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Dear All,

In accordance with the follow-up actions established during the last Working Group on
Cosmetic Products (March 1, 2022) and reinforced in the Standing Committee, Portugal
attaches to this email several documents that are its contribution, at this moment of the
discussion, on the topic of CBD and other cannabis ingredients.

We attach to this email the following:

Contribution to the discussion - a document that analyzes the current use of CBD and its
potential risks;

INFARMED Orientation "Informative Circular" and its translation;

some articles published in peer-reviewed journals that were used to support the
Portuguese position (circulation should be limited to Member states due to copyright)

With the member state where the production of cannabis is authorized and controlled for
medical purposes, we have been a field of discussion on this topic.

We believe it is important that all the aspects mentioned in the document are considered
and that member states are able to reach a joint and coherent position.

Finally, we recommend consulting the SCCS with all the support material collected.

Best Regards,

Direcao de Produtos de Satde
Health Products Directorate
cid:image005.png@01D608ES.80492AA0

INFARMED - Autoridade Nacional do Medicamento e Produtos de Saude, I.P.
INFARMED - National Authority of Medicines and Health Products, I.P.
Parque de Salde de Lisboa - Avenida do Brasil, 53

1749-004 Lisboa - Portuial
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Contribution to the discussion on CBD

Cannabidiol (CBD) has been a subject of research and investigation in the medicinal field and
other sectors for several years and products with medicinal use such has the treatment of
epilepsy and seizure have reached the market. Nowadays the possibilities have reached the food
supplements and cosmetic products.

Summary

The view will show that CBD can be topically administered and, with adequate formulations,
reach the blood flow and have potential therapeutic effects.

Regulatory perspective

The use of any substance extracted from Cannabis sativa is banned with the Regulation
1223/2009 Annex Il number 306. CANNABINOIDS, as such, are not listed in the Schedules of the
1961 Single Convention on Narcotic Drugs. However, these shall be prohibited from use in
cosmetic products (l1/306), if prepared from a substance controlled in Schedule | of the 1961
Single Convention on Narcotic Drugs'.

The schedule I, published in 1961, explicit refers in entry 14 “Cannabis and cannabis resin and
extracts and tinctures of cannabis” .

From a regulatory perspective, in the frame of the Cosmetics European Regulation n21223/2019
(CPR), there is no doubt that any extract from Cannabis and cannabis resin or tinctures are
substances banned from the use in cosmetics.

If the classification is questioned, products that due to their presentation mode of action or
properties may fall into the Medicines or Medical Device regulations, should be classified under
the regulation that has stricter rules for the risk evaluation and product authorization.

Regulatory uncertainty

The 1961 convention deals with cannabis extracts tinctures but if these molecules were
obtained by organic chemistry, chemical synthesis, they would not be banned per se but they
must endure the safety assessment.

There are substances that are listed in COSING / European Glossary of ingredients that are
extracted from cannabis sativa and do not have a link to annex II.

There are products manufactured in other regions where the CPR does not apply that seek to
reach the European market.
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Administration of CBD. Studies performed in the skin

Since CBD is highly lipophilic, it accumulates within the stratum corneum of human and rodent
skin and does not easily penetrate deeper skin layers.

The absorption of CBD was studied using beagle dogs. g oen  smen for €80 administered to healfty
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Although bioavailability could not be determined in this cohort of dogs, authors demonstrated
that the CBD-infused transdermal cream did not reach similar plasma concentrations as the
other 2 formulations. In general, transdermal absorption may be incomplete because of
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diffusion barriers, such as thickness of the skin of the pinnae or absorptivity of the CBD-infused
transdermal cream. Since CBD is highly lipophilic, it accumulates within the stratum corneum of
human and rodent skin and does not penetrate deeper skin layers

The administration of cannabinoids through the skin has been reviewed!. the authors show that
the topical and transdermal products usually have a higher bioavailability rate with a prolonged
steady-state plasma concentration. Additionally, these administrations have the potential to
eliminate the psychotropic impacts of the drug by its diffusion into a nonreactive, dead stratum
corneum.

This modality avoids oral administration and, thus, the first-pass metabolism, leading to
constant cannabinoid plasma levels.

Several solutions have been developed for oral, nasal-inhalation, intranasal, mucosal (sublingual
and buccal), transcutaneous (transdermal), local (topical), and parenteral routes of drug
delivery. The interest of topical administered CBD is due to the anti-inflammatory and
immunosuppressive (psoriasis, atopic dermatitis, and abrasions).

Another review published by Yeroushalmi to investigate the willingness of dermatologists to
recommend medical cannabis, and 75% of dermatologists recommended topical formulations
i This route is likely preferred due to its convenience, without the concerns of the psychoactive
impacts of systemic absorption, as well as the high safety profile of topical administration routes.

Cannabinoid’s Receptors and effects

The medicinal and psychoactive effects of phytocannabinoids are mediated via the
endocannabinoid system (ECS) present in all tissues.

In health and disease, the ECS involves several regulatory mechanisms via G protein-linked
receptor-mediated signalling pathways. The two famous subtypes of G protein-coupled
receptors (GPCRs) are CB1, which is mainly expressed in the nervous and immunological
systems, and CB2, which is incorporated in cytokine release in immune cells.Most investigations
show that D9-THC has an affinity to cannabinoid receptor (CBR)-dependent pathways (CB1 and
CB2 receptors); on the other hand, non-psychoactive cannabinoids, such as CBD, regulate the
activity of other deorphan and orphan G protein receptors (GPCRs) and non-GPCRs.
Cannabinoids are lipophilic agents that bind to previously mentioned endocannabinoid
receptors that regulate numerous signalling pathways in many tissues and organs, including skin,
blood vessels, immune cells, lungs, liver, and the brain for the re-establishment of homeostasis
following multiple disorders [25,39], for instance, pain and inflammatory management,
Alzheimer’s disease, and cancer.
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The endocannabinoid system of the skin

The expression of all the receptors makes the skin a tremendous potential target to deliver
phytocannabinoids to treat a multitude of dermatological diseases affecting human health, e.g.,
eczematous eruptions, acne and seborrhoea, fibrotic skin disease, psoriasis, and skin cancer. In
terms of skin cancer, several key signalling pathways and cellular processes crucial to tumour
development are targeted by endogenous cannabinoids and phytocannabinoids. The presence
of cannabinoid receptors in various skin cells show the value of the multiple efforts made to
formulate cannabinoids to take advantage of this high potential route of delivery, due to its large
surface area (nearly 20 square feet) to manage some dermatological conditions.

Moreover, by improving cannabinoid permeability through the skin into deeper layers and into
blood circulation may result in the sustained delivery of Phyto cannabinoids to targeted organs
and tissues.

Studies on cutaneous delivery of cannabinoids.

GGaE Formulation Concentrate Applications Result
substance
Cannabidiol Ointment Inflammatory skin Improved skin parameters | v
(CBD) Diseases and | as: hydration,
cutaneous scars | transepidermal water loss,
(psoriasis, atopic and elasticity in humans
dermatitis, scars)
Cannabidiol Hydroalcoholic 2.5g CBD/100 g gel | The prevention of | CBD has potential in |V
(CBD) proprietary gel permeation relapse to drug use | relapse prevention in the
enhancer Transcutol | (alcohol or cocaine) | rat model
HP
Cannabidiol Gel 6.2 and 62 mg/day Inflammation and | Reduction of | Vi
(CBD) pain proinflammatory markers,
joint swelling, and immune
infiltration in rat model of
arthritis
Cannabidiol Gel The 1%, 2.5%, and | Alcohol-induced Neuroprotection and | Vi
(CBD) 5% (w/w) CBD gels neurodegeneration | reduction of alcohol-
induced
neurodegeneration in
rodent models
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Cannabidiol | Topical CBD (oil, Epidermolysis Decrease in pain and | Vil
(CBD) cream, spray) bullosa blistering; fast wound
healing; no effects
reported
Cannabidiol Emulsions 0.6 g CBD in olive oil | Cosmetic purposes | Effective penetration ix
(CBD) stabilized with and liquid paraffin of nanoparticles through
chitosan/collagen | mixture to make 6 deeper skinlayers
peptides mg/mL
nanoparticles
Cannabidiol Microemulgel 1% w/w CBD Solutol | Skin diseases Highly stable formulation, | X
(CBD) HS 15 (20%, controlled drug release,
surfactant), retention in the skin layers
Transcutol P (9%,
cosolvent),
isopropyl myristate
(5%, oil phase),
water (66%)
Cannabidiol | Topical CBD (oil, Epidermolysis Decrease in pain and xi
(CBD) cream, and bullosa blistering; fast wound
spray) healing; no effects
reported
Cannabidiol Cream CBD-infused oil (75 | Pharmacokinetics Probable incomplete xii
(CBD) mg/mL  or 150 Transdermal absorption in
mg/mL) healthy dogs

Action of cannabinoids

The pharmacology of cannabidiol is complex. A review published recently by Hustis*", refers
that, despite the non-intoxicating profile of cannabidiol, CBD is not risk free and there are topical
administration and permeation.

If CBD is transdermal administered, it may enter the circulation and might endure a conversion
process described. The conversion of Conversion of Cannabidiol (CBD) into Psychotropic
Cannabinoids including Tetrahydrocannabinol (THC) has been reviewed by Patricial Golombek"

ﬁiﬁlf . ,LLJI 3 II\L SR

sy 4

Chemical structures of (a) cannabinol (CBN) including the numbering system,
tetrahydrocannabinol (D9-THC) and (c) cannabidiol (CBD).

(b) D9-

Regarding the consumer safety of these OTC products, the question whether or not CBD might
be degraded into psychotropic cannabinoids, most prominently tetrahydrocannabinol (THC),
under in vivo conditions initiated an ongoing scientific debate.

Besides A\°-THC, the non-psychotropic cannabidiol (CBD, figure c) gained increasing popularity
due to a broad spectrum of health-promoting effects ascribed to it with the publication of
several reviews on safety and efficacy. In recent years, this culminated in extensive consumer
interest with heavily increasing numbers starting in 2018. Since then, so-called CBD extracts
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used as a food constituent, in cosmetic products or in the liquids for electronic cigarettes are
found with a large variety in drug stores or in online shops.

Controversial is installed around these molecules and the cosmetics industry has replaced
several molecules due to a potential CMR effect of the substances via the oral route.

CBD is a molecule with a potential pharmacological effect and this molecule, if administered
topically without a prescription of surveillance might diffuse across the blood brain barrier and
be converted into a potentially and eventually dangerous derivative.
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Overview of various chemical conversions of cannabidiol (CBD) to different conversion
products and the respective conditions, which are reported in the literature

Reflections on the topical administration of CBD

In the medicinal perspective, there are several advantages of cannabinoids topical/transdermal
administration: It is preferred administration route for dermatologists and patients; Despite the
evidence that aqueous layers of the skin’s tissue beneath the stratum corneum present a rate-
limiting step for hydrophobic cannabinoid diffusion there are also nano-systems for topical
delivery including micellar, liposomal, microemulgel and nano-emulsions; these administration
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strategies enhance the permeation improving the delivery of cannabinoids despite their high
lipophilicity and low bioavailability features.

This conclusion shows a promising potential in the transdermal delivery of cannabinoids to
enhance their bioavailability, safety, stability, efficacy, and also to avoid the fluctuation of
plasma cannabinoid concentrations during the treatment period.

On the other hand, these formulations potentiate the problems and drawbacks in the
administration of CBD in the cosmetic field, making these molecules pharmacologically more
effective but potentially much more dangerous.

In addition to the regulatory restriction already mentioned, the use of these substances should
be discussed and the SCCS consulted.

" https://www.unodc.org/unodc/en/treaties/single-convention.html

i Mahmoudinoodezh, H. et al., The Transdermal Delivery of Therapeutic Cannabinoids. Pharmaceutics
2022, 14, 438. https://doi.org/10.3390/pharmaceutics14020438
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Abstract: Background: Currently, there is a great interest in the potential medical use of can-
nabidiol (CBD), a non-intoxicating cannabinoid. Productive pharmacological research on CBD
occurred in the 1970s and intensified recently with many discoveries about the endocannabinoid
system. Multiple preclinical and clinical studies led to FDA-approval of Epidiolex®, a purified CBD
medicine formulated for oral administration for the treatment of infantile refractory epileptic
syndromes, by the US Food and Drug Administration in 2018. The World Health Organization
considers rescheduling cannabis and cannabinoids. CBD use around the world is expanding for
diseases that lack scientific evidence of the drug’s efficacy. Preclinical and clinical studies also
report adverse effects (AEs) and toxicity following CBD intake.

Methods: Relevant studies reporting CBD’s AEs or toxicity were identified from PubMed, Coch-
rane Central, and EMBASE through January 2019. Studies defining CBD’s beneficial effects were
included to provide balance in estimating risk/benefit.

Results: CBD is not risk-free. In animals, CBD AEs included developmental toxicity, embryo-fetal
mortality, central nervous system inhibition and neurotoxicity, hepatocellular injuries, spermato-
genesis reduction, organ weight alterations, male reproductive system alterations, and hypotension,
although at doses higher than recommended for human pharmacotherapies. Human CBD studies for
epilepsy and psychiatric disorders reported CBD-induced drug-drug interactions, hepatic abnormali-
ties, diarrhea, fatigue, vomiting, and somnolence.

Conclusion: CBD has proven therapeutic efficacy for serious conditions such as Dravet and
Lennox-Gastaut syndromes and is likely to be recommended off label by physicians for other con-
ditions. However, AEs and potential drug-drug interactions must be taken into consideration by
clinicians prior to recommending off-label CBD.

Keywords: Cannabidiol, adverse effects, toxicity, animal studies, in vitro studies, in vivo studies, studies in humans.

1. INTRODUCTION
1.1. Cannabinoid Pharmacology

A9-tetrahydrocannabinol (THC) was shown to be the
primary psychoactive compound in cannabis (marijuana) in
1964 by Gaoni and Mechoulam [1]. There were few ad-
vances in cannabinoid pharmacology until 1988, when
Devane et al. identified the first CB1 cannabinoid receptor
[2], quickly followed by the discovery of the CB2 peripheral
receptor by Munro ef al. in 1990 [3]. The CB1 and CB2

*Address correspondence to this author at the Section of Legal Medicine,
Universita Politecnica delle Marche, Ancona, Italy; Tel: 3932244667,
E-mail: f.p.busardo@staff.univpm.it

1570-159X/19 $58.00+.00

cannabinoid receptors were cloned by Matsuda et al. in 1992
[4] and Munro ef al. in 1993 [3], respectively. However, the
endogenous cannabinoid system may include additional can-
nabinoid G protein-coupled receptors (GPCR) GPRSS,
GPRI18, and GPR119, transient receptor potential cation
channels (TRP) TRPV, TRPA, TRPM, and TRPC and nu-
clear peroxisome proliferator-activated receptors (PPAR)
[5]. Anandamide was the first identified endogenous can-
nabinoid ligand [6], but there are many other endocannabi-
noids including 2-arachidonylglycerol, N-palmitoyl ethano-
lamide, and N-oleoyl ethanolamide.

Cannabidiol (CBD or 2-[(6R)-6-isopropenyl-3-methyl-2-
cyclohexen-1-yl]-5-pentyl-1,3-benzene-diol) was identified
in an extract of Minnesota wild hemp by Adams et al. at the

©2019 Bentham Science Publishers
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University of Illinois in 1940 [7], but its structure was not
fully elucidated until 1963 [8]. To date, CBD’s mechanisms
of action are not fully elucidated [9]. CBD modulates central
nervous system (CNS) receptors such as CB1, CB2, sero-
tonin 1A receptor (5-HT1A), TRPV1, and PPARy, although
it binds poorly to the THC-binding site on CB1 and CB2
cannabinoid receptors [10]. CBD may antagonize CBI1 re-
ceptor function by negative allosteric modulation of the or-
thosteric receptor site [11-14]. CBD may be an inverse ago-
nist at the CB2 receptor, partially explaining its anti-
inflammatory properties [15], which also are supported by
CBD PPARy activation [16]. High CBD doses activate
TRPV1 receptors promoting anxiolytic effects [17]. CBD
also increases serotoninergic and glutamatergic transmission
through a positive allosteric modulation of 5-HT1A sero-
tonin receptors [10]. 5S-HT1A receptor activation is also in-
volved in CBD neuroprotection in in vitro adult and rat new-
born models of the acute hypoxic-ischemic brain [18].

CBD is metabolized in the liver and the intestine by cy-
tochrome P450 (CYP) CYP2C19 and CYP3A4, and 5'-
diphosphoglucuronosyltransferase (UGT) UGTI1A7,
UGTI1A9, and UGT2B7 isoforms, mainly producing hy-
droxylated and carboxylated metabolites [19]. CBD inhibited
barbiturate metabolism, increasing barbiturate-induced sleep
duration in mice, and also phenazone hepatic metabolism
[20] due to the inhibition of CYP3A and CYP2C microsomal
enzymes [21]. Other research suggested that CBD also in-
duced hepatic CYP3A, CYP2B, and CYP2C [22]. Later,
CBD was shown to inhibit THC metabolic hydroxylation in
humans. The pharmacokinetic interaction between THC and
CBD may explain why CBD administration prior to THC
potentiates THC effects [23].

The complexity of CBD pharmacology offers tremen-
dous therapeutic potential but also the potential for AEs and
drug-drug interactions.

1.2. Potential Therapeutic Effects of CBD

In 2017, the National Academies of Science, Engineering
and Medicine evaluated all the published literature through
August, 2016 on the potential therapeutic uses of cannabi-
noids [24]. They determined if there was conclusive evi-
dence, substantial evidence, moderate evidence, limited evi-
dence, or insufficient evidence for cannabinoids being an
effective or ineffective therapy to treat chronic pain, cancer,
chemotherapy-induced nausea/vomiting, appetite and weight
loss, irritable bowel syndrome, epilepsy, spasticity of multi-
ple sclerosis, Tourette syndrome, amyotrophic lateral sclero-
sis, Huntington’s disease, Parkinson’s disease, dystonia,
Alzheimer’s disease/dementia, glaucoma, traumatic brain
injury/spinal cord injury, addiction, anxiety, depression,
sleep disorders, posttraumatic stress disorder, and schizo-
phrenia. In addition, they reviewed the knowledge base using
the same evidence categories for the health effects of can-
nabinoids and cancer, cardiometabolic risk, acute myocardial
infarction, stroke, metabolic dysregulation, metabolic syn-
drome, diabetes, respiratory disease, immunity, injury and
death, prenatal, perinatal, and postnatal exposure to cannabis,
psychosocial, mental health, and problem cannabis use.

This review is not focused on therapeutic indications but
rather on potential AEs, toxicities and drug-drug interactions

Current Neuropharmacology, 2019, Vol. 17, No. 10 975

that may accompany CBD therapeutics and that must be
considered prior to off-label use of CBD for pathophysiology
that has not yet been shown to respond effectively to CBD.
However, to enable the reader to independently evaluate
CBD’s AEs and toxicity, we briefly highlight some current
research supporting CBD therapeutics.

1.3. Anti-epileptic

As early as 1980, the potential therapeutic effect of 200-
300 mg/day CBD in patients with uncontrolled epilepsy was
evaluated [25]. Patients tolerated CBD well, with no signs of
toxicity or serious side effects detected. Seven of 8 subjects
receiving CBD had fewer convulsive episodes, with 3 only
partially improved. A 2018 meta-analysis concluded that CBD
in conjunction with other anti-epileptic drugs decreased sei-
zure frequency in patients with Dravet’s and Lennox-Gastaut
syndromes or who experienced intractable seizures, although
AEs occurred more frequently than placebo [26]. The US
Food and Drug Administration (FDA) approved Epidiolex™
for the treatment of refractory epilepsy in 2018 [19, 27].

1.4. Anxiolytic

Multiple studies evaluated the potential therapeutic effect
of CBD on anxiety, psychotic symptoms, and depression in
humans since the 1980s, mostly showing mild AEs [28-35].
CBD effectively treated anxiety by activating limbic and
paralimbic regions of the brain [30].

Interestingly, a single acute administration of a low 3
mg/kg CBD dose in mice had an anxiolytic effect, while
repeated administration of a 3 or 10 mg/kg dose exerted an-
tidepressant effects by cell proliferation and neurogenesis
[36]. Conversely, CBD anxiolytic effects were not observed
at higher 10 and 30 mg/kg CBD doses or after 15 days of 30
mg/kg/day dosing. The authors suggest that there is an in-
verted U-shaped dose-response curve for CBD’s effects on
anxiety.

1.5. Antipsychotic Properties

CBD is extensively studied for its antipsychotic effects
on schizophrenia [35, 37]. Leweke et al. noted that CBD
moderately inhibits degradation of the endocannabinoid
anandamide [38]. They performed a double-blind, random-
ized clinical trial of CBD vs. amisulpride, a potent antipsy-
chotic, in acute schizophrenia. Both treatments were safe and
significant clinical improvement was achieved, but CBD had
a better side effect profile. CBD treatment significantly in-
creased serum anandamide concentrations.

The safety and effectiveness of 1000 mg/day CBD in
patients with schizophrenia were assessed [35]. These
patients (n=43) with schizophrenia received 1000 mg/day
CBD in addition to their existing antipsychotic medications.
After 6 weeks of treatment, the CBD group had lower levels
of positive psychotic symptoms (positive and negative
syndrome scale (PANSS): treatment difference=21.4, 95%
CI=22.5,20.2). CBD was well tolerated, and AEs were simi-
lar between the CBD and placebo groups.

Six-hundred mg oral CBD was evaluated for its effects
on persecutory ideation and anxiety in a high paranoid trait
group (n=32) 130 min before entering a virtual-reality sce-
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nario [39]. CBD had no impact on anxiety (Beck's anxiety
inventory), or cortisol concentration, systolic blood pressure,
and heart rate. In fact, in this study, a strong trend towards
increased anxiety was documented and CBD had no effect
on persecutory ideation.

1.6. CBD Neuroprotection

CBD’s anti-inflammatory and antioxidant properties may
offer a new pharmacological approach for neuroprotection
and a reduction in hippocampal volume loss [23, 40, 41].
CBD protects against hippocampal pathology following
chronic frequent THC use [42]. This CBD restorative effect
on hippocampal substructures suggests a therapeutic poten-
tial for other pathologies such as schizophrenia, Alzheimer’s
disease, and major depressive disorder [40]. Indeed, in human
studies for schizophrenia [35, 38] and Parkinson’s disease
[43], and in animal studies for symptoms of Alzheimer’s
disease [44], CBD was shown to be an effective treatment.

1.7. Spasticity

Many of the double-blinded, placebo-controlled studies
for the effects of cannabinoids on spasticity used whole plant
cannabis extracts or Sativex” that is a 1:1 THC:CBD extract
containing 2.5 to 120 mg THC and CBD/day. Visual Ana-
logue Scale (VAS) scores for each patient's most trouble-
some symptom were significantly reduced [45].

1.8. Chronic Pain

In adults with chronic pain, patients treated with cannabis
or cannabinoids are more likely to experience a clinically
significant reduction in pain symptoms [24]. A recent review
of specific cannabinoids and cannabinoid extracts on multi-
ple pain types investigates both the preclinical and clinical
data supporting cannabinoid pharmacotherapy for pain [46].

1.9. Cancer

There is tremendous interest in CBD as an anticancer
agent. Aviello ef al. showed that CBD had multiple chemo-
preventive effects in murine colorectal carcinoma cell lines
by protecting DNA from oxidative damage, increasing endo-
cannabinoid concentrations and reducing cell proliferation in
a CBl-, TRPVI- and PPARy-antagonists sensitive manner
[47]. De Petrocellis et al. found that 1-10 puM CBD signifi-
cantly inhibited human prostate carcinoma cell viability,
inducing apoptosis and elevation of reactive oxygen species
(ROS) [48]. Exciting new developments for enhancing CBD
effects in inducing cell death and enhancing radiosensitivity
of glioblastoma (GBM) cells were recently published [49].
GBM cells treated with CBD, y-irradiation, and KU60019,
an ATM kinase inhibitor, increased apoptosis and with
strongly upregulated arrested cells, blockade of cell prolif-
eration, and production of pro-inflammatory cytokines, im-
proving CBD effectiveness.

