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ABSTRACT

As cannabinoid-based medications gain popularity in the treatment of refractory medical conditions, it is crucial
to examine the neurocognitive effects of commonly prescribed products to ensure associated safety profiles. The
present study aims to investigate the acute effects of a standard 1 mL sublingual dose of CannEpil®, a medicinal
cannabis oil containing 100 mg cannabidiol (CBD) and 5 mg A9-tetrahydrocannabinol (THC) on neurocognition,
attention, and mood. A randomised, double-blind, placebo-controlled, within-subjects design assessed 31 healthy
participants (16 female, 15 male), aged between 21 and 58 years, over a two-week experimental protocol.
Neurocognitive performance outcomes were assessed using the Cambridge Neuropsychological Test Automated
Battery, with the Profile of Mood States questionnaire, and the Bond-Lader Visual Analogue Scale used to assess
subjective state and mood. CannEpil increased Total Errors in Spatial Span and Correct Latency (median) in
Pattern Recognition Memory, while also increasing Efficiency Score (lower score indicates greater efficiency)
relative to placebo (all p < .05). Subjective Contentedness (p < .01) and Amicability (p < .05) were also increased
at around 2.5 h post dosing, relative to placebo. Drowsiness or sedative effect was reported by 23 % of partic-
ipants between three to six hours post CannEpil administration. Plasma concentrations of CBD, THC, and their
metabolites were not significantly correlated with any observed alterations in neurocognition, subjective state, or
adverse event occurrence. An acute dose of CannEpil impairs select aspects of visuospatial working memory and
delayed pattern recognition, while largely preserving mood states among healthy individuals. Intermittent re-
ports of drowsiness and sedation underscore the inter-individual variability of medicinal cannabis effects on
subjective state. (ANZCTR; ACTRN12619000932167; https://www.anzctr.org.au)

1. Introduction

The increasing global application of medical cannabis products for

interaction between THC and CBD. Consistently, recent studies indicate
that THC significantly impairs cognitive functions such as memory, ex-
ecutive function, and psychomotor abilities, particularly in tasks

therapeutic purposes has brought cannabinoids like cannabidiol (CBD)
and A9-tetrahydrocannabinol (THC) to the forefront in managing
chronic pain, neurological disorders, and psychiatric diseases (Allan
et al., 2018; Banerjee et al., 2021). Though numerous studies associate
acute cannabis use, especially THC exposure, with cognitive disruptions
in information processing (Kelleher et al., 2004; Solowij et al., 2002),
working memory (Lamers et al., 2006; Solowij and Battisti, 2008), and
attention (Hunault et al., 2009), these findings are primarily linked to
recreational usage patterns. Recent research, however, presents a
nuanced understanding of these effects, especially regarding the

requiring attention, verbal learning, and memory (Englund et al., 2023;
Bossong et al., 2013; Spindle et al., 2018). In contrast, the role of CBD in
mitigating THC'’s effects remains ambiguous. While some suggest CBD
may lessen THC’s anxiety or psychosis-like effects (Freeman et al.,
2019), studies like Englund et al. (2023) report no significant modula-
tion. Thus, the interaction between THC and CBD and their collective
impact on cognition is complex and not fully understood.

The neuropsychological effects of recreational cannabis use on
cognitive functioning have been extensively studied, with both acute
and ongoing cannabis consumption contributing to deficits in working
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memory capabilities and measures of attention (Desrosiers et al., 2015;
Solowij, 1998; Solowij and Pesa, 2010). THC’s dose-dependent effect on
response time in tasks assessing visuospatial selective attention, divided
attention, and sustained attention (Hunault et al., 2009) is noteworthy,
as these are crucial in the effective functioning of perceptual processes
(Sanders and Astheimer, 2008; Walker and Trick, 2018). Reduced pro-
cessing speed and vigilance following cannabis use may be partly
attributed to the sedative effects associated with THC and higher CBD
doses (Babson et al., 2017), suggesting drowsiness as a factor in
cannabis-related cognitive deficits (Hunault et al., 2009). The impact of
cannabis administration methods further adds complexity to this land-
scape. Spindle et al. (2018) demonstrated that vaporised cannabis pro-
duces stronger effects and higher peak THC concentrations than oral
consumption, emphasising the influence of consumption mode on
cognitive effects. Additionally, studies such as Eadie et al. (2021) and
Olla et al. (2019) indicate less severe cognitive impairments in medical
cannabis users, highlighting the differences between recreational and
medical usage. Importantly, the persistence and recovery of cognitive
functions, particularly in verbal memory and attention, may extend
beyond acute intoxication in long-term users (Broyd et al., 2016).
Cannabis also induces notable changes in subjective alertness and
mood (Bicaksiz and Ozkan, 2016; Crippa et al., 2003). Its generalised
depressant effect on the central nervous system, promoting drowsiness
following an initial period of excitement after an acute dose (Paton and
Pertwee, 1973), can negatively impact cognitive functioning. This is
partly due to disruptions in prefrontal cortex processes essential for
decision-making (Goldstein and Volkow, 2011) and alterations in the
endocannabinoid system, which regulates memory, attention, and mood
(Szkudlarek et al., 2018). Mood changes can influence an individual’s
ability to attend to and process information, and may consequently in-
crease distractibility, impair attentional control, and heighten the like-
lihood of cognitive task errors (Dolcos et al., 2020; Pessoa, 2009).
Given these complexities, exploring the acute neurocognitive and
subjective effects at therapeutic dosages and formulations used in me-
dicinal cannabis products is imperative (Blessing et al., 2015; Wieghorst
et al., 2022). Additional research is crucial, given the diverse relation-
ship between neurocognition and cannabis-related impairment, which
varies according to usage patterns, dose, administration route, and prior
cannabis experience (Ramaekers et al., 2008, 2009). This exploration is
vital for informing the safe and effective use of medical cannabis
products across various therapeutic indications. The present study aims

