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Abstract

Introduction: A phase |, open-label clinical trial in healthy male
subjects was conducted to assess the pharmacokinetic and
safety profile of an oromucosal cannabinoid spray (AP701)
containing a lipid-based nanoparticular drug formulation
standardized to A-9-tetrahydrocannabinol (THC). Methods:
Twelve healthy male subjects received a single dose of AP701
(12 sprays) containing 3.96 mg THC. Plasma samples were
drawn 10 min-30 h post dose for analysis of THC and the active
metabolite 11-hydroxy-A-9-THC (11-OH-THC). Results: The
single dose of the applied oromucosal cannabinoid spray
AP701 (12 sprays, 3.96 mg THC) resulted in a mean maximum
plasma concentration (Cp,ay) of 2.23 ng/mL (90% Cl 1.22-3.24)
and a mean overall exposure (area under the concentration-
time curve from time 0 to last measurable concentration
[AUC,_]) of 7.74 h x ng/mL (90% Cl 5.03-10.45) for THC. For the
active metabolite 11-OH-THC, a Cnay Of 2.09 mg/mL (90% ClI

1.50-2.68) and AUCy_; of 10.4 h x ng/mL (90% Cl 7.03-13.77)
was found. The oromucosal cannabinoid spray AP701 caused
only minor psychotropic effects despite the relatively high
dosage applied by healthy subjects. No serious adverse effects
occurred. Overall, the oromucosal cannabinoid spray AP701
was well tolerated. Conclusion: Compared to currently avail-
able drugs on the market, higher AUC values could be detect-
ed for the oromucosal cannabinoid spray AP701 despite ad-
ministration of a lower dose. These comparatively higher
blood levels caused only minor psychotropic adverse effects.
The oromucosal cannabinoid spray AP701 was well tolerated
at a single dose of 3.96 mg THC. The oromucosal administra-
tion may provide an easily applicable and titratable drug for-
mulation with a high safety and tolerability profile.
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Introduction

Several galenic formulations and routes of administra-
tion (e.g., smoking, inhalation, oral, or oromucosal ad-
ministration) are currently available for the medical ther-
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apy with cannabinoids. These formulations show consid-
erable differences in bioavailability, patient compliance,
and therapy success. Unsatisfactory pharmacokinetic
profiles, occurrence of adverse effects and particularly
poor bioavailability are typically prime reasons for unsat-
isfactory experiences with cannabinoid therapy [1-5].

Cannabinoids such as A-9-tetrahydrocannabinol
(THC) and cannabidiol (CBD) are well known to have
poor oral bioavailability due to an extensive hepatic first-
pass metabolism [3, 5, 6]. Before entering systemic circu-
lation, orally administered cannabinoids permeate across
the intestinal epithelial cell barrier and reach the liver via
the portal circulation. In the liver, they undergo extensive
biotransformation to the active metabolite 11-hydroxy-A-
9-THC (11-OH-THC) and various inactive metabolites
like 11-COOH-THC and others [7]. Metabolism of THC
and CBD occurs by microsomal hydroxylation and oxida-
tion catalyzed by CYP450 enzymes [8]. It can be assumed
that up to 75% of an initial oral dose of cannabinoids is
eliminated by the liver’s first-pass metabolism before
reaching its site of action [5]. Poor oral bioavailability of
cannabinoids may not only reduce the effectiveness of the
medication, but also increases the patient’s therapeutic
dose or the number of dose intervals to reach an adequate
therapeutic effect [9]. Conversely, dose escalation of can-
nabinoids may increase the risk for undesired effects in-
cluding psychotropic adverse effects. A convenient strat-
egy to overcome the extensive first-pass metabolism in the
liver as well as in the brush-border cells of the gastrointes-
tinal tract is the oromucosal route of administration. After
oromucosal administration drugs can be rapidly absorbed
into the systemic circulation via venous drainage to the
superior vena cava [10]. This direct absorption may dra-
matically enhance bioavailability of cannabinoids. Theo-
retically, only fractions of oral doses are required to reach
and maintain the desired pharmacological response when
THC is absorbed through the oral mucosa. For example,
the commercially available standardized cannabis extract
Sativex®, which contains THC and CBD in an approxi-
mately 1:1 ratio, is marketed as an oromucosal spray for
symptom improvement in adult patients with moderate to
severe spasticity due to multiple sclerosis. A disadvantage
of the formulation is the relatively high content of ethanol,
which has been described to cause irritation and burn to
the oral mucous membranes [11], and may thus affect the
patient’s adherence to the treatment regimen.