1.10. Addiction Disorders

Recently, Solowij et al. described a 10-week study of
daily 200 mg CBD in cannabis dependence to improve psy-
chological symptoms and cognition [41]. CBD was well tol-
erated with no serious AE, promising therapeutic effects for
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improving psychological symptoms and cognition in regular
cannabis users, and suggested that CBD may be a useful
adjunct treatment for cannabis dependence. CBD improved
subicular and CA1 subfields volumes in the brains of chronic
cannabis users, suggesting a protective role of CBD against
brain structural harms conferred by chronic cannabis use
[40]. Moreover, CBD was shown to have low abuse liability
[50, 51] and to be effective in decreasing cannabis addiction
[52, 53].

1.11. The Current Context

In June 2018, the US FDA approved the marketing
of Epidiolex®, a CBD-rich whole cannabis plant extract, for
the treatment of seizures in patients over age two suffering
from Lennox-Gastaut and Dravet syndromes, two drug-
resistant forms of epilepsy with a higher early mortalit
rate [27]. The studies that led to FDA approval of Epidiolex
for the treatment of severe forms of epilepsy, used CBD as
an adjunct to clobazam, valproate, levetiracetam, and topi-
ramate, resulting in seizures reduction with few AEs, com-
pared to other drugs.

In January 2019, the World Health Organization (WHO)
changed position after 60 years and proposed rescheduling of
cannabis and cannabinoids for therapeutic purposes [54, 55].
Three months after FDA Epidiolex” approval, the U.S. Dru
Enforcement Administration (DEA) removed Epidiolex
from the most restricted Schedule 1 (no approved medical
use and high abuse liability) to Schedule V with low abuse
potential [56].

In the wake of growing medical and public interest in
medical cannabis and cannabinoids, we aimed to evaluate
current knowledge of CBD’s AEs and toxicities by the rele-
vant scientific literature from preclinical and clinical studies.
Clinicians should be aware of CBD AEs and potential drug-
drug interactions prior to recommending off-label CBD.

2. METHODS

A literature search, from inception to January 2019, was
performed on PubMed, EMBASE, and CENTRAL (Coch-
rane Central Register of Controlled Trials) using the key-
words cannabidiol, Epidiolex, adverse or side effects, ad-
verse reactions or events, safety, complications, toxicity, and
toxicology. Relevant articles were selected by the following
criteria: articles acknowledging CBD AEs or toxicity, in-
cluding studies focusing on the beneficial effects of the drug,
and published in English. Several studies defining CBD’s
beneficial effects were included to provide balance and aid
the readers’ ability to weigh risk/benefit.

Further research manuscripts were retrieved through the
reference lists of selected articles, and reports were found on
international agencies or institutional websites including US
FDA, WHO, US DEA, and US National Academies of Sci-
ences, Engineering, and Medicine. All articles were screened
independently by three co-authors to determine their rele-
vance and included if selected by at least two co-authors.

3. RESULTS

CBD clearly has great potential as a new pharmacother-
apy based on novel mechanisms of action for currently un-
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met clinical needs. However, CBD, like almost all medica-
tions, also produces AEs and toxicity. Two previous reviews
focused on the therapeutic effects but also included AEs. In
2011, Bergamaschi et al. reviewed CBD AEs in animals and
humans, concluding that CBD is generally safe, but further
research is needed to investigate in-depth the observed in
vitro and in vivo AEs [57]. In 2017, Iffland and Grotenher-
men confirmed CBD’s safety profile, especially compared to
other antiepileptics and antipsychotics [58]. These authors
suggested that research should pursue AEs of chronic ad-
ministration, hormonal effects, enzyme inhibition or induc-
tion, genotoxicity, drug transporters, and interactions with
other drugs.

Currently, CBD is the focus of mass marketing cam-
paigns and the subject of anecdotal reports claiming that
CBD provides the answer for multiple illnesses from chronic
pain to depression. Despite its Schedule I status in the US by
the DEA, and lack of control by the FDA, CBD products are
sold across the US and the internet. No medication should be
prescribed or recommended until it is proven safe and effec-
tive for each indication under consideration. In addition, it is
important to reflect whether the medication is safe for each
individual based on his or her health, age, genetics, chronic
illnesses, and other medications (due to the problem of drug-
drug interactions). Now that Epidiolex” is FDA-approved,
off-label prescriptions will increase. The goal of this review
is to inform clinicians, pharmacists, nurses, patients, public
health authorities, and policymakers about CBD’s AEs, tox-
icities, and drug-drug interactions that should be evaluated
prior to prescribing CBD.

Table 1 lists AEs identified in preclinical research, and
Table 2, AEs identified in clinical research. Both Tables 1
and 2 list AEs in chronological order.

3.1. Neurological Effects
3.1.1. In Vitro Neurological Effects

In vitro CBD toxicity was identified in Sprague Dawley
rats’ oligodendrocytes, the cells responsible for CNS white
matter myelination [59]. Following incubation with 100 nM-
10 uM CBD for 20-30 min, a concentration-dependent de-
crease in oligodendrocyte viability was observed. The
mechanism appeared to be through increases in intracellular
Ca”". If there was no extracellular Ca2+, CBD-induced cell
death was reduced at 1 uM by 50.4%+18%. Furthermore, the
disruption of mitochondrial membrane potential (MMP),
and ROS production were reduced. CB1, CB2, TRPVI,
adenosine A2A, PPARY, ryanodine, and inositol triphosphate
(IP3) receptor antagonists did not prevent CBD-induced
intracellular Ca®" increase, suggesting that these receptors
did not mediate these CBD actions. However, CBD toxicity
at 1 uM was significantly impaired by caspase-inhibitors,
poly(ADP-ribose) polymerase PARP-1 and calpain, suggest-
ing caspase-dependent and -independent cell death pathway
activation.

CBD's neuroprotective effect was investigated in human
neuroblastoma SH-SYSY cells during and after neuronal
differentiation [60]. Terminally-differentiated cells incubated
with 2.5 pM CBD were not protected against ROS produced
by exposure to glycolaldehyde, methylglyoxal, 6-
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hydroxydopamine, and hydrogen peroxide. During SH-
SYSY cell differentiation, CBD did not induce changes in
antioxidant potential, nor neurite density. CBD exposure
during neuronal differentiation may sensitize immature cells
to redox-active drug neurotoxicity.

3.1.2. In Vivo Neurological Effects

In 1981, Rosenkrantz and Hayden investigated acute
cannabinoid toxicity in rhesus monkeys following 150, 200,
225, 250, or 300 mg/kg intravenous (IV) CBD for 9 days
[61]. The LD50 was 212 mg/kg CBD. Tremors were ob-
served at all doses and CNS inhibition (depression, sedation,
and prostration) was evident within 30 min.

There is considerable interest in the CBD treatment of
schizophrenia. In a randomized, double-blind CBD versus
amisulpride clinical trial (42 patients, CBD or amisulpride
200 mg/day increasing to 800 mg/day over 28 days), both
treatments were shown to be safe and significantly associ-
ated with clinical improvement [38]. There were signifi-
cantly fewer CBD AEs than for amisulpride, including fewer
extrapyramidal symptoms (acute dyskinesias and dystonic
reactions, tardive dyskinesia, Parkinsonism, akinesia,
akathisia, and neuroleptic malignant syndrome). CBD treat-
ment increased serum anandamide concentrations, possibly
due to CBD inhibition of fatty acid amide hydrolase
(FAAH).

McGuire et al. also found a low incidence (=4%) of mild
AEs including headache, with a frequency similar to placebo
in schizophrenic patients [35]. However, a meta-analysis of
CBD efficacy and safety in schizophrenia concluded that
there was “moderate evidence” that CBD did not decrease
symptoms and produced frequent AEs in patients, as meas-
ured by the PANSS, brief psychiatric rating scale (BPRS),
and Stroop color-word test (SCWT) [62].

In 2017, Garberg et al. administered 50 mg/kg IV CBD
to four piglets to evaluate drug safety and potential neuro-
protective effects. CBD significantly reduced brain-derived
neurotrophic factor (BDNF) expression and other signaling
proteins in the hippocampus and frontal cortex with no effect
in the striatum. It was concluded that CBD did not provide
neuroprotection during early global hypoxia-ischemia [63].
However, in a study investigating possible treatments for
neonatal hypoxic-ischemic encephalopathy, low 1 mg/kg IV
CBD dose in combination with hypothermia, found neuro-
protective effects and modulation of excitotoxicity and in-
flammation in newborn hypoxic-ischemic encephalopathy
animal models [64].

The greatest success for CBD treatment is the reduction
in seizures in children with refractive epilepsy. In a random-
ized, double-blind, placebo-controlled trial, CBD reduced
atonic seizures in Lennox-Gastaut patients, who also re-
ceived clobazam, valproate, lamotrigine, levetiracetam, or
rufinamide [65]. Severe AEs occurred in 20 (23%) of 86
patients in the CBD group including sleep apnea. Twelve
(14%) patients treated with CBD and one (1%) treated with
placebo withdrew from the study.

Long-term CBD safety and efficacy were evaluated in
children and adults with intractable epilepsies administered
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Table1. CBD adverse effects in preclinical studies.
Species CBD Dose Route Reported Adverse Effects (AEs) Refs.
Acute AEs
Rats 0.6,0.8, or 1.2 mg/ke Inhaled Organ Welght‘ elevation; S.emmlferous tubu.le degeneration, Rosenkrantz and
interference in sperm maturation Hayden, 1979 [100]
Tremors, central nervous system inhibition, convulsions,
Rhesus mon- 150, 200, 225, 250, or Intravenous bradycardia, hypopnea, cardiac failure at higher doses; Liver Rosenkrantz and
keys 300 mg/kg/day (9 days) weight increase and testicular weights decrease, inhibition of Hayden, 1981 [61]
spermatogenesis
Sea urchin eggs Incubation in CBD- | Dose-dependent decreased fertility of eggs & sperms & fertili- Schuel et al., 1987

0.1,0.5,1.0,0r 10 uM

[101]

and sperms enriched sea water zation inhibition
Decrease of testosterone metabolism; Decrease of CYP aniline .
. . . . . . Narimatsu et al., 1990
Rats 10 mg/kg Intraperitoneal hydroxylation and p-nitroanisole demethylation, alteration of [86]
CYP contents
Sea urchin 0.1-100 uM Incubation in CBD- | Dose and time-dependent acrosome reaction inhibition, motil- Schuel et al., 1991
sperms ’ K enriched sea water ity not reduced [102]
Piglets 10, 25, or 50 mg/kg Intravenous Hypotension, cardiac arrest Garberg[z;;zli, 2007
THC metabolism inhibition with higher THC concentrations
Rat 10 mg/kg + 10 mg/kg Subeut & lower CBD concentrations in serum and brain; Hypoloco- Hlozek et al., 2017
as THC ubcutaneous motion: THC metabolism inhibition shows little to no impact [96]
on THC-induced behavior
THC metabolism inhibition with higher THC concentrations
& lower CBD concentrations in serum and brain; Almost total .
+ .
Rats 10 mg/k?}H ClO me/ke Oral immobility (10 mg/kg CBD alone caused mild hyperlocomo- Hlozek Zt 6al 2017
tion): THC metabolism inhibition shows little to no impact on [96]
THC-induced behavior
+ Z .
Rats 10 m,g 10 n,lg THC S Inhaled No THC metabolism inhibition Hlozek et al,, 2017
min vaporization) [96]
Chronic AEs
Rhesus mon- 30, 100, or 300 Oral Liver, heart, kidney, and thyroid weight increase; Decrease in Rosenkrantz and
keys mg/kg/day (90 days) testicular size, spermatogenesis inhibition Hayden, 1981 [61]
Anxiogenic-like effect, decreased brain-derived neurotrophic
. féctor (BDNF) expression & related s1gna11ng prf)telns in the ElBatsh et al., 2012
Rats 10 mg/kg (14 days) Intraperitoneal hippocampus and frontal cortex; Protein expression decrease 79
in animals with enhanced protein expression following chronic (791
antidepressant/anxiolytic drug treatment
Mice 30 me/ke (15 days) Intraperitoneal Decreased cell prollferathn and neurogenesis in the hippo- Schiavon et al., 2016
campus and in subgranular zone [36]
75,150, or 250 Center for Drug
Rats (pregnant) mg/kg/day (during or- Oral Developmental toxicity, increased embryofetal mortality Evaluation and Re-
ganogenesis) search, 2018 [103]
75,150, or 250 Decreased growth, delayed sexual maturation, neurobehav- Center for Drug
Rats (pregnant) | mg/kg/day (during preg- Oral ioral changes, alterations of male reproductive organ devel- Evaluation and Re-
nancy and lactation) opment & fertility in offspring search, 2018 [103]
. . . Center for Drug
Rabbits (preg- | 50, 80, or 125 mg/kg/day Decreased fetal body weight, increased fetal .
nant) (during organogenesis) Oral structural variations Evaluation and
& organog Research, 2018 [103]
Decreased circulating testosterone, increased frequency of
mitotic stages I-VI, decrease in spermiation stages VII-VIII &
Mice 15 or 30 mg/kg (34 days) Oral meiotic stage XII, decrease in number of Sertoli cells at mei- Carvalho et al., 2018

otic stage (XII), decrease in number of spermatozoa in the
epididymis tail, head abnormalities in sperm, cytoplasmic
droplets in the flagella medial region

[104]
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Table2. CBD adverse effects in clinical studies.
. Simultaneous
Study Patients’
Oral CBD Dose Drug Reported Adverse Effects (AEs) Refs.
Characteristic Characteristic .. .
Administration
Neurological studies
Age 2-16; 18 patients
with Dravet syndrome, Moderate (defined as: sufficiently discomforting so
0.5-28.6 . . . R Porter and
Parental report: Lennox-Gastaut syn- as to limit or interfere with daily activities and may
. mg/kg/day (2 Not reported .. . . Jacobson,
online survey drome, Doose syn- require interventional treatment): drowsiness (37%),
Lo . weeks—12 months) . 2013 [68]
drome, or idiopathic fatigue (16%)
epilepsy
Age 3-10; 117 patients
P tal . with Dravet syndrome, Median of 4.3 Clobazam, other AEs in 59% patients: Moderate: i d it Hussain et
are‘n Al report Lennox-Gastaut syn- mg/kg/day (6.8 not-specified s ovvopd lf,m 5 ,0 erate: 1‘ncrease appette, al.,2015
online survey . : L weight gain, drowsiness
drome, or infantile months) antiepileptics [67]
spasms
Age 1-30; Patients with AEs in 79% safety group patients (128/162); Mod-
. . 2-5 mg/kg/day . .
Open-label study, | treatment-resistant epi- increased until erate: somnolence, fatigue, lethargy, sedation, de-
expanded-access lepsy; 162 patients in . creased or changes in appetite, diarrhea, transa- Devinsky et
o . . intolerance or to a Clobazam, . . L
trial in 11 inde- safety analysis group . minases increase, changes of antiepileptics serum al., 2016
. . maximum of 25-50 valproate . I
pendent epilepsy (33 with Dravet syn- concentration; Severe: status epilepticus, convul- [70]
. mg/kg/day (12 . . . .
centers drome, 31 with Lennox- K sions, diarrhea, weight loss, thrombocytopenia,
Gastaut syndrome) weeks) hyperammonaemia, hepatotoxicity
1-20 mg/kg/day;
81% patients AEs reported in 47% patients (34/74); Moderate:
Retrospective Age 1-18; 74 patients (60/74) with < 10 8 reportec in 277 patients s v oderate: Tzadok et
. . . seizure aggravation (5 patients stopped CBD treat-
study with no with treatment-resistant mg/kg, 19% Not reported . . al.,2016
. . ment due to seizure aggravation), somnolence,
control group epilepsy (14/74) with >10 ) . . . . [69]
fatigue, gastrointestinal disturbances, irritability
mg/kg (> 3 months,
average 6 months)
AEs in 93% patients; Moderate: diarrhea, loss of
Double-blind, Median of 3 appetite, lethargy, fatigue, pyrexia, convulsion, Devinsky e
randomized, pla- | Age 2-18; 120 patients | 20 mg/kg/day (14 antiepileptics elevated aminotransferase levels, somnolence; e;/lnzso ly7e
al.
cebo-controlled with Dravet syndrome weeks) (e.g., clobazam, Severe (10 patients): elevated levels of liver ’71
trial valproate) aminotransferase enzymes (n=3), status epilepticus [71]
(n=3)
5.10. or 20 Treatment-emergent AEs (TEAESs) reported in 80%
. o or Clobazam, patients with 5 mg/kg (8/10), 63% patients with 10
Double-blind, mg/kg/day (4-week . . .
. . . valproate, mg/kg (6/8), 78% patients with 20 mg/kg (7/9), Devinsky et
randomized, pla- Age 4-10; 34 patients baseline, 3-week . ; . .
. levetiracetam, | 86% patients with placebo (6/7); Moderate: pyrexia, al.,2018
cebo-controlled with Dravet syndrome | treatment, 10-day . . . ..
. topiramate, sedation, somnolence, appetite loss, vomiting, [74]
trial taper, and 4-week . . . .
follow-up) stiripentol ataxia, abnormal behavior, rash; Severe: pyrexia,
P maculopapular rash, elevated transaminases
AEs in 84% patients with 10 mg/kg (56/67), in 94%
patients with 20 mg/kg (77/82); Moderate: somno-
lence, decreased appetite, diarrhea, upper respira-
Double-blind, . tory tract infection, pyrexia, vomiting; Severe: .
. Age 2-55; 225 patients . . Devinsky et
randomized, pla- . 10 or 20/mg/kg/day | Not-specified elevated aspartate aminotransferase (AST) concen-
with Lennox-Gastaut L . . . R al.,,2018
cebo-controlled (28 days) antiepileptics tration, elevated alanine aminotransferase (ALT)
syndrome [75]

trial

concentration, elevated y-glutamyltransferase con-
centration, somnolence, increased seizures during
weaning, nonconvulsive status epilepticus, lethargy,
constipation, worsening chronic cholecystitis

(Table 2) contd....
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Study A Patlents. . Oral CBD Dose Slmultz.m.eous !)rug Reported Adverse Effects (AEs) Refs.
Characteristic Characteristic Administration
Neurological studies
AEs in 62% patients (53/86); Moderate:
Double-blind, Age 2-55: 171 patient Clob | . diarrhea, somnolence, pyrexia, decreased
randomized, pla- g,e o patien’s 20/mg/kg/day opazam, V é.l proae, appetite, vomiting; Severe: increased ALT | Thiele ez al.,
with Lennox-Gastaut lamotrigine, L.
cebo-controlled (14 weeks) . . concentration, increased AST concentra- 2018 [65]
. syndrome levetiracetam, rufinamide . .
trial tions, increased y-glutamyltransferase
concentrations
2-10 mg/kg/d: to 10, includi
. Age 0.4-62 . merkerday Up to 10, inclu .m.g AEs in 88% patients; Moderate: diarrhea, .
Ongoing ex- increased to a clobazam, lamotrigine, . Szaflarski et
(average 13); . . . somnolence, convulsions; Severe (33%):
panded -access . . maximum of 25-50 | topiramate, rufinamide, . . . al., 2018
607 patients with treat- . . convulsions, status epilepticus, liver ab-
program (EAP) . . mg/kg/day; median | valproate, levetiracetam, .. [66]
ment-resistant epilepsy . - normalities (10%)
duration 48 weeks stiripentol, felbamate
Psychiatric studies and psychiatric AEs
Double-blind, Age 18-50; 42 patients 200 mg/day Leweke ef
randomized CBD with acute paranoid increased to a Fewer motor disturbances, weight gain,
. . . . . . Lorazepam . ; . al., 2012
versus amisulpride | schizophrenia or schizo- | maximum of 800 and sexual dysfunction than amisulpride
. . . [38]
trial phreniform psychosis mg/day (28 days)
Meta-analysis of
studies & reviews 57 patients with D td iotv: F ¢ AE Guinguis et
on CBD efficacy & pfl tents W,l 300-600 mg Not reported oes not decrease anxiety; Frequen s al.,2017
. . schizophrenia (not reported)
safety in schizo- [62]
phrenia
AEs in 31% patients (5/16); Tired-
Double-blind, . ness/sedation (n=5), llghthe‘aded/filzzmess
randomized. la Age 18-50; 32 patients (n=2), nausea (n=2), abdominal discomfort | Hundal et
cebo contr(;lrl)e d with persecutory idea- 600 mg Not reported (n=1), increased appetite/hunger al.,2018
trial tion and anxiety (n=2); A strong trend toward increased [39]
anxiety was documented; no effect on
persecution ideation
Age 18-65; 88 patient:
Double-blind, ge‘ > ©° patients AEs in 35% patients (15/43) (similar as .
. with no treatment- . . Mc Guire et
randomized, pla- . . . 1,000 mg/day Not-specified placebo); Moderate: diarrhea (n=4; pla-
resistant schizophrenia . . al.,2018
cebo-controlled . (4343 days) antipsychotics cebo, n=2), nausea (n=3), headache (n=2,
. or related psychotic [35]
trial . placebo, n=2)
disorder

up to 10 antiepileptic drugs including clobazam, valproic
acid, levetiracetam, lamotrigine, stiripentol, rufinamide, topi-
ramate, and felbamate [66]. The starting oral CBD dose was
2-10 mg/kg/day, escalating to 25-50 mg/kg/day for a median
48-week duration. Twenty-four percent of 607 patients in the
safety dataset (mean age 13 years) withdrew, primarily due
to failed efficacy (n=89, 61%) and AEs (n=32, 22%). AEs
were reported in 88% of all patients, severe AEs such as
convulsions and status epilepticus were reported for 33% of
patients.

In the Epidiolex” FDA approval notification [27] and
Epidiolex® prescription information [19], CBD’s in vivo AEs
in humans included, similar to other anti-epileptics, suicidal
thoughts, suicide attempts, agitation, depression, aggression,
and panic attacks.

3.2. Changes in Behavior

Most clinical CBD research focused on reduction in sei-
zures in patients with Dravet’s or Lennox-Gastaut syn-

dromes. The most common AEs were sedation, somnolence,
fatigue, lethargy, and malaise. In an online survey of 117
parents who administered CBD cannabis preparations to
their children with uncontrolled epilepsy, the median dose
was 4.3 mg/kg/day for a median duration of 6.8 months [67].
AEs were reported in 59% of children, but there were no
controls. Porter and Jacobson reported similar findings in
another smaller online survey including 18 parents [68].
Drowsiness and fatigue reportedly affected 37% and 16% of
children, respectively. In a retrospective study of 74 children
1-18 years old with seizures, the CBD dose ranged from 1 to
20 mg/kg/day for more than 3 months (average 6 months)
[69]. AEs were reported in 47% of children. Status epilepti-
cus was attributed to the disease, and drowsiness and fatigue
could have been due to the other administered anti-epileptic
drugs, making it difficult to assign AEs to the CBD treat-
ment.

From 2016-2018, Devinsky et al. investigated CBD effi-
cacy for the treatment of Dravet syndrome and Lennox-
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Gastaut syndrome and reported associated AEs. In a 2016
open-label clinical trial of 214 patients 1-30 years old with
treatment-resistant epilepsy, patients received up to 25-50
mg/kg/day CBD for 12 weeks [70]. Of the 162 patients in the
safety and tolerability analysis, 79% reported AEs, 25%
somnolence, 11% convulsions, and more than 5% reported
somnolence, fatigue, lethargy, convulsions, status epilepti-
cus, changes in concentrations of concomitant antiepileptic
drugs, gait disturbance, and sedation. Serious adverse events
were reported in 30% patients, including one unexpected
death regarded as unrelated to study drug. Twelve percent
had severe adverse events possibly related to CBD use, the
most common (6%) was status epilepticus. Ten percent re-
ceiving the highest dose had to lower the dose prior to the
end of the trial and 4% stopped treatment, most likely due to
AEs. The median reduction in monthly motor seizures was
36.5% (IQR 0-64.7).