European Neuropsychopharmacology 82 (2024) 35-43

to examine the effect of a standard 1 mL sublingual dose of CannEpil® (a
20:1 CBD to THC medicinal cannabis oil) on functional neurocognition,
alertness, and mood, with an additional focus on investigating any
correlations between observed changes and plasma concentrations of
key cannabinoids (CBD, THC, 11-OH-THC, or THC—COOH).

2. Experimental procedures
2.1. Participants

This randomised, within-subjects, double-blind, placebo-controlled,
crossover trial comprised a final sample of 31 healthy adults (16
males, 15 females) who were aged between 21 and 58 years old (M =
38.13, SD + 10.78) and weighed between 50 and 98 kg (M = 73.10, SD
+ 12.42). Participants were recruited via convenience sampling
methods utilising print advertisements and an email campaign sent out
to prior participants who had indicated their interest in future studies. A
CONSORT diagram displaying recruitment flow is presented in Fig. 1.

All participants were fluent in written and spoken English, had a full
and unregulated driver’s license, and reported being a regular driver (>
4000 km/year). One-week prior to study commencement, participants
underwent a screening visit to complete the Beck Depression Inventory
IT and Beck Anxiety Inventory (Beck et al., 1961, 1988) for mental health
assessment and to discuss their medical and drug history with a nurse.
Participants were excluded if they scored within the clinically signifi-
cant range during mental health screening, had a history of substance
misuse or dependence, currently used prescription medication, had a
significant medical condition, were currently pregnancy or breastfeed-
ing, or had participated in another investigational study within the last
month. All participants had previous experience with cannabinoid
products, reporting at least one instance of usage without adverse effects
in their lifetime. Eligibility criteria did not specify minimum or
maximum cannabis exposure limits but required a two-week abstinence
period before study commencement. Participants were required to
abstain from illicit drug use for two-weeks prior to study commencement
and throughout its duration, with compliance verified using a DrugWipe
68S test, prior to the initiation of testing procedures on each study day.

The study protocol was prospectively registered with the Australian
and New Zealand Clinical Trials Registry (ACTRN12619000932167).
This project was approved by Swinburne University of Technology
Human Research Ethics committee (2019/20220392-9708) and was
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Fig. 1. CONSORT diagram depicting participant recruitment flow.
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conducted in accordance with Good Clinical Practice guidelines and the
ethical standards of the Declaration of Helsinki.

2.2. Procedure

An overview of the study schedule, conducted across two counter-
balanced testing sessions, is presented in Fig. 2. Prior to testing sessions,
participants self-reported abstinence from alcohol for 24 h, caffeine for
12 h and had a light breakfast that was replicated across both sessions. In
the case that a participant self-reported consuming either alcohol or
caffeine within these time periods, their testing visit was rescheduled.
Immediately after arriving on testing days, participants were screened
for the presence of THC, benzodiazepines, cocaine, amphetamines, and
opiates using a Securetec 6S DrugWipe to ensure drug abstinence. Fe-
male participants also provided a urine sample to test for pregnancy.
Upon departure from testing sessions, participants received reimburse-
ment for their time, a transportation voucher, and were escorted to their
mode of transport (taxi/Uber). Participants were also provided with an
information sheet to advise of the possibility for the study drug to
remain detectable in their system for up to 48-hours and of restrictions
from operating a vehicle or heavy machinery.

