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ABSTRACT

Introduction: Transdermal cannabinoids may
provide better safety and bioavailability profiles
compared with other routes of administration.
This single-arm, open-label study investigated a
novel topical transdermal delivery system on
the pharmacokinetics of cannabidiol (CBD) and
tetrahydrocannabinol (THC).
Methods: Participants were 39.5 ± 7.37 years
old and healthy, based on a review by the
Medical Director. Blood was collected pre-dose
and 10, 20, 30, and 45 min, and 1, 1.5, 2, 2.5, 3,
4, 5, 6, 8, and 12 h after topical application of
100 mg CBD:100 mg THC. Psychoactive effects
were assessed prior to each timepoint. Area-
under-the-curve (AUC0–12 h), maximum con-
centration (Cmax), time to maximum concen-
tration (Tmax), area-under-the-curve to infinity
(AUCI), terminal elimination rate constant (k),
terminal half-life (t�), and absorption rate
constant (ka) were measured individually for

CBD and THC. Safety was assessed by clinical
chemistry, hematology, and adverse events.
Results: AUC0–12 h for CBD and THC was
3329.8 ± 3252.1 and 2093.4 ± 2090.6 pg/mL/
h, with Cmax of 576.52 ± 1016.18 and
346.57 ± 776.85 pg/mL, respectively. Tmax for
CBD and THC was 8 h, ranging from 2.5 h to
12 h and 10 min to 12 h, respectively. AUCI for
CBD and THC was 6609.2 ± 7056.4 and
3721.0 ± 3251.7 pg/mL/h, with t1/2 of
5.68 ± 1.5 and 5.38 ± 1.25 h, respectively.
CBD was absorbed at a faster rate compared
with THC (123.36 ± 530.97 versus
71.5 ± 1142.19 h-1) but with similar k
(0.12 ± 0.029 versus 0.13 ± 0.03 h-1). No psy-
choactive effects were reported. Transdermal
cannabinoid delivery was safe and well toler-
ated in the population studied.
Conclusion: To our knowledge, this is the first
pharmacokinetic study in humans that
demonstrated CBD and THC entering systemic
circulation via transdermal administration .
This study represents an important contribu-
tion to understanding the pharmacokinetics of
transdermal cannabinoids.
Clinical Trial Registration: ClinicalTrials.gov
Identifier—NCT05121506 (November 16,
2021).
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Key Summary Points

Why carry out this study?

Transdermal administration of
cannabinoids may provide safety and
bioavailability advantages over other
routes of administration.

There is no previous literature on
transdermal cannabinoid
pharmacokinetics.

What was learned from this study?

The investigated technology delivering
CBD and THC was found to be safe and
well tolerated, with no associated
psychoactive effects.

There was large variability in the
pharmacokinetics of CBD and THC
between individuals when delivered
transdermally.

Future double-blind, randomized,
placebo-controlled pharmacokinetic
studies are needed to confirm the
preliminary findings of this open-label,
exploratory study.

INTRODUCTION

Transdermal delivery of cannabinoids may
provide advantages over other more traditional
routes of administration. Rapid entry of
cannabinoids into systemic circulation via
inhalation involves risks related to toxicity and
exposure to carcinogenic byproducts [1], and
oral consumption can lead to a greater likeli-
hood of overconsumption [2]. It has been sug-
gested that transdermal cannabinoids may
provide diminished psychotropic effects and
more constant cannabinoid plasma levels [3, 4],
benefiting those with certain medical condi-
tions and individual lifestyles. However, trans-
dermal cannabinoid delivery is challenging.
Cannabinoids are hydrophobic molecules,

which prevents them from easily diffusing
through the aqueous layer of the skin [5]. In
general, cannabinoids are molecules that have
low transdermal uptake, build up in a reservoir
in the stratum corneum (outermost layer of the
skin), and thought not to reach the blood [6].
To our knowledge, there are no published
studies in humans that have demonstrated that
cannabinoids can enter systemic circulation via
transdermal administration.

The objective of this study was to investigate
the systemic bioavailability of cannabidiol
(CBD) and tetrahydrocannabinol (THC) fol-
lowing acute topical administration using
Gefion GT4 technology, a novel transdermal
delivery system, in a single-arm, open-label
study of 18 healthy adults.