In a 2017, randomized, double-blind, placebo-controlled
CBD trial on Dravet’s syndrome, 120 children received 20
mg/kg/day oral CBD or placebo for 14 weeks, in conjunction
with their standard treatment (1 to 5 antiepileptic drugs) [71].
AEs occurred more frequently in the CBD than the placebo
group, with somnolence (36% vs 10%) being the most com-
mon AE. Another less common AE was fatigue.

Adverse reactions were reported in 199 children and
young adults treated with 2-5 mg/kg/day CBD for uncon-
trolled seizures [72] and in 424 children and young adults
treated with 0.5-50 mg/kg/day CBD for refractory epilepsy
[73]. The most common AEs were drowsiness, somnolence,
and fatigue.

In a 3-week 2018 treatment trial in 4 to 10-year-old chil-
dren with Dravet’s syndrome receiving 5, 10, or 20
mg/kg/day CBD, there were more AEs following CBD than
placebo [74]. Children were concomitantly taking clobazam,
valproate, levetiracetam, topiramate, and stiripentol. The
most frequent AEs were somnolence, sedation, ataxia, and
abnormal behavior.

In a 2018 randomized double-blind trial investigating
CBD effect on atonic seizures in 225 patients 2-55 years old
with Lennox-Gastaut syndrome, patients received 10 and 20
mg/kg/day oral CBD for 28 days [75]. In conjunction with
other antiepileptic drugs, seizure frequency was reduced
compared to placebo. This most common AE was somno-
lence. Serious AEs included somnolence and lethargy. Som-
nolence occurred more frequently in those receiving 20
mg/kg/day CBD than 10 mg/kg/day. AEs were reported in 6
patients following 20 mg/kg/day CBD, one following the
lower dose, and one receiving a placebo.

In a randomized, double-blind, placebo-controlled trial,
CBD was efficacious in reducing atonic seizures in patients
with Lennox-Gastaut syndrome, also taking clobazam, val-
proate, lamotrigine, levetiracetam, or rufinamide [65].
Treatment-related AEs, including somnolence, were mostly
mild and occurred in 62% of 86 patients treated with 20
mg/kg/day CBD for 14 weeks. Severe AEs included sedation
occurring in 23% of 86 patients receiving CBD; 14% pa-
tients treated with CBD and one (1%) treated with placebo
withdrew from the study.
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Long-term CBD safety and efficacy were evaluated in an
ongoing expanded-access program in children and adults
with treatment-resistant epilepsies receiving up to 10 antiepi-
leptic drugs including clobazam, lamotrigine, topiramate,
rufinamide, valproic acid, levetiracetam, stiripentol, and fel-
bamate [66]. The starting oral CBD dose was 2-10
mg/kg/day, escalating to 25-50 mg/kg/day for a median 48-
week duration. Twenty-four percent of 607 patients in the
safety dataset (mean age 13 years) withdrew, mostly for lack
of efficacy (n=89, 61%) and AEs (n=32, 22%). Eighty-eight
percent experienced treatment-emergent AEs, with the most
common AE being somnolence (22%).

In a study on the efficacy of CBD in schizophrenia, there
was a low incidence (>4%) of mild AEs including somno-
lence and insomnia, with a frequency similar to that found in
placebo [35].

Several preclinical and clinical studies documented CBD’s
acute anxiolytic effects [76-78], although more recently
ElBatsh ef al. demonstrated that 10 mg/kg intraperitoneal (IP)
CBD over 14 days produced an anxiogenic effect in rats [79].

CBD AEs in humans reported in the Epidiolex” FDA
approval notification [27] and the Epidiolex® prescription
information [19] included somnolence, sedation and leth-
argy, insomnia, sleep disorder and poor quality sleep, fa-
tigue, malaise, and asthenia.

3.3. Hepatic Effects

Following 90 days of oral CBD (30-300 mg/kg/day),
liver and kidney weights in rhesus monkeys were 13-56%
greater than controls, without morphological changes in the
organs [61].

In 214 patients 1-30 years old with treatment-resistant
epilepsy receiving up to 25-50 mg/kg/day CBD for 12
weeks, 7% had slightly elevated liver function tests, but one
had a significant increase in transaminases (considered hepa-
totoxic), leading to CBD withdrawal [70]. All patients with
hepatic or platelet abnormalities were also taking valproate.
In a 3-week treatment trial in 4 to 10-year-old children with
Dravet’s syndrome receiving 5, 10, or 20 mg/kg/day CBD
and concomitant anti-epileptic drugs, 6 patients taking CBD
and valproate developed elevated transaminases, but not
liver injury [74]. In a 2017, double-blind, randomized, pla-
cebo-controlled CBD trial on Dravet’s syndrome, 120 chil-
dren and young adults received 20 mg/kg/day oral CBD or
placebo for 14 weeks, along with standard treatment of 1 to 5
antiepileptic drugs [71]. AEs occurred more frequently in the
CBD than placebo group including increases in liver-
function tests. Patients with Lennox-Gastaut syndrome
(n=225) receiving 10 and 20 mg/kg/day oral CBD for 28
days, reported serious AEs with elevated aspartate
aminotransferase (AST), alanine aminotransferase (ALT), vy-
glutamyltransferase (GGT) concentrations, and worsening
chronic cholecystitis [75]. The most common AE was AST
or ALT increases 3.2-12.2 times the upper limit of normal in
4 of 6 patients receiving 20-mg/kg/day CBD, one receiving
10-mg/kg/day CBD, and among patients concomitantly re-
ceiving valproate (79%, 9 in the 20 mg/kg/day group and 2
in the 10 mg/kg/day group). Overall, 9% receiving CBD had
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elevated liver AST concentrations and none in the placebo
group. Severe AEs in Lennox-Gastaut patients receiving
CBD treatment included increased ALT, AST, and GGT
concentrations [65]. In children and adults with treat-
ment-resistant epilepsies receiving up to 25-50 mg/kg/day
for a median 48-week duration, AEs related to ALT/AST
abnormalities (higher than three times the upper limit of
normal) were reported for 10% of patients; 75% of these also
received valproate [66].

CBD AEs in humans presented in the Epidiolex” FDA
approval notification [27] and Epidiolex® prescription in-
formation [19] include transaminase elevation (especially
with concomitant valproate). Epidiolex” can also cause liver
injury, usually mild, but more severe injury with related
symptoms such as jaundice can occur although rarely.

3.4. Gastrointestinal Effects

In an online survey of 117 parents who administered a
median CBD-enriched cannabis preparation of 4.3
mg/kg/day for a median duration of 6.8 months for treatment
of their children's epilepsy, 59% reported AEs, primarily
gastrointestinal disturbances; however, there was no control
group [67]. In a retrospective study of 74 patients, age range
1-18 years, CBD dosage ranged from 1 to 20 mg/kg/day for
more than 3 months (average 6 months), 47% AEs were re-
ported, prominently [69]. Gastrointestinal disturbances could
be due to other co-administered anti-epileptic drugs making
it difficult to assign responsibility to CBD.

In 162 participants included in a clinical trial of 25-50
mg/kg/day CBD for 12 weeks for treatment-resistant epi-
lepsy, serious AEs included diarrhea, weight loss, and gas-
trointestinal intolerance (n=1) [70]. In a CBD trial on
Dravet’s syndrome, 120 children and young adults were ran-
domly receiving 20 mg/kg/day oral CBD or placebo for 14
weeks, AEs included diarrhea (31% vs 10%), loss of appetite
(28% vs. 5%), and much less commonly vomiting [71]. Diar-
rhea and weight and appetite loss were also reported in 199
children and young adults treated with 2-5 mg/kg/day CBD
for uncontrolled seizures [72], and in 424 children and young
adults treated with 0.5-50 mg/kg/day CBD for refractory
epilepsy [73].

Similarly, in 4 to 10-year-old children with Dravet’s syn-
drome, CBD treatment with 5, 10, or 20 mg/kg/day reported
appetite loss and vomiting as the most frequent AE [74].
Devinsky et al. reported AEs of decreased appetite, diarrhea,
and vomiting, and a serious AE constipation in 2 to 55-year-
old patients (n=225) with Lennox-Gastaut syndrome, receiv-
ing 10 and 20 mg/kg/day oral CBD for 28 days [75]. De-
creased appetite and diarrhea occurred more frequently in the
high-dose group than the low-dose group (10 mg/kg/day).
CBD significantly reduced atonic seizures in patients with
Lennox-Gastaut syndrome, with mostly mild AEs diarrhea,
decreased appetite, and vomiting in 62% of 86 patients
treated with 20 mg/kg/day CBD for 14 weeks [65]. Vomiting
was among the severe AEs reported.

Following 25-50 mg/kg/day for a median of 48 weeks in
children and adults with treatment-resistant epilepsies, 88%
of all patients experienced treatment-emergent AEs and 33%
experienced severe AEs, including vomiting [66]. The most
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common AEs were diarrhea (29%), and decreased appetite
12%). In clinical studies of schizophrenia, mild AEs, diar-
rhea and nausea, occurred with a low incidence of >4%, with
a frequency similar to placebo [35].

CBD AEs in humans listed in the Epidiolex” FDA ap-
proval notification [27] and in Epidiolex® prescription in-
formation [19] include decreased appetite, diarrhea, nausea,
vomiting, and abdominal pain.

3.5. Drug-drug Interactions

CBD’s interaction with CYP enzymes can reduce or po-
tentiate the effects of other drugs [19, 22, 80]. In 1974,
Karniol et al. investigated effects of oral 0, 15, 30, and 60
mg CBD alone, 0 and 30 mg THC alone, and CBD and THC
combinations to study potential drug-drug interactions in a
double-blind trial in 40 healthy male volunteers [81]. THC
alone disturbed time estimations, increased pulse rate, and
induced strong psychological reactions, while up to 60 mg
CBD alone produced no effects. Thirty to 60 mg CBD weak-
ened or blocked time production impairment, psychological
disturbances, and pulse rate acceleration produced by THC,
when co-administered. CBD also decreased anxiety follow-
ing THC, with subjects reporting more pleasurable effects.

In 1995, CBD effects on THC pharmacokinetics were
investigated in mice receiving 120 mg/kg IV CBD 2 h before
12 mg/kg IV THC [82]. CBD inhibited hepatic microsomal
THC metabolism reducing THC clearance. 7-OH-THC and
60-OH-THC concentrations were increased in brain, with
few changes in blood. CBD-induced changes in metabolite
profile and brain pharmacokinetics might change pharma-
cological effects. Bergamaschi reviewed research on animal
models in 2011 showing that CBD did not induce changes in
food intake, catalepsy, or physiology in rats and mice [57].
Chronic low and high CBD doses inhibited hepatic drug me-
tabolism producing drug-drug interactions in vivo in mice
and rats following 10-120 mg/kg IP CBD [83-93]. However,
more recently, when equal amounts of CBD and THC were
co-administered, CBD did not modify THC blood concentra-
tions in humans [94]. In addition, Karschner et al. found no
changes in THC’s subjective and physiological effects when
equivalent doses of THC alone or CBD and THC (Sativex™)
were given via oromucosal spray [95].

In a clinical trial of treatment-resistant epilepsy, 162 par-
ticipants included in the safety and tolerability analysis re-
ceived 25-50 mg/kg/day CBD for 12 weeks and sustained
changes in concentrations of concomitant antiepileptic drugs
that may have led to status epilepticus [70]. Similarly, in
patients with CBD-reduced atonic seizures, severe AEs in-
creased concomitant antiepileptic concentrations in 23% of
86 patients in the CBD group; 14% of patients treated with
CBD and one (1%) treated with placebo withdrew from the
study [65].

THC, CBD, and THC and CBD effects via vaporization
of 20 mg THC, CBD, or 1:1 THC:CBD, oral, and subcuta-
neous (SC) administration of 10 mg/kg THC or CBD, or 20
mg/kg 1:1 THC:CBD, or oral gavage were investigated in
Wistar rats [96]. Although no statistical analyses were per-
formed, SC CBD inhibited THC metabolism resulting in 4
times higher serum and brain THC concentrations when
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CBD and THC were simultaneously administered compared
to THC alone. Serum and brain CBD concentrations were
half the concentration when CBD and THC were co-
administered compared to CBD alone. Oral CBD inhibited
THC metabolism with 2 to 3 times higher serum and brain
THC concentrations and two-fold lower serum and brain
CBD concentrations when CBD and THC were administered
together. CBD did not inhibit THC metabolism after pulmo-
nary THC and CBD administration. SC cannabinoids ad-
ministration (THC and CBD and THC and CBD alone) pro-
duced hypolocomotion. Oral THC and THC and CBD pro-
duced almost total immobility, but oral CBD produced mild
hyperlocomotion. The apparent CBD inhibition of THC me-
tabolism after oral and SC administration had little impact on
THC-induced behavior.

In a CBD versus amisulpride trial, 42 patients signifi-
cantly improved seizure control, with significantly higher
serum anandamide concentrations, perhaps due to CBD inhi-
bition of the enzyme FAAH [38].

Epidiolex” and concomitant clobazam administration,
produced a 3-fold increase in plasma concentrations of N-
desmethylclobazam, the active metabolite of clobazam, in-
creasing the risk of AEs such as excessive sedation [19, 97].
Epidiolex” increases plasma concentrations of drugs metabo-
lized by CYP2C19 such as diazepam or clobazam.

In 137 patients in the efficacy analysis receiving 25-50
mg/kg/day CBD for 12 weeks for treatment-resistant
epilepsy, 11 withdrew due to AEs including allergy to sesame
oil vehicle (n=1) [70]. In the E idiolex® FDA approval
notification [27] and in Epidiolex™ prescription information
[19], CBD AEs in humans included allergic reactions and
rash.

3.6. Respiratory Effects

In 162 patients with treatment-resistant epilepsy receiv-
ing 25-50 mg/kg/day CBD for 12 weeks, a serious AE of
pneumonia was reported [70]. In a trial investigating the ef-
fects of 10 and 20 mg/kg/day oral CBD for 28 days on atonic
seizures in 2 to 55-year-old patients with Lennox-Gastaut
syndrome (n=225), common AEs included upper respiratory
tract infection [75]. In children and adults with treat-
ment-resistant epilepsies receiving up to 25-50 mg/kg/day
for a median 48-week duration, 33% experienced severe AEs
including pneumonia [66]. The most common AEs were
upper respiratory tract infection in 12%.

CBD AEs in humans in the Epidiolex” FDA approval
notification [27] and in the Epidiolex® prescription informa-
tion [19] included viral, fungal, and pneumonia infections.

3.7. Pyrexia

The most frequent AE was pyrexia in a 3-week treatment
trial of 5, 10, or 20 mg/kg/day CBD in 4 to 10-year-old chil-
dren with Dravet’s syndrome [74]. In the same manner, 2 to
55-year-old patients with Lennox-Gastaut syndrome
(n=225), receiving 10 and 20 mg/kg/day oral CBD for 28
days for atonic seizures had pyrexia amongst common AEs
[75]. Treatment-related AEs were mostly mild and occurred
in 62% of 86 patients treated with 20 mg/kg/day CBD for 14
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weeks, including pyrexia in patients with Lennox-Gastaut
syndrome, with concomitant clobazam, valproate, lamo-
trigine, levetiracetam, or rufinamide [65].

3.8. Cardiovascular Effects

After rhesus monkeys received 150, 200, 225, 250, or
300 mg/kg IV CBD for 9 days, higher CBD doses elicited
hypopnea, bradycardia, and cardiac failure [61]. In 162 pa-
tients with treatment-resistant epilepsy administered 25-50
mg/kg/day CBD for 12 weeks, serious AEs included diar-
rhea, weight loss, and gastrointestinal intolerance (n=1) [70].
Five (3%) patients experienced mild to moderate and one
case of severe thrombocytopenia, resolving after stopping
valproate. One patient also taking valproate developed hy-
perammonemia leading to stopping CBD intake. AEs were
clearly related to dose and anti-epileptic drug intake. All
patients receiving CBD and valproate had liver or blood ab-
normalities.

CBD was evaluated as a neuroprotectant after perinatal
hypoxia-ischemia in piglets [63]. Piglets were randomized to
50 mg/kg IV CBD (n=13) or vehicle (n=9). CBD induced
severe hypotension in two piglets; one suffered fatal cardiac
arrest (50 mg/kg, IV). CBD (25 mg/kg, n=4) induced signifi-
cant hypotension in one piglet, while 10 mg/kg (n=5) was
well tolerated. A significant negative correlation between
plasma CBD concentration and blood pressure during drug
infusion was observed (p<0.005).

3.9. Reproductive Effects
3.9.1. In Vitro Reproductive Effects

In 1982, the effects of 100-200 uM CBD reduced the
basal accumulation of progesterone, testosterone, and estra-
diol-17 8 in preovulatory rat follicles by up to 60% [98]. Lu-
teinizing hormone-stimulated increase in progesterone and
testosterone was reduced by 75-88% following 50-200 uM
CBD and estradiol-17 8 accumulation was inhibited by 40%.

Progesterone 170-hydroxylase activity was significantly
inhibited by 100-1000 uM CBD [99]. Testosterone 65 and
160o-hydroxylase activity and androstenedione formation
from testosterone in rat liver microsomes also were signifi-
cantly reduced by CBD.

3.9.2. In Vivo Reproductive Effects

Following oral 30, 100, and 300 mg/kg CBD for 90 days
in rhesus monkeys, significant 57% decreases in testicular
weights were observed after 200 mg/kg CBD that continued
after the end of treatment [61]. Similarly, acute and sub-
chronic 0.6, 0.8, and 1.2 mg/kg smoked CBD exposure in
rats showed a severe dose-related seminiferous tubule de-
generation with interference in sperm maturation [100]. In
addition, testicular weight decreases correlated with a dose-
related inhibition of spermatogenesis.

In 42 patients administered 200 mg/day gradually in-
creased to 800 mg/day CBD or amisulpride over 28 days,
there were significantly fewer CBD-related AEs compared to
amisulpride, including lower prolactin release, and less sex-
ual dysfunction [38].
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Fertility also was affected by CBD. In sea urchins, in
vivo fertilization was inhibited by 0.1-100 uM CBD due to a
decreased acrosome reaction in sperm [101, 102].

When pregnant rats were administered 0, 75, 150, or 250
mg/kg/day oral CBD during organogenesis, developmental
toxicity including increased embryofetal mortality at the
highest dose was observed [103]. Oral 0, 50, 80, or 125
mg/kg/day CBD administration during organogenesis in
pregnant rabbits decreased fetal body weights and increased
fetal structural variations were shown following the highest
dose [103]. Also, following 150 and 250 mg/kg/day oral
CBD to pregnant and lactating rats, decreased growth, de-
layed sexual maturation, neurobehavioral changes with de-
creased activity, and AEs for male reproductive organ devel-
opment and fertility in offspring were noted. No maternal
toxicity was reported [103].

When Swiss mice received 30 mg/kg oral CBD or pla-
cebo in sunflower oil for 34 consecutive days, CBD de-
creased total circulating testosterone by 76% (still within
normal ranges), significantly increased abnormalities in
spermiation and meiotic stages [104]. CBD-treated mice had
a 38% reduction in spermatozoa in the epididymis tail and
more head abnormalities in the sperm and cytoplasmic drop-
lets in the flagella medial region.

3.10. Cellular Effects

In vitro toxicity was observed in the production of cyto-
kines in human eosinophil leukemia cells, peripheral blood
mononuclear cells, human T-lymphotropic virus-1 (HTLV-
1) positive B cells, and T cells following 1-10 ng/mL CBD
[105]. CBD suppressed T-cell activities in splenocytes ex-
posed to CBD in vitro or isolated from CBD-administered
mice [106]. Exposure of splenocytes to CBD produced ROS,
reduced cellular glutathione (GSH) content, and significantly
stimulated caspase-8 activation. Pretreatment with a caspase-
8 inhibitor significantly reduced, in a concentration-
dependent manner, CBD-mediated apoptosis, but not ROS
production, suggesting that CBD’s apoptotic effects in pri-
mary lymphocytes are associated with oxidative stress-
dependent activation of caspase-8.

In vitro apoptosis was induced in mouse thymus and
spleen cells exposed to 4-16 uM CBD [106, 107], and a pro-
apoptotic effect was noted in lymphocytes following 10
mg/kg IP CBD [106].

ATP-binding cassette transporter (ABC) ABCG2 activity
in mouse embryonic fibroblasts was reduced after in vitro
exposure to 10-50 pM CBD [108].

Following exposure to 3-100 pM CBD, in vitro P-
glycoprotein activity was reduced in human T lymphoblas-
toid leukemia cells [109]. In addition, ABCCI1 transporter
was inhibited in human ovarian carcinoma cells with a CBD
IC50 of 128.3 uM [110]. CBD was also shown to interact
with P-glycoprotein efflux transporters involved in multidrug
resistance [111] and may also affect placental permeability
and pharmacokinetics of other drugs. In humans, 600 mg of
the antibiotic rifampicin, a CYP3A4 inducer involved in
CBD metabolism, significantly reduced peak plasma CBD
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from 1.0 to 0.50 ug/L (-52%), while antifungal ketoconazole
(400 mg), a CYP3A4 inhibitor, almost doubled peak plasma
CBD from 0.7 to 1.3 pg/L (+89%) [112].

4. DISCUSSION

This is an exciting time for CBD research and medicine.
Epidiolex”, containing 98% CBD, was approved by the FDA
for the treatment of intractable epilepsy in patients with
Dravet’s or Lennox-Gastaut syndromes, showing that a plant
extract containing primarily CBD can provide the reproduci-
bility needed for pharmacotherapies. There is active in vitro
and preclinical research into the mechanisms of action of
CBD in efforts to better understand its pharmacodynamics
and pharmacokinetics and therapeutic potential. Clinical
research is proceeding for multiple indications for CBD in
well-designed, randomized, placebo-controlled clinical trials,
by a variety of routes of administration. Pharmaceutical
companies pursue synthetic CBD and plant extracts as CBD
sources. CBD may provide a new approach as a stand-alone-
drug and as an adjunct to other medications for unmet clini-
cal needs.

Amongst all of these positive developments, unapproved
CBD products are being sold across the US and in other
countries without rigorous standardization of CBD potency,
the content of other constituents, and with unproven claims
of health effects. Now that Epidiolex® is approved, it is
likely that off-label prescriptions will increase. It is impor-
tant that physicians and patients understand that CBD, like
any other medication, is not appropriate for every individual
and every disease and that it has side effects that are not neg-
ligible and must be considered prior to use.

The most important consideration is whether or not there
is sufficient scientific data that CBD is efficacious in treating
a patient’s disease or condition. The field is changing rap-
idly, but proof of efficacy is limited currently to CBD as an
anti-epileptic. A second critical factor is dose, route, and
frequency of administration. In many of the preclinical stud-
ies, much higher CBD concentrations were administered. For
example, many of the cardiovascular, hepatocellular damage,
inhibition of P450 systems, hormone changes, decreased
fertility, alterations of in vitro cell viability, and reduced P-
glycoprotein activities effects occurred at doses of >200
mg/kg/day [61], far above the current up to 50 mg/kg/day
doses suggested in recent anti-epileptic clinical studies.
However, in the clinical trial data to date, few cardiovascular
and reproductive effects were reported. Other in vivo pre-
clinical studies utilized lower doses similar to those used in
humans, but the route of administration, IP or IV, provided
higher bioavailability and hence, a greater chance of AEs
and toxicity.