2.2.1. Investigational product

The investigational product CannEpil and matched placebo were
provided by MCG Pharmaceuticals and were packaged individually with
identical labelling, appearance, and taste. CannEpil and placebo treat-
ments were centrally randomised and counterbalanced by the study
sponsor (Cannvalate) with un-blinding information secured by a neutral
third party (Clinical Trials Coordinator). CannEpil is a
phytocannabinoid-based product containing a ratio of 20:1 CBD to THC
delivered in an oil carrier which has been indicated for the treatment of
epilepsy and as a sleep aid for conditions such as insomnia. The product
contains no other cannabinoids other than CBD and THC. In this study, a
given dose of 1 ml of palatable bearer oil containing either CannEpil
(100 mg of CBD and 5 mg of THC) or placebo, was administered sub-
lingually via an oral syringe. Peak effect was expected at approximately
120 min, with acute effects evident from 60 min following ingestion and
possibly lasting for 4-6 h (Badowski, 2017). Two experimental sessions
were scheduled with a minimum one-week interval washout period
between them to mitigate potential carryover effects, with a 100 mg
CBD dosage calculated to persist in plasma for an average duration of
approximately five days (McCartney et al., 2022).

2.3. Measures
2.3.1. Cambridge neuropsychological test automated battery (CANTAB)

The CANTAB is a cloud-based program that combines a series of tests
to assess cognition and cognitive performance, which are sensitive to
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drug effects and cognitive impairments and have been extensively
validated (Robbins, 1994; Smith et al., 2013). Each test included in the
CANTAB is standardised with automated voice over instructions. To
mitigate potential practice effects and minimise learning curves, each
task is preceded by a self-guided practice session that continues until the
participant reaches proficiency. Domains of interest, each represented
by a computerized cognitive task, were selected based on their relevance
to key cognitive domains essential to driving performance. Tasks are
systematically completed in sequence across six domains of interest:
Multitasking (MTT), Spatial Working Memory (SWM), Rapid Visual In-
formation Processing (RVP), Reaction Time (RTI), Pattern Recognition
Memory (PRM), and Spatial Span (SSP). Completion of all tasks requires
approximately 35- to 50-minutes, with the same task version used for all
sessions. Full task descriptions and previous validations are provided at
[https://www.cambridgecognition.com/cantab/cognitive-tests/].

2.3.2. Profile of mood states (POMS)

Mood state was assessed using the POMS (McNair et al., 1981)
following the CANTAB at 85-minutes post dosing. The POMS is a
self-report questionnaire consisting of 65 adjectives describing feeling
and mood which are answered on a five-point Likert-type scale ranging
from 0 = “not at all” to 4 = “extremely”, and is designed to measure six
dimensions of mood, including tension, depression, anger, vigour, fa-
tigue, and confusion. Two out of 65 items were reverse scored, including
‘relaxed’ within the tension dimension and ‘efficient” within the confu-
sion dimension. Likert scores for items within each dimension were
summed to create a dimension score, with higher scores indicative of
greater affect in the respective dimension (i.e., a higher score in vigour is
indicative of greater vigour). A Total Mood Disturbance (TMD) score
was then calculated from adding the dimension scores from tension,
depression, anger, fatigue, and confusion and then subtracting the
vigour dimension score, resulting in a value between —40 and 224. TMD
may be interpreted as a global index of distress with lower scores
indicative of a more stable mood profile (Searight and Montone, 2020).

2.3.3. Bond-Lader visual analogue scale (BL-VAS)

Subjective alertness and self-evaluation of mood was assessed using
the BL-VAS (Bond and Lader, 1974) prior to (80-minutes post dosing)
and following the CANTAB (135-minutes post dosing). Outcome mea-
sures were examined on a question-by-question basis with subjective
symptoms comprising 16 dimensions of mood separated across three
affective dimensions of alertness, calmness, and contentedness. Items
within the alertness dimension included alert-drowsy, attentive-dreamy,
lethargic-energetic, muzzy-clearheaded, coordinated-clumsy, mentally
slow-quick witted, strong-feeble, interested-bored, and
incompetent-proficient. Items within the contentedness dimension
included contented-discontented, troubled-tranquil, happy-sad, antag-
onistic-amicable, and withdrawn-gregarious. Items within the calmness
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Fig. 2. Overview of study procedures on each testing day.
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dimension included calm-excited and tense-relaxed. Several items were
reverse scored across all dimensions, including alert-drowsy, attenti-
ve-dreamy, coordinated-clumsy, strong-feeble, interested-bored, calm--
excited, contented-discontented, and happy-sad. Participants moved an
on-screen slider to the desired position on a scale (0-100) when asked to
describe to what extent the given state is appropriate to them at that
moment in time. Item scores from each dimension of the BL VAS were
averaged to create a factor score for alertness, calmness, and content-
edness. Factor scores ranged between 0 and 100, with higher scores
indicating increased alertness, contentedness, or calmness and lower
scores indicating increased drowsiness, discontentedness, or tension
respectively.

