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What is already known about this subject:

¢ Preclinical studies demonstrate that cannabidiol (CBD) elicits an antinociceptive response in animal
models of neuropathic pain.

e Pain is one of the primary reasons for self-reported CBD use.

o Because of CBD’s non-intoxicating properties, low abuse liability and lack of effects on cognitive
endpoints in various populations CBD holds promise as a potential therapeutic option for pain relief

What this study adds:

o This is the first study to assess the dose-dependent analgesic effects of CBD (200-800 mg, oral)
compared to placebo in tandem with subjective drug effects and cardiovascular endpoints.

o CBD failed to elicit reliable analgesia in an experimental pain model.

e CBD produced modest effects on mood and subjective drug effects associated with abuse liability.
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ABSTRACT

Aims. Preclinical studies demonstrate that cannabidiol (CBD) elicits an antinociceptive response in animal
models of neuropathic pain; in humans, limited data are available to support such analgesic effects. Few
studies have examined CBD’s analgesic effects when administered without other compounds, and little is

known regarding dose-dependent effects in non-cannabis users.

Methods. This double-blind, placebo-controlled, within-subject outpatient clinical laboratory study sought to
determine the analgesic effects, abuse liability, safety and tolerability of acute CBD (0, 200, 400, and 800 mg
PO) in healthy non-cannabis using volunteers (N=17; 8 men, 9 women). Outcomes included experimental
pain threshold and pain tolerance using the Cold Pressor Test (CPT), subjective ratings of CPT ‘Painfulness’
and ‘Bothersomeness,’” subjective ratings of abuse liability and mood, and cardiovascular measures, which
were assessed at baseline and several time points after drug administration. Data analyses included

repeated measures analysis of variance (ANOVA) with planned comparisons.
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Results. CBD failed to consistently affect pain threshold and tolerance in the CPT relative to placebo. All
doses of CBD increased ratings of ‘Painfulness’ compared to placebo (p < 0.01). Further, CBD had dose-
dependent, modest effects on mood and subjective drug effects associated with abuse liability. Oral CBD was

safe and well tolerated, producing small decreases in blood pressure (p < 0.01).
Conclusion. CBD did not elicit consistent dose-dependent analgesia and in fact increased pain on some
measures. Future studies exploring CBD-induced pain relief should consider using a more extensive pain

assessment paradigm in different participant populations.

Keywords: Cannabidiol, Cannabinoids, Analgesia, Pain, Abuse liability
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INTRODUCTION

Clinical studies suggest that the combination of delta-9-tetrahydrocannabinol (THC), the primary
psychoactive component of cannabis, and cannabidiol (CBD), a non-intoxicating constituent of cannabis,
reduces pain in patient populations (i.e., [1, 2]). However, medicinal cannabis patients are increasingly
seeking products high in CBD and low in THC as a pain management strategy (particularly when they first
begin using medicinal cannabis), despite a lack of rigorously controlled research to support this cannabinoid’s
analgesic efficacy when used in isolation [3]. When administered without THC, acute CBD dosing reduces
resting blood pressure and heart rate [4], and it blunts stress-induced increases in these measures when
administered chronically [5, 6]. Because of its favorable effects on cardiovascular measures under stress, its
non-intoxicating properties, low abuse liability signal in current cannabis smokers (i. e., [7, 8]) and lack of
effects on cognitive endpoints in various populations (i. e., [9-11]), CBD holds promise as a potential

therapeutic option for pain relief.