Drug interactions are an important issue to be carefully
considered when prescribing CBD. CBD is often added to a
regimen of other medications, especially other anti-epileptics
and the potential for drug-drug interactions could lead to
serious health consequences. In vitro and in vivo data suggest
that CBD interacts with pharmaceuticals, specifically drugs
metabolized by the liver. Drug-drug interactions with
CYP1A2 substrates (theophylline, caffeine), CYP2B6 sub-
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strates (bupropion, efavirenz), UGT1A9 (diflunisal, propo-
fol, fenofibrate), UGT2B7 (gemfibrozil, lamotrigine, mor-
phine, lorazepam), and clinically significant interactions with
CYP2C8 and CYP2C9 (phenytoin) substrates occur when
co-administered with Epidiolex® [19].

In humans receiving the drug for the treatment of epilep-
sies and psychiatric disorders, the most common AEs in-
cluded tiredness, diarrhea, nausea, and hepatotoxicity. Over-
all, the incidence of these occurrences is low and, in com-
parison with other drugs employed for the treatment of these
diseases, CBD has a better side effect profile.

The length of treatment is another important factor be-
cause data on AEs is much more limited following chronic
CBD administration. Research is still needed on larger co-
horts of CBD patients, and evaluation of CBD effects fol-
lowing long-term exposure on genotoxicity and cytotoxicity,
hormones, and the immune system are needed.

Two of the common AEs after CBD administration are
somnolence and sedation [19, 65, 70, 73]. These effects are
dose-related and potentiated by co-administration of the anti-
epileptic drugs including clobazam and valproate, and other
CNS depressants (including alcohol). Patients should be ad-
vised that their ability to drive or operate machinery could be
impaired while under CBD treatment.

From the patient’s point of view, it is particularly impor-
tant to consider the proportions of THC and CBD in canna-
bis products when used for medical or recreational purposes,
since self-medicating with cannabinoid products may expose
patients to products with inaccurate labeling, containing im-
purities, underdosing or overdosing, insufficient supply, and
risk of AEs and drug-drug interactions [41, 97]. This vari-
ability in CBD formulations (tablets, oromucosal spray, oral
capsules, vaporized cannabis plant material, powder in oil,
and CBD-THC products), and the wide CBD dose range (18-
1500 mg) influence CBD efficacy and AEs [80].

CONCLUSION

In conclusion, possible factors contributing to CBD
AEs are CBD potency, route of administration (vaporized,
transdermal, oral), concurrent licit and illicit drug use, and
drug-drug interactions.
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1. Enquadramento Geral

A canabis é classificada no territério nacional como estupefaciente, encontrando-se incluida na

tabela I-C, anexa ao Decreto-Lei n.© 15/93, de 22 de janeiro, na sua atual redacao.

No ambito deste enquadramento, € proibida a utilizacdo da planta canabis para outros fins que nao
medicinais, a excecdo da utilizacdo de fibras (caules) e sementes de variedades com baixo teor de

THC de canabis para fins industriais (cAnhamo)?.

As preparacbes a base da planta da canabis para fins medicinais, estdo sujeitas a autorizacdo de
colocacdo no mercado, nos termos do disposto no decreto-Lei n.°© 8/2019, de 15 de janeiro, sendo

classificados quanto a dispensa, como sujeitos a receita médica especial.

Nos termos do disposto, no Decreto-lei n.0¢ 15/93, de 22 de janeiro, Decreto-Regulamentar n.°
61/94, de 12 de outubro, e no caso particular da planta da canabis, no Decreto-lei n.© 8/2019, de
15 de janeiro, e Portaria n.© 83/2021, de 15 de abril, compete ao INFARMED, I.P. autorizar o
exercicio de atividade de cultivo, fabrico, comércio por grosso, importacdo e exportacdo de
medicamentos, preparagdes e substdncias a base da planta da canabis, Unica e exclusivamente
para fins medicinais, médico-veterinarios e de investigagdo cientifica, independentemente do teor
em THC.

Relativamente aos varios canabindides que fazem parte da resina de canabis e nomeadamente a

substancia canabidiol (CBD), é entendimento expresso do Orgdo Internacional de Fiscalizacdo de

! Conforme decorre do n.2 do artigo 28.2 da Convencdo Unica de 1961 sobre os Estupefacientes.
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Estupefacientes (INCB2), que a mesma estd abrangida pela Convencdo Unica sobre os
Estupefacientes de 1961, enquanto extrato/preparacao da planta canabis, encontrando-se incluida

na Tabela I anexa a referida convencao

Assim as referidas substancias, designadamente a substancia canabidiol (CBD), enquanto resina ou
preparacao de canabis, encontram-se incluidas na Tabela I-C, anexa ao Decreto-Lei n.°© 15/93, de
22 de janeiro, na sua atual redacdo, encontrando-se sujeitas as medidas de controlo aplicaveis as

substancias nelas previstas.

2. Produtos Cosméticos

A colocacdo no mercado dos produtos cosméticos obedece aos requisitos estabelecidos pelo
Regulamento (CE) n.° 1223/2009 do Parlamento Europeu e do Conselho de 30 de novembro de
2009.

Este Regulamento proibe a inclusdo em produtos cosméticos de todas as substéncias que constam
das tabelas I e II da Convengdo Unica sobre Estupefacientes de 19613, através da entrada 306 do
Anexo II. Adicionalmente, a nivel nacional, estas substdncias sdo consideradas controladas, nos

termos do disposto do Decreto-Lei n.© 15/93 de 22 de janeiro, na sua redacdo atual.

Os produtos cosméticos ndo podem assim conter as seguintes substancias/preparacdes relacionadas

com a planta de canabis, independentemente do seu teor em tetrahidrocanabinol (THC)*:

- Cannabis e resina de Cannabis;
- Extratos e tinturas de Cannabis;

- Folhas e sumidades floridas/flores ou frutificadas da planta Cannabis;

A inclusdo de CBD ou outros canabindides, que existem naturalmente na planta de canabis, ndo é
permitida, por serem obtidos através da preparacdo de extratos ou tinturas de Cannabis ou da sua

resina.

2 Organismo das Nagdes Unidas, criado pela Convengdo de 1961, responsavel pelo controlo e monitorizacdo do cumprimento das Convengdes Unicas sobre
Estupefacientes e Psicotrépicos, pelos Estados Signatarios das mesmas, cfr. Decreto-Lei n.2 435/70, de 12 de agosto, que aprova, para ratificagdo, a
Convengdo Unica de 1961 sobre os Estupefacientes.

3 Convencéo Unica sobre os Estupefacientes “Single Convention on Narcotic Drugs”, New York, 30 marco de 1961

4 Na qual se inclui as variedades de canhamo industrial.

2/3

INFARMED - Autoridade Nacional do Medicamento e Produtos de Satde, I.P.
Parque de Saude de Lisboa - Av. do Brasil, 53
1749-004 Lisboa
Tel.: +351 217 987 100 Fax: +351 217 987 316 Website: www.infarmed.pt E-mail: infarmed@infarmed.pt





M-ATEND-008/8

¥ REPUBLICA SERVICO NACIONAL
9 PORTUGUESA O SIS ritol Ip Infarmed

. Autoridade M. do Medicamento
SAUDE e Produtos de P.

Estdao incluidas nesta proibicdo as substancias “CANNABIDIOL - DERIVED FROM EXTRACT OR
TINCTURE OR RESIN OF CANNABIS” e “CANNABIS SATIVA LEAF EXTRACT". Estas designagoes

surgem no COSING® mas a sua inclusdo em produtos cosméticos ndo esta autorizada.

Excetuam-se desta proibicdo a utilizacdo de substancias/preparacdes obtidas a partir de sementes
de plantas com teor em THC < 0,2%,° como por exemplo o 6leo de sementes de canabis, de

variedades inscritas no Catalogo Comum de Variedades de Espécies Agricolas.

Existem outras origens de CBD que ndo sao abrangidas pelo anexo II do Regulamento (CE) n.°
1223/2009, mas que estdo em analise na Unido Europeia e na Organizacdo Mundial de Saude’. A
utilizacdo destas substancias em cosméticos deve ser analisada caso a caso e carece sempre de uma

avaliacao de seguranca.

A adequacao da composicao dos produtos cosméticos que sao colocados no mercado a legislagdo em
vigor é obrigagao da Pessoa Responsavel® que deve assegurar o cumprimento da legislagdo aplicavel
e a seguranca dos produtos cosméticos nas condicdes de uso previstas ou razoavelmente

previsiveis.

As pessoas responsaveis ou distribuidores que operem em Portugal devem assegurar que

composicdo dos produtos que disponibilizam no mercado cumprem estes requisitos.

O Presidente do Conselho Diretivo

Assinado de

Rui dos forma digital por

Rui dos Santos Ivo

Santos VO pados: 2022.02.11
14:21:27 7

(Rui Santos Ivo)

5 Coslng é a base de dados da Comissdo Europeia para informages sobre substancias e ingredientes. Um ingrediente listado no Coslng n3o significa que a
sua utilizagdo em produtos cosméticos esteja aprovada.
6 Conforme previsto na Portaria n.2 83/2021, de 15 de abril, na sua atual redagdo.
7 https://www.who.int/medicines/access/controlled-substances/CannabidiolCriticalReview.pdf
8 Artigo 42 do Regulamento (CE) n.2 1223/2009 do Parlamento Europeu e do Conselho de 30 de novembro de 2009.
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Abstract: Cannabidiol (CBD) is a naturally occurring, non-psychotropic cannabinoid of the hemp plant
Cannabis sativa L. and has been known to induce several physiological and pharmacological effects.
While CBD is approved as a medicinal product subject to prescription, it is also widely sold over the
counter (OTC) in the form of food supplements, cosmetics and electronic cigarette liquids. However,
regulatory difficulties arise from its origin being a narcotic plant or its status as an unapproved novel
food ingredient. Regarding the consumer safety of these OTC products, the question whether or not
CBD might be degraded into psychotropic cannabinoids, most prominently tetrahydrocannabinol
(THC), under in vivo conditions initiated an ongoing scientific debate. This feature review aims to
summarize the current knowledge of CBD degradation processes, specifically the results of in vitro
and in vivo studies. Additionally, the literature on psychotropic effects of cannabinoids was carefully
studied with a focus on the degradants and metabolites of CBD, but data were found to be sparse.
While the literature is contradictory, most studies suggest that CBD is not converted to psychotropic
THC under in vivo conditions. Nevertheless, it is certain that CBD degrades to psychotropic products
in acidic environments. Hence, the storage stability of commercial formulations requires more
attention in the future.

Keywords: cannabidiol; tetrahydrocannabinol; degradation; psychotropic effects; Cannabis sativa

1. Introduction

The hemp plant Cannabis sativa L. naturally contains a number of different cannabinoids that are
related to the elementary chemical structure of cannabinol (CBN, Figure 1a) [1]. The most prominent
representative among the class of these compounds is A’-tetrahydrocannabinol (A°-THC, Figure 1b),
which is hydrogenated in positions 6a and 7 [1]. Due to the well-known psychotropic properties
of A°-THC, only the cultivation of plant varieties with low contents of A°-THC is authorized in the
European Union (EU) at the moment [2,3]. There is a discrepancy in terms of the legality of products
derived from the hemp plant. In general, cannabis products (including flowering or fruiting tops of
Cannabis sativa) are listed in the United Nations (UN) single convention on narcotic drugs from 1961 [4]
and are therefore prohibited regardless of their A°>-THC content. However, processed products, which
contain hemp leaves are often regarded as safe and therefore legal, if the A°-THC content does not
exceed certain levels and an abuse as a narcotic drug can be ruled out. As explicitly excluded by the
definition of cannabis in the UN single convention [4], seed products (e.g., hemp seed oil), without the
cannabinoid-rich resin, are generally regarded as safe and may be marketed in the EU [5,6].
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cannabinol (CBN) A%-tetrahydrocannabinol (A%-THC) cannabidiol (CBD)

Figure 1. Chemical structures of (a) cannabinol (CBN) including the numbering system,
(b) Ag-tetrahydrocannabinol (A®-THC) and (c) cannabidiol (CBD).

Besides A’-THC, the non-psychotropic cannabidiol (CBD, Figure 1c) gained increasing popularity
due to a broad spectrum of health-promoting effects ascribed to it with several reviews on safety
and efficacy available [7-18]. In recent years, this culminated in extensive consumer interest with
heavily increasing numbers starting in 2018 (Figure 2). Since then, so-called CBD extracts used as
a food constituent, in cosmetic products or in the liquids for electronic cigarettes are found with a
large variety in drug stores or in online shops [19-21]. According to the Novel Food Regulation (EU)
2015/2283, an approval of CBD extracts for the use in food requires a history of food consumption
prior to May 1997 [3,22]. Thus, as such a history has not been demonstrated so far, CBD extracts are
classified as Novel Food and are therefore not authorized in the EU.
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Figure 2. Google trends analysis for cannabidiol (CBD) (Data source: Google Trends [23]).

In addition to the discrepancy between the excessive product availability and the doubtful
compliance with legislation (EU and worldwide) for many of those products [24,25], questions also arise
inregard to the safety of these products. Regarding this, a major topic, which is discussed controversially
in the recent scientific literature, is the potential conversion of CBD into psychotropic cannabinoids,
including A°-THC. The observation that CBD products may still induce some psychotropic effects, with
various discussed mechanisms including direct action, degradation during storage or under in vivo
conditions, as well as contamination, recently highlighted the importance of this question again [19].

This review aims to provide an overview of contemporary and older publications dealing with
the conversion of CBD to other (psychotropic) cannabinoids. After a detailed summary on the
psychotropicity of cannabinoids (Section 3.1), a comprehensive overview of the conversion of CBD
in different conditions is presented (Section 3.2). To provide a better understanding of the pitfalls of
cannabinoid research that may possibly account for some controversial results, some major analytical
challenges are presented in Section 3.2.1 before the conversion of CBD under acidic conditions
(Section 3.2.2) and in vitro conditions (using artificial or simulated gastric juice) is carefully discussed
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(Section 3.2.3). The current debate about whether results of these studies and some in vivo studies
in animals may be transferred to in vivo conditions in humans is elucidated in Section 3.2.4. Finally,
the debate about the in vivo conversion of CBD is expanded by the question of whether CBD may
convert to other (potentially psychotropic) cannabinoids under storage conditions (Section 3.2.5), and
conclusions regarding the risk assessment of CBD products upon oral consumption are provided.

2. Materials and Methods

A database research in April 2020 was conducted in Google Scholar and PubMed using the keywords
“conversion and/or degradation and/or isomerization of cannabidiol” as well as “structure-activity
relationship cannabinoids”, “receptor binding cannabinoids” and “psychoactivity/psychotropicity
cannabinoids”. Other aspects of pharmacological effects of CBD not relevant to the aim of the
study were excluded.

3. Results and Discussion

3.1. Psychotropicity of Cannabinoids

The consumption of distinct parts of Cannabis sativa L., leading to psychotropic effects, has been
known for thousands of years [26]. There are two prominent products mainly used as a drug to
willingly induce states of intoxication, which are called marihuana (dried leaves and flowering tops of
the Cannabis sativa plant) and hashish (resin extracted from the Cannabis sativa plant) [27]. The UN
suggested prohibition of cannabis and extracts of cannabis in the single convention on narcotic drugs
in 1961 [4].

Pharmacological experiments with mixtures and/or single cannabinoids can be traced back to the
1940s and 1950s, when a number of studies regarding THC, CBN and CBD were published regardless
of the fact that chemical structures were only elucidated in the mid-1960s [26,28-30]. The known
psychotropic effects of cannabis were mainly attributed to A°>-THC as a consequence to substantial
research during the mid-1960s and early 1970s [30]. The detailed understanding of the biochemical
processes induced by cannabinoids (predominantly A°>-THC) was mainly achieved by the discovery
of cannabinoid receptors by Howlett et al. [31,32], which ultimately prompted the discovery of
endogenous cannabinoids, among which anandamide is the most prominent one [33].

To discuss their psychotropic effects, the most common cannabinoids may be divided into two
major groups according to the number of rings in the molecule. The first group is composed of
tricyclic cannabinols including CBN, and all THC and hexahydrocannabinol (HHC, Figure 3a) isomers.
The second group—which will be discussed later in this section—consists of bicyclic cannabinoids
with CBD, cannabigerol (CBG, Figure 3b) and cannabichromene (CBC, Figure 3c) being the most
prominent representatives.

In 1971, the UN released a convention listing psychotropic substances in four schedules ranging
from Schedule I (most restrictive) to Schedule IV (least restrictive) [34]. This convention classifies five
THC derivatives (i.e., A®*-THC, A’-THC, A3-THC, A'°-THC and A'®-THC) and HHC in Schedule I,
while A°-THC is listed in Schedule II. However, scientific data on the psychotropic effects of these
substances are rather limited. Only recently the Expert Committee on Drug Dependence of the World
Health Organization (WHO) released a critical review on isomers of THC, stating that A8-THC and
A% _THC were found to exhibit A’-THC like effects when administrated to different animals, whereas
AW-THC lacked a comparable effect [35]. Moreover, A8-THC and A%(19)_THC were found to have
psychotropic effects on humans while data regarding the effect of other THC derivatives on humans
are still missing [35].





Toxics 2020, 8, 41 4 0of 20

@) (b)
OH OH
x AN
o HO
hexahydrocannabinol (HHC) cannabigerol (CBG)
(C) OH
=
X

O
cannabichromene (CBC)

Figure 3. Chemical structures of (a) hexahydrocannabinol (HHC), (b) cannabigerol (CBG) and
(c) cannabichromene (CBC).

The well-established fact that THC derivatives are metabolized by means of hydroxylation at
C11 prompted Lemberger et al. [36] to investigate 11-hydroxy-A’-THC and Watanabe et al. [37] to
study the psychotropic effects of 11-hydroxy-A8-THC. Both studies revealed that these substances
show even more enhanced effects than their respective non-hydroxylated forms when administrated to
humans. The same effect was also found for 11-oxo-A8-THC [37]. In another study by Jarbe et al. [38],
two stereoisomers of 7-hydroxy-HHC showed psychotropic effects on rats and pigeons. According
to Watanabe et al. [39], 8-hydroxy-iso-HHC (9 mg/kg i.v.) produced a significant hypothermia
in mice at 15 to 90 min after administration, while 9x-hydroxy-HHC failed to induce this effect.
Both caused a significantly prolonged pentobarbital-induced sleeping (1.8 to 8 times). In summary,
both hydroxy-HHCs showed THC-like effects in mice but they were less active than A°-THC [39].

In contrast to that, the acid forms A8-tetrahydrocannabinolic acid (A8-THCA) and A°-THCA
as well as the metabolite 11-COOH-THC failed to cause any observable physiological effect or
psychotropic effect, even though detailed studies are missing [40]. However, as mentioned by
Moreno-Sanz et al. [41], A°-THCA slowly decarboxylates to form THC during storage and fermentation
but also during the baking of edibles, smoking or vaporizing and may thus exhibit psychotropic effects
upon respective consumption.

Despite some early uncertainty regarding the psychotropic effect of CBN as described by
Yamamoto et al. [42], Jarbe et al. [43] reported on the psychotropic effects of CBN in rats and pigeons.
But high doses of up to 14 mg/kg were required, whereas A’-THC induced similar effects with doses of
3 mg/kg. As also found for other cannabinoids, the hydroxylated form 11-hydroxy-CBN showed more
pronounced effects than the non-hydroxylated form [42].

Some general observations were reported by Compton et al. [44], who investigated the correlation
of binding affinity with psychotropic effects in humans for various different cannabinoids in a detailed
study and found a strong correlation. Interestingly, this study revealed that cannabinoids with
long (branched) side chains at C3 do have larger binding affinities compared with ones with short
(unbranched) side chains. Besides that, hydroxy groups or halogens located at the terminal end of the
side chain (i.e., at C5" position) induced good binding affinities. Carboxylic acid metabolites of either
A°-THC or A3-THC, though, were not found to bind to the receptor at all. This is well in agreement
with findings of their non-psychotropic effects. The authors additionally reported on different binding
characteristics for CBD and A°-THC and used this as a hypothesis for their different physiological
effects [44].

In fact, CBD is described as “non-psychotropic” [45] or even “anti-psychotropic” [11,12] as it
does not show effects comparable to A’-THC, neither in studies on animals as already reported by
Mechoulam et al. [46] in 1970 nor in humans as reviewed by Iseger et al. [12]. However, a multitude of
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psychological and physiological effects (some examples are anti-inflammatory, antiemetic, antipsychotic,
anticarcinogenic, anxiolytic and analgesic effects, effects on appetite, positive effects on multiple
sclerosis and spinal cord, as well as on Gilles de la Tourette’s syndrome, epilepsy, glaucoma, diabetes,
Parkinson disease and dystonia) were associated with CBD and reviewed in a number of articles [7-18].
In agreement with the hypothesis by Compton et al. [44], a physiological explanation for the different
pharmacology was presented by Pertwee et al. [47], when they reported on the unexpectedly high
potency of CBD to act as the antagonist of CB1/CB2 receptors in cells or tissues expressing these receptors.
This is in contrast to A’-THC, which was described as an agonist of the respective receptors [47].

Similar to THC- and HHC-type cannabinoids, the acid form (either methylated or not) of
CBD—which is most likely also a product formed during the metabolism of CBD—was found to
show some effects on, e.g., cancer and hyperalgesia [48,49], neither of which, though, may be termed
psychotropic. Similarly, CBD monomethyl ether (CBD-ME) was found to lack psychotropic activity in
a study conducted on rats and pigeons [38].

In line with structural prerequisites, also CBG was termed “non-psychotropic” and, according to
binding studies on the cannabinoid receptors CB1 and CB2, may show some beneficial actions and thus
exert therapeutic potential such as protection against oxidative stress in macrophages [50]. Even though
data on metabolites of CBG is sparse, 5-acetyl-4-hydroxy-CBG was found to have antileishmanial
effects [51].

In an excellent review about the chemistry, synthesis and bioactivity of CBC, Pollastro et al. [52]
summarized recent studies on the psychotropicity of CBC. Even though no narcotic effect was found
in in vivo experiments, high doses of CBC may indeed exhibit responses typical for A’-THC (e.g.,
hypomotility, catalepsy, hypothermia and analgesia). The authors claim that the reason for this effect
most likely derives from another than the typical mechanism, as CBC was found to show only marginal
affinity for the cannabinoid receptors CB1 and CB2 [52]. Besides that, multiple other effects are related
to CBC, among which the antibacterial and antifungal activity is the most noteworthy one as CBC
outperforms other cannabinoids in this category. According to the authors, little information exists
regarding the biological profile of naturally occurring analogs of CBC [52].

Even though research on physiological, psychoactive and psychotropic effects on various
cannabinoids has been highly productive in the last 50 years, detailed clinical data of many isomers and
metabolites of cannabinoids are still missing. This gets even more relevant in the light of the ongoing
debate about the conversion of CBD to several of these compounds (Section 3.2). Further studies on
the psychotropicity of the respective conversion products may contribute and help to further clarify
the scientific debate about the in vivo activities of CBD.

3.2. Conversion of Cannabidiol

Various conversion routes for CBD are reported in the literature. An overview of the broad range of
conditions of these reactions and the resulting conversion products is presented in Figure 4 and further
discussed in the subsequent chapters. In brief, most of the reactions require acidic conditions, high
temperatures or are observed in vitro. Under these conditions, CBD is converted to A°-THC as well as
A7-THC, A8-THC, A'%-THC, A''-THC and iso-THC [53,54]. A formation of the hydroxy derivatives
11-hydroxy-CBD, 11-hydroxy-THC, 5’-hydroxy-CBD, 11, 5’-dihydroxy-CBD and 11,5’ -dihydroxy-THC
was previously reported [54]. Furthermore, a formation of the two HHC derivatives 9a-hydroxy-HHC
and 8-hydroxy-iso-HHC has been reported [39,54]. In the presence of methanol or ethanol, the methoxy
or ethoxy derivatives 9-methoxy-HHC and 10-methoxy-HHC or 9-ethoxy-HHC and 10-ethoxy-HHC
are formed [53-55]. Besides that, CBN was reported to be formed under in vitro conditions [39].
However, only one of the reported reactions (i.e., the conversion of CBD to A%-THC) was observed
in vivo in rats [56]. A detailed summary of all conversion reactions is also presented in Table Al
(Appendix A).
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Figure 4. Overview of various chemical conversions of cannabidiol (CBD) to different conversion
products and the respective conditions, which are reported in the literature.