2.3.4. Adverse event reporting

Participants were instructed to report any adverse events (AE) either
in person, via email, or through a phone call. Additionally, participants
were queried about the occurrence of any adverse events, their severity,
and duration, prior to the start of their second visit, as well as during a
follow-up phone call or email following the study’s completion. AE
severity was categorised as follows: "mild" if easily tolerated with min-
imal discomfort and no interference with daily activities; "moderate" if
causing enough discomfort to interfere with daily activities; and "severe"
if incapacitating or prohibiting daily activities. The relationship be-
tween the AE and the study treatment or procedures was evaluated in
follow-up interviews, considering both the investigator’s and the par-
ticipant’s perspectives on whether the AE was directly related to the
study protocol or the investigational product.

2.3.5. Plasma sampling

Plasma samples were collected twice during each testing session,
both prior to (30-minutes post dosing) and following the CANTAB (~2.5
h post dosing). A registered research nurse collected approximately 15
mL of blood into an EDTA vacutainer via a single venous blood draw.
Venous whole blood samples were centrifuged at 3000 rpm for 10-mi-
nutes, prior to the surfaced plasma being transferred into separate
specimen vials. Collected plasma samples were stored at —80° until a
courier transported them to the Victorian Institute of Forensic Medicine
(VIFM) for biochemical analysis of CBD, THC, 11-OH-THC, and
THC—COOH concentrations. Plasma concentration values are detailed
in a separate manuscript (Manning et al., 2023).

2.4. Statistical analyses

To assess differences in CANTAB outcomes and POMS scores be-
tween CannEpil and placebo conditions, paired-samples t-tests were
performed. Linear fixed-effects models with Restricted Maximum Like-
lihood Estimation evaluated BL-VAS item and factor scores, incorpo-
rating Condition and Time as repeated factors and fixed effects. Separate
models were constructed for each outcome and interaction, with the
likelihood ratio statistic confirming Compound Symmetry as the optimal
covariance structure. Post-hoc paired t-tests with planned Bonferroni
adjustments for multiple comparisons, controlled for Type I error and
further examined Condition and Time variations. Linear regressions
assessed correlations between plasma concentrations of CBD, THC, 11-
OH-THC, or THC—COOH at each individual time point and observed
alterations in cognitive and affective outcomes. Binomial logistic re-
gressions assessed the relationship between CBD or THC concentrations
and AE reports of drowsiness. While plasma regression results are re-
ported within the current paper, plasma data are reported separately
along with oral fluid and driving performance outcomes (Manning et al.,
2023). This decision was influenced by the number of outcomes
included in this report and the particular importance of plasma/oral
fluid THC levels in relation to driving regulations.

Covariates including sex, cannabis use history, and driving experi-
ence were examined prior to the planned analysis. However, these
covariates did not provide additional explanatory value to the results
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and were therefore omitted from the final model. Prior to analyses, data
was evaluated for completeness and analysis of standard residuals was
performed to identify potential outliers. Outliers were identified for
CANTAB outcomes including MTT Total Incorrect, RVP Target sequence
detection score, SSP Forward total errors, PRM Correct Latency Imme-
diate (median), and PRM Efficiency score immediate and delayed.
Sensitivity analyses were conducted with and without these outliers
included in the dataset, with results not altered enough for different
conclusions to be drawn (i.e., no change in significance). All identified
outliers were considered to be genuinely unusual (i.e., not due to error)
and thus were retained for analyses (Aguinis et al., 2013). All rando-
mised participants fully completed the trial resulting in zero attrition.
Statistical analyses were performed using SPSS (version 26), with all
analytical procedures being two-tailed, and statistical significance
defined as p < .05.

3. Results
3.1. Participant characteristics

Participant demographics and characteristics for the total sample (N
= 31) are presented in Table 1.

3.2. CANTAB

Descriptive statistics and paired samples t-test results for CANTAB
outcomes are presented in Table 2. Differences in CANTAB outcomes
between CannEpil and placebo across time are displayed in Fig. 3.

Paired-samples t-tests revealed that SSP forward total errors signifi-
cantly increased (t39) = 2.514, p < .05) following CannEpil adminis-
tration relative to placebo. Paired samples t-tests additionally revealed
significant differences among several outcomes in the PRM domain
during delayed tasks, including increased Correct median latency (t3o)
= 2.309, p < .05) and increased Efficiency score (lower score = more
efficient; 39y = 2.589, p < .05) in the CannEpil condition relative to
placebo. Linear regressions established that plasma concentrations of
CBD, THC, and metabolites did not significantly correlate with any
observed alterations in CANTAB outcomes, nor were any other signifi-
cant differences noted for CANTAB outcomes between CannEpil and
placebo (all > 0.05).

