinogen
use’®; however, H.C. encountered no persisting effects,
either HPPD or other, which were related to the case
dose in this report. While THC is a partial agonist of
the CB1 receptor, synthetic cannabinoids tend to be
full CB1 agonists with high potency and high affinity
for the CB1 receptor. These factors may contribute to
a greater likelihood (compared with cannabis) of nega-
tive and hallucinogen-like effects after consumption
of synthetic cannabinoids, and may suggest that CB1
agonism may underlie hallucinogen-like effects of
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cannabinoids.** While H.C.’s experience was atypical
for a response to cannabis or THC, it does not seem
that his experience is consistent with published case re-
ports of “hallucinogenic” effects following consump-
tion of synthetic cannabinoids.

Although the subjective effects that H.C. reported
exhibited some similarities to the effects of classic and
atypical hallucinogens (Fig. 1), the overall profile of sub-
jective effects as characterized by the HRS indicates that
his experience was not wholly consistent with what
would be expected for a classic hallucinogen, an NMDA
antagonist dissociative hallucinogen (DXM, similar in ef-
fects to ketamine), or x-opioid agonist (salvinorin A).
Thus, it appears that the hallucinatory effects of cannabis,
taken as a whole, may be qualitatively different than those
of other hallucinogens, which suggests that the hallucina-
tory effects of cannabis may have a unique pharmacolog-
ical mechanism of action.

Potential mechanisms of hallucinatory

effects of cannabis

Although cannabis constituents do not have high affinity
for direct pharmacological effects at 5SHT,5, NMDA, or
Kk-opioid receptors, they may interact with the serotonin
and glutamatergic systems. Multiple preclinical studies
have demonstrated an impact of exogenous cannabinoid
administration on 5-HT receptor expression and func-
tion3. CBD has been shown to alter psychological re-
sponse to ketamine,”” and subchronic administration of
PCP (an NMDA antagonist) has been shown to change
the effects of exogenous cannabinoids on prefrontal
brain function.’® However, existing studies suggest that
the administration of exogenous cannabinoids does
not modulate the k-opioid receptor system.”” > While
speculative, it is possible that hallucinatory effects of can-
nabinoids may be due to effects of exogenous cannabi-
noid on 5-HT or NMDA receptors; however, studies
explicitly evaluating cannabinoid effects in brain areas
associated with hallucinations are lacking.

Potential factors contributing to individual

differences in cannabinoid response

Blood cannabinoid levels measured after the case dose
were comparable to means observed in other study par-
ticipants for vaporized administration of cannabis con-
taining the same dose of THC (25 mg). Similarly, blood
cannabinoid levels measured for H.C. after smoked ad-
ministration of cannabis containing a dose of THC
equal to the case dose were far lower than those mea-
sured after the case dose, consistent with means ob-
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served in other study participants. This is consistent
with suggests that H.C. was not exposed to a greater
amount of THC than other study participants. Given
H.Cs history of a strong reaction to a psychoactive
and potentially hallucinogenic drug (ketamine) in a
clinical setting, this suggests that H.C. may possess
some unique sensitivity to psychoactive drugs.

Additional research is needed to help understand the
neurobiological underpinnings of hallucinations that are
sometimes occasioned following high-dose cannabis ad-
ministration. For example, there may be genetic differ-
ences between individuals who experience and those
who do not experience rare and atypical effects of canna-
binoids that account for these effects. Although we did
not sample and cannot address the genetic profile of
H.C,, it is possible that genes implicated in cannabis-
induced psychosis (such as the DRD2, BDNF, AKT1,
and COMT genes)*° are also involved in the type and
degree of experience that was encountered in this
case. In addition, individual differences in sensitivity
to CB1 agonists (potentially mediated by the CNRI
gene) may predict individual differences in response
to exogenous cannabinoids. As mentioned previously,
there are hypotheses that cannabis constituents other
than THC (e.g., CBD, other phytocannabinoids, or ter-
penoids) may mitigate some of the adverse effects of
THC. The cannabis used in the present study contained
a high concentration of THC (13%) and low concentra-
tions of CBD (<1%) and CBN (<1%). While an extreme
ratio of THC to these minor phytocannabinoids may
increase the likelihood of adverse events such as the hal-
lucinations observed in this report, there is insufficient
empirical data on the interaction between THC and
other constituents of the plant to confidently draw
that conclusion at this point. It is also important to
note that most research evaluating the cannabinoid pro-
file of commercial cannabis and related products indi-
cate that very high THC and very low CBD products
are predominant in the current retail market.*'~**

Limitations

The current report describes perceptual alterations and
dissociative symptoms of a type that have been sparsely
described previously as resulting from acute cannabis ex-
posure. There is a substantial literature pointing to
cannabinoid-induced psychosis in those with a personal
or family history of psychosis. This particular susceptibil-
ity to psychosis was nominally ruled out in the case of
H.C. in the medical and psychiatric history collected dur-
ing screening, but the participant may have misreported
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or there may be a latent family history of which he was
unaware. The current article is also limited in that
cross-study comparisons with respect to the qualitative
and quantitative characteristics of hallucinations across
drug types was conducted with archival data across sub-
jects rather than prospective evaluation within the same
individuals. Additional research on the comparative ef-
fects of these drugs, especially those that incorporate ge-
netic and neuroimaging components, is needed to extend
the present observations.

Conclusion

In this article, we highlighted a rare but clinically signifi-
cant response to acute cannabis dosing. The participant
was functionally incapacitated for about 90 min and expe-
rienced strongly aversive and disorienting effects. It is un-
clear how frequently this type of reaction occurs in
healthy adults without a family history of psychosis.
H.C. did not have any health screening information that
would have predicted this effect, indicating that this
type of reaction should be considered in decision making
regarding cannabis use. This case also demonstrates the
importance of considering dose and route of administra-
tion in decision making regarding cannabis use as this in-
dividual did not exhibit similar effects at lower vaporized
doses or smoking the same dose of cannabis.
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