3.2.1. Analytical Challenges in Detecting CBD, Its Degradation Products and Other Cannabinoids

By the time of their first detection, cannabinoids were mainly analyzed by color reactions such as
the Duquénois-Negm test and the Beam test as summarized by Vollner et al. [57]. Some of these tests
were highly sensitive and enabled the differentiation between various cannabinoids [57]. Besides that,
thin layer chromatography (TLC), photometric and spectroscopic methods were reported as well [57].
The development of gas chromatography (GC) by Martin and Synge in the early 1950s and its immediate
success in analytical chemistry [58] soon also reached the field of cannabis research when Farmillo and
Davis developed the first GC method to separate a number of different cannabinoids in 1960 [59,60].





Toxics 2020, 8, 41 7 of 20

Similar to GC, the invention and rise of the high-performance liquid chromatography (HPLC) technique
in the late 1960s [61] quite immediately paved its way to the field of cannabis research. First reports on
the use of HPLC to detect and quantify several cannabinoids can be ascribed to the working group
of R.N. Smith, according to a series of publications starting in 1975 [62-64]. Both GC and HPLC are
still used as major tools in the analysis of cannabinoids nowadays, yet in more sophisticated versions.
Countless reports on MS and MS/MS hyphenation techniques as well as two dimensional approaches
(e.g., GC x GC) were reported and reviewed carefully [65,66].

The most important drawback of GC was already reported by Farmillo and Davis in one of their
first publications [60]. Due to high temperatures in the injector port and the column oven, acidic forms
of cannabinoids are decarboxylated and are thus not detected in the resulting chromatogram. While this
causes an underestimation of such compounds, it may also lead to a substantial overestimation of
the decarboxylated forms [66]. However, according to Dussy et al. [67], thermal conversion reactions
under typical GC conditions are not limited to decarboxylation processes and expressing the calculated
amount of the decarboxylated form as a sum of the acidic and decarboxylated form leads to a
certain underestimation.

Moreover, thermal reactions possibly also occur for other derivatives of cannabinoids, such
as hydroxylated or methoxylated forms, which complicates the use of GC in this field. Notably,
first hints for thermal conversion of CBC to A’-THC (both with their pentyl side chain substituted
by hydrogen atoms) were reported by Garcia et al. [68]. This could most likely also apply to
CBD and A’-THC. In regard to this, an interesting observation was that all in vivo studies, which
detected A°-THC after the administration of CBD [56,69,70], applied GC/MS methods, while other
studies were conducted using liquid chromatography (LC)/MS or LC-MS/MS methods. Hence,
the question arises whether A’-THC may not be formed in vivo but rather artifactually based on
thermal reactions in the GC/MS system. Notably, efforts by applying derivatization, mainly by using
trimethylsilylation with N,O-Bis(trimethylsilyl)trifluoroacetamide (BSTFA) and chlorotrimethylsilane
(TMCS) [65] tremendously improved GC separations and even enabled the detection of acidic forms.
However, the derivatization process was sometimes found to be not quantitative [66,71]. Hence,
it cannot be excluded that even small amounts of CBD which evaded derivatization may account for
positive findings of A’-THC due to thermal reactions in the GC system.

However, not only results obtained by GC/MS need to be considered with a certain amount of
scrutiny. As multiple cannabinoids (e.g., A°>-THC, CBD and CBC) are isobaric isomers, they form
identical signals and mass spectra even with LC-MS/MS measurements [19]. Hence, chromatographical
methods with high separation performance are required for an unambiguous peak assignment and
avoidance of false positive results. Interestingly, Broecker et al. [72] also reported on the acid-catalyzed
in-source equilibration of A°>-THC and CBD after positive electrospray ionization (ESI) in flow-injection
experiments. Careful studies with H/D exchange experiments proved that CBD and A°-THC may not
be distinguishable by mass spectra alone. The authors thus highlighted the great importance of using
the retention time in LC-MS/MS measurements to distinguish different cannabinoids. Problems arise for
small abundant compounds, such as isomers or degradation products, which could very likely exhibit
similar retention times to other more abundant compounds. For example, Kiselak et al. [54] claim in
their manuscript that “LC/MS analysis was able to separate all of the psychotropic cannabinoids”.
However, according to the chromatograms shown in Figures 2-5 of the respective manuscript, the LC
separation shows multiple peaks and shoulder peaks under the best separation conditions and may
therefore not be complete for some isobaric isomers besides A8- and A°-THC and coelutions cannot
be excluded.

This is further complicated by the fact that not all isomers are distinguishable due to similar
MS/MS fragmentation patterns. Such problems were recently reported by Lachenmeier et al. [19], as
they identified minor compounds with MS/MS fragmentation patterns similar to CBN and A°-THC but
were unable to structurally assign them. In the discussion of their results, the authors draw attention to
the problem that data obtained with less selective and specific chromatographical methods might easily
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lead to a mix-up of certain CBD degradation products with THC isomers, besides A8- and A°-THC, due
to structural similarities accompanied with nearly identical retention times. According to the authors,
this can account as a possible explanation for the (potentially false positive) detection of A°>-THC in
some previous studies.

Despite the various problems arising from analytical challenges in the field of cannabis research,
only 2% of all publications on cannabis deal with analytics, as stated by Gertsch et al. [73] in the
editorial of a recently published special issue on cannabis. Hence, when comparing results of in vitro
(Section 3.2.3) or in vivo (Section 3.2.4) studies on the conversion of CBD, analytical challenges need to
be considered and all claims should be critically assessed.

3.2.2. Conversion of CBD under Acidic Conditions

The acid-catalyzed conversion of CBD has been studied since the early 1940s, when
Adams et al. [74] reported on the treatment of CBD with various acids. While adding trichloroacetic
acid, anhydrous oxalic acid, picric acid, 3,5-dinitrobenzoic acid, 87% formic acid, glacial acetic acid and
malic acid to a solution of CBD in benzene did not result in conversion even after boiling for 10-20 h,
good results were achieved with the addition of dilute ethanolic hydrochloric acid, p-toluenesulfonic
acid or a drop of sulfuric acid (100%) in cyclohexane. The conversion product was described to be
a psychotropic cannabinoid, which the authors assumed to be either A°>-THC or A3-THC (Figure 4).
This observation was later confirmed by Gaoni and Mechoulam [55], who described the correct
structures of CBD, A’-THC and A8-THC based on careful spectroscopic studies (i.e., UV, IR and NMR
measurements). They were further able to verify the hypothesis of Adams et al. [75] that A’-THC
was the main product if CBD was subjected to treatment with hydrochloric acid. The addition of
p-toluenesulfonic acid, though, rather resulted in the formation of A8-THC.

Higher product yields of either AS-THC or A’-THC can be gained by means of the improved
conditions presented by Webster et al. [76]. The conversion of CBD to AS-THC is enhanced, if a CBD
solution in toluene is boiled in the presence of a Lewis acid (p-toluenesulfonic acid or boron trifluoride,
BF;), while A°>-THC is preferably formed when CBD is dissolved in dichloromethane (DCM) and
stirred at 0 °C in the presence of boron trifluoride etherate (BF;Et,O). To avoid the formation of
oxidized side products, Webster et al. [76] further recommended conducting the conversion of CBD to
A3-THC or A’-THC under nitrogen atmosphere. This leads to the question which additional products
are formed in the presence of oxygen or oxidative agents. In a series of publications, Gaoni and
Mechoulam [53,55,77] reported on the formation of methoxy/ethoxy HHCs (Figure 4) upon boiling
a CBD solution in methanol/ethanol for 18 h in the presence of diluted sulfuric acid or hydrochloric
acid (HCI). A methoxy or ethoxy group was introduced either in the 9- or 10-position, resulting in
two distinct isomers, which were 9-ethoxy/methoxy-HHC and 10-ethoxy/methoxy-HHC, respectively
(Figure 4). Besides the above-mentioned products, the reaction mixture also contained A°-THC,
A8-THC and iso-THC (structure in Figure 4). The latter was also found with a yield of 13% when a
solution of CBD in DCM/chloroform was boiled in the presence of BF;Et,O (Figure 4).

Layton et al. [78] investigated possible formation products when crystalline CBD was treated with
3% hydrogen peroxide, 0.1 M sodium hydroxide (NaOH) or 0.1 M HCI. While oxidative and basic
conditions produced little to no conversion products, acidic conditions resulted in the formation of
A°-THC and A8-THC besides another cannabinoid, which showed the same ultra-performance liquid
chromatography (UPLC)-MS retention time as CBG. However, according to a high signal at m/z 333 in
the mass spectrum of the third compound, CBG (typical fragment m/z 317) was ruled out as a possible
formation product. In the light of recent studies by Kiselak et al. [54], the unknown compound may
tentatively be assigned to a hydroxy form of either CBD or THC.

In this study, Kiselak et al. [54] also reported on the conversion of CBD dissolved in ethanol and
refluxed for 24 h in the presence of battery acid (sulfuric acid), muriatic acid (HCl) or vinegar (acetic acid).
While sulfuric acid resulted in a full turnover of CBD after 4 h, the other two acids did not lead to a complete
isomerization of CBD even after 24 h. Careful studies by means of ion mobility-coupled LC-MS/MS
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measurements enabled the detection of various formation products. Besides A°-THC, the products
8-hydroxy-iso-HHC, 11-hydroxy-THC, 11,5’-dihydroxy-CBD, 11,5’ —dihydroxy—Ag—THC, 11-hydroxy-CBD,
9a-hydroxy-HHC, 5’-hydroxy-CBD, A’-THC, A8-THC, A!°-THC, A''-THC, 9-methoxy-THC and
10-methoxy-THC were identified (Figure 4). Peak identification was accomplished by comparison
with the retention times of the reference standards and structures of unknown peaks were assigned
using data from the MS/MS fragmentation and ion mobility. Yet, the only available reference substances
were A8-THC, A°-THC, CBD, CBG, CBN, THCA (Figure 5a), cannabidiolic acid (CBDA, Figure 5b)
and CBC. The product pattern varied depending on the reaction conditions. HCl yielded the largest
number of products and exclusively led to the formation of 11,5’-dihydroxy-A®-THC. The reaction with
sulfuric acid was the only one to produce 10-methoxy-THC and the addition of acetic acid was the only
method to produce 5’-hydroxy-CBD. Interestingly, 11-hydroxy-CBD was formed in all reactions [54].

tetrahydrocannabinolic acid (THCA) cannabidiolic acid (CBDA)

Figure 5. Chemical structures of (a) cannabidiolic acid (CBDA) and (b) A9—tetrahydrocannabinolic acid
(A%-THCA).

In the light of the reported results on the broad spectrum of products from the acid-catalyzed
conversions of CBD, the question arises if similar reactions are also found in the acidic conditions of
(artificial) gastric juice (Section 3.2.3).

3.2.3. In Vitro Studies: Conversion of CBD in Artificial Gastric Juice and Other Model Systems

Despite the importance to understand the conversion reactions of CBD in the presence of animal
or human cells or enzymes, the number of published studies reporting on in vitro studies of CBD is
rather small. The first report on the biotransformation of CBD to a derivative of the psychotropic
A°-THC was presented by Nagai et al. in 1993 [79]. In their experiments, the authors incubated a
CBD solution with hepatic microsomes of guinea pigs, rats and mice, extracted the mixture with ethyl
acetate, analyzed the resulting extract with GC/MS and identified 6B-hydroxymethyl-A%-THC.

Fourteen years later, the studies were continued by Watanabe et al. [39], who found that CBD
was converted to 9a-hydroxy-HHC, 8-hydroxy-iso-HHC, A’-THC and CBN when subjected with
artificial gastric juice (without pepsin) and incubated at 37 °C for 20 h. The analysis of the ethyl
acetate extracts was carried out by GC/MS and structures were assigned by mass spectral data and
retention times as compared to the self-synthesized (or isolated) reference standards (A°-THC, CBD,
CBN, 8-hydroxy-iso-HHC and 9a-hydroxy-HHC).

More recently, Merrick et al. [80] investigated conversion products of CBD, which were
formed upon subjection with simulated gastric juice and a physiological buffer solution of
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES). Both solutions additionally contained 1%
sodium dodecyl sulfate (SDS) to improve solubility, as recommended by United States Pharmacopeia
(USP). Based on UPLC/UV and UPLC-MS/MS analyses, A’-THC and A3-THC were detected in
simulated gastric juice and HEPES buffer after one to three hours of incubation. This led the authors
to the conclusion that relevant levels of A’>-THC and A8-THC may be formed in humans after oral
consumption of CBD. This statement was criticized by other scientists as animal and human clinical
studies did not provide evidence for the conversion of CBD to THC in vivo (see Section 3.2.4) [81].

In contradiction to the above-mentioned results, another recent study conducted by Lachenmeier
et al. [19] reported no observation of the formation of THC (neither the A’- nor the A3-form) when
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CBD dissolved in methanol was incubated with artificial gastric juice or stored under stress factors
such as heat or light under moderate conditions. Only if a solution of CBD in methanol was acidified
with 0.5 mol/L HCI and stored for up to two weeks, a complete degradation of CBD and formation
of 27% THC were reported. This study attached great importance to the physiological study design,
especially in regard to incubation times, temperatures during incubation and concentrations of solvents
and analytes. In the controversial debate about whether or not A’-THC is formed under in vitro
conditions (i.e., with simulated gastric juice) and—based on that—also in in vivo conditions (reviewed
in Section 3.2.4), the authors thus positioned themselves on the opposing side.

3.2.4. In Vivo Studies: Conversion of CBD in Animals and Humans

Even though the metabolism of CBD was studied in several animal species (e.g., dogs and
rats) [82-85] before, Harvey and Mechoulam were the first to report on the human CBD metabolism
in the early 1990s [69,70]. As they measured human urine samples with a GC/MS method after the
patients were orally administrated with CBD, they found over 30 metabolites, which were mainly
hydroxylated in various positions. Interestingly, Harvey and Mechoulam also reported on the detection
of two cyclized cannabinoids, which they termed “delta-6-THC” and “delta-1-THC” (the latter one
most likely corresponds to A’-THC as termed by present nomenclature) [69]. They concluded that
these analytes rather emerged artifactually in the urine sample than being metabolites formed in
humans, as this would have caused “psychoactivity with obvious adverse effects for the patient” [69].

This hypothesis was supported by findings of Consroe et al. [86], who treated 14 patients with
Huntington disease with a CBD dose of 10 mg/kg/day and compared plasma CBD levels with a
group treated with a placebo. Over the course of six weeks, A’>-THC was not detected in the plasma.
Similar results were also reported by Martin-Santos et al. [87] while conducting a double-blinded
study with 16 healthy volunteers treated with either A°>~-THC (10 mg), CBD (600 mg) or a placebo.
Neither A’-THC, 11-hydroxy-THC or 11-nor-9-carboxy-tetrahydrocannabinol (11-COOH-THC) were
detected in significant amounts in the blood of patients treated with CBD, while the oral administration
of A°-THC itself had both effects on the plasma concentration and measurable psychotropicity.
In a recent review article, Ujvary et al. [88] further summarized literature data on CBD metabolites
and human metabolic pathways of CBD.

More recently, the question whether or not CBD may be converted to A°-THC or to other
(potentially) psychotropic cannabinoids under in vivo conditions after oral administration culminated
in a scientific debate, which was mainly initiated by an article published by Merrick et al. [80], who
studied the in vitro conversion of CBD to A’-THC and concluded that this can be applied to in vivo
situations as well. In a direct rebuttal to this publication, Grotenhermen et al. [81] cited multiple clinical
studies on CBD administration to human volunteers, which rule out psychotropic effects of CBD and
thus a conversion to A°-THC. In reply to Grotenhermen'’s rebuttal letter, Bonn-Miller et al. [89] stressed
the multiple recent studies that proved the conversion of CBD to A’-THC in an acidic environment
(such as simulated gastric juice) and indicated the lack of data and the need for further human
clinical studies. These studies should also monitor the formation of other cannabinoids, such as
9a-hydroxy-HHC or 8-hydroxy-iso-HHC. In an immediate response, Nahler et al. [90] argued that a
conversion of CBD to A?-THC does not occur in humans and stated that simulated gastric juice might
not sufficiently reflect conditions in the human body. According to the authors, if A’-THC was formed
upon oral administration of CBD in the human stomach, A°-THC and its metabolites 11-hydroxy-THC
and 11-COOH-THC should be detectable in the serum as well. However, Nahler et al. [90] found no
evidence for that when analyzing previously published results.

In the timeframe of only one year following this debate, several articles were published that either
support one or the other side. For example, Palazzoli et al. [91] did neither detect A°>-THC nor the
metabolites 11-hydroxy-THC or 11-COOH-THC (or its glucuronides) in the whole blood of male rats
3 or 6 h after an oral CBD dose of 50 mg/kg in olive oil. Notably, this study was conducted with an
LC-MS/MS method. A similar method was also used when Wrey et al. [92] examined blood/plasma
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samples of minipigs after they were given a dose of 15 mg/kg CBD in sesame oil (twice a day, for four
days with a single final dose at day five). Similar to Palazzoli et al. [91], Wrey et al. [92] did not detect
A°-THC or one of its metabolites 1, 2, 4 or 6 h after oral administration of CBD to the minipigs.

In contradiction to this, HloZek et al. [56] were able to detect A’-THC in the serum and in the brain
of rats after they were administrated with doses of 60 mg/kg CBD. Even lower doses of 10 mg/kg CBD
caused A?-THC to be detected in the serum, while it was not detectable in the brain. According to the
authors, A’-THC levels in the brain may have been below the limit of detection of their GC/MS method.
The authors further stated that these findings remain to be demonstrated in humans. Only recently,
Crippa et al. [93] published an article about a pharmacokinetic study in 120 healthy human subjects.
They found that orally administered CBD (300 mg as corn oil formulation) was not converted to
A8-THC or A°-THC in humans. None of the different THC forms were detected in the whole blood 3
and 6 h after intake by means of an LC-MS/MS method.

As a side note to the ongoing debate, it should be mentioned that using highly pure CBD is of
utmost importance. Crude extracts, which contain other cannabinoids, such as A°-THC, may not
only cause false results but may also lead to psychotropic effects in humans [19,94]. The use of a
non-pure CBD reference material (e.g., due to conversion during storage (Section 3.2.5) or an insufficient
isolation process) may explain the controversial findings by HloZek et al. [56] on the one side and
Palazzoli et al. [91] or Wrey et al. [92] on the other side. Different studies may also be distinguished
by the analytical method (GC/MS or LC-MS/MS) used for the detection and/or quantification of
cannabinoids. Especially with regard to the problems related with either of these techniques, it seems
to be useful to critically asses this aspect (Section 3.2.1).

Finally, recent studies mainly focused on the conversion of CBD to A’-THC and its metabolites.
While this is—beyond doubt—currently the most important psychotropic cannabinoid, the conversion
of CBD may potentially also lead to other products that can cause psychotropic effects (Section 3.1),
which were not examined by most of the studies so far. Despite the increasing number of publications
driven by the ongoing scientific controversy, the question if conversion processes of CBD may lead to
psychotropic effects in the human body is still not answered conclusively.

3.2.5. Conversion of CBD during the Storage of CBD Products

Due to the heavily increasing trend of CBD products on the market (Figure 2), the consumer
safety in regard to these products is of great interest. In a recent publication by Lachenmeier et al. [21],
the authors listed multiple CBD products, which contained significant amounts of A’-THC and
were thus reported in the Rapid Alert System for Food and Feed (RASFF) of the EU. In another
publication, Lachenmeier et al. [19] reported on consumer complaints noting “THC-like effects” after
consumption of CBD products. The authors discussed three hypotheses for this effect, of which the
first one that CBD may have a psychotropic action itself, was immediately ruled out due to missing
scientific evidence that CBD exhibits psychotropic effects as compared to A°>-THC. Another reason
for the psychotropic effects may be explained by the transformation of CBD to A’-THC under in vivo
conditions. Even though the authors rather neglected that option due to the results of their own
conversion studies, the scientific debate about this hypothesis is still ongoing (Section 3.2.4). A third
reason discussed by the authors is that A’>-THC may already be present in the CBD products as
contamination, e.g., due to the use of crude hemp extracts instead of purified CBD. This point was
also highlighted in a recent investigation of Liebling et al. [95], as they found multiple cannabinoids
(including psychotropic forms) in over-the-counter CBD products in the UK.

A further hypothesis, which was not discussed in the mentioned article by Lachenmeier et al. [19],
is that other psychotropic cannabinoids (e.g., A’-THC) are not present in the original CBD extract
or CBD product, but potentially result from chemical reactions under storage conditions. The most
obvious and indisputable case is the storage of CBD products under acidic conditions, which facilitates
the conversion of CBD into A’-THC, as proven by many studies (Section 3.2.2). Such conditions are
sometimes found in liquids for electronic cigarettes resulting in the need of special attention for these
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products. Besides the well-studied effects of acidic conditions, also basic conditions were found to
lead to conversion products of CBD. As reported by Srebnik et al. [96], CBD isomerizes in a high yield
to A®-CBD upon heating with t-pentyl potassium in toluene-hexamethyl-phosphoric triamide (6:1,
v/v). This is especially interesting as A®>~CBD exhibits THC-like effects in rhesus monkeys according
to Mechoulam et al. [97]. Additionally, several recent investigations [20,24,98-100] demonstrated
that CBD products often contain much less CBD than declared. This leads to the question if other
than acidic (or basic) conditions may contribute to the conversion of CBD into further (potentially
psychotropic) cannabinoids as well.

During the 1970s, the decomposition of CBD in various solvents was controversially discussed
between Turner et al. [101], who reported no decomposition, and Fairbairn et al. [102] as well as
Parker et al. [103], who indeed found CBD to be decomposed in different solvents under storage
conditions. When Smith et al. [104] stored different cannabinoids at -18 °C in darkness, they only
found small decomposition rates, which slightly increased at room temperature (20 °C), depending on
the cannabinoid (decomposition rate of A’-THC higher than that of CBD). However, light seemed to
spark the decomposition as the rates were significantly higher in daylight conditions. Unfortunately
though, no conversion products were measured in this study [104]. Another study was conducted by
Lyndon et al. [105], who found that CBD is decomposed by 11% upon UV irradiation for seven days.
As this decay was not associated with an increase in A°-THC, the authors concluded that photochemical
conversions of CBD to A’-THC “probably do not occur”. As A’-THC is decomposed itself, a closer
look into the decomposition rates appears necessary.

The mechanism of the main decomposition route for A>-THC, which ultimately leads to the
formation of CBN, was reported by Turner et al. [106]. This was proved by Harvey et al. [107],
when they found low levels of A°>-THC but increased levels of CBN in marihuana samples stored for
nearly 100 years. Further, Lindholst et al. [108] identified CBN as the resulting product from A°-THC
decomposition in a study on cannabis resin stored over the course of four years. Another long-term
study by Trofin et al. [109,110] reported on the decomposition of A’-THC but also CBD to the final
product CBN in samples stored for four years in different conditions. As the decay of CBD was half
the difference between the decay of A’-THC and the formation of CBN, the authors postulated the
degradation route of CBD to start with a cyclization to A’-THC, which is followed by the decomposition
to CBN. Notably, room temperature and daylight were found to increase the decomposition rates in
the studies of Trofin et al. [109,110] and Lindholst et al. [108]. An interesting finding was reported by
Skopp et al. [111], who claimed that CBN might not be the final conversion product in keratinized hair
samples, as it could be further degraded by a light-induced radical reaction.