Numerous studies in laboratory animals provide convincing data supporting CBD’s potential therapeutic
benefits for treatment of chronic pain. Although the compound does not reliably elicit antinociceptive effects in
animal models of acute pain, it shows a positive signal in neuropathic pain models, [12-14]. This effect is

mediated by CBD’s complex pharmacology, including action at the non-cannabinoid receptors, TRPV1,

GPR55, 5-HT1a, and adenosine Asa [14-16] to decrease inflammation [17]. Preclinically, repeated CBD

administration reduces circulating levels of pro-inflammatory cytokines known to influence inflammatory pain,

including interleukin (IL)-1B, IL10, interferon (IEN)-y, and tumor necrosis factor (TNF)-a, with most of these

studies showing corresponding decreases in measures of inflammatory pain [18, 19]. As many people report

using CBD for pain relief [20-23], elucidating its effects on pain is a public health necessity.
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We are aware of only five human studies to date that have rigorously examined the analgesic effects of CBD
administered alone or with low concentrations of THC, the results of which are mixed, and none have
examined the CBD’s dose-dependent effects. Wade et al. (2003) demonstrated analgesia from CBD extract
doses of up to 120 mg/day relative to placebo over a two-week period in 24 patients with various types of
chronic pain including multiple sclerosis-associated pain, spinal cord injury, brachial plexus damage, and limb
amputation due to neurofibromatosis [24]. Notcutt et al. (2004) also investigated the utility of the same CBD
extract (2.5 mg sublingual spray) for chronic pain; CBD’s effects were similar to placebo, and thus was
reported to have little impact on chronic pain symptoms when compared to a THC extract [25]. Recent data
from De Vita et al. (2021) reported that an acutely administered dose of CBD isolate oil solution (50 mg
administered sublingually via a dropper) did not reduce experimental heat pain threshold, tolerance, or
intensity in healthy volunteers [26]. A fourth study investigated acutely vaporized high-CBD cannabis flower
that contained < 1 mg of THC in 20 women with fibromyalgia, which ultimately did not provide clinical pain
relief when compared to placebo [27]. Finally, a recently published investigation by Schneider et al. (2021)
reported no effect of 800 mg oral CBD (oil-based) on experimental intradermal electrical stimulation [28]. To
date, no placebo-controlled studies have assessed the dose-dependent effects of CBD alone on pain.
Further, none have assessed CBD’s effects on pain response in tandem with measures of abuse liability, the

latter being a critical endpoint when considering its clinical utility.

This within-subject, randomized, placebo-controlled, double-blind study sought to determine oral CBD’s dose-
dependent analgesic, abuse-related, and cardiovascular effects, and safety and tolerability in healthy
humans. Acute effects of 0, 200, 400, and 800 mg oral CBD were assessed in healthy volunteers in four
experimental sessions. CBD’s analgesic effects were measured using the Cold Pressor Test (CPT), an

experimental pain paradigm that has predictive validity for the clinical efficacy of prescribed non-cannabinoid
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pain medications including opioids [29-31], gabapentin [32], and lamotrigine [33], as well as oral THC [34]
and smoked cannabis with THC [35]. Enrolling healthy volunteers without pain and using an elicited pain test
such as the CPT provides robust experimental control and removes two confounding variables that interfere
with detecting the potential analgesic effects of test medications when studying a pain population: fluctuations
in baseline pain sensitivity across the study, and current use of analgesics that potentially interact with the

test medication.

METHODS AND MATERIALS

Participants. Volunteers for this study were 21-50 years of age and were assessed for basic
inclusion/exclusion criteria during an initial telephone screen to ensure initial eligibility. Those who met these
criteria were then invited to the laboratory for further screening, where they provided a medical history,
including details on their past and current drug use, and underwent a psychiatric and medical evaluation.
Eligible participants could not be using illicit substances including cannabis, as determined by urine
toxicology and self-report, and were healthy as determined by a physical examination, electrocardiogram,
and urine and blood chemistries. Pregnant or nursing females were excluded from participation. Volunteers
were also excluded if they endorsed current pain, regularly used over the counter or prescription medications
with the exception of oral contraceptives, used any illicit drugs or had problematic alcohol consumption as
assessed by the Short Michigan Alcohol Screening Test and clinical interview. Those meeting Diagnostic and
Statistical Manual (of Mental Disorders), fourth edition revised criteria for current major Axis |
psychopathology requiring medical intervention were also excluded. Another exclusion criterion was the
ability to withstand the CPT for the maximum 3 minutes during the training session (in order to avoid a ceiling
effect). Participants were told that the purpose of the study was to examine the effects of an experimental

drug on a human laboratory model of pain, and that during each session they would be administered an oral
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solution that contained one of three different active doses of CBD or placebo. Participants were admitted into
the study after providing written informed consent. Procedures were approved by the Institutional Review
Board of the New York State Psychiatric Institute, were in accordance with the Declaration of Helsinki, and

the study was registered on ClinicalTrials.gov under the identifier NCT02751359.