Another major concern with regard to oral adminis-
tration of cannabinoids is the highly variable oral bio-
availability including an inter- and intra-subject variabil-
ity due to incomplete gastrointestinal absorption [3, 5].
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In randomized controlled clinical trials, changes in sei-
zure frequency and occurrence of adverse events (AEs)
showed very large interindividual differences among pa-
tients receiving the same CBD dose [5, 12]. High variabil-
ity in the pharmacokinetic parameters was also observed
for oral dronabinol (THC) capsules, which may have im-
portant implications for their safety and efficacy as well
as patient compliance [6, 13, 14].

Cannabinoids are practically insoluble in water and
are therefore not soluble in the aqueous gastrointestinal
or buccal fluids [2]. This impairs the permeation across
biological membranes from aqueous matrices, and may
lead to highly variable and potentially subtherapeutic
plasma concentrations [15, 16]. Poor drug solubility may
lead to slow drug absorption, lack of dose proportionality,
high inter- and intra-subject variability as well as possible
gastrointestinal mucosal toxicity [2, 5, 17]. A more recent
approach towards improved bioavailability is the formu-
lation of cannabinoids in lipids.

Nanotechnology-based drug delivery systems con-
taining lipid excipients show a particularly high potential
for overcoming current challenges in cannabinoid thera-
py and enhance its bioavailability. Due to the small size,
the nanoparticles exhibit unique physicochemical prop-
erties. Their high surface-to-volume ratio makes them es-
pecially attractive for the field of pharmaceutical drug
[18]. For nearly spherical nanoparticles, a reduction in
size from 10 um to 200 nm produces a 50-fold increase in
surface area-to-volume ratio, which is expected to have
an impact on drug dissolution and therefore drug absorp-
tion [19]. Nanoparticulate drug delivery systems have
previously been shown to increase the uptake and absorp-
tion of drugs across multiple biological barriers including
the skin, the gastrointestinal tract as well as buccal or sub-
lingual mucosa [10]. Lipid nanoparticles can contribute
to a more uniform, reproducible, and more important en-
hanced oral bioavailability of lipophilic active pharma-
ceutical ingredients, e.g., cannabinoids [20].

The surface of such lipid-based nanocarriers can be
covered with a hydrophilic layer to overcome poor aque-
ous solubility. The coated lipid nanoparticles are soluble
in the aqueous environment of the human body (e.g., sa-
liva or blood) and are able to transport the entrapped can-
nabinoids safely and rapidly to the systemic circulation
and to their target site. Understanding critical aspects of
the biopharmaceutical and pharmacokinetic profiles of
cannabinoids, especially aspects strongly affecting the ex-
tent of oral absorption and metabolic elimination, is par-
ticularly important for the safe and effective use of can-
nabinoid-based drugs in clinical practice.

Lorenzl et al.



For the first time, an innovative nanoparticulate drug for-
mulation of the entire Cannabis sativa flower was designed,
which combines several advantages to overcome current
challenges in drug delivery of cannabinoids. First, oromuco-
sal delivery in form of a cannabis spray circumvents hepatic
metabolism and incomplete gastrointestinal absorption.
Second, the nanoparticle technology enhances poor bio-
availability of cannabinoids and contributes to a more uni-
form and less variable bioavailability, which is common for
cannabinoids [19]. Third, the new design of the nanoparticle
addresses low aqueous solubility of cannabinoids: The high-
ly lipophilic cannabinoids are embedded and protected in a
lipid nanocarrier, which is coated with a hydrophilic shell
for optimal solubility in the aqueous environment of the hu-
man body. The pharmacokinetic and safety profile of the
nanoparticle-based oromucosal spray developed for the de-
livery of a standardized dosage of cannabinoids was there-
fore examined in a pharmacokinetic study after a single-
dose application to healthy male subjects.