A recent report by Grafstrom et al. [112] also highlights the role of oxygen in the decomposition
process, as samples stored in contact with air showed higher decomposition rates of A°-THC and CBD
both in daylight and dark conditions. The authors additionally reported on a greater stability of CBD
as compared with A’-THC, regardless of the applied conditions. However, A8-iso-THC detected in
the samples was reported to arise from a ring closure between the phenolic OH group and the endo
double bond within the CBD molecule. Acidic forms of cannabinoids (e.g., A°-THCA and CBDA) are
more prone to degradation than their respective non-acid forms and notable decay was also found in
dark conditions with higher rates at room temperature than at 4 °C or —20 °C [108].

Hence, next to the effects in acidic conditions, first hints on the effects in basic conditions as well
as the reported decomposition processes and their dependence on temperature, light and available
oxygen need to be considered when storing CBD products. The described cyclization of CBD to
A°-THC may lead to psychotropic effects and to potential harm for the consumer of the respective
product. It has to be mentioned, though, that most of the findings were reported for long-term storage
tests with time frames considerably exceeding typical storage times of CBD products. Moreover, as
the decomposition rate of A’>-THC was reported to be higher than the one of CBD, large amounts of
A°-THC resulting from decomposition processes are not to be expected in stored products. Regardless
of that, the accumulation of CBN formed in decomposition processes during long-term storage should
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be avoided due to potential psychotropic effects related to CBN. Thus, the storage of CBD products
needs to be carefully monitored.

4. Conclusions

The increasing number of publications related to the pharmacological effects of CBD has stimulated
marketers of CBD products to advertise their goods with specific health claims, despite a lack of clinical
evidence in most cases [113]. Along with the increasing number of such products on the market,
this opens up concerns regarding consumer safety and consumer deception related to the efficacy of
these articles. One of these questions is the potential conversion of CBD to psychotropic cannabinoids
under in vitro and in vivo conditions, which is currently the topic of an ongoing scientific debate.
A conversion of CBD to the psychotropic forms A’-THC and A8-THC upon treatment with strong
acids, such as hydrochloric acid, sulfuric acid or p-toluenesulfonic acid, was doubtlessly proved by
many publications. Some of these findings were demonstrated to also occur under in vitro conditions,
e.g., by using artificial gastric juice for incubation.

The transfer of these results to in vivo conditions seems to be the major point of the ongoing
controversy as the in vivo conversion of CBD to A’-THC was not supported by the majority of the
animal studies, where neither A’-THC nor one of its metabolites 11-hydroxy-THC and 11-COOH-THCA
were detected in blood or in brain tissues. Adding to this, neither A”-THC nor any of its metabolites
were detected after oral CBD administration in any of the human studies. Difficulties arising from
detection methods such as GC/MS and LC-MS/MS may help to explain some of the contradictory
results, contributing to the ongoing debate. Nevertheless, most of the published data support the
conclusion that upon oral consumption of CBD products, a conversion of CBD to an amount of A’-THC
that exceeds the threshold of pharmacological action is not very likely in the human organism.

A comprehensive risk assessment of CBD products, however, not only requires the monitoring of
an in vivo formation of A’>-THC (or other psychotropic cannabinoids) but also the pre-consumption
reactions occurring in the product itself. The strongest and the most clinically relevant piece of
evidence determined in this review in favor of CBD’s conversion to psychotropic metabolites is during
improper storage. For example, CBD may cyclize to A’-THC under storage conditions, even though
both compounds are further degraded to CBN, which in turn may exhibit psychotropic effects itself.
Hence, there is a special need for manufacturers to include shelf-life studies dedicated to the long-term
stability of CBD in the finished products, considering the formation of psychotropic compounds by the
degradation of CBD. Accordingly, an interesting possibility would also be testing for compounds or
conditions that help to prevent or slow down CBD degradation, comparable to antioxidants used to
protect lipid compounds in food from oxidation.
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Appendix A

Table Al. Overview of products formed upon acid-catalyzed degradation of CBD.

15 of 20

Compound Abbreviation Conditions Reported in Literature Stereo-Isomers  Psycho-Tropicity
Cannabinol CBN in vitro (SGJ @) [39] 1 yes [43]
Cannabidiol CBD HCl/acetic acid in ethanol [54] (conversion was not complete) 4 no [45]
H,S0,4/HCl/acetic acid in ethanol/methanol, refluxing (N3) [54,55,76];
A9—Tetrahydrocannabinol A%-THC BF3Et,O (N3), 0 °C [76]; acidic conditions (HCl) [74,75,78]; in vitro 4 yes [30]
(SGJ @) [39,80]; in vivo (rats) [56]
A7—Tetrahydrocannabinol A7-THC HCl/acetic acid in ethanol [54] 8 unknown
H,SO4/HCl/acetic acid in ethanol [54]; p-TSA b in benzene/toluene,
A8-Tetrahydrocannabinol A8-THC refluxing (N) [53,55,76]; acidic conditions (H,SOy, p-TSA P) 4 yes [35]
[74,75,78]; in vitro (SGJ ?) [80]

AlO-Tetrahydrocannabinol AW-THC HCl/acetic acid in ethanol [54] 4 no [35]

A-Tetrahydrocannabinol AU-THC HCl/acetic acid in ethanol [54] 4 yes [35]
11-Hydroxycannabidiol 11- hydroxy-CBD H,S504/HCl/acetic acid in ethanol [54] 4 unknown
5’-Hydroxycannabidiol 5’-hydroxy-CBD Acetic acid in ethanol [54] 4 unknown
11,5’-Dihydroxycannabidiol 11,5"-hydroxy-CBD H,S04/HCl/acetic acid in ethanol [54] 4 unknown

11-Hydroxy-A°-tetrahydrocannabinol 11- hydroxy-THC HCl in ethanol [54] 4 yes [36]
11,5’ —Dihydroxy—A9—tetrahydrocannabinol 11,5’-dihydroxy-THC HCl in ethanol [54] 4 unknown

8-Hydroxy-iso-hexahydrocannabinol 8-hydroxy-iso-HHC H,S04/HCl/acetic acid in ethanol [54]; in vitro (SGJ @) [39] - yes [39]

9«-Hydroxy-hexahydrocannabinol 9a-hydroxy-HHC H,S0,4/HCl/acetic acid in ethanol [54]; in vitro (SGJ 2) [39] - yes [39]
9-Methoxy-hexahydrocannabinol 9-methoxy-HHC H,S0,4/HCl/acetic acid in ethanol [54]; H,SO,4 in methanol [53] 8 unknown
10-Methoxy-hexahydrocannabinol 10-methoxy-HHC H,S0, [10]; H,SOy4 in methanol [53] 16 unknown
9-Ethoxy-hexahydrocannabinol 9-ethoxy-HHC HCI/H,SOy in ethanol [53,55] 8 unknown
10-Ethoxy-hexahydrocannabinol 10-ethoxy-HHC HCI/H,SOy in ethanol [53,55] 16 unknown
iso-Tetrahydrocannabinol iso-THC BF3 in DCM/CCly or HCI/H,SOy in ethanol [53] 4 unknown

2 SGJ: simulated gastric juice; ® p-TSA: p-toluenesulfonic acid.
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Pharmacokinetics of cannabidiol administered by 3 delivery methods
at 2 different dosages to healthy dogs

Lisa R. Bartner, Stephanie McGrath, Sangeeta Rao, Linda K. Hyatt, Luke A. Wittenburg

Abstract

The purpose of this study was to determine the pharmacokinetics of cannabidiol (CBD) in healthy dogs. Thirty, healthy research
dogs were assigned to receive 1 of 3 formulations (oral microencapsulated oil beads, oral CBD-infused oil, or CBD-infused
transdermal cream), at a dose of 75 mg or 150 mg q12h for 6 wk. Serial cannabidiol plasma concentrations were measured over the
first 12 h and repeated at 2, 4, and 6 wk. Higher systemic exposures were observed with the oral CBD-infused oil formulation and
the half-life after a 75-mg and 150-mg dose was 199.7 * 55.9 and 127.5 * 32.2 min, respectively. Exposure is dose-proportional
and the oral CBD-infused oil provides the most favorable pharmacokinetic profile.

Resume

Le but de la présente étude était de déterminer la pharmacocinétique du cannbidiol (CBD) chez des chiens en santé. Trente chiens de recherche
en santé ont été assignés a recevoir une des trois formulations (de I'huile micro-encapsulé dans des billes par voie orale, de I'huile infusé
de CBD par voie orale, ou une creme infusée de CBD par voie transdermique), a une dose de 75 mg ou 150 mg q12h pendant 6 semaines.
Les concentrations plasmatiques de cannabidiol ont été mesurées pendant les 12 premicéres heures et répétées apres 2, 4 et 6 semaines. Les
expositions systémiques les plus élevées ont été observées avec la formulation d’huile infusé de CBD administrée par voie orale et la demi-vie
apres une dose de 75 mg et de 150 mg était de 199,7 = 55,9 et 127,5 * 32,2 min, respectivement. L'exposition est proportionnelle a la dose

et I'huile infusée de CBD par voie orale fournie le profile pharmacocinétique le plus favorable.

Introduction

Cannabis has been used for centuries in human medicine for both
recreational and medicinal purposes. In human medicine, cannabis-
based extracts have been used for the treatment of spasticity, central
pain, lower urinary tract symptoms in multiple sclerosis, sleep
disturbances, peripheral neuropathic pain, brachial plexus avulsion
symptoms, nausea and vomiting associated with cancer chemo-
therapy, loss of appetite, rheumatoid arthritis, intractable cancer
pain, spinal cord injuries, Tourette’s syndrome, psychoses, epilepsy,
glaucoma, Parkinson’s disease, and dystonia (1-4). Although there
are anecdotal success stories for treating many of the same diseases
in pets, no scientific reports have been published to date (1,5-7).
If cannabidiol (CBD) is shown to be measurable in canine plasma,
further studies investigating the efficacy of CBD for various diseases,
including chronic pain, neuropathic pain, epilepsy, appetite stimula-
tion, and anxiety, could be considered.

The chemical substances isolated from Cannabis sativa, phyto-
cannabinoids, are divided into the psychotropic group and non-
psychotropic group (5). The major psychoactive constituent of
C. sativa, delta-9-tetrahydrocannabinol (A%-THC), causes toxicosis
in dogs and is therefore of limited use in canine patients (8,9). The
list of non-psychotropic compounds is expanding, but cannabidiol

(Traduit par Docteur Serge Messier)

(CBD) is the most promising phytocannabinoid candidate, owing
to its non-psychotropic effects, low toxicity, and high tolerability
(10-13).

The purpose of this study was to determine the pharmacokinet-
ics of orally and transdermally administered CBD and to compare
the CBD plasma concentrations of 3 different delivery methods at
2 different dosages. We present a 3-part hypothesis: i) a single dose
of CBD will result in measurable blood levels within 12 h; ii) daily
administration of CBD will result in sustained blood levels; and
iii) topical formulations for CBD delivery will have higher blood
levels because of the elimination of the hepatic first-pass effect.

Materials and methods

Dogs

This study was carried out under the strict regulations of the
Institutional Animal Care and Use Committee. All aspects of this
study were approved by Colorado State University’s Institutional
Animal Care and Use Committee (protocol ID: 15-5782A, approved:
February 19, 2016). A power calculation was conducted, which
showed that 10 subjects in each dose group would achieve a statisti-
cal power of 80% with a minimum C_, (maximum concentration)

Department of Clinical Sciences, Colorado State University, 300 West Drake Road, Fort Collins, Colorado 80523, USA.
Address all correspondence to Dr. Stephanie McGrath; telephone: 970-297-5000; fax: 970-297-1205 e-mail: stephanie.mcgrath@colostate.edu

Dr. Hyatt’s current address is Department of Small Animal Clinical Sciences, University of Tennessee, Knoxville, Tennessee 37996, USA.

Dr. Wittenburg’s current address is Department of Surgical and Radiological Sciences, University of California Davis, Davis, California 95616, USA.

Received October 9, 2017. Accepted January 9, 2018.

178 The Canadian Journal of Veterinary Research

2018;82:178-183





Table I. Dosing regimen for CBD administered to healthy
beagle dogs.

Approximate
dose (mg/kg
Group body weight Dose
(5 dogs/group) Delivery method per day) (mg q12h)
la CBD-infused 10 75
transdermal cream
1b CBD-infused 20 150
transdermal cream
2a Microencapsulated 10 75
oil beads
2b Microencapsulated 20 150
oil beads
3a CBD-infused oil 10 75
3b CBD-infused oil 20 150

difference of 200 ng/mL between the groups with a standard devia-
tion of 100 ng/mL. Thirty-one healthy adult, sexually intact male,
purpose-bred research beagle dogs, from 4 to 5 y of age, weighing
an average of 13 kg (9.5 to 16.2 kg) were evaluated. Upon arrival, the
dogs were determined to be healthy through physical examinations
carried out by either a Board-certified neurologist or a neurology
resident and laboratory work, including complete blood (cell) count
(CBQ), chemistry panel, urinalysis, and pre- and postprandial bile
acid assay. Animals were excluded if there was a comorbidity with
a poor prognosis, abnormalities on blood work, or if they were
currently receiving medications. Thirty dogs met the inclusion cri-
teria and were enrolled in the study; 1 dog was excluded based on
abnormal blood work.

All animals were kept in an on-site research facility and were
checked regularly for feeding, cleaning, and overall appearance.
Each dog was housed in an individual run as space allowed; beyond
that, they shared a run with 1 other compatible dog. All dogs were
evaluated weekly by a veterinarian who conducted complete physi-
cal examinations, as well as twice-daily general health assessments
by the animal care staff and veterinary students.

Treatment and sample collection

The CBD was provided and formulated by Applied Basic Science
Corporation, a 3rd-party, contracted enterprise within the state of
Colorado. A random number generator was used to randomly assign
each dog to 1 of 3 CBD delivery methods as Group 1 (CBD-infused
transdermal cream), Group 2 (oral microencapsulated oil beads),
or Group 3 (oral CBD-infused oil). Dogs in all 3 groups were then
further divided into 2 different dosing groups (5 dogs/group) in
an open-label study, to receive either 75 mg q12h (subgroup a) or
150 mg q12h (subgroup b) (Table I). All dogs were therefore admin-
istered a total daily dose of either 150 or 300 mg of CBD using 1 of
the following delivery methods: CBD-infused transdermal cream
(110 mg/mL) applied to the pinnae; beads of microencapsulated oil
in capsules (microencapsulated oil beads; 25-mg and 50-mg capsule

75 mg q12h
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Figure 1. Single-dose cannabidiol (CBD) plasma concentration. The
12-hour, single-dose CBD plasma concentration (mean +/- standard
deviation) at 2 different dosages (75 mg, top; 150 mg, bottom) for
transdermal cream, microencapsulated oil beads, and CBD-infused oil.

sizes); or CBD-infused oil (75 mg/mL or 150 mg/mL). The 2 doses
corresponded with approximately 10 mg/kg body weight (BW) per
day or 20 mg/kg BW per day. For the duration of the study, all dogs
were administered each dose of CBD after a small meal.

In the first part of this 2-part study, CBD pharmacokinetics were
measured during the initial 12 h of dose administration. Before the
start of the study and after a 12-hour fast, an indwelling jugular
catheter was placed and maintained throughout the pharmacoki-
netic (PK) blood draws or until it became non-patent, dislodged,
or there were signs of irritation, in which case blood was collected
percutaneously. Blood sampling for CBD plasma concentrations
(1.3 mL) occurred before CBD was administered (0 min) and at times
30, 60, 120, 240, 360, 480, 600, and 720 min, for a total of 9 sample
points. Each sample was placed into a lithium heparin microtube
and immediately set on ice.

In the second part of the study, all dogs continued receiving a
total daily dose of either 75 mg or 150 mg q12h of their respective
delivery method, for a total of 6 wk. At 2, 4, and 6 wk after the first
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Table Il. Non-compartmental pharmacokinetic analysis of CBD plasma concentrations after a single dose of 75 mg or 150 mg
using 3 different formulations.

75 mg 150 mg
CBD-infused CBD-infused

Micro- transdermal CBD-infused Micro- transdermal
Parameter Units CBD-infused oil  encapsulated cream oil encapsulated cream
Croax ng/mL 625.3 + 164.3 346.3 + 158.7 74.3 +127.2 8455 *262.2 5781 +287.1 277.6* 476
C,..,/dose ng/mL 110.1 = 29.1 62.0 = 30.3 11.3 = 18.9 67.4 £ 14.9 51.3 + 24.1 27.3 £ 48.5
AUC, ; min*pg/mL 135.6 = 46.3 98.0 + 43.3 11.7 + 18.9 297.6 £ 112.8 162.8 =+ 61.2 29.7 £ 29.6
AUC, min*pg/mL 147.1 = 49.4 103.5 = 46.5 ND 317.4 £ 117.6 177.3 £58.5 ND
AUC % 8.0 £ 3.0 5.0 +2.3 ND 6.5+23 9.4 +55 ND
extrapolated
AUC, ;/dose  min*pg/mL 25.8 + 8.6 18.2 + 7.9 ND 252+ 7.4 15.8 + 5.1 ND
MRT Min 217 + 46 353 = 48 490 + 74 298 + 43 332 £ 73 464 + 123
T, Min 199.7 + 55.9 95.4 + 29.2 ND 127.5 +32.2 115.9 = 88.6 ND
Relative % 100 70.1 8.6 100 54.7 9.9
bioavailability

@ Expressed as harmonic mean with pseudo-standard deviation. All other parameters are expressed as mean with standard deviation.

C__ — maximal concentration; AUC — area under the curve; C__ /dose and AUC

max max

o.in/d0se are the dose-normalized values for maximum plasma

concentration and total exposure from time O to infinity, respectively; MRT — mean residence time; ND — not determined due to lack of

elimination phase in the concentration-time profiles; T, , — half-life.

dose, blood was collected for CBD plasma concentrations. Each
blood sample for CBD plasma levels was centrifuged for 10 min at
2000 X g and 8°C. The plasma was separated from the red blood
cells, placed in a cryotube, and stored at —80°C until analysis at
the end of the 6-week study period. Samples were spun and frozen
within 2 h of collection.

Extraction of cannabidiol from plasma

The Colorado State University Proteomics and Metabolomics
Laboratory measured the CBD plasma concentrations from 30 beagle
dogs over 12 time points.

Aliquots of plasma were stored at —80°C until time of extraction.
For CBD extraction, plasma was thawed on ice and 50 wL of each
sample was placed into a 2.0-mL glass extraction vial, kept chilled
on ice. Two hundred microliters of cold (—20°C) 100% acetonitrile
(spiked with 60 ng/mL of d3-CBD) was added to each sample and
vortexed at room temperature for 5 min. Two hundred microliters
of water were added and vortexed for an additional 5 min. One mil-
liliter of 100% hexane was added to each sample and vortexed for
a final 5 min. Phase separation was enhanced under centrifugation
at 1000 X g for 15 min at 4°C. The upper hexane layer was trans-
ferred to newly labeled glass vials (~ 900 pL per sample), carefully
avoiding the middle and lower layers. Samples were concentrated
to dryness under nitrogen gas (N,) and re-suspended in 60 pL of
100% acetonitrile.

Standard curve

Four, 10-point calibration curves of CBD were generated in matrix
background using a pooled blank canine serum. Concentrations

ranged from 1 ng/mL to 1600 ng/mL (2.5x dilution series). Fifty
microliters of each fortified sample were extracted as described and
4 curves were generated to accommodate each day of data collection,
as well as extraction day/batch.

Data collection and analysis

Liquid chromatography-mass spectrometry (LC-MS) was carried
out on an Acquity UPLC (Waters, Milford, Massachusetts, USA)
coupled to an Xevo TQ-S triple quadrupole mass spectrometer
(Waters). Chromatographic separations were carried out on a Phenyl-
Hexyl stationary phase column (1 X 100 mm, 1.8 uM, Waters). Mobile
phases were 100% methanol (B) and 0.1% formic acid and water (A).
The analytical gradient was as follows: time = 0 min, 0.1% B; time =
6 min, 97% B; time = 7.0 min, 97% B; time = 7.5 min, 0.1% B; time
12.0 min, 0.1% B. Flow rate was 200 wL/min and injection volume
was 2 pL. Samples were held at 4°C in the autosampler and the col-
umn was operated at 70°C. Samples were directly injected into the
mass spectrometer, which was operated in selected reaction monitor-
ing mode, in which a parent ion was selected by the 1st quadrupole
fragmented in the collision cell, then a fragment ion selected by the
3rd quadrupole. Productions, collision energies, and cone voltages
were optimized for CBD and d3-CBD by direct injection of individual
synthetic Cerilliant analytical reference standards. Inter-channel delay
was set to 5 ms. The LC-MS was conducted in positive ionization
mode with the capillary voltage set to 3.2 kV. Source temperature was
150°C and desolvation temperature was 500°C. Desolvation gas flow
was 1000 L/h, cone gas flow was 150 L/h, and collision gas flow was
0.2 mL/min. Nebulizer pressure was set to 7 bar. Argon was used as
the collision gas; otherwise nitrogen was used.
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Calculation of CBD concentration in plasma

All raw data files were imported into Skyline (MacCoss Lab,
Department of Genome Sciences, University of Washington, Seattle,
Washington) and peak areas extracted for CBD and d3-CBD.
Quantitation of analyte in plasma samples was based on linear
regression of calibration curves and extrapolation using the analyte
peak area to internal standard peak area ratios. All calibration curves
were linear over the range of concentrations tested (r> > 0.998). The
limit of detection of the assay was 0.3 ng/mL and was calculated as
the standard error divided by the slope of the linear regression of the
calibration curves multiplied by 3.3. The limit of quantitation was
1 ng/mL and was determined as the lowest concentration within
the linear portion of the calibration curves that had an accuracy
within 15% of the nominal concentration. Accuracy and precision
of the calibration curves were within 15%; the inter- and intra-day
coefficient of variation was less than 5%.

Pharmacokinetic evaluation

The pharmacokinetic analysis was carried out by the Pharmacol-
ogy Core Laboratory at the Colorado State University Flint Animal
Cancer Center (Wittenburg). Non-compartmental pharmacokinetic
analysis was carried out on the plasma CBD concentration-time
data in all dosing groups using Phoenix WinNonlin Version 6.4
(Pharsight, Mountain View, California, USA) to obtain and compare
pharmacokinetic parameters, determine dose proportionality, and
predict pharmacokinetic parameters at different dose levels in each
of the dosing formulations using nonparametric superposition.
Parameters analyzed included maximal concentration (C ), area
under the curve (AUQC), half-life (T, ,,), and dose-normalized values
for C_ and AUC.

1/2

Statistical analysis

All the outcome data on clinical significance were binary data.
Contingency tables were constructed for each of the analyses and a
Fisher’s exact test was conducted to evaluate significance between
the formulations within each time point, as well as between the time
points within each formulation for both doses of CBD. For some
situations, in which all the subjects were in 1 group, no statistics
could be done. For comparisons of the continuous data, such as
the normalized peak area and CBD concentration between the for-
mulation groups, a linear regression analysis was used, taking into
account repeated measures across time points. The treatment effect
was evaluated using the regression estimates and 95% confidence
interval (CI). A P-value of 0.05 was considered to evaluate statistical
significance for all analyses. SAS Version 9.4 (SAS Institute, Cary,
North Carolina, USA) was used to analyze the data.