Design and procedures. Following screening, volunteers participated in a training session during which they
were familiarized with computerized tasks, the CPT, and study procedures; no medication was given during
these training sessions. The experimental portion of the study comprised four 8-hour outpatient sessions over
four weeks at the New York State Psychiatric Institute. Sessions began at approximately 9 AM. They were
separated by at least five days to prevent potential medication carryover effects. During each session,
participants were administered the study drug or placebo. A within-subject design was used in which all
participants received all four dose conditions in randomized order. The data that support the findings of this
study are available on request from the corresponding author. The data are not publicly available due to

privacy or ethical restrictions.

Experimental sessions. Upon arrival at the laboratory, breath alcohol levels were assessed, and urine
toxicology screens confirmed no recent use of illicit drugs. Participants were asked not to use any over-the-
counter analgesics (i.e. ibuprofen, acetaminophen) for at least 24 h prior to each session (confirmed via
Timeline Follow Back assessment) and to eat before coming to the laboratory. They were served the same
standard breakfast before each session to control for possible effects of Gl content on drug

pharmacokinetics.
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Before CBD or placebo was administered, participants completed a baseline pain assessment (CPT
threshold, CPT tolerance, and subjective ratings of ‘Painfulness’ and ‘Bothersomeness’). Heart rate and
blood pressure were measured using a Sentry Il vital signs monitor (Model 6100: NBS Medical Services,
Costa Mesa CA). After drug administration, heart rate, blood pressure, pain (CPT and pain ratings), and
subjective drug effects were assessed several times throughout the session (Table 1). At the end of each
session, participants were given subway fare and left the laboratory after passing field sobriety tasks and
verbally agreeing not to drive for the remainder of the day in case of any residual effects of the study

medication.

Pain Assessment. Pain responses were measured at baseline, and 60, 120, 180, 240, 300, and 360 minutes

after CBD administration (Table 1). Timing of the pain assessments was based on earlier reports of oral

CBD’s pharmacokinetics [8].

Cold Pressor Test. Two water coolers were fitted with a wire cradle and an aquarium pump for water

circulation. One cooler was filled with warm water (37°C) and the other was filled with cold water (4°C) [34].
Each CPT began with an immersion of the left hand into the warm-water bath for three minutes to
standardize skin temperature, prior to submersion into the cold-water bath. Participants were told to report
the first painful sensation after the cold-water immersion, and this latency (in seconds) was recorded as “pain
threshold”. They were also asked to tolerate the immersion as long as possible before withdrawing their
hand, and this latency (in seconds) was recorded as “pain tolerance”. Research staff administering the CPT
were of the same sex as each study participant [36], and a 3-minute maximum was implemented for pain

tolerance to avoid tissue damage.
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Pain Intensity and Bothersomeness Scales (PIB). Immediately after removing the hand from the cold water,

participants rated pain intensity and bothersomeness of the cold-water stimulus on a scale from 0 to 10, 0

being “not painful/bothersome at all’ and 10 being “most painful/bothersome feeling imaginable.”

Subjective Drug Effects. Ratings of subjective drug effects were measured repeatedly on a visual analog

scale (VAS) of 0 mm = no effect to 100 mm = maximum possible effect (Table 1).

Drug Rating Form (DRF): Subjective drug-related effects were assessed using a 5-item VAS asking

participants to rate the strength of the drug effect, good effect, bad effect, drug liking, and willingness to take
the drug again. This drug-effect questionnaire was modified from cannabis drug-effect questionnaires used

previously in our laboratory [34].