Materials and Methods

Test Preparation

The study preparation AP701 is an aqueous solubilized prepa-
ration of the whole decarboxylated flowers of Cannabis sativa L
(Cannabis flos, variety Bedrocan, supplied by the Dutch Office of
Medicinal Cannabis OMC) with their full spectrum of constitu-
ents such as cannabinoids (THC and CBD.) and noncannabinoids
(terpenes and flavonoids.) to be used as oromucosal spray. The
whole flowers are milled to a particle size of <0.4 um, and the par-
ticles are solubilized as an oil-in water nano-suspension with the
aid of excipients, without addition of ethanol or alcohol deriva-
tives. AP701 contains 1.16% of Cannabis flos and is standardized
by an in-house method to a content of 2.2 mg/mL THC and <0.15
mg/mL CBD.

Study Design

The study was designed as a prospective, monocentric phase 1,
open-label, single-dose, single-arm clinical trial. The total dura-
tion of the study was 30 h from administration of the study prepa-
ration to the last blood sample taken. A screening visit took place
3 days prior to the administration of AP701. After signing the in-
formed consent, the eligibility of each subject was checked by per-
forming electrocardiography, by means of physical examination,
and by collecting blood and urine samples.

Inclusion Criteria

Eligible subjects were healthy males between 35 and 60 years of
age with a body mass index between 18 and 30 kg/m? Subjects
were nonusers of tobacco products and in a general had a good
health status (Karnofsky Score = 100). Blood pressure, liver, and
kidney function tests had to be within the normal range. A nega-
tive test result on HIV I, HIV II, hepatitis B cell surface antigen,
hepatitis C antibody as well as a negative test result of urine screen-
ing for Cannabis and illicit substance abuse was required.

Pharmacokinetics and Safety Profile of an
Oromucosal Cannabinoid Spray

Exclusion Criteria

Subjects with hypersensitivity or intolerance to Cannabis or to
any of the excipients in the preparation, users of Cannabis prod-
ucts within 8 weeks prior to the study, and participants with a for-
mer or present history of dependence were not eligible to partici-
pate. Subjects with a present, former, or family history of mental
or psychiatric illnesses were also excluded. Furthermore, individu-
als with acute severe somatic disease or a present cardiovascular,
respiratory, diabetic, or cancer disease were not allowed to par-
ticipate. Subjects taking any medication were excluded.

Treatment and Dosing

All participants came to the study center in a fasted state. A ve-
nous catheter was placed and the pre-dosing blood sample was
taken. Thereafter, the participants received a standardized break-
fast, followed by training by the medical staff for the correct ad-
ministration of the study preparation with the aid of a dummy
device. Thirty minutes after the placing of the venous catheter, the
study preparation was applied. Each actuation of the oromucosal
pump-action spray device delivered 150 pL of AP701 with a con-
tent of 0.33 mg THC and less than 0.02 mg CBD. The single dose
examined in this study comprised 12 actuations with a total of 3.96
mg THC and less than 0.27 mg CBD. Each subject applied the
spray to their oral mucosa once buccally on the right side, once
buccally on the left side, and once sublingually. After 90 s, the par-
ticipant was allowed to swallow, whereupon the next 3 actuations
were applied as described before. The single-dose application was
completed after 4 repetitions (resulting in a total of 12 actuations).
The application was closely monitored.

Assessments

Plasma samples were collected on Study day 1 pre-dose and at
the following time points after the first actuation of the spray in the
application of the study preparation: 10, 15, 20, 30, 45 min, and 1,
1.5,2,3,4,5,6, 7,8, 24, 26, 28, and 30 h. The participants were
continuously monitored for the occurrence of AEs. Moreover, the
subjects were actively asked for any adverse observation at each
time point for blood sampling.