METHODS

Ethical Approval and Trial Registration

This study was conducted at KGK Science Inc.
(London, Canada) from November 2021 to
January 2022, and approved by the Therapeutic
Products Directorate (TPD) (Health Canada,
Ottawa, Canada), and the Institutional Review
Board Services (Aurora, Canada) (Pro00058904).
The study was conducted in accordance with
the 1964 Declaration of Helsinki guidelines and
its subsequent amendments, and in compliance
with the International Council for Harmoniza-
tion of Technical Requirements for Pharma-
ceuticals for Human Use Guideline for Good
Clinical Practice. The trial was registered at
Clinicaltrials.gov (NCT05121506). Participants
provided written informed consent before the
initiation of study procedures.

Study Procedures

Participants attended a screening visit and a
12-h in-clinic visit. A follow-up phone call
assessed adverse events (AEs) for up to 1 week
after product administration. At screening,
current health status, concomitant medica-
tions, medical history, and inclusion/exclusion
criteria were reviewed. Height, weight, heart
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rate (HR), and blood pressure (BP) were mea-
sured, and urine tests determined pregnancy
status (females only) and the presence of drugs
of abuse. The health of participants was assessed
by blood collected for clinical chemistry,
hematology, hemoglobin A1c (HbA1c), human
immunodeficiency virus (HIV), and hepatitis
B/C. Eighteen eligible participants (nine female,
nine male) returned to the clinic. Urine tests
confirmed pregnancy status and presence of
drugs of abuse, vital signs were measured, and
body mass index (BMI) calculated. Participants
washed their left hand, wrist, and forearm with
soap and water within 30 min of topical
administration, and immediately before appli-
cation the area was wiped with alcohol disin-
fectant. Study personnel rubbed a topical dose
of 100 mg CBD and 100 mg THC into the left
hand, wrist, and forearm until absorbed (ap-
proximately 90 s) and the timing of scheduled
blood draws was dependent on the time of
complete absorption. Blood was collected pre-
dose (t = 0) and at 12-h post-dose for safety
analysis of clinical chemistry and hematology.
Blood was collected pre-dose (t = 0) and at 10,
20, 30, 45 min, and 1, 1.5, 2, 2.5, 3, 4, 5, 6, 8,
and 12 h after cannabinoid administration for
analysis of CBD and THC concentrations in
plasma. Psychoactive assessments were con-
ducted immediately before each post-dose
blood draw timepoint. Participants were asked
‘‘Are you experiencing a ‘high’ feeling?’’ and
their answer determined whether they were
subsequently asked ‘‘On a scale of 1 (least) to 10
(most), how intense is that feeling?’’ and ‘‘Is this
‘high’ feeling (other than intensity) different
than past high experiences? If yes, please
describe.’’

Participants

Participants were included if they were between
the ages of 25–65 years, met study criteria for
contraception; had a BMI between 18.5 and
29.9 kg/m2; consumed cannabis at least once in
the past 6 months, but not more than three
times per week, without experiencing severe
AEs; agreed to washout of cannabis and
tobacco/nicotine products 48 and 96 h prior to

dosing, respectively; and were determined by
the Medical Director (MD) as healthy, via med-
ical history and laboratory results.

Individuals were excluded if they were preg-
nant, breast feeding, or planning to become
pregnant; were a habitual user of cannabis (C 4
times/week); had an acute or chronic skin dis-
ease or dermatological condition on the pro-
posed area of application; had shaving, waxing,
or laser hair removal on the proposed area of
application within 14 days of dosing; were
positive for drugs of abuse at screening or
baseline; self-reported serious psychological
disorder(s) diagnosis or had an immediate
family member with a history of psychosis; used
prescription or over-the-counter medications or
supplements that may have affected study
results or participant safety; or clinically signif-
icant abnormal laboratory results or recent or
active unstable medical condition that may
have adversely affected their ability to fully
participate in the study or posed significant risk,
as assessed by the QI.

Investigational Product

The investigational product (IP) was a novel
Gefion GT4 technology that used emulsion
technology containing penetrating agents,
basement membrane disruptors, and vasodila-
tors to overcome hydrophilic and lipophilic
structures to open channels and transport
cannabinoids deep into the dermis layer of the
skin [7]. Once in the dermis, vasodilators dilate
the capillary bed to increase fluid dynamic flow
into and out of the application site, delivering
cannabinoids into the blood stream [7]. The
Gefion GT4 transdermal delivery system has
been used previously to deliver gabapentin and
naproxen sodium for the treatment of pain,
with meaningful efficacy and no reported AEs
(H. Crowley, personal communication, 16 June
2019).