Subjective Effect-Visual Analog Scale (SE-VAS). Participants were asked to rate their mood and physical

symptoms on a modified 44-item VAS intended to measure affective and physical subjective drug effects (see

[37] for description of the original 50-question version).

Drugs. Placebo or active CBD (0, 200, 400, or 800 mg (+)-CBD isomer), provided by Insys Therapeutics,
Inc., was administered orally in liquid solution form. The New York State Psychiatric Institute pharmacy

prepared each dose for each session to maintain the investigator blind.

Adverse effects. Participants were asked to report any unusual symptoms during the course of each
session. At the beginning of each session, participants were also asked about any adverse effects

experienced since the previous session. Finally, during the study debriefing (after the fourth session),
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participants were asked to reflect on each session and if they experienced any sensations or symptoms that

were out of the ordinary.

Data Analysis. Repeated measures analysis of variance (ANOVA) with planned comparisons were used to
assess CBD’s dose-related effects on measures of pain and subjective drug effects associated with abuse
liability. For each participant under each dose condition, pain threshold and tolerance were calculated as the
difference from baseline CPT (pre-drug administration) values. Subjective pain ratings (Pain Intensity and
Bothersomeness Scales) were also measured as a function of change from the baseline response. Post-drug
administration cardiovascular endpoints taken independent of the CPT were also subtracted from the
baseline (pre-drug administration) values. To assess the cardiovascular response to the cold pressor test,
heart rate and blood pressure values from before cold-water immersion (baseline) was subtracted from these
values after the cold-water immersion. Impact of drug administration on CPT induced changes in heart rate
and blood pressure were determined by calculating the difference from the baseline CPT cardiovascular
response. Changes in scores from each of the three active CBD dose strengths were compared to placebo
(i. e., 0 mg vs 200 mg; 0 mg vs 400 mg; 0 mg vs 800 mg) for each of the measures specified above. Results
were considered statistically significant when p values were equal to or less than 0.01 using Huynh-Feldt

corrections (SuperANOVA, Abacus Concepts, Inc., Berkley, CA).

RESULTS
Demographic Characteristics. Seventeen participants completed the study; Table 2 portrays the
demographic characteristics. One additional volunteer enrolled but did not complete the study due to lost

contact.

11
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Analgesic Effects. CPT: Pain Threshold and Tolerance. Figure 1A portrays average pain threshold
(latency to first report pain) and pain tolerance (latency to withdraw the hand from cold water) as a function
of CBD dose. The low CBD dose (200 mg) increased pain threshold compared to placebo (F(1,96) = 125.3,
p< 0.0001), whereas the high CBD dose decreased pain tolerance relative to placebo (F(1,96) = 28.5, p<

0.01). The 400 mg dose did increase pain tolerance, but not significantly compared to placebo.

Pain Ratings. Figure 1B illustrates average change in subjective ratings of CPT “Painfulness” and
“Bothersomeness” as a function of CBD dose. CBD did not impact ratings of “Bothersomeness”, whereas
ratings of “Painfulness” were higher after CBD administration compared to placebo (200 mg CBD = F(1,96)
= 34.3, p< 0.0001; 400 mg = F(1,96) = 13.2, p< 0.01; 800 mg CBD = F(1,96) = 30.3, p< 0.0001). Notably,
three male participants exhibited hand withdrawal latencies (pain tolerance) under placebo conditions up to

three times greater than their baseline (pre-placebo administration) pain responses.

Subjective drug effects. Figure 2 illustrates representative subjective drug effects as measured by the
DRF (Panel A) and the Subjective Effect-VAS (Panel B). Average session drug effect ratings for ‘Good
drug effect’ were lower under 200 mg CBD compared to placebo (F(1,192) = 30.4, p< 0.001); ‘Bad drug
effect’ ratings were higher after 400 mg CBD administration (F(1,192) = 48.2, p< 0.01). Decreased ratings
for ‘Drug liking’ were observed under 800 mg of CBD compared to placebo (F(1,192) = 24.7, p< 0.01, data
not shown). Despite these reduced ratings associated with abuse liability for CBD, 400 mg increased
ratings of ‘Take again’ (F(1,192) = 66.0, p< 0.0001) and ‘Good drug effect’ (F(1,192) = 47.1, p< 0.001)

relative to placebo.