CBD dosing formulations

Calculated concentrations of CBD in the various formulations
were 142.0 mg/mL in the 150 mg/mL CBD-infused oil, 77.6 mg/mL
in the 75 mg/mL CBD-infused oil, 103.0 mg/mL in the 110 mg/mL
CBD-infused transdermal cream, and 36.0 mg/capsule in the 50-mg

capsule and 17.2 mg/capsule in the 25-mg capsule of the microen-
capsulated oil bead formulation. Although CBD was not equal to
100% of its labeled dose, the variability was < 10% for the CBD-
infused oil and CBD-infused transdermal cream formulations
(9.4% for the 150 mg/mL CBD-infused oil, 3.5% for the 75 mg/mL
CBD-infused oil, and 6.4% for the CBD-infused transdermal cream).
However, the amount of CBD per capsule varied considerably from
the labeled amount (28% for the 50 mg/capsule and 31.2% for the
25 mg/capsule).

Pharmacokinetic results

Of the 30 dogs enrolled in the study, all dogs successfully com-
pleted the study. Plasma CBD concentrations were determined at
8 time points over the first 12 h after the initial dose of each for-
mulation (Figure 1). The elimination half-lives of CBD-infused oil,
microencapsulated beads, and infused transdermal cream formula-
tions given as a single dose of 75 mg and 150 mg are listed in Table IL.

Blood was collected for CBD plasma concentrations at 2, 4, and
6 wk. Median maximum plasma CBD concentrations (ng/mL)
were higher for dogs receiving the CBD-infused oil formulation.
The median C_ and standard deviation for each group at 75 mg
q12h and 150 mg q12h were as follows: CBD-infused transdermal
cream 30.10 + 127.18 and 97.46 + 476.10 ng/mL; microencap-
sulated oil beads 364.93 + 158.715 and 546.06 + 287.14 ng/mL;
and CBD-infused oil 649.43 + 164.34 and 903.68 + 262.15 ng/mL,
respectively. In addition, the overall exposure to CBD appeared to
be dose-proportional in the CBD-infused oil formulation based on
dose-normalized exposure values. The CBD-infused oil formulation
appeared to have the smallest amount of inter-individual variabil-
ity in plasma CBD exposure, as well as providing equal or greater
plasma CBD exposures than the other 2 routes at each of the later
time points (Figure 2).

Inter-individual variability in exposures was assessed as the
standard deviation divided by the mean of the dose normalized
C,. and AUC (C_ /D and AUC,, ./dose, respectively) of each
formulation after the first dose at both dose levels. With respect
to the dose-normalized C__values, in the 75 mg q12h cohort,
the calculated inter-individual variability for the CBD-infused oil
group was 26.4% versus 48.9% and 167% for the microencapsulated
oil beads and CBD-infused transdermal cream, respectively. In the
150 mg q12h cohort, the calculated inter-individual variability in
the CBD-infused oil group was 22.1% versus 47.0% and 178% for the
microencapsulated oil beads and the CBD-infused transdermal cream
groups, respectively. The same pattern held true for the inter-indi-
vidual variability in dose-normalized AUC in which the calculated
values for the CBD-infused oil group versus the microencapsulated
oil beads (75 mg q12h dose) was 33.0% versus 43.4% (AUC, , could
not be calculated in CBD-infused transdermal cream group due to
lack of elimination phase). The inter-individual variability in AUC
for the 150 mg q12h groups was found to be 29.4% and 32.3% in
the CBD-infused oil versus microencapsulated beads, respectively.

A linear regression analysis taking repeated measures into consid-
eration was used to evaluate the plasma CBD concentrations for each
formula and its respective dose at 2, 4, and 6 wk. As normality was not
met, the data were converted into log for analysis. With the exception
of 2 wk in the 75 mg q12h group and 4 and 6 wk in the 150 mg q12h
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Figure 2. Cannabidiol (CBD) concentration at 6 wk. Maximal CBD plasma concentrations (mean +/- standard deviation) after twice-daily dosing for 2,
4, or 6 wk using 3 formulations. The lower dose (75 mg q12h) is represented on the left and the higher dose (150 mg q12h) on the right.

group, the plasma CBD levels were higher in the CBD-infused oil than
in the other 2 formulations. No significant difference was detected at
4 and 6 wk in the 75 mg q12h group (P-values 0.078 and 0.066, respec-
tively). However, the differences were significant (P-values < 0.05) at
all remaining time points, doses, and formulations. At 6 wk in groups
given 150 mg q12h of their respective formulation, there was no sig-
nificant difference among the forms of medication.

We describe the first pharmacokinetic study of oral and trans-
dermal CBD in healthy dogs receiving a dose of either 75 mg q12h
or 150 mg q12h. In this 2-part study, CBD pharmacokinetics were
measured during the initial 12 h of a single dose administration. In
the second part, all dogs continued receiving their respective doses
and delivery methods for a total of 6 wk, during which time, plasma
CBD levels were maintained until the study’s completion.

Bioavailability of CBD has been reported to be low when given
orally to both dogs and humans, presumably due to high first-pass
effect through the liver (14,15). Our hypothesis was that a trans-
dermal route of administration would avoid first-pass effect from
the liver. Although bioavailability could not be determined in this
cohort of dogs, we demonstrated that the CBD-infused transdermal
cream did not reach similar plasma concentrations as the other
2 formulations. In general, transdermal absorption may be incom-
plete because of diffusion barriers, such as thickness of the skin of
the pinnae or absorptivity of the CBD-infused transdermal cream.
Since CBD is highly lipophilic, it accumulates within the stratum
corneum of human and rodent skin and does not penetrate deeper
skin layers (16,17).

Pharmacokinetic analysis demonstrated that the CBD-infused oil
formulation resulted in higher maximal concentrations (C__ ) and
systemic exposure (area under the curve; AUC) than the other 2 for-
mulations (Table II). The oil formulation had the smallest amount
of inter-individual variability in plasma CBD concentrations. This
may be due, at least in part, to having less variation in the formula-
tion. Regardless of cause, lower measurable plasma levels of CBD
were evident in the CBD-infused transdermal cream group than in
the groups given either of the other 2 formulations (Table II and
Figure 1).

The half-lives (T, ,) reported in our study were shorter than
those found in a previous crossover study evaluating plasma data
in 6 dogs after intravenous administration of either 45 or 90 mg,
followed by 180 mg orally (15). Terminal T, , ranged from 7 to 9 h
in that study, but this was measured over 24 h after intravenous
administration of CBD; the T, ” of the oral dose could not be deter-
mined due to low or undetectable plasma levels. In the present
study, CBD was not given via an intravenous route and sampling
was carried out for 12 h following oral and transdermal doses. This
difference in sampling duration may explain the longer T, , reported
in the previous study, as this parameter is calculated by the slope of
the terminal elimination phase, which tends to be more accurately
represented the longer sampling can occur after drug administration.

Another limitation of this study is the short duration (6 wk)
of CBD administration. Ideally, the dogs would be administered
CBD for a longer period (several months at least) in order to assess
whether the CBD concentrations remain stable, decrease, or increase
over time.

Although we have demonstrated that CBD is absorbed orally,
clinical trials are required to investigate its safety profile, to study
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its effectiveness in treating specific diseases, and to establish doses
that provide therapeutic effects. Preferably, these studies would
be conducted as prospective, double-blinded, placebo-controlled
clinical trials.
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Abstract

Introduction: This literature survey aims to extend the comprehensive survey performed by Bergamaschi et al.in
2011 on cannabidiol (CBD) safety and side effects. Apart from updating the literature, this article focuses on clin-
ical studies and CBD potential interactions with other drugs.

Results: In general, the often described favorable safety profile of CBD in humans was confirmed and extended
by the reviewed research. The majority of studies were performed for treatment of epilepsy and psychotic dis-
orders. Here, the most commonly reported side effects were tiredness, diarrhea, and changes of appetite/weight.
In comparison with other drugs, used for the treatment of these medical conditions, CBD has a better side effect
profile. This could improve patients’ compliance and adherence to treatment. CBD is often used as adjunct ther-
apy. Therefore, more clinical research is warranted on CBD action on hepatic enzymes, drug transporters, and
interactions with other drugs and to see if this mainly leads to positive or negative effects, for example, reducing
the needed clobazam doses in epilepsy and therefore clobazam’s side effects.

Conclusion: This review also illustrates that some important toxicological parameters are yet to be studied, for
example, if CBD has an effect on hormones. Additionally, more clinical trials with a greater number of participants
and longer chronic CBD administration are still lacking.

Keywords: cannabidiol; cannabinoids; medical uses; safety; side effects; toxicity

Introduction At lower doses, it has physiological effects that pro-

Since several years, other pharmacologically relevant
constituents of the Cannabis plant, apart from A9-
THC, have come into the focus of research and legisla-
tion. The most prominent of those is cannabidiol
(CBD). In contrast to A9-THGC, it is nonintoxicating,
but exerts a number of beneficial pharmacological
effects. For instance, it is anxiolytic, anti-inflammatory,
antiemetic, and antipsychotic. Moreover, neuropro-
tective properties have been shown."” Consequently,
it could be used at high doses for the treatment of a
variety of conditions ranging in psychiatric disorders
such as schizophrenia and dementia, as well as diabe-
tes and nausea."”

nova-Institut, Hiirth, Germany.

mote and maintain health, including antioxidative,
anti-inflammatory, and neuroprotection effects. For in-
stance, CBD is more effective than vitamin Cand Eas a
neuroprotective antioxidant and can ameliorate skin
conditions such as acne.”*

The comprehensive review of 132 original studies by
Bergamaschi et al. describes the safety profile of CBD,
mentioning several properties: catalepsy is not induced
and physiological parameters are not altered (heart
rate, blood pressure, and body temperature). Moreover,
psychological and psychomotor functions are not ad-
versely affected. The same holds true for gastrointesti-
nal transit, food intake, and absence of toxicity for

*Address correspondence to: Kerstin Iffland, nova-Institut, Industriestrae 300, Hlrth 50354, Germany, E-mail: kerstin.iffland@nova-institut.de
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nontransformed cells. Chronic use and high doses of
up to 1500 mg per day have been repeatedly shown
to be well tolerated by humans.'

Nonetheless, some side effects have been reported
for CBD, but mainly in vitro or in animal studies.
They include alterations of cell viability, reduced fertil-
ization capacity, and inhibition of hepatic drug metab-
olism and drug transporters (e.g., p-glycoprotein).'
Consequently, more human studies have to be con-
ducted to see if these effects also occur in humans. In
these studies, a large enough number of subjects have
to be enrolled to analyze long-term safety aspects and
CBD possible interactions with other substances.

This review will build on the clinical studies men-
tioned by Bergamaschi et al. and will update their sur-
vey with new studies published until September 2016.

Relevant Preclinical Studies

Before we discuss relevant animal research on CBD
possible effects on various parameters, several impor-
tant differences between route of administration and
pharmacokinetics between human and animal studies
have to be mentioned. First, CBD has been studied in
humans using oral administration or inhalation.
Administration in rodents often occures either via in-
traperitoneal injection or via the oral route. Second,
the plasma levels reached via oral administration in
rodents and humans can differ. Both these observa-
tions can lead to differing active blood concentrations
of CBD.">*

In addition, it is possible that CBD targets differ be-
tween humans and animals. Therefore, the same blood
concentration might still lead to different effects. Even
if the targets, to which CBD binds, are the same in both
studied animals and humans, for example, the affinity
or duration of CBD binding to its targets might differ
and consequently alter its effects.

The following study, which showed a positive effect
of CBD on obsessive compulsive behavior in mice
and reported no side effects, exemplifies the existing
pharmacokinetic differences.” When mice and hu-
mans are given the same CBD dose, more of the com-
pound becomes available in the mouse organism. This
higher bioavailability, in turn, can cause larger CBD
effects.

Deiana et al. administered 120 mg/kg CBD either
orally or intraperitoneally and measured peak plasma
levels.” The group of mice, which received oral CBD,
had plasma levels of 2.2 ug/ml CBD. In contrast, i.p. in-
jections resulted in peak plasma levels of 14.3 ug/ml.

140

Administering 10 mg/kg oral CBD to humans leads
to blood levels of 0.01 ug/ml.°® This corresponds to
human blood levels of 0.12 ug/ml, when 120 mg/kg
CBD was given to humans. This calculation was per-
formed assuming the pharmacokinetics of a hydro-
philic compound, for simplicity’s sake. We are aware
that the actual levels of the lipophilic CBD will vary.

A second caveat of preclinical studies is that supra-
physiological concentrations of compounds are often
used. This means that the observed effects, for instance,
are not caused by a specific binding of CBD to one of its
receptors but are due to unspecific binding following
the high compound concentration, which can inacti-
vate the receptor or transporter.

The following example and calculations will dem-
onstrate this. In vitro studies have shown that CBD in-
hibits the ABC transporters P-gp (P glycoprotein
also referred to as ATP-binding cassette subfamily B
member 1=ABCBI; 3-100uM CBD) and Bcrp
(Breast Cancer Resistance Protein; also referred to as
ABCG2=ATP-binding cassette subfamily G mem-
ber 2).” After 3 days, the P-gp protein expression
was altered in leukemia cells. This can have several
implications because various anticancer drugs also
bind to these membrane-bound, energy-dependent ef-
flux transporters." The used CBD concentrations are
supraphysiological, however, 3 uM CBD approximately
corresponds to plasma concentrations of 1 ug/ml. On
the contrary, a 700 mg CBD oral dose reached a plasma
level of 10 ng/ml.° This means that to reach a 1 ug/ml
plasma concentration, one would need to administer
considerably higher doses of oral CBD. The highest
ever applied CBD dose was 1500 mg.' Consequently,
more research is warranted, where the CBD effect on
ABC transporters is analyzed using CBD concentra-
tions of, for example, 0.03-0.06 uM. The rationale be-
hind suggesting these concentrations is that studies
summarized by Bih et al. on CBD effect on ABCCI
and ABCG2 in SF9 human cells showed that a CBD
concentration of 0.08 uM elicited the first effect.”

Using the pharmacokinetic relationships mentioned
above, one would need to administer an oral CBD dose
of 2100mg CBD to affect ABCC1 and ABCG2. We
used 10ng/ml for these calculations and the ones in
Table 1,%® based on a 6-week trial using a daily oral ad-
ministration of 700 mg CBD, leading to mean plasma
levels of 6-11 ng/ml, which reflects the most realistic
scenario of CBD administration in patients. That
these levels seem to be reproducible, and that chronic
CBD administration does not lead to elevated mean
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Table 1. Inhibition of Human Metabolic Enzymes by Exogenous Cannabinoids In Vitro and the Extrapolated Levels

of Oral Daily CBD Administration in Humans Needed to Reach These In Vitro Concentrations (Adapted)®®

CYP-450 isoform 1A1 1A2 1B1 2A6 2B6 209 2D6 3A4 3A5 3A7
CBD (in uM) 0.2 2.7 3.6 55.0 0.7 0.9-9.9 1.2-2.7 1.0 0.2 12.3

“Extrapolated oral daily CBD doses
to reach the levels above (in mg)

4900 63,000 84,000 1.28 Mio. Ca. 16,000 21,000-231,000 28,000-63,000 Ca. 23,000 4900 0.29 Mio.

“The calculations made here are based on the assumption that the CBD distribution in the blood follows the pharmacokinetics of a hydrophilic
substance such as alcohol. The reality is more complex, because CBD is lipophilic and, for example, will consequently accumulate in fat tissue.
These calculations were made with the intention to give the reader an impression and an approximation of the supraphysiological levels used in

in vitro studies.

blood concentrations, was shown by another study. A
single dose of 600mg led to reduced anxiety and
mean CBD blood concentrations of 4.7-17 ng/ml.”

It also seems warranted to assume that the mean
plasma concentration exerts the total of observed CBD
effects, compared to using peak plasma levels, which
only prevail for a short amount of time. This is not
withstanding, that a recent study measured Cmax
values for CBD of 221 ng/ml, 3 h after administration
of 1 mg/kg fentanyl concomitantly with a single oral
dose of 800 mg CBD."

CBD-drug interactions

Cytochrome P450-complex enzymes. This paragraph
describes CBD interaction with general (drug)-
metabolizing enzymes, such as those belonging to
the cytochrome P450 family. This might have an effect
for coadministration of CBD with other drugs.” For
instance, CBD is metabolized, among others, via the
CYP3A4 enzyme. Various drugs such as ketoconazol,
itraconazol, ritonavir, and clarithromycin inhibit this
enzyme.'' This leads to slower CBD degradation and
can consequently lead to higher CBD doses that are
longer pharmaceutically active. In contrast, pheno-
barbital, rifampicin, carbamazepine, and phenytoin
induce CYP3A4, causing reduced CBD bioavailabili-
ty."! Approximately 60% of clinically prescribed
drugs are metabolized via CYP3A4." Table 1 shows
an overview of the cytochrome inhibiting potential
of CBD. It has to be pointed out though, that the
in vitro studies used supraphysiological CBD concen-
trations.

Studies in mice have shown that CBD inactivates
cytochrome P450 isozymes in the short term, but
can induce them after repeated administration. This
is similar to their induction by phenobarbital, thereby
implying the 2b subfamily of isozymes." Another
study showed this effect to be mediated by upregula-

tion of mRNA for CYP3A, 2C, and 2B10, after re-
peated CBD administration.”

Hexobarbital is a CYP2C19 substrate, which is an
enzyme that can be inhibited by CBD and can conse-
quently increase hexobarbital availability in the organ-
ism.'>" Studies also propose that this effect might be
caused in vivo by one of CBD metabolites.'*'> Gener-
ally, the metabolite 6a-OH-CBD was already demon-
strated to be an inducer of CYP2B10. Recorcinol was
also found to be involved in CYP450 induction. The
enzymes CYP3A and CYP2B10 were induced after pro-
longed CBD administration in mice livers, as well as for
human CYPIAL1 in vitro."*"> On the contrary, CBD
induces CYP1A1, which is responsible for degradation
of cancerogenic substances such as benzopyrene.
CYPIA1 can be found in the intestine and CBD-
induced higher activity could therefore prevent absorp-
tion of cancerogenic substances into the bloodstream
and thereby help to protect DNA.?

Effects on P-glycoprotein activity and other drug
transporters. A recent study with P-gp, Bcrp, and
P-gp/Bcrp knockout mice, where 10 mg/kg was injected
subcutaneously, showed that CBD is not a substrate of
these transporters itself. This means that they do not
reduce CBD transport to the brain.'® This phenome-
non also occurs with paracetamol and haloperidol,
which both inhibit P-gp, but are not actively trans-
ported substrates. The same goes for gefitinib inhibi-
tion of Berp.

These proteins are also expressed at the blood-brain
barrier, where they can pump out drugs such as risper-
idone. This is hypothesized to be a cause of treatment re-
sistance.'® In addition, polymorphisms in these genes,
making transport more efficient, have been implied in
interindividual differences in pharmacoresistance.'’
Moreover, the CBD metabolite 7-COOH CBD might
be a potent anticonvulsant itself.'* It will be interesting
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to see whether it is a P-gp substrate and alters pharma-
cokinetics of coadministered P-gp-substrate drugs.

An in vitro study using three types of trophoblast cell
lines and ex vivo placenta, perfused with 15 uM CBD,
found BCRP inhibition leading to accumulation of xe-
nobiotics in the fetal compartment.'” BCRP is expressed
at the apical side of the syncytiotrophoblast and removes
a wide variety of compounds forming a part of the pla-
cental barrier. Seventy-two hours of chronic incubation
with 25 uM CBD also led to morphological changes in
the cell lines, but not to a direct cytotoxic effect. In
contrast, 1 uM CBD did not affect cell and placenta vi-
ability.'” The authors consider this effect cytostatic.
Nicardipine was used as the BCRP substrate in the
in vitro studies, where the Jar cell line showed the larg-
est increase in BCRP expression correlating with the
highest level of transport.”’a“d references therein

The ex vivo study used the antidiabetic drug and
BCRP substrate glyburide.'” After 2h of CBD perfu-
sion, the largest difference between the CBD and the
placebo placentas (n =8 each) was observed. CBD inhi-
bition of the BCRP efflux function in the placental cot-
yledon warrants further research of coadministration
of CBD with known BCRP substrates such as nitrofur-
antoin, cimetidine, and sulfasalazine. In this study, a
dose-response curve should be established in male
and female subjects (CBD absorption was shown to
be higher in women) because the concentrations used
here are usually not reached by oral or inhaled CBD ad-
ministration. Nonetheless, CBD could accumulate in
organs physiologically restricted via a blood barrier."”

Physiological effects

CBD treatment of up to 14 days (3-30 mg/kg b.w. i.p.)
did not affect blood pressure, heart rate, body temper-
ature, glucose levels, pH, pCO,, pO,, hematocrit, K" or
Na*t levels, gastrointestinal transit, emesis, or rectal
temperature in a study with rodents."

Mice treated with 60 mg/kg b.w. CBD ip. for 12
weeks (three times per week) did not show ataxia, ky-
phosis, generalized tremor, swaying gait, tail stiffness,
changes in vocalization behavior or open-field physio-
logical activity (urination, defecation)."

Neurological and neurospychiatric effects

Anxiety and depression. Some studies indicate that
under certain circumstances, CBD acute anxiolytic ef-
fects in rats were reversed after repeated 14-day admin-
istration of CBD.> However, this finding might depend
on the used animal model of anxiety or depression.
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This is supported by a study, where CBD was admin-
istered in an acute and “chronic” (2 weeks) regi-
men, which measured anxiolytic/antidepressant effects,
using behavioral and operative models (OBX = olfactory
bulbectomy as model for depression).'"® The only ob-
served side effects were reduced sucrose preference,
reduced food consumption and body weight in the
nonoperated animals treated with CBD (50 mg/kg).
Nonetheless, the behavioral tests (for OBX-induced hy-
peractivity and anhedonia related to depression and
open field test for anxiety) in the CBD-treated OBX an-
imals showed an improved emotional response. Using
microdialysis, the researchers could also show elevated
5-HT and glutamate levels in the prefrontal cortex of
OBX animals only. This area was previously described
to be involved in maladaptive behavioral regulation in
depressed patients and is a feature of the OBX animal
model of depression. The fact that serotonin levels were
only elevated in the OBX mice is similar to CBD differ-
ential action under physiological and pathological con-
ditions.

A similar effect was previously described in anxiety
experiments, where CBD proved to be only anxiolytic
in subjects where stress had been induced before CBD
administration. Elevated glutamate levels have been
proposed to be responsible for ketamine’s fast antide-
pressant function and its dysregulation has been de-
scribed in OBX mice and depressed patients. Chronic
CBD treatment did not elicit behavioral changes in
the nonoperated mice. In contrast, CBD was able to al-
leviate the affected functionality of 5SHT1A receptors
in limbic brain areas of OBX mice, '8 2nd references therein

Schiavon et al. cite three studies that used chronic
CBD administration to demonstrate its anxiolytic effects
in chronically stressed rats, which were mostly mediated
via hippocampal neurogenesis,'® 24 references therein
For instance, animals received daily i.p. injections of
5mg/kg CBD. Applying a 5HT1A receptor antagonist
in the DPAG (dorsal periaqueductal gray area), it was
implied that CBD exerts its antipanic effects via these
serotonin receptors. No adverse effects were reported
in this study.