Laboratory Analyses

Blood collected for CBD and THC analysis was
centrifuged immediately for 10 min at 1500g at
4 �C. An aliquot of 1 mL of plasma was
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separated into three cryogenic vials and stored
at -80 �C until being shipped for analysis. An
aliquot of 300 lL of human plasma was used for
the analysis of CBD and THC by Altasciences
Company Inc. (Laval, Canada). The compounds
were identified and quantified using reverse-
phase high performance liquid chromatography
(HPLC) with triple quadrupole mass spectrom-
etry (LC–MS/MS API 6500) and an injection
volume of 10 lL. The detection limits were
25.0–7500.0 pg/mL for CBD and
50.0–30,000.0 pg/mL for THC. Screening blood
work and safety endpoints were analyzed by
LifeLabs (London, Canada) using standard pro-
cedures. Urine pregnancy tests for females of
childbearing potential and drugs of abuse
analysis was conducted at KGK Science (Lon-
don, Canada).

Statistical Analysis

The pharmacokinetic (PK) outcomes for CBD
and THC were evaluated for intention-to-treat
(ITT) and per protocol (PP) populations. The ITT
population consisted of all participants who
received the IP, and on whom any PK infor-
mation was available. The PP population con-
sisted of all participants who received IP, did
not have any major protocol violations, and
completed all study visits and procedures con-
nected with measurement of primary outcomes.

PK outcomes included: area under the curve
over a 12-h period (AUC0–12 h); area under the
curve to infinity (AUCi); time to maximum
concentration (tmax); peak concentration
(Cmax); terminal elimination rate constant (k);
terminal half-life (t1/2); and absorption rate
constant (ka). AUC0–12 h was calculated using
the trapezoid approximation. Cmax and Tmax

were determined directly from the concentra-
tion–time curve. AUCI was calculated by
AUC0–12 h ? CT/k, where CT was the last
quantifiable concentration. k was calculated as
the slope of points on the terminal log-linear
end of the concentration versus time curve. t1/2
was calculated as ln(2)/k = 0.693/k and ka was
calculated using the feathering method. Psy-
choactive assessment data was summarized
using descriptive statistics (means, standard

deviations, medians, minimums, maximums).
All data is presented as mean ± standard
deviation.

RESULTS

Participants

A total of 30 potential participants were
screened and 18 participants were enrolled in
this study. Enrolled participants completed all
study procedures (Fig. 1).

Participants were an average of
39.5 ± 7.37 years old, with 89% of the popula-
tion Eastern/Western European White. The
average BMI of participants was slightly over-
weight (25.95 ± 2.35 kg/m2), with 39% classi-
fied as normal weight (\ 25 kg/m2) and 61%
classified as overweight (C 25 kg/m2) (Table 1).

Four participants were removed from the PP
analysis due to detectable cannabinoids pre-
dose and one participant was removed due to
concentration values exceeding the upper limit
of quantification at 10 min post-dose. This sin-
gle participant was excluded from the PP pop-
ulation after their samples were diluted and
analyses repeated for accuracy, as verified by
Altasciences Company Inc.

Pharmacokinetic Outcomes

In the PP population, AUC0–12 h for CBD and
THC was 3329.8 ± 3252.1 and
2093.4 ± 2090.6 pg/mL/h, respectively, with
Cmax of 576.52 ± 1016.18 and
346.57 ± 776.85 pg/mL. The Tmax for CBD and
THC was 8 h, with Tmax ranging from 2.5 to
12 h and 10 min to 12 h, respectively. At 12-h
post-dose, concentrations of CBD and THC had
not returned to pre-dose levels, demonstrating
that the blood sampling period was not long
enough to capture the entire PK curve. AUCI for
CBD and THC was 6609.2 ± 7056.4 and
3721.0 ± 3251.7 pg/mL/h, respectively, with
comparable t1/2 of 5.68 ± 1.5 and
5.38 ± 1.25 h. CBD was absorbed at a faster rate
compared with THC (123.36 ± 530.97 versus
71.5 ± 1142.19 h-1) but with similar k
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(0.12 ± 0.029 versus 0.13 ± 0.03 h-1) (Fig. 2).
PK outcomes for the ITT population can be
found in Tables S1 and S2. Individual time-
concentration curves are provided in
Figs. S1–S18.

Psychoactive Assessment

None of the participants in ITT population
reported feeling psychoactive effects at any
post-dose blood draw timepoint. One hundred
percent of participants responded to ‘‘Are you
experiencing a ‘high’ feeling?’’ with ‘‘No’’ and
therefore were not asked the remaining psy-
choactive assessment questions.