In addition, a 17-item questionnaire on psychotropic drug ef-
fects was completed 3 min prior to each blood sampling. Each item
was assessed on a numeric rating scale (NRS) ranging from 0 to 10,
with 0 standing for nonexistent and 10 for extreme expression of
the queried condition. The list of questions was compiled in close
accordance with the publication of Meyer et al. [21]. Each of the
asked questions in this study is quoted in Table 1. Existing ques-
tionnaires on this topic are not sufficient suitable for the current
research. The most commonly used Drug Effects Questionnaire
assesses as 1 of 2 key aspects desirability of substance effects. Oth-
er subjective response instruments as UKU Psychotropic Side Ef-
fects Rating Scale or Profile of Mood States are too extensive to be
repeated in the required frequent manner, and others are designed
for specific substances. To reassess the subjects’ cardiac, hepatic,
and renal safety, electrocardiography was measured again and a
final blood sample was taken at the end of Study day 2.

Analytical Determinations

The plasma concentration of THC and its metabolite 11-OH-
THC was determined using a liquid chromatography - tandem
mass spectrometry method with sufficient sensitivity and accura-
cy, specifically developed and validated for the purpose. The lower
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Table 1. Mean changesin psychotropic assessments (17-item numeric rating scale ranging from 0 = nonexistent to 10 = extreme expression

of the queried condition)

No Question

Mean baseline Mean average Difference baseline

value over8h to 8-h average
1 | feel intoxicated/“high” 0.2 0.7 +0.5
2 | feel pleasantly calm and relaxed 6.7 7.0 +0.3
3 | feel sleepy 1.6 1.6 +0.3
4 I have feelings of anxiety 0.3 0.2 -0.1
5 I have vertigo 0.2 0.2 +0.0
6 | have the impression that the room is spinning 0.0 0.1 +0.1
7 | feel stoned, i.e., heavy as a rock and cannot move 0.0 03 +0.3
8 | have a headache 0.0 03 +0.3
9 | can concentrate well 6.4 6.4 +0.0
10 | feel euphoric 1.0 0.9 -0.1
11 | feel tense inside, aggressive 0.8 0.5 -0.3
12 | perceive myself as changed 0.0 0.3 +0.3
13 | perceive my environment as changed 0.1 0.2 +0.1
14 | have visual, auditory, or other hallucinations 0.0 0.1 +0.1
15 | perceive moods, thoughts, inner images that are not familiartome 0.0 0.0 +0.0
16 | feel confused, disoriented 0.0 0.1 +0.1
17 | feel nauseous 0.1 0.2 +0.1

limit of quantification was identified as 0.25 ng/mL. Detailed ana-
Iytical validation data are provided as online supplementary mate-
rial S1 (see www.karger.com/doi/10.1159/000521352 for all online
suppl. material,).

The collection of the blood samples was performed in lithium-
heparine tubes (Sarstedt, Niirnbrecht, Germany). The tubes were im-
mediately inversed and stored at 4°C. Within 30 min, the tubes were
gently shaken and then centrifuged for 10 min at 2,000 g. The super-
natant plasma was separated and stored at —80°C prior to analysis.

Sample workup was performed as followed: 25 pL of an internal
standard solution containing the corresponding deuterized ana-
lytes were added to 300 pL of plasma followed by the addition of
1,500 pL of 1% acetic acid in acetonitrile. The samples were shaken
for 10 min and treated in an ultrasonic bath for 30 min at 40°C.
The samples were then centrifuged at 16,000 g for 90 min. The su-
pernatant was dried by a SpeedDry Vacuum Concentrator (55°C,
20 mbar, 15 h). The residue was redissolved in 100 pL acetonitrile,
treated in an ultrasonic bath (10 min, 40°C) and centrifuged (5
min, 16,000 g). The supernatant was used for LC-MS/MS measure-
ments. Quality control samples and calibration curves were pre-
pared and worked up simultaneously with the samples. Plasma
from healthy, cannabinoid-naive volunteers was used as a refer-
ence. For method validation, spiked quality control samples were
prepared.