12
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Average session subjective effect ratings depicted in Figure 2B show that 800 mg CBD decreased ratings
of ‘Stimulated’ (F(1,192) = 21.4, p< 0.01) compared to placebo. This dose of CBD also decreased ratings

of ‘Intoxicated’ (F(1,192)=21.7, p< 0.01; data not shown).

Cardiovascular effects. Change in heart rate and blood pressure as a function of CBD dose during the
session and in response to the CPT is depicted in Figure 3. CBD decreased systolic (200 mg CBD =
F(1,128) = 16.9, p< 0.001; 400 mg CBD = F(1,128) = 9.8, p< 0.01) and diastolic blood pressure (400 mg
CBD = F(1,128) = 19.5, p< 0.001) but did not affect heart rate relative to placebo (Panel 3A). CBD (200 mg
and 800 mg) decreased systolic blood pressure responses to CPT compared to placebo (200 mg CBD =
F(1,96) = 39.1, p< 0.0001; 800 mg CBD = F(1,96) = 21.7, p< 0.0001) and increased heart rate CPT
responses (200 mg CBD = F(1,96) = 26.4, p< 0.0001; 400 mg = F(1,96) = 16.8, p< 0.001; 800 mg CBD =

F(1,96) = 18.3, p< 0.0001), with no effect on diastolic BP responses to the CPT.

Adverse effects. Table 3 portrays participant-reported adverse effects according to CBD dose as reported
on the day of the session, retrospectively at the following session, or during the debriefing at the end of the
study. The most common symptoms reported were lethargy (reported during or after 47% of the sessions)

and gastrointestinal discomfort (reported during or after 18% of the sessions); these symptoms were not

dependent on CBD dose. No participants discontinued the study because of adverse medication effects.

DISCUSSION

Preclinical studies support the potential clinical utility of CBD for chronic pain including chemotherapy-
induced neuropathy and inflammatory pain [13-15]. While isolated CBD has been suggested to provide pain

relief in case reports [38], the five studies investigating this effect under rigorous double-blind procedures [24-

13
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28] have shown conflicting results (see Introduction). While these studies were largely negative, it is notable
that each utilized a single dose of CBD and different pain assessments (clinical pain visual analogue scales,
experimental heat or electrical pain). Our study sought to examine the dose-dependent analgesic effects of
an oral formulation of CBD, as well as its positive subjective effects associated with abuse liability,
cardiovascular endpoints, and safety and tolerability in a healthy control population. In support of previous
literature [4], we found that CBD lowered blood pressure but had no impact on heart rate, and it was well-
tolerated with minimal side effects and abuse-related subjective effects. However, we did not find acutely

administered CBD to have any consistent impact on analgesia, as measured by the Cold Pressor Test.

The current results add to other reports pointing to CBD’s safety and tolerability in people who use cannabis,
people who do not use cannabis, and patient populations [7, 8, 39-41]. In agreement with Notcutt et al. (2004)
and Schneider et al. (2021), the current findings do not support analgesic effects of CBD on experimentally-
induced pain [25, 28]. The inconsistent effects seen here were similar to other studies pointing to an inverted-
U shape dose-response curve of CBD on other constructs, including anxiety [42]. Furthermore, all doses

increased subjective ratings of the painfulness of the CPT stimulus compared to placebo.