Safety

There were two post-emergent AEs reported by
two participants, each reporting a headache
following dosing. The post-emergent AEs were
classified as mild in intensity and unrelated to
the IP. One participant recovered on the same
day as IP administration, and the other had
recovered by the following day. No AEs were
reported in the 7 days following cannabinoid
delivery. There were no statistically significant
or clinically relevant changes in clinical chem-
istry or hematology parameters, as confirmed by
the MD.

Fig. 1 Disposition of study participants
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DISCUSSION

Transdermal delivery of cannabinoids may
provide advantages over other more traditional
routes of administration. Cannabis smoking
rapidly yields very high concentrations of
cannabinoids in the bloodstream, but comes
with risks associated with toxicity, exposure to
carcinogenic byproducts, and respiratory con-
ditions, as well as loss of activity through com-
bustion (inactive and degraded cannabinoids
due to excess heat) [1, 8–11]. When consumed
orally, cannabinoids undergo first-pass meta-
bolism, resulting in reductions in bioavailability
and other unwanted effects associated with liver
metabolizing enzymes, most notably, the cyto-
chrome P450 system [12]. THC metabolism via
cytochrome P450 (CYP450) produces a greater
accumulation of 11-hydroxytetrahydro-
cannabinol, a potent, longer-lasting psychoac-
tive metabolite that that may go beyond the
desired effects of a novice or medical consumer
[12]. Furthermore, CBD metabolism by CYP450
is associated with potentially dangerous drug–-
drug interactions that may be minimized when
CBD is delivered through the skin, owing to
delayed cannabinoid accumulation [13]. This
can be particularly important in the treatment
of chronic conditions over long periods of time
or where a treatment regimen involves signifi-
cant quantities of CBD as it relates to the
patient’s body weight, for example in pediatrics.
It is suggested that by avoiding first-pass meta-
bolism and applying cannabinoids to the skin,
psychotropic impacts may be reduced, and

Table 1 Demographics, anthropometric measurements,
and substance use for participants in the ITT population
(n = 18)

Characteristic Levels Baseline

Age, years Mean ± SD

Median (min–max)

(n)

39.5 ± 7.37

41 (27–57)

(n = 18)

Gender Female 9 (50%)

Male 9 (50%)

Race Eastern European

White

3 (17%)

South Asian 1 (5.5%)

Mixed 1 (5.5%)

Western European

White

13 (72.0%)

Height (cm) Mean ± SD

Median (min–max)

(n)

173.6 ± 9.74

172.35

(158.8–190.4)

(n = 18)

Weight (kg) Mean ± SD

Median (min–max)

(n)

78.56 ± 12.21

77.95 (59–101.1)

(n = 18)

BMI (kg/m2) Mean ± SD

Median (min–max)

(n)

25.95 ± 2.35

25.95

(20.6–29.1)

(n = 18)

Cannabis use Couple of times/year 3 (16.7%)

Less than

once/month

3 (16.7%)

1–3 times/month 11 (61%)

1–2 times/week 1 (5.6%)

Alcohol use None 1 (5.6%)

Couple of times/year 5 (27.8%)

1–3 times/month 5 (27.8%)

1–2 times/week 7 (38.9%)

Table 1 continued

Characteristic Levels Baseline

Tobacco use Yes 2 (11.1%)

No 15 (8.3%)

Ex-smoker 1 (5.6%)

n number, SD standard deviation, Min minimum, Max
maximum
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more constant cannabinoid plasma levels can
be achieved [3, 4]. A challenge with transdermal
delivery is that cannabinoids are hydrophobic
molecules, preventing them from easily diffus-
ing through the aqueous layer of the skin [5]. In
general, cannabinoids are molecules that have
low transdermal uptake, build up in a reservoir
in the stratum corneum, and thought not to
reach the blood [6]. Using emulsion technology
containing penetrating agents, basement
membrane disruptors, and vasodilators, Gefion
GT4 technology targets hydrophilic and

lipophilic structures to open channels and
transport cannabinoids deep into the dermis
layer of the skin, while vasodilators dilate the
capillary bed to increase fluid dynamic flow to
deliver cannabinoids into the blood stream [7].