Study Endpoints

The primary endpoint was the evaluation of pharmacokinetic
data of THC: area under the concentration-time curve from 0 to
infinite time, peak plasma concentration (Cy,,x), and time to reach
peak plasma concentration (f,,,). Furthermore, the area under the
concentration-time curve from time 0 to last measurable concen-
tration (AUC,_,), area under the concentration-time curve from
time 0-24 h, area under the concentration-time curve from time
0-30 h, the last measurable plasma concentration (Ci,y), and the

12 Med Cannabis Cannabinoids 2022;5:9-19
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Table 2. Trial subjects’ demographic characteristics (n =12, all male)

Age, years Mean (SD) 46.2 (7.9)
Range (min, max) 23 (36, 59)
Height, cm Mean (SD) 183.8 (6.5)
Range (min, max) 22(172,194)
Weight, kg Mean (SD) 81.9(94)
Range (min, max) 33 (63, 96)
BMI, kg/m? Mean (SD) 24.1(1.7)
Range (min, max) 5(21,26)

elimination half-life (t;;;) of THC were determined (see online
suppl. glossary S2 for precise descriptions of the pharmacokinetic
parameters). In addition, the same pharmacokinetic parameters
were also quantified for 11-OH-THC.

Statistical Methods

Descriptive statistical methods were used for demographic and
other baseline variables. A sample size of 12 subjects is in general
considered sufficient to obtain measures of central tendency with
acceptable mean variation and is therefore adequate to fulfill the
study objectives, i.e., the evaluation of pharmacokinetic parame-
ters and tolerability.

The pharmacokinetic calculations were performed by means of
anoncompartmental analysis using the software Win-Nonlin Pro-
fessional Edition Version 8.1 (Pharsight Corp., Mountain View,
CA, USA). The AUC,_; was calculated by the linear trapezoidal
method.

Lorenzl et al.



Table 3. Pharmacokinetics of THC after oromucosal administration of 3.96 mg THC

Parameter Unit N Mean (SD) CV% Min Median Max 90% ClI
AUGCy_.. h x ng/mL 8 9.03 (6.99) 77.40 2.64 5.57 22.90 4.97-13.09
AUCy_; h x ng/mL 12 7.74 (5.70) 73.60 1.73 5.29 21.40 5.03-10.45
AUCy_»4 h x ng/mL 12 7.75(5.51) 71.00 2.22 5.57 21.40 5.13-10.37
AUCy_39 h x ng/mL 12 8.09 (5.79) 71.60 222 5.57 22.00 5.34-10.84
Crnax ng/mL 12 2.23(2.12) 95.20 0.66 1.68 8.86 1.22-3.24
tmax H 12 1.54 (0.40) 25.70 1.00 1.50 2.00 1.35-1.73
Clast ng/mL 12 0.39(0.18) 46.50 0.25 0.30 0.71 0.30-0.47
tiast H 12 8.42 (6.93) 82.40 4.00 6.50 30.00 5.13-11.71
ty, H 8 3.50(2.96) 84.50 1.09 1.85 8.25 1.78-5.22

Values of subjects were excluded when their AUC,_/AUC,_.. ratio or the adjusted R? value was <0.80.

Table 4. Pharmacokinetics of 11-OH-THC after oromucosal administration of 3.96 mg THC

Parameter Unit N Mean (SD) CV% Min Median Max 90% ClI
AUC,_., h x ng/mL 10 11.50 (8.52) 73.80 3.87 9.57 30.30 7.07-15.93
AUCy_¢ h x ng/mL 12 10.40(7.42) 71.40 343 8.91 29.00 6.88-13.92
AUCy_»4 h x ng/mL 12 10.40(7.10) 68.10 3.89 8.91 28.00 7.03-13.77
AUCy_3 h x ng/mL 12 10.80 (7.44) 68.70 3.89 9.54 29.30 7.27-14.33
Crnax ng/mL 12 2.09 (1.24) 59.60 0.98 1.61 5.07 1.50-2.68
tmax H 12 1.67 (0.54) 32.20 1.00 1.50 3.00 1.42-1.92
Clast ng/mL 12 0.41(0.23) 57.70 0.26 0.33 1.09 0.29-0.52
tiast H 12 9.08 (5.35) 58.90 7.00 8.00 26.00 6.54-11.62
ty, H 10 4,94 (3.97) 80.30 0.93 3.76 11.40 2.88-7.00

Values of subjects were excluded when their AUCy_/AUC,_.. ratio or the adjusted R? value was <0.80. AUC,_..,
area under the concentration-time curve from 0 to infinite time; AUC,_,4, area under the concentration-time curve
from time 0-24 h; AUC,_3(, area under the concentration-time curve from time 0-30 h.