CBD'’s lack of analgesic effects in the current study may be due to a variety of factors. Previous studies in our
labortory with oral CBD reported that Tnax for plasma CBD is 3 hours after administration [8]. As such, the
study was designed to capture peak plasma levels with pain assessments spanning 1 — 6 hours after
administration and to yield effects that varied across timecourse. However, we did not capture reliable
analgesic effects across the session or as a function of time despite our outcomes being collected during

peak plasma levels of CBD,. Therefore, we consider the current results to be an indication that CBD, when

14
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acutely administered prior to a nociceptive stimulus in healthy volunteers, does not have an analgesic effect.
Based on preclinical findings, it is possible that CBD’s pain-relieving effects are only elicited and detectable if
administered chronically over an extended period (i.e., a month), and in a clinical pain population. This notion
is consistent with a lack of effect on other experimental pain paradigms, such as the heat pain threshold and
tolerance model used in De Vita et al. (2021) and the noxious electrical stimulation paradigm used in
Schneider et al. (2021) [26, 28]. For instance, in preclinical models, CBD demonstrated efficacy when
administered daily to rodents exposed to a chronic pathological state like chemotherapy-induced neuropathy
[12-14] or arthritis [15]. The effects of CBD in chronic pain models speak to the potential of CBD to relieve
chronic, inflammatory pain by targeting a multitude of systems that are activated during chronic disease
states such as pro-inflammatory biomarkers [15] and TRPV1 pathways [43, 44]. This is unlike preclinical and
human laboratory evidence demonstrating the analgesic effects of CB1 receptor agonists like THC, where
substantial literature supports analgesic effects after an acute dose in a range of acute, experimental pain
models as well as chronic pain states [34, 45-49]. Given the previous literature and in conjunction with our
findings, a logical next step would be to conduct a study in which patients with clinical pain syndromes,
perhaps those inflammatory in nature, are given CBD over time and a multitude of assessments are
conducted for comparative purposes. This might include several, a combination of different modalities that
model neuropathic pain conditions (Cold Pressor Test, Quantitative Sensory Testing) as well as clinical pain
outcomes (the Brief Pain Inventory). Such a study would provide the opportunity to determine if our
suspicions are correct; that repeatedly administered CBD in a clinical population is required to detect a

reliable, robust analgesic effect.

A primary limitation of the study, which hindered the ability to adequately assess the analgesic effects of

CBD, is the failure of the CPT to produce a reliable pain response as depicted by an increase in pain

15
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tolerance and decrease in subjective ratings of painfulness after placebo was administered compared to
baseline values. We and others have successfully used the CPT in healthy [29, 31, 50] and drug-using [32,
34, 35] populations to determine the analgesic effects of a several drug classes. The current procedures
controlled for the time of day that the CPT was administered and matched the sex of the participant to the
experimenter, two variables that can potentially impact pain responses in the CPT [36, 51]. As such, it is
difficult to determine why the CPT data were inconsistent under the placebo condition; these findings could
be due to the robust response exhibited by the three male participants under placebo conditions, which
skewed the data to show a strong placebo response. Although the within-subject design of the study
enhances statistical power to detect differences between placebo and active CBD doses, increasing the
sample size in future studies could be useful in determining if the modest effects observed among in the
current study are reliable. Finally, it is notable that the isomer present in the synthetic CBD used in this study
((+)-CBD) is different than what is naturally occurring in the plant ((-)-CBD), each of which differentially binds
the cannabinoid receptor 1- and 2- subtypes [52]; this may underlie differing effects of synthetic vs. natural

forms of CBD, the latter of which has little to no affinity for the CB-1 receptors.

CONCLUSION

Considering preclinical studies that have shown promise for CBD analgesia in chronic pain conditions, to our
knowledge, the current study is the first to assess isolated CBD’s dose-dependendent analgesic
effectiveness using an experimental pain model that has demonstrated predictive validity for pain
medications. While CBD was safe and well-tolerated, we found no acute effects on experimental pain. CBD
use over time in a chronic pain patient population may be more likely produce effective analgesia than acute

dosing in a non-pain population.
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TABLES

Table 1. Session Schedule

Time (min)  Event

-60 Urine toxicology, Breathalyzer, Carbon monoxide, Adverse
effects form, Breakfast
- 30 | BP/HR, Pain assessments
0 | Drug Administration