To our knowledge, this is the first PK study
that has demonstrated the ability of CBD and
THC to successfully enter systemic circulation
via transdermal administration in humans.
Importantly, the successful delivery of
cannabinoids via Gefion GT4 technology was
safe and well tolerated by all participants. There

Fig. 2 Mean time-concentration curves for CBD and THC over the 12-h blood sampling period for participants in the PP
population (n = 13)
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were no clinically significant changes in clinical
chemistry or hematology, or any related AEs in
the 7-day monitoring period following dosing.
This study represents an important step in
understanding cannabinoid PKs, opening the
door for novel cannabinoid delivery systems,
and therapeutic interventions. Previous in vitro
studies investigating cannabinoid permeability
in human skin found that CBD had an
approximately 10 9 higher permeability than
THC [14, 15], aligning with research that
determined that CBD is relatively less lipophilic
than its psychoactive counterpart [15]. These
findings are consistent with the greater AUC
and Cmax found with CBD in the current study,
although to a lesser degree than what has been
previously reported [15]. This preliminary data
suggests that to deliver equal doses of CBD and
THC via the skin, a greater dose of THC may be
required. In the current study, Tmax for CBD and
THC occurred later in the blood sampling per-
iod compared to what is expected from other
routes of administration. Previous literature has
demonstrated that Tmax for CBD and THC in
inhaled and orally consumed forms occurred
within only a few minutes to approximately 4 h
post-dose [16–18]. Inhalation provides a faster
Tmax because of avoidance of the gastrointesti-
nal tract and first-pass metabolism [5, 19].
Given the challenges of transdermal delivery of
cannabinoids (hydrophobic molecules required
to pass through aqueous layers of the skin) and
preclinical research demonstrating a Tmax of up
to 38 h post-dose [20], it is not surprising that
delayed absorption and a longer Tmax for CBD
and THC was found in this study. Furthermore,
transdermal delivery of CBD and THC appeared
to result in a smaller Cmax than has been found
for inhaled and orally consumed cannabis.
When occasional cannabis consumers were
given a maximal 50.6 mg dose of THC via
smoked, vaporized, and ingested routes of
administration, Cmax was found to be 52, 48,
and 10 ng/mL, respectively [19]. In another
study of occasional users, administration of
only 1.35 mg of CBD in a liquid extract capsule
resulted in a Cmax of 0.93 ng/mL [21]. Compar-
atively, in the current study topical application
of 100 mg of CBD and THC resulted in a Cmax of
576.52 pg/mL (0.576 ng/mL) and 346.57 pg/mL

(0.346 ng/mL), respectively. The Cmax of
cannabinoids delivered transdermally appear to
be lower than that of inhaled or oral routes of
administration, despite a higher delivered dose.
However, the results of this study need to be
considered in the context of large interindivid-
ual variation and a blood sampling period that
was not sufficient to capture the full descending
arm of the PK curve.

For both CBD and THC, there was large
interindividual variation across all PK parame-
ters except for t1/2 and k, suggesting that once
successfully in the blood stream, the cannabi-
noids were removed from systemic circulation
at similar rates between participants. However,
the magnitude and rate at which cannabinoids
were able to diffuse through the skin appeared
to be highly dependent on the individual
participant.

Several reasons may explain the variability
found between individual participants in this
study. Transdermal drug distribution tends to
present in more erratic patterns with less sym-
metrical bell-shaped curves [22] due to biologi-
cal differences that affect the structure and
integrity of the skin, leading to variation in the
quantity absorbed [23–25]. The quality of an
individual’s skin may be influenced by gender,
ethnicity, metabolism, and perhaps most nota-
bly, age [23]. As humans get older, the epider-
mis and dermis layers of the skin begin to thin,
and there are critical changes in keratinocytes,
melanocytes, type-3 collagen fibers, and
Langerhans cells [26]. Changes to aging skin has
contributed to significant reductions in skin
permeability and drug absorption [23]. How-
ever, those that are more lipophilic, such as
testosterone and estradiol, were less impacted
by aging skin [27]. Considering that partici-
pants in the current study ranged in age from 27
to 57 years, the integrity and quality of skin of
individual participants may have contributed to
large interindividual variation in cannabinoid
absorption. Further adding to the large varia-
tion may have been differences between males
and females, which made up an equal 50% of
the enrolled study population. Men typically
have larger keratinocytes [28] and sweat and
sebaceous glands [29], and a lower skin pH than
females [30], which could result in varying
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levels of transdermal permeation [23]. Although
most studies have not demonstrated any sig-
nificant differences between males and females
in transdermal drug delivery, this previous
research should not be generalized to cannabi-
noids without further investigation. Cannabi-
noids are highly lipophilic molecules that are
readily absorbed into fatty tissues [5, 31] and
contain unique molecular structures. Although
BMI is a poor predictor of body fat [32], there
was a range between 20.6 and 29.1 kg/m2 in
study participants, suggesting there may have
been large variations in body fat percentage.
Depending on the amount of body fat, partic-
ularly subcutaneous deposits at the application
site, body fat may have contributed to the
variation in PK parameters since this adipose
layer can sequester CBD and THC molecules.
This also could account for the PK penetration
differential between CBD and THC as THC is
substantially more lipophilic.