3.3. POMS

Descriptive statistics of POMS dimension and TMD scores between
CannEpil and placebo are presented in Table 2. There were no signifi-
cant differences between CannEpil and placebo in any of the sub-scales
(all p > .05).

Table 1
Participant demographics and cannabis use history (N = 31).

Sex (male/female)

Age (years)

Weight (kg)

Body mass index (kg/m?)
Ethnicity (%)

15/16

38.13 (10.78)

73.16 (12.21)

26.10 (4.19)

Caucasian (65), Asian (26),
Unspecified (9)

English as first language (%) 84

Tertiary educated (%) 90.3

< Weekly cannabis use in prior 12 months 9.7
(%)

< Fortnightly cannabis use in prior 12 22.6
months (%)

< Monthly cannabis use in prior 12 months  16.1
(%)

No cannabis use in prior 12 months (%) 51.6

Note: Data are shown as means (SD), frequency, or percentage of total sample.
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Table 2
Descriptive statistics and results for CANTAB (N = 31) and POMS (N = 30)
outcomes between CannEpil and placebo.

Measure Outcome CannEpil Placebo t-value  p-
value
CANTAB Incongruency 69.92 68.60 .158 ns
MTT cost (42.52) (53.88)
Reaction latency 562.63 569.74 —0.584 ns
(med) (104.75) (104.23)
Multitasking cost 177.58 165.61 .566 ns
(med) (92.63) (102.15)
Total incorrect 4.03 (4.96) 4.87 —0.870 ns
(6.44)
CANTAB Between errors 6.52 (8.85) 6.71 —0.121 ns
SWM (8.56)
Strategy score 5.65 (3.22) 5.65 .000 ns
(3.39)
CANTAB Target sequence .932 .925 .859 ns
RVP detection score (0.041) (0.055)
Response latency 419.24 436.29 -1.791 ns
(med) (56.74) (79.58)
CANTAB Five-choice 234.37 236.37 —0.290 ns
RTI movement time (52.86) (62.26)
(med)
Five-choice 365.31 360.26 1.357 ns
reaction time (34.19) (35.64)
(med)
CANTAB Forward span 6.94 (1.21) 6.77 .634 ns
SSP length (1.20)
Forward total 16.52 13.06 2.514 .018
errors (6.16) (4.98)
CANTAB Correct latency 1565.08 1504.87 724 ns
PRM immediate (med) (507.03) (414.30)
Correct latency 657.10 534.63 1.224 ns
immediate (SD) (452.67) (390.66)
Efficiency score 19.68 17.94 1.649 ns
immediate (7.77) (6.21)
Correct latency 1676.66 1537.16 2.309 .028
delayed (med) (433.90) (312.62)
Correct latency 607.72 522.59 2.218 .034
delayed (SD) (235.34) (240.88)
Efficiency score 22.23 19.96 2.589 .015
delayed (7.71) (6.36)
POMS Tension 2.03 (5.28) 1.57 572 ns
(4.20)
Depression 4.30 (5.24) 4.10 .255 ns
(6.49)
Anger 4.47 (4.95) 4.67 —0.198 ns
(6.80)
Vigour 18.33 17.43 —-1.074 ns
(4.64) (5.37)
Fatigue 5.70 (5.60) 6.57 —1.254 ns
(5.18)
Confusion 1.27 (2.80) 1.63 —0.537 ns
(3.58)
TMD —0.57 1.10 —0.470 ns
(20.41) (23.78)

Note: Values shown are mean (standard deviation). Bolded values indicate sig-
nificant differences based on paired t-test for group comparisons.

MTT = Multitasking Test, SWM = Spatial Working Memory, RVP = Rapid Visual
Information Processing, RTI = Reaction Time, SSP = Spatial Span, PRM =
Pattern Recognition Memory, POMS = Profile of Mood States, TMD = Total
Mood Disturbance, med = median, SD = standard deviation, ns = not
significant.

3.4. BL-VAS

Descriptive statistics for individual BL-VAS items and factor scores
between treatment conditions and across time are presented in Table 3.
Significant differences in BL-VAS item and factor scores between Can-
nEpil and placebo across time are displayed in Fig. 4.

Within the alertness factor, the item Coordinated-clumsy was
observed to have a significant main effect of both Condition (F¢ g9y =
5.22,p < .05) and Time (F(1,89) = 4.31, p < .05), but not its Interaction.
Post-hoc comparisons revealed those in the CannEpil condition reported
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increased ‘Clumsiness’ relative to placebo; however, this was only
observed at time point one (F(1,g9) = 4.44, p < .05). No other significant
Condition, Time, or Interaction effects were noted for BL-VAS alertness
items or the overall factor score.