Results

Trial Population

Twelve healthy male subjects were enrolled, all in con-
formity to the inclusion and exclusion criteria. Originally,
15 subjects were screened, but 3 persons had to be ex-
cluded due to elevated liver enzyme values, detection of
morphine in blood sample, or out of range eGFR value,
respectively. Demographic and other baseline character-
istics of enrolled trial subjects are presented in Table 2.

Pharmacokinetic Profile

The pharmacokinetic results for THC and 11-OH-
THC are summarized in Tables 3 and 4. Following the
oromucosal administration of AP701, the mean AUC,_,
of THC was found to be 7.74 h x ng/mL (standard devia-
tion [SD] 5.70, CV% 73.6,90% CI 5.03-10.45) with a C,,«
of 2.23 ng/mL (SD 2.12, CV% 95.2, 90% CI 1.22-3.24)
(Table 3). For the primary active metabolite 11-OH-

Pharmacokinetics and Safety Profile of an
Oromucosal Cannabinoid Spray

THC, the mean AUC,_; was 10.40 h x ng/mL (SD 7.42,
CV% 71.4,90% CI 7.03-13.77) with a Cy,.x 0f 2.09 ng/mL
(SD 1.24, CV% 59.6, 90% CI 1.50-2.68) (Table 4). The
mean plasma concentration-time curves of THC and
11-OH-THC including the SD are presented in Figures 1
and 2. AP701 seems to be rapidly absorbed with peak con-
centration levels for THC and 11-OH-THC at 1.54 h
(tmax) (SD 0.40, CV% 25.70, 90% CI 1.35-1.73) and 1.67
h (tmay) (SD 0.54, CV% 32.20, 90% CI 1.42-1.92), respec-
tively. Whereas maximum plasma concentrations occur
earlier for THC than for 11-OH-THC, elimination half-
life for 11-OH-THC is longer compared to THC (Tables
3,4).

Psychotropic Drug Effects

Figures 3 and 4 visualize the reported outcome of the
questionnaire on psychotropic drug effects with the first
8 assessments of the questionnaire depicted in Figure 3
and the remaining 9 assessments in Figure 4. For most of
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Fig. 1. Plasma level of THC after oromucosal administration of 3.96 mg THC; values are means + SD (n = 12).

the queried conditions, no major changes were reported
over the course of time (30 h). Only assessment No. 3 (“I
feel sleepy”) led to some variation with an increase in
sleepiness after 2-4 h (Fig. 4). To compare the psychotro-
pic conditions and their actual alterations more easily,
differences between baseline values and subsequent val-
ues averaged over 8 h have been calculated (Table 1).

Generally, the differences from baseline to the average
over 8 h were minor or negligible with a variation between
—0.3 and +0.5 on the NRS (Table 1). None of the changes in
symptoms were deemed clinically important. For example,
the NRS value for intoxication changed from 0.2 at the start
to 0.7 on average over 8 h (end of day 1 of the clinical trial).
The maximum value was 1.0. No differences are present for
the questions on vertigo, concentration, and unfamiliar
moods. For the questions about anxiety, impression that the
room is spinning, euphoria, environment changed, halluci-
nations, confusion, and nausea changes of —0.1 or +0.1 on
the NRS scale are reported. Differences of —0.3 or +0.3 are
documented for the questions about relaxation, sleepy,
stoned, headache, aggressive, and self-changed.

14 Med Cannabis Cannabinoids 2022;5:9-19
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Adverse Events

The single-dose administration of AP701 was gener-
ally well tolerated. A total of 20 treatment emergent ad-
verse events (TEAEs) occurred in 9 of 12 subjects. Sixteen
TEAE were of mild and 4 of moderate severity. No serious
adverse event emerged. The duration of the individual
TEAE varied from 3 min (AE: vestibular disorder) to 7 h
(AE: headache). The mean and also the median duration
for all TEAE was 2 £ 1.93 h. All AEs resolved spontane-
ously on the day of their occurrence. The causality of 16
of the 20 TEAE was assessed by the investigator as a cer-
tain, probable or at least possible relationship to treat-
ment.