The findings of this study must be consid-
ered in the context of certain limitations. The
study design was chosen to provide adequate
information on the transdermal delivery of
cannabinoids in humans. As this is the first
study to demonstrate the PKs of CBD and THC
following transdermal application, the length
required for blood sampling was unclear. The
preliminary results clearly demonstrate that the
12-h sampling period was not sufficient to
capture a full PK curve, owing to the delayed
rate at which cannabinoids entered the blood
stream. Health Canada guidance on the con-
duct of bioequivalence studies recommends
that to accurately estimate PK parameters, a
minimum of three timepoints should be col-
lected on the descending arm of the PK curve
[33]. In total, 61% (8/13) of participants in the
PP population had a Tmax of 12 h, indicating
that their true Tmax may have been 12 h, or any
number of hours after that final timepoint.
Furthermore, only one participant had their
concentration of THC drop to pre-dose levels by
the end of blood sampling. In the same vein,
the true Cmax and AUC for both CBD and THC
may have been larger than reported in the cur-
rent study. Although there was less variability in
t1/2 and k among participants, a complete rep-
resentation of elimination is not possible

without a longer sampling period. Furthermore,
this study enrolled a relatively small sample
size. The findings of this study will need to be
confirmed with a larger double-blind, random-
ized, placebo-controlled PK trial that utilizes a
longer blood sampling period, of at least
48–72 h. Future studies should evaluate differ-
ences in transdermal cannabinoid PK profile
based on sex, age, and BMI, as well as cannabis
use history. Emerging evidence has demon-
strated that cannabinoid PKs differ based on
years of recreational use, with those reporting
more years of use having a greater AUC and
Cmax, and longer t1/2 for major cannabinoids
and analytes [34].

The successful delivery of CBD and THC to
the blood stream highlights the advantages of
transdermal cannabinoid delivery. Although
more research is needed, more constant and
lower plasma cannabinoid concentrations
without concerns of psychoactive effects may
be beneficial for certain therapeutic indications
and individual lifestyles [3]. The results from
the psychoactive assessment suggest that the
concentration of THC that reached the brain
was not sufficient to produce a feeling of being
‘‘high.’’ In the case of using cannabinoid ther-
apy in the treatment of vulnerable populations,
the lower concentration of delivered THC could
be viewed as a safety mechanism to prevent
psychoactive effects. However, the psychoactive
effects of transdermally delivered THC should
be explored in isolation from CBD. CBD acts as
a negative allosteric modulator to THC and may
have diminished the psychoactive effects
reported in this trial [35]. Based on the extended
delivery of CBD and/or THC demonstrated in
this study, the GT4 transdermal delivery system
may be more applicable for the treatment of
chronic compared with acute conditions that
require a more rapid Cmax for symptom relief.

CONCLUSIONS

The results of this open-label PK study demon-
strated that major cannabinoids CBD and THC
can successfully permeate through human skin
and enter systemic circulation. Cannabinoid
delivery occurred over an extended period of
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time, with peak concentration levels occurring
later in the blood sampling period. However,
these results need to be considered in the con-
text of a 12-h blood sampling period that did
not capture the full PK curve and large
interindividual variation in the absorption of
delivered cannabinoids. Gefion GT4 technology
was safe and well tolerated by all participants,
with no AEs related to the IP and no clinically
relevant changes to clinical chemistry or
hematology parameters. Gefion GT4 technol-
ogy may provide lower, more steady-state
cannabinoid concentrations that minimize
psychoactive effects in participants. This could
represent a significant benefit in the treatment
of chronic conditions over longer periods of
time, or in the treatment of diseases where high
concentrations of cannabinoids are needed in
relation to the body weight of vulnerable pop-
ulations, such as pediatrics. This study repre-
sents an important step forward in cannabinoid
pharmacokinetics.
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