Within the contentedness factor, a significant Condition by Time
interaction was noted for the item Antagonistic-amicable (F(; go) = 4.01,
p < .05). Subsequent post-hoc analysis indicated a significant increase
in ’Amicableness’ in the CannEpil condition compared to placebo at
time point two (F(1,89) = 4.265, p < .05). Additionally, ’Amicableness’
significantly increased over time in the CannEpil condition (F( gg) =
4.39,p < .05). A trend towards a main effect of Condition was noted for
the BL-VAS item Contented-discontented (F(1,g9) = 3.37, p = .070), with
planned post-hoc analysis showing a significant decrease in ’Discon-
tentedness’ in the CannEpil condition compared to placebo at time point
two (F(1,89) = 4.97, p < .05). Furthermore, a significant Condition by
Time interaction was observed for the BL-VAS factor score Contented-
ness (F(1,00) = 5.07, p < .05). Post-hoc analysis revealed a significant
increase in reported Contentedness in the CannEpil condition compared
to placebo at time point two (F(1,90y = 7.07, p < .01), and a significant
decrease in Contentedness over time in the placebo condition (F(1,90) =
3.99, p < .05). Linear regressions confirmed no significant correlation
between plasma concentrations of CBD, THC, and metabolites with any
observed alterations in Contentedness.

In the case of BL-VAS calmness items and overall factor score, the
main effects of Condition, Time, and its Interaction were non-significant.

3.5. Adverse events

While a significant alteration in alertness was not captured in the
self-reported subjective BL VAS results at the time of testing, several
participants contacted a researcher after they had left the testing session
noting increased drowsiness or sedation, which were reported as adverse
events (AEs). Specifically, of the 31 participants, seven (approximately
22.6 %) reported AEs. The distribution of these AEs in terms of severity
was varied: one event was mild (14.3 % of AEs), three were moderate
(42.9 %), and three were severe (42.9 %). Notably, all of these AEs (100
%) were reported following the CannEpil condition, with no incidents
documented after the placebo. All AEs were resolved without any par-
ticipants seeking to withdraw from the study due to the experience of
drowsiness or a sedative effect. Moreover, all reported AEs were
confirmed to occur directly after active treatment sessions. Binomial
logistic regressions established that plasma concentrations of CBD and
THC were not significantly correlated with the occurrences of reported
subjective sedation as an AE.

4. Discussion

This randomised, within-subjects, double-blind, placebo-controlled,
crossover trial examined the effects of acute, sublingual administra-
tion of a 20:1 CBD:THC medication (CannEpil®) on healthy adults.
CannEpil was observed to impair selective aspects of visuospatial
working memory and pattern recognition. However, subjective affect
and mood state remained largely unchanged, except for noted increases
in contentedness and sedation. Intriguingly, plasma levels of CBD, THC,
11-OH-THC, or THC—COOH did not correlate with observed neuro-
cognitive or subjective changes, suggesting a complex interaction that is
not directly related to systemic concentrations of these compounds.

More specifically, CannEpil consumption was linked to a heightened
frequency of errors in the spatial span task, indicative of a reduced ca-
pacity to memorise and retrieve spatial information. These findings
align with existing research that outlines the negative impact of
cannabis on visual working memory tasks. Specifically, Selamoglu et al.
(2021) observed that cannabis-dependent individuals made more errors
compared to controls, while Harvey et al. (2007) documented deficits in
the ability of chronic cannabis users to integrate complex information.
The underlying mechanism for these cognitive and working memory
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Fig. 3. CANTAB outcomes of SSP Forward Total Errors, PRM Correct Median Latency and Efficiency Score differences between CannEpil and placebo.

Table 3

Descriptive statistics for BL-VAS outcomes between CannEpil and placebo and across time.

Measure Outcome

CannEpil T1 (N = 31)

Placebo T1 (N = 31) CannEpil T2 (N = 31) Placebo T2 (N = 30)

BL-VAS Alertness Alert-drowsy *
Attentive-dreamy *
Coordinated-clumsy *
Incompetent-proficient
Interested-bored *
Lethargic-energetic
Mentally slow-quick witted
Muzzy-clearheaded
Strong-feeble *

Alertness factor score
Calm-excited *
Tense-relaxed

Calmness factor score
Antagonistic-amicable*!
Contented-discontented *
Happy-sad *
Troubled-tranquil
Withdrawn-gregarious
Contentedness factor score*’

40.13 (26.53)
37.16 (26.05)
25.58 (21.45)*”
75.87 (18.62)
25.87 (22.44)
52.23 (26.07)
61.35 (21.79)
63.35 (24.90)
26.35 (21.52)
66.42 (19.16)
21.48 (22.02)
73.87 (22.60)
76.19 (18.70)
76.84 (20.34)*°
16.35 (15.09)
19.61 (16.78)
78.00 (19.76)
66.52 (21.71)
77.08 (15.51)