Discussion and Conclusions

Pharmacokinetics
The plasma concentration-time curve for THC (Fig. 1)
shows that THC was rapidly absorbed following a single-

Lorenzl et al.
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Fig. 2. Plasma level of 11-OH-THC after oromucosal administration of 3.96 mg THC; values are means + SD (n = 12).

dose administration in the form of this oromucosal spray.
The single dose of the applied THC spray (12 actuations,
3.96 mg THC) showed a mean maximum C,,,, 0f 2.23 ng/
mL at ¢, 1.54 h with t;;, at 3.5 h and a mean overall
plasma concentration (AUCy_) of 7.74 h x ng/mL for
THC (Table 3). In order to better interpret the above find-
ings for the nanoparticulate THC spray AP701, it is com-
pared to pharmacokinetic data of other THC-based can-
nabinoid drugs. However, this comparison is only in-
tended to provide a rough overview as it is limited due to
differences in general study settings, analytic methods,
and in particular the fasted state of the study participants.
For example, the THC plasma concentration AUC,_, of
the oromucosal administered THC/CBD spray Sativex®
(5.4 mg THC, 5.0 mg CBD) in healthy male volunteers
resulted in 2.99 h x ng/mL, at a Cy;,x of 1.48 ng/mL and
t12 at 1.94 h [22] despite a 36% higher THC dosage com-
pared to the tested nanoparticle THC spray AP701. In a
pharmacokinetic analysis of the dronabinol oral solution
of 4.25 mg THC, an AUC_; of 3.44 h x ng/mL and Cy,,x

Pharmacokinetics and Safety Profile of an
Oromucosal Cannabinoid Spray

of 1.81 ng/mL were measured [6], which is also lower in
comparison to the tested nanoparticle THC spray AP701,
despite a higher dosage.

THC is well known to exhibit an extensive hepatic
first-pass metabolism [3, 5, 6] typically resulting in a high
inter-subject variation in the pharmacokinetic profile [6,
23]. In our study, interindividual variability in overall ex-
posure and maximum plasma concentrations of THC
was moderate (CVs: area under the concentration-time
curve from 0 to infinite time 77.4%, AUCy_; 73.6%, Cpax
95.2%). Further studies are required to evaluate the influ-
ence of the low number of probands and the beneficial
effects of a nanoparticle drug delivery system on the in-
terindividual variability.

Psychotropic Drug Effects

Psychotropic effects after smoking or inhaling Canna-
bis preparations are generally linked to a rapid increase of
THC plasma concentrations and high C,,, values includ-
ing the active metabolite 11-OH-THC. Such effects are
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Fig. 3. Mean values for psychotropic drug effects (assessments 1-8) monitored for 30 h after oromucosal admin-

istration of 3.96 mg THC (n = 12).

clearly not ideal in the context of daily medication with
cannabinoids, e.g., in patients with chronic pain. The
pharmacokinetic and psychotropic drug effects of a low
dose inhaled THC-CBD solution (1:1) and a THC-CBD
injection solution (1:1) were examined in a clinical trial
with 11 healthy volunteers [21]. The total released THC
dose of the inhaled THC-CBD solution was 0,648 mg, re-
sulting in a Cp,, of 10 ng/mL and an AUC_; of 1.83 h x
ng/mL (t,,.x = 5 min). Despite an 84% lower dosage of the
inhaled THC-CBD solution compared to the oromucosal
application of AP701, the C,, was 4.5-times higher,
but due to the rapid decline of THC after peaking the
AUC,_ was 4.2-times lower [21]. Remarkably, however,
the psychotropic drug effects were higher with the in-
haled formulation, despite the lower absolute exposure to
THC when compared with the present study.