30 | Drug rating form, SE-VAS, BP/HR

60 | Drug rating form, SE-VAS, Pain assessments

90 | Drug rating form, SE-VAS, BP/HR
120 | Drug rating form, SE-VAS, Pain assessments
150 | Drug rating form, SE-VAS, BP/HR
180 | Drug rating form, SE-VAS, Pain assessments
210 | Drug rating form, SE-VAS, BP/HR, Lunch
240 | Drug rating form, SE-VAS, Pain assessments
270 | Drug rating form, SE-VAS, BP/HR
300 | Drug rating form, SE-VAS, Pain assessments
330 | Drug rating form, SE-VAS, BP/HR
360 | Drug rating form, SE-VAS, Pain assessments
375 | BP/HR, Discharge

Timing of session events relative to cannabidiol administration. Sessions
began at approximately 9 AM. Pain assessments = Cold Pressor Test and
Painful and Bothersome Rating Forms. BP/HR = Blood pressure and heart
rate readings. SE-VAS = Subjective Effects Visual Analog Scale
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Table 2. Demographic Characteristics of Study Participants.

Demographics (N =17)

Age (years) 32+8
Sex (Men / Women) 8/9
Race (B/W /A/M) 8/2/4/3
Daily Nicotine Smokers 0%
Weekly Alcohol Drinkers 47%
Drinking occasions/week 20+09

Note: Data are presented as means (+ SD) or as percent.
Race is indicated as Black (B), White (W), Asian (A)
and Mixed or other (M).
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Table 3. Adverse effects as a function of cannabidiol dose

Total # of Participants % of Total N

Cannabidiol (mg)

Lethargy 5 5 5 5 29% | 29% | 29% | 29%
SUIETe) (P 1 1| 4 | 4 | 6% | 6% | 24% | 24%
(gas, cramps)

Subtle mood change 1 0 0 0 6% 0% | 0% | 0%
Frequent urination 0 0 1 0 0% 0% | 6% | 0%
Wooziness 0 0 1 1 0% 0% | 6% | 6%

This article is protected by copyright. All rights reserved.
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FIGURE LEGENDS

Figure 1. A. Cold Pressor Task pain threshold and tolerance as calculated by average post administration
change from baseline latency (seconds) to report pain and withdraw the hand (respectively) from cold water.
Data are presented as means +/- SEM according to cannabidiol dose. B. Subjective pain ratings of
Painfulness and Bothersomeness as calculated by average change across the session from baseline
(possible range, -10 — 10). Data are presented as means +/- SEM according to cannabidiol dose. Significant
differences between placebo and an active dose are indicated by * for pain threshold and ‘painful’ ratings,
and # for pain tolerance. One symbol (i.e., *) indicates statistical significance < 0.01; two symbols (i.e., **)

indicates < 0.001.

Figure 2. A. Average drug effect ratings for “Take again,” ‘Good drug effect’ and ‘Bad drug effect’ across the
session (post-baseline). Data are presented as means +/- SEM according to cannabidiol dose. Significant
differences between placebo and an active dose are indicated by * for ‘Take again’, # for ‘Good drug effect’
and 1 for ‘Bad drug effect’. B. Average subjective effect ratings for ‘Stimulated’, ‘Alert’ and ‘Tired’ across the
session (post-baseline). Data are presented as means +/- SEM according to cannabidiol dose. Significant
differences between placebo and an active dose are indicated by * for ‘Stimulated. For both Figure 2A and
2B, one symbol (i.e., *) indicates statistical significance < 0.01; two symbols (i.e., **) indicates < 0.001, three

symbols (i.e., ***) indicates < 0.0001.
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Figure 3. A. Average change from baseline in cardiovascular effects as a function of cannabidiol dose. B.
Average change in cardiovascular effects in response to the CPT across the session, as a function of
cannabidiol dose. Data are presented as means +/- SEM according to cannabidiol dose. Significant
differences between placebo and an active dose are indicated by * for diastolic blood pressure, # for systolic
blood pressure and 1 for heart rate. For both Figure 3A and 3B, one symbol (i.e., *) indicates statistical

significance < 0.01; two symbols (i.e., **) indicates < 0.001, three symbols (i.e., ***) indicates < 0.0001.
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