BL-VAS Calmness

BL-VAS Contentedness

37.39 (24.38)
34.84 (24.56)
17.77 (17.35)*°
76.23 (16.77)
33.52 (28.61)
57.74 (22.40)
63.81 (25.09)
65.81 (24.79)
25.39 (18.89)
68.26 (17.94)
20.00 (19.09)
74.81 (21.32)
77.40 (16.92)
79.26 (14.67)
17.23 (15.75)
17.29 (14.13)
78.13 (17.83)
68.52 (17.83)
78.28 (12.05)*°

47.58 (29.50)
42.65 (27.79)
29.26 (25.88)
70.45 (22.27)
32.77 (24.94)
45.84 (25.25)
54.48 (24.54)
57.74 (26.11)
27.68 (22.24)
60.87 (20.96)
21.81 (24.88)
78.35 (20.14)
78.27 (20.37)
83.52 (16.46)>°
12.87 (13.04)"
15.06 (16.96)
79.06 (20.63)
64.29 (22.80)
79.79 (14.35)***

40.50 (27.28)
34.90 (22.59)
24.83 (20.26)
73.87 (17.28)
37.37 (31.16)
51.70 (21.27)
62.00 (21.58)
61.80 (25.88)
27.37 (20.29)
64.97 (18.20)
21.07 (16.39)
70.97 (19.87)
74.15 (16.00)
76.77 (21.45)*
18.17 (14.71)*
17.13 (13.78)
72.93 (21.35)
63.10 (18.07)
73.72 (16.80)*>>

o

Note: Values shown are mean (standard deviation). BL-VAS = Bond-Lader Visual Analogue Scale.

@ Items were reverse scored when calculating factor score.
! Condition*Time Interaction.

2 Post-hoc Condition.

3 Post-hoc Time.

" p-value < 0.05.

" p-value < 0.01.

impairments may involve the activation of cannabinoid type 1 (CB1)
receptors (Smith et al., 2010). Such activation disrupts the normal
functioning of hippocampal circuits, which are integral to cognitive
functioning (Robledo-Menendez et al., 2021). Consequently, tasks that
rely on these neural systems may require increased cognitive effort,
leading to diminished performance as task demands escalate (Solowij
et al., 2002).

Post-administration of CannEpil, there was an observed decline in
overall efficiency and an increase in latency, specifically in the time
required to provide correct responses in delayed visual recognition
memory tasks. Noteworthily, this effect was not evident in tasks
involving immediate visual recognition memory. This pattern suggests a
potential impairment in the encoding, storage, and retrieval of visual
information after a delay. Our observations are consistent with previous
research (McHale and Hunt, 2008; Schoeler et al., 2015), which report
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deficits in delayed but not immediate recall of visual stimuli associated
with cannabis use. Furthermore, these findings are congruent with
Ramaekers et al. (2021) documentation of domain-specific impairments
in short-term episodic and working memory following acute cannabis
intoxication.

The findings from our study become particularly salient in light of
Solmi et al. (2023), which highlights the diverse and sometimes para-
doxical impacts of cannabinoids across various conditions and de-
mographic groups. While our study observed acute visual memory
deficits in healthy individuals, other research has not consistently
replicated these effects in medical cannabis patient groups (Arkell et al.,
2023; Schoeler et al., 2015). This discrepancy further emphasises that
cannabinoid-based medicines possess significant therapeutic potential,
yet their impacts are complex, potentially leading to distinct vulnera-
bilities in cognitive function, especially in individuals who are either
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Fig. 4. Differences in BL-VAS items Coordinated-Clumsy, Antagonistic-Amicable, Contented-Discontented and factor score Contentedness between CannEpil and

placebo across time.

cannabis naive or newly prescribed.

Subjective affect and mood disturbance scores following CannEpil
administration remained largely unchanged, though there were noted
increases in self-reported contentedness and sedation. High CBD dosages
in medicinal cannabis formulations have been shown to effectively treat
anxiety and enhance mood in individuals with affective disorders
(Narayan et al., 2022). However, among healthy individuals at thera-
peutic doses, alterations in subjective state or mood are less pronounced
(Arndt and de Wit, 2017). This discrepancy suggests that mood alter-
ations are more likely to be significant with ongoing cannabinoid
treatments aimed at enhancing overall enduring affect, rather than in
acute clinical dosing scenarios. The widely held belief that cannabis use
leads to enhanced positive subjective affect (Zvolensky et al., 2007) may
also influence users’ expectations of emotional improvement
post-cannabis consumption. Thus, the increased reports of subjective
contentedness and amicability in this study could be attributed to an
enhanced sensitivity and readiness to perceive such affective changes.