The study preparation AP701 contains the same active
components and is chemically identical to the compound
drug formulation CannaXan 701-1.1, which is available in
Germany and Austria. From a therapeutic point of view,

16 Med Cannabis Cannabinoids 2022;5:9-19

DOI: 10.1159/000521352

itis important to ask whether the applied dosage of AP701
in this study and its respective psychotropic profile is of
clinical relevance. Generally, prescribing physicians in
Germany and Austria report on therapeutic daily dosages
of 3-15 mg THC that is split into 3-4 takings of CannaX-
an 701-1.1 throughout the day (unpublished data). Hence,
patients do not take more than 3.75 mg THC (15 mg split
into 4 takings) at once, making the investigational dosage
of 3.96 mg THC in this study clinically relevant. Based on
the collection of case reports in medical practices (unpub-
lished data), the active components of AP701 show prom-
ising results with the mentioned dose scheme in patients
suffering from chronic pain and other medical conditions
like multiple sclerosis. This is in line with previous reports
indicating a beneficial effect of cannabis on these indica-
tions due to its analgesic and spasmolytic properties but
also through its extinction capability of aversive memories
as evident in chronic pain [24, 25].

The inhaled dose of 0.648 mg THC in the publication
of Meyer et al. [21] was considerably lower than the usu-
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Fig. 4. Mean values for psychotropic drug effects (assessments 9-17) monitored for 30 h after oromucosal ad-

ministration of 3.96 mg THC (n = 12).

al therapeutic doses by inhalation, which would normally
be around 30-50 mg THC per single dose (1-1.5 g Can-
nabis flos with a THC concentration of 200 mg/g taken in
6 equal dosages), and therefore rather aggravate the situ-
ation with the psychotropic effects. Cannabis smoking or
inhaling typically leads to a rapid onset of cannabinoid
effects within seconds or minutes, a high C,.y, and a fast
decrease of the THC plasma concentration by 90% with-
in 40 min. The psychotropic effects do; however, last lon-
ger than the THC plasma levels might indicate, probably
due to psychotropically active metabolites. This is usually
discussed in the context of the potential for Cannabis
abuse.

The rapid increase and decrease of THC plasma con-
centrations usually limit the therapeutic effects to ap-
proximately 2 h. This decrease defines the intervals of
single doses for sustaining the therapeutic effect level [8,

Pharmacokinetics and Safety Profile of an
Oromucosal Cannabinoid Spray

24], which are 6-8 times per day. This means chronically
ill patient experience 6-8 times psychotropic drug effects
per day, which often restrain them from a regulated daily
job.

After oromucosal delivery of the AP701, first detect-
able THC concentrations could be found as early as 15
min post-dosing. Reaching the maximum plasma con-
centrations is slower than after smoking or inhalation,
and the C,,,x is lower. This type of pharmacokinetics may
be related to the observed absence of psychotropic effects.
Plasma concentrations of THC were found above the
lower limit of quantification of 0.25 ng/mL during 4-8 h,
in 1 subject even 30 h post-dosing. Consequently, a ther-
apeutic level of the active ingredient may be sustained
over alonger period of time — an observation that requires
confirmation in an examination of steady-state pharma-
cokinetics. A decrease in dose intervals may be highly

Med Cannabis Cannabinoids 2022;5:9-19
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beneficial for chronic pain patients. Besides, the oromu-
cosal spray offers a high flexibility in individual dosing
and titrating the required quantity.

The occurrence of psychotropic effects may be related
to active THC metabolites, of which 11-OH-THC is the
first, formed in the liver through cytochrome P450 activ-
ity. This metabolite was even originally considered the
major psychoactive substance in Cannabis sativa [23].
The kinetics of 11-OH-THC was also determined in this
study and allows the calculation of a ratio of metabolite
to parent compound. In this study, the ratio was 1.34,
whereas it was 2.93 after application of a dronabinol oral
solution [6], and 3.42 after the Sativex® mouth spray [22].
There is possibly a relation between this ratio and the oc-
currence of psychotropic adverse effects, which might be
useful for the assessment of drug effect profiles of medical
cannabis preparations.

As described before, there are always limitations com-
paring results of a certain clinical trial with data from lit-
erature, like differences in the general study setting, in the
analytic methods or in the fasted state of the study par-
ticipant. These different parameters also influence the
comparability of the rations above. Generally, more de-
tailed studies are required to assess the applicability and
usefulness of such a ratio.

Overall, this single-dose trial showed pharmacokinetic
characteristics confirming the clinical experience in pa-
tients with respect to dosing and dosing intervals. The
trial is also in accordance with the clinical experience of
no or only minor psychotropic adverse effects.
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