CannEpil administration did not significantly alter subjective atten-
tion; however, 23 % of the total sample reported (AE report) delayed
onset of drowsiness, which typically occurred three to six hours after
administration. Many cannabinoid formulations are now being indi-
cated for use as a sleep aid, in part due to their ability to boost the
production of melatonin and suppress wake-promoting functions (Lis-
soni et al., 1986); however, their efficacy and direct mode of action is yet
to be clearly established (Narayan et al., 2024). Differences in sedative
effect have become increasingly evident in individuals who are naive
users of cannabis, rather than those who use it habitually (Nicholson
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et al., 2004) and is more pronounced among healthy individuals (Nar-
ayan et al., 2022). In the present study, the delayed onset of drowsiness
may additionally be attributed to the controlled laboratory environment
and elevated cognitive and attentional demands of the tasks performed.
It is possible that these factors resulted in a scenario where sedation
became more pronounced once participants left the testing site, due to a
rebound or compounding effect. Nonetheless, further attention is
needed to investigate the potential sedative effects of medicinal
cannabis products in various scenarios; particularly with some cannabis
preparations being prescribed as sleep aids.

Our findings also compliment those of Arkell et al. (2020), who
observed that THC/CBD equivalent cannabis did not significantly miti-
gate impairment in cognitive tasks. Considering insights from Englund
et al. (2023), who found that increased CBD did not significantly
modulate the acute adverse effects of THC, it is conceivable that the
unique pharmacodynamics of the 20:1 CBD:THC ratio in CannEpil may
lead to a more pronounced modulation of cognitive processes in healthy
adults, while having a comparatively smaller effect on structures and
processes responsible for emotional and subjective experiences. This
nuanced pharmacodynamic profile positions CannEpil as a relatively
safer option within the framework of ‘cannabis risky use’
(Balcells-Oliver6 and Oliveras, 2023). The lack of significant mood
disturbances observed in our study, coupled with limited cognitive
impairment, suggest a lower risk profile associated with CannEpil,
particularly compared to other cannabis products with higher THC
content. While the sedative effects of CannEpil seem to be less imme-
diately impairing compared to those observed in products with higher
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THC dosages (Narayan et al., 2022), the delayed nature of these sedative
effects warrants attention, nonetheless. Responsible medical supervi-
sion, paired with patient education about its sedative properties, is
essential in reducing the likelihood of unintended consequences and
ensuring its safe use.

The present study’s findings should be considered in view of several
methodological limitations. This study examined a sample of healthy
volunteers who were predominantly non-frequent users of cannabis.
This approach does not clearly represent patients using medical
cannabis products on regular medication schedules for extended pe-
riods. Such populations might have developed tolerance to the impair-
ing effects of CBD and THC, which our study does not address (Arkell
et al., 2020; Celius et al., 2018; Hartman and Huestis, 2013). Our study
was also constrained by a small sample size, preventing the inclusion of
sex as a distinct analytical parameter without compromising robustness,
although we sought to counter this by carefully balancing gender within
our sample. Additionally, the absence of baseline neurocognitive and
mood assessments prior to drug administration poses challenges for the
interpretive validity of our findings. Without these initial measure-
ments, it is challenging to accurately evaluate changes within subjects
across different conditions and to discern how these variations
contribute to the observed effects.

It is important to note that the controlled environment of the trial
may not accurately mirror the real-world conditions of cannabis usage.
External factors including environmental context and variances in in-
dividuals’ expectations, likely significantly impact cannabis effects,
underscoring the importance of exercising caution when applying our
findings to broader, real-world contexts. Lastly, the brief duration of
testing visits precluded a thorough assessment of AE reports, as partic-
ipants only reported drowsiness after leaving the testing site. Given the
onset of peak and residual effects associated with oral/sublingual
cannabis products have been observed to be significantly longer than
other routes of administration (McCartney et al., 2021; Vandrey et al.,
2017), an extended assessment period beyond 3-hours is warranted to
capture any prolonged subjective or performance effects following the
use of the CannEpil treatment that may impact patient safety.

Future research would benefit from the examination of subjective
and behavioural effects over an extended period to provide greater
insight into any protracted effects on levels of sedation reported by some
individuals. Future research is also urged to be inclusive of both medical
cannabis consuming patient populations and healthy adults to facilitate
our understanding of how variations in medicinal cannabis formulations
and differences in titration may contribute to impairments in task per-
formance, and to what extent impairment may arise across widely varied
use indications.

The administration of an acute dose of CannEpil to healthy adults
was observed to produce marked deficits in selective aspects of visuo-
spatial working memory and pattern recognition, reflected by increased
errors and latency, reduced task efficiency, and delayed recall of visual
information. While CannEpil produced only limited subjective im-
provements to positive affect, no changes to mood disturbance were
observed. Although subjective attention was unaffected, delayed onset
of drowsiness and sedation was reported, highlighting the need for
further investigation into the potential sedative effects of medicinal
cannabis products across varying scenarios and cannabis user groups.
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