Psychosis and bipolar disorder. Various studies on
CBD and psychosis have been conducted.”® For in-
stance, an animal model of psychosis can be created
in mice by using the NMDAR antagonist MK-801.
The behavioral changes (tested with the prepulse inhi-
bition [PPI] test) were concomitant with decreased
mRNA expression of the NMDAR GluN1 subunit
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gene (GRN1) in the hippocampus, decreased parvalbu-
min expression (=a calcium-binding protein expressed
in a subclass of GABAergic interneurons), and higher
FosB/AFosB expression (=markers for neuronal activi-
ty). After 6 days of MK-801 treatment, various CBD
doses were injected intraperitoneally (15, 30, 60 mg/kg)
for 22 days. The two higher CBD doses had beneficial ef-
fects comparable to the atypical antipsychotic drug clo-
zapine and also attenuated the MK-801 effects on the
three markers mentioned above. The publication did
not record any side effects.*'

One of the theories trying to explain the etiology of
bipolar disorder (BD) is that oxidative stress is crucial
in its development. Valvassori et al. therefore used an
animal model of amphetamine-induced hyperactivity
to model one of the symptoms of mania. Rats were
treated for 14 days with various CBD concentrations
(15, 30, 60 mg/kg daily i.p.). Whereas CBD did not
have an effect on locomotion, it did increase brain-
derived neurotrophic factor (BDNF) levels and could
protect against amphetamine-induced oxidative damage
in proteins of the hippocampus and striatum. No ad-
verse effects were recorded in this study.**

Another model for BD and schizophrenia is PPI of
the startle reflex both in humans and animals, which
is disrupted in these diseases. Peres et al., list five ani-
mal studies, where mostly 30 mg/kg CBD was adminis-
tered and had a positive effect on PP1.>° Nonetheless,
some inconsistencies in explaining CBD effects on
PPI as model for BD exist. For example, CBD some-
times did not alter MK-801-induced PPI disruption,
but disrupted PPI on its own.*° If this effect can be ob-
served in future experiments, it could be considered to
be a possible side effect.

Addiction. CBD, which is nonhedonic, can reduce
heroin-seeking behavior after, for example, cue-
induced reinstatement. This was shown in an animal
heroin self-administration study, where mice received
5mg/kg CBD i.p. injections. The observed effect lasted
for 2 weeks after CBD administration and could nor-
malize the changes seen after stimulus cue-induced
heroin seeking (expression of AMPA, GluRl, and
CBI1R). In addition, the described study was able to
replicate previous findings showing no CBD side effects
on locomotor behavior.*

Neuroprotection and neurogenesis. There are vari-
ous mechanisms underlying neuroprotection, for ex-
ample, energy metabolism (whose alteration has been
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implied in several psychiatric disorders) and proper
mitochondrial functioning.®® An early study from
1976 found no side effects and no effect of 0.3-
300 pug/mg protein CBD after 1h of incubation on mi-
tochondrial monoamine oxidase activity in porcine
brains.?® In hypoischemic newborn pigs, CBD elicited
a neuroprotective effect, caused no side effects, and
even led to beneficial effects on ventilatory, cardiac,
and hemodynamic functions.*

A study comparing acute and chronic CBD admin-
istration in rats suggests an additional mechanism of
CBD neuroprotection: Animals received i.p. CBD (15,
30, 60 mg/kg b.w.) or vehicle daily, for 14 days. Mito-
chondrial activity was measured in the striatum, hippo-
campus, and the prefrontal cortex.”” Acute and chronic
CBD injections led to increased mitochondrial activity
(complexes I-V) and creatine kinase, whereas no side
effects were documented. Chronic CBD treatment
and the higher CBD doses tended to affect more
brain regions. The authors hypothesized that CBD
changed the intracellular Ca®* flux to cause these ef-
fects. Since the mitochondrial complexes I and II
have been implied in various neurodegenerative dis-
eases and also altered ROS (reactive oxygen species)
levels, which have also been shown to be altered by
CBD, this might be an additional mechanism of
CBD-mediated neuroprotection."?’

Interestingly, it has recently been shown that the
higher ROS levels observed after CBD treatment were
concomitant with higher mRNA and protein levels
of heat shock proteins (HSPs). In healthy cells, this
can be interpreted as a way to protect against the
higher ROS levels resulting from more mitochondrial
activity. In addition, it was shown that HSP inhibitors
increase the CBD anticancer effect in vitro.”® This is in
line with the studies described by Bergamaschi et al.,
which also imply ROS in CBD effect on (cancer) cell
viability in addition to, for example, proapoptotic
pathways such as via caspase-8/9 and inhibition of
the procarcinogenic lipoxygenase pathway.'

Another publication studied the difference of acute
and chronic administration of two doses of CBD in non-
stressed mice on anxiety. Already an acute i.p. adminis-
tration of 3 mg/kg was anxiolytic to a degree comparable
to 20 mg/kg imipramine (an selective serotonin reuptake
inhibitor [SSRI] commonly prescribed for anxiety and
depression). Fifteen days of repeated i.p. administration
of 3mg/kg CBD also increased cell proliferation and
neurogenesis (using three different markers) in the sub-
ventricular zone and the hippocampal dentate gyrus.
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Interestingly, the repeated administration of 30 mg/kg
also led to anxiolytic effects. However, the higher
dose caused a decrease in neurogenesis and cell prolif-
eration, indicating dissociation of behavioral and pro-
liferative effects of chronic CBD treatment. The study
does not mention adverse effects."

Immune system

Numerous studies show the CBD immunomodulatory
role in various diseases such as multiple sclerosis, ar-
thritis, and diabetes. These animal and human ex vivo
studies have been reviewed extensively elsewhere, but
studies with pure CBD are still lacking. Often combi-
nations of THC and CBD were used. It would be
especially interesting to study when CBD is proin-
flammatory and under which circumstances it is
anti-inflammatory and whether this leads to side ef-
fects (Burstein, 2015: Table 1 shows a summary of
its anti-inflammatory actions; McAllister et al. give
an extensive overview in Table 1 of the interplay be-
tween CBD anticancer effects and inflammation
signaling).>*°

In case of Alzheimer’s disease (AD), studies in mice
and rats showed reduced amyloid beta neuroinflamma-
tion (linked to reduced interleukin [IL]-6 and micro-
glial activation) after CBD treatment. This led to
amelioration of learning effects in a pharmacological
model of AD. The chronic study we want to describe
in more detail here used a transgenic mouse model of
AD, where 2.5-month-old mice were treated with ei-
ther placebo or daily oral CBD doses of 20 mg/kg for
8 months (mice are relatively old at this point). CBD
was able to prevent the development of a social recog-
nition deficit in the AD transgenic mice.

Moreover, the elevated IL-1 beta and TNF alpha levels
observed in the transgenic mice could be reduced to WT
(wild-type) levels with CBD treatment. Using statistical
analysis by analysis of variance, this was shown to be
only a trend. This might have been caused by the high
variation in the transgenic mouse group, though. Also,
CBD increased cholesterol levels in WT mice but not in
CBD-treated transgenic mice. This was probably due to
already elevated cholesterol in the transgenic mice. The
study observed no side effects,?! @4 references within

In nonobese diabetes-prone female mice (NOD),
CBD was administered ip. for 4 weeks (5 days a
week) at a dose of 5mg/kg per day. After CBD treat-
ment was stopped, observation continued until the
mice were 24 weeks old. CBD treatment lead to consid-
erable reduction of diabetes development (32% devel-
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oped glucosuria in the CBD group compared to 100%
in untreated controls) and to more intact islet of Lang-
erhans cells. CBD increased IL-10 levels, which is
thought to act as an anti-inflammatory cytokine in
this context. The IL-12 production of splenocytes was
reduced in the CBD group and no side effects were
recorded.”

After inducing arthritis in rats using Freund’s adju-
vant, various CBD doses (0.6, 3.1, 6.2, or 62.3 mg/
day) were applied daily in a gel for transdermal admin-
istration for 4 days. CBD reduced joint swelling,
immune cell infiltration. thickening of the synovial
membrane, and nociceptive sensitization/spontaneous
pain in a dose-dependent manner, after four consecu-
tive days of CBD treatment. Proinflammatory bio-
markers were also reduced in a dose-dependent
manner in the dorsal root ganglia (TNF alpha) and spi-
nal cord (CGRP, OX42). No side effects were evident
and exploratory behavior was not altered (in contrast
to A9-THC, which caused hypolocomotion).3 3

Cell migration

Embryogenesis. CBD was shown to be able to influ-
ence migratory behavior in cancer, which is also an im-
portant aspect of embryogenesis." For instance, it was
recently shown that CBD inhibits Id-1. Helix-loop-
helix Id proteins play a role in embryogenesis and nor-
mal development via regulation of cell differentiation.
High Id1-levels were also found in breast, prostate,
brain, and head and neck tumor cells, which were
highly aggressive. In contrast, Id1 expression was low
in noninvasive tumor cells. Id1 seems to influence the
tumor cell phenotype by regulation of invasion, epithe-
lial to mesenchymal transition, angiogenesis, and cell
proliferation.>*

There only seems to exist one study that could not
show an adverse CBD effect on embryogenesis. An
in vitro study could show that the development of
two-cell embryos was not arrested at CBD concentra-
tions of 6.4, 32, and 160 nM.>

Cancer. Various studies have been performed to
study CBD anticancer effects. CBD anti-invasive ac-
tions seem to be mediated by its TRPV1 stimulation
and its action on the CB receptors. Intraperitoneal ap-
plication of 5 mg/kg b.w. CBD every 3 days for a total of
28 weeks, almost completely reduced the development
of metastatic nodules caused by injection of human
lung carcinoma cells (A549) in nude mice.?® This effect
was mediated by upregulation of ICAM1 and TIMP1.
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This, in turn, was caused by upstream regulation of p38
and p42/44 MAPK pathways. The typical side effects of
traditional anticancer medication, emesis, and collat-
eral toxicity were not described in these studies. Conse-
quently, CBD could be an alternative to other MMP1
inhibitors such as marimastat and prinomastat, which
have shown disappointing clinical results due to these
drugs’ adverse muscoskeletal effects.””*®

Two studies showed in various cell lines and in
tumor-bearing mice that CBD was able to reduce
tumor metastasis.”*** Unfortunately, the in vivo study
was only described in a conference abstract and no
route of administration or CBD doses were men-
tioned.>® However, an earlier study used 0.1, 1.0, or
1.5 umol/L CBD for 3 days in the aggressive breast can-
cer cells MDA-MB231. CBD downregulated Id1 at pro-
moter level and reduced tumor aggressiveness.*’

Another study used xenografts to study the proapop-
totic effect of CBD, this time in LNCaP prostate carci-
noma cells.”® In this 5-week study, 100 mg/kg CBD was
administered daily i.p. Tumor volume was reduced by
60% and no adverse effects of treatment were described
in the study. The authors assumed that the observed
antitumor effects were mediated via TRPMS together
with ROS release and p53 activation.*’ It has to be
pointed out though, that xenograft studies only have
limited predictive validity to results with humans.
Moreover, to carry out these experiments, animals
are often immunologically compromised, to avoid im-
munogenic reactions as a result to implantation of
human cells into the animals, which in turn can also
affect the results.*?

Another approach was chosen by Aviello et a
They used the carcinogen azoxymethane to induce
colon cancer in mice. Treatment occurred using IP in-
jections of 1 or 5 mg/kg CBD, three times a week for 3
weeks (including 1 week before carcinogen adminis-
tration). After 3 months, the number of aberrant
crypt foci, polyps, and tumors was analyzed. The
high CBD concentration led to a significant decrease
in polyps and a return to near-normal levels of phos-
phorylated Akt (elevation caused by the carcino-
gen).*> No adverse effects were mentioned in the
described study.*’

1'43

Food intake and glycemic effects

Animal studies summarized by Bergamaschi et al.
showed inconclusive effects of CBD on food intake':
i.p. administration of 3-100 mg/kg b.w. had no effect
on food intake in mice and rats. On the contrary, the
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induction of hyperphagia by CB1 and 5HT1A agonists
in rats could be decreased with CBD (20 mg/kg b.w.
i.p.). Chronic administration (14 days, 2.5 or 5mg/
kg i.p.) reduced the weight gain in rats. This effect
could be inhibited by coadministration of a CB2R
antagonist.'

The positive effects of CBD on hyperglycemia seem
to be mainly mediated via CBD anti-inflammatory
and antioxidant effects. For instance, in ob/ob mice
(an animal model of obesity), 4-week treatment with
3 mg/kg (route of administration was not mentioned)
increased the HDL-C concentration by 55% and re-
duced total cholesterol levels by more than 25%. In
addition, treatment increased adiponectin and liver
glycogen concentrations.44 and references therein

Endocrine effects

High CBD concentrations (1 mM) inhibited progester-
one 17-hydroxylase, which creates precursors for sex
steroid and glucocorticoid synthesis, whereas 100 uM
CBD did not in an in vitro experiment with primary
testis microsomes.*” Rats treated with 10mg/kg
i.p. b.w. CBD showed inhibition of testosterone oxida-
tion in the liver.*’

Genotoxicity and mutagenicity
Jones et al. mention that 120 mg/kg CBD delivered
intraperetonially to Wistar Kyoto rats showed no mu-
tagenicity and genotoxicity based on personal commu-
nication with GW Pharmaceuticals*”*® These data are
yet to be published. The 2012 study with an epilepsy
mouse model could also show that CBD did not influ-
ence grip strength, which the study describes as a “pu-
tative test for functional neurotoxicity.”*®

Motor function was also tested on a rotarod, which
was also not affected by CBD administration. Static
beam performance, as an indicator of sensorimotor co-
ordination, showed more footslips in the CBD group,
but CBD treatment did not interfere with the animals’
speed and ability to complete the test. Compared to
other anticonvulsant drugs, this effect was minimal.*®
Unfortunately, we could not find more studies solely
focusing on genotoxicity by other research groups nei-
ther in animals nor in humans.

Acute Clinical Data

Bergamaschi et al. list an impressive number of acute
and chronic studies in humans, showing CBD safety
for a wide array of side effects.' They also conclude
from their survey, that none of the studies reported
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tolerance to CBD. Already in the 1970s, it was shown
that oral CBD (15-160 mg), iv injection (5-30 mg),
and inhalation of 0.15 mg/kg b.w. CBD did not lead
to adverse effects. In addition, psychomotor function
and psychological functions were not disturbed.
Treatment with up to 600 mg CBD neither influenced
physiological parameters (blood pressure, heart rate)
nor performance on a verbal paired-associate learn-
ing test.'

Fasinu et al. created a table with an overview of clin-
ical studies currently underway, registered in Clinical
Trials. gov.*” In the following chapter, we highlight re-
cent, acute clinical studies with CBD.

CBD-drug interactions

CBD can inhibit CYP2D6, which is also targeted by ome-
prazole and risperidone.>'* There are also indications
that CBD inhibits the hepatic enzyme CYP2C9, reduc-
ing the metabolization of warfarin and diclofenac.>"*
More clinical studies are needed, to check whether this
interaction warrants an adaption of the used doses of
the coadministered drugs.

The antibiotic rifampicin induces CYP3A4, leading to
reduced CBD peak plasma concentrations.'* In contrast,
the CYP3A4 inhibitor ketoconazole, an antifungal drug,
almost doubles CBD peak plasma concentration. Inter-
estingly, the CYP2C19 inhibitor omeprazole, used to
treat gastroesophageal reflux, could not significantly af-
fect the pharmacokinetics of CBD."*

A study, where a regimen of 6 X100 mg CBD daily
was coadministered with hexobarbital in 10 subjects,
found that CBD increased the bioavailability and elim-
ination half-time of the latter. Unfortunately, it was not
mentioned whether this effect was mediated via the cy-
tochrome P450 complex.'

Another aspect, which has not been thoroughly
looked at, to our knowledge, is that several cytochrome
isozymes are not only expressed in the liver but also in
the brain. It might be interesting to research organ-
specific differences in the level of CBD inhibition of
various isozymes. Apart from altering the bioavailability
in the overall plasma of the patient, this interaction
might alter therapeutic outcomes on another level. Dop-
amine and tyramine are metabolized by CYP2D6, and
neurosteroid metabolism also occurs via the isozymes
of the CYP3A subgroup.”®”' Studying CBD interaction
with neurovascular cytochrome P450 enzymes might
also offer new mechanisms of action. It could be possible
that CBD-mediated CYP2D6 inhibition increases dopa-
mine levels in the brain, which could help to explain the
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positive CBD effects in addiction/withdrawal scenarios
and might support its 5HT (=serotonin) elevating effect
in depression.

Also, CBD can be a substrate of UDP glucuronosyl-
transferase.'* Whether this enzyme is indeed involved
in the glucuronidation of CBD and also causes clini-
cally relevant drug interactions in humans is yet to be
determined in clinical studies. Generally, more
human studies, which monitor CBD-drug interactions,
are needed.

Physiological effects

In a double-blind, placebo-controlled crossover study,
CBD was coadministered with intravenous fentanyl to
a total of 17 subjects.'® Blood samples were obtained
before and after 400 mg CBD (previously demon-
strated to decrease blood flow to (para)limbic areas
related to drug craving) or 800 mg CBD pretreatment.
This was followed by a single 0.5 (Session 1) or 1.0ug/kg
(Session 2, after 1 week of first administration to allow
for sufficient drug washout) intravenous fentanyl dose.
Adverse effects and safety were evaluated with both
forms of the Systematic Assessment for Treatment
Emergent Events (SAFTEE). This extensive tool tests,
for example, 78 adverse effects divided into 23 catego-
ries corresponding to organ systems or body parts. The
SAFTEE outcomes were similar between groups. No
respiratory depression or cardiovascular complications
were recorded during any test session.

The results of the evaluation of pharmacokinetics, to
see if interaction between the drugs occurred, were as
follows. Peak CBD plasma concentrations of the 400
and 800 mg group were measured after 4h in the first
session (CBD administration 2 h after light breakfast).
Peak urinary CBD and its metabolite concentrations
occurred after 6 h in the low CBD group and after 4h
in the high CBD group. No effect was evident for uri-
nary CBD and metabolite excretion except at the
higher fentanyl dose, in which CBD clearance was re-
duced. Importantly, fentanyl coadministration did
not produce respiratory depression or cardiovascular
complications during the test sessions and CBD did
not potentiate fentanyl’s effects. No correlation was
found between CBD dose and plasma cortisol levels.

Various vital signs were also measured (blood pres-
sure, respiratory/heart rate, oxygen saturation, EKG,
respiratory function): CBD did not worsen the adverse
effects (e.g., cardiovascular compromise, respiratory
depression) of iv fentanyl. Coadministration was safe
and well tolerated, paving the way to use CBD as a
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potential treatment for opioid addiction. The validated
subjective measures scales Anxiety (visual analog scale
[VAS]), PANAS (positive and negative subscores), and
OVAS (specific opiate VAS) were administered across
eight time points for each session without any signifi-
cant main effects for CBD for any of the subjective ef-
fects on mood."’

A Dutch study compared subjective adverse effects
of three different strains of medicinal cannabis, dis-
tributed via pharmacies, using VAS. “Visual analog
scale is one of the most frequently used psychometric
instruments to measure the extent and nature of sub-
jective effects and adverse effects. The 12 adjectives
used for this study were as follows: alertness, tranquil-
ity, confidence, dejection, dizziness, confusion/disori-
entation, fatigue, anxiety, irritability, appetite, creative
stimulation, and sociability.” The high CBD strain
contained the following concentrations: 6% A9-
THC/7.5% CBD (n=25). This strain showed signifi-
cantly lower levels of anxiety and dejection. Moreover,
appetite increased less in the high CBD strain. The
biggest observed adverse effect was “fatigue” with a
score of 7 (out of 10), which did not differ between
the three strains.”

Neurological and neurospychiatric effects

Anxiety. Forty-eight participants received subanxio-
Iytic levels (32 mg) of CBD, either before or after the
extinction phase in a double-blind, placebo-controlled
design of a Pavlovian fear-conditioning experiment
(recall with conditioned stimulus and context after
48h and exposure to unconditioned stimulus after re-
instatement). Skin conductance (=autonomic response
to conditioning) and shock expectancy measures (=ex-
plicit aspects) of conditioned responding were recorded
throughout. Among other scales, the Mood Rating
Scale (MRS) and the Bond and Bodily Symptoms
Scale were used to assess anxiety, current mood, and
physical symptoms. “CBD given postextinction (active
after consolidation phase) enhanced consolidation of
extinction learning as assessed by shock expectancy.”
Apart from the extinction-enhancing effects of CBD
in human aversive conditioned memory, CBD showed
a trend toward some protection against reinstatement
of contextual memory. No side/adverse effects were
reported.”

Psychosis. The review by Bergamaschi et al. mentions
three acute human studies that have demonstrated the
CBD antipsychotic effect without any adverse effects
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being observed. This holds especially true for the extra-
pyramidal motor side effects elicited by classical anti-
psychotic medication.'

Fifteen male, healthy subjects with minimal prior
A9-THC exposure (<15 times) were tested for CBD af-
fecting A9-THC propsychotic effects using functional
magnetic resonance imaging (fMRI) and various ques-
tionnaires on three occasions, at 1-month intervals,
following administration of 10mg delta-9-A9-THC,
600 mg CBD, or placebo. Order of drug administration
was pseudorandomized across subjects, so that an
equal number of subjects received any of the drugs dur-
ing the first, second, or third session in a double-blind,
repeated-measures, within-subject design.”* No CBD ef-
fect on psychotic symptoms as measured with PANSS
positive symptoms subscale, anxiety as indexed by the
State Trait Anxiety Inventory (STAI) state, and Visual
Analogue Mood Scale (VAMS) tranquilization or
calming subscale, compared to the placebo group,
was observed. The same is true for a verbal learning
task (=behavioral performance of the verbal memory).

Moreover, pretreatment with CBD and subsequent
A9-THC administration could reduce the latter’s psy-
chotic and anxiety symptoms, as measured using a
standardized scale. This effect was caused by opposite
neural activation of relevant brain areas. In addition,
no effects on peripheral cardiovascular measures such
as heart rate and blood pressure were measured.”

A randomized, double-blind, crossover, placebo-
controlled trial was conducted in 16 healthy non-
anxious subjects using a within-subject design. Oral
A9-THC=10 mg, CBD=600mg, or placebo was ad-
ministered in three consecutive sessions at 1-month
intervals. The doses were selected to only evoke neuro-
cognitive effects without causing severe toxic, physical,
or psychiatric reactions. The 600mg CBD corre-
sponded to mean (standard deviation) whole blood lev-
els of 0.36 (0.64), 1.62 (2.98), and 3.4 (6.42) ng/mL, 1,2,
and 3 h after administration, respectively.

Physiological measures and symptomatic effects
were assessed before, and at 1, 2, and 3 h postdrug ad-
ministration using PANSS (a 30-item rating instru-
ment used to assess psychotic symptoms, with ratings
based on a semistructured clinical interview yielding
subscores for positive, negative, and general psychopa-
thology domains), the self-administered VAMS with 16
items (e.g., mental sedation or intellectual impairment,
physical sedation or bodily impairments, anxiety effects
and other types of feelings or attitudes), the ARCI (Addic-
tion Research Center Inventory; containing empirically
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derived drug-induced euphoria; stimulant-like effects;
intellectual efficiency and energy; sedation; dysphoria;
and somatic effects) to assess drug effects and the
STAI-T/S, where subjects were evaluated on their cur-
rent mood and their feelings in general.

There were no significant differences between the ef-
fects of CBD and placebo on positive and negative psy-
chotic symptoms, general psychopathology (PANSS),
anxiety (STAI-S), dysphoria (ARCI), sedation (VAMS,
ARCI), and the level of subjective intoxication (ASI,
ARCI), where A9-THC did have a pronounced effect.
The physiological parameters, heart rate and blood pres-
sure, were also monitored and no significant difference
between the placebo and the CBD group was observed.”

Addiction. A case study describes a patient treated for
cannabis withdrawal according to the following CBD
regimen: “treated with oral 300mg on Day 1; CBD
600mg on Days 2-10 (divided into two doses of
300 mg), and CBD 300 mg on Day 11.” CBD treatment
resulted in a fast and progressive reduction in with-
drawal, dissociative and anxiety symptoms, as mea-
sured with the Withdrawal Discomfort Score, the
Marijuana Withdrawal Symptom Checklist, Beck
Anxiety Inventory, and Beck Depression Inventory
(BDI). Hepatic enzymes were also measured daily,
but no effect was reported.”®

Naturalistic studies with smokers inhaling cannabis
with varying amounts of CBD showed that the CBD
levels were not altering psychomimetic symptoms.'
Interestingly, CBD was able to reduce the “wanting/
liking” =implicit attentional bias caused by exposure
to cannabis and food-related stimuli. CBD might
work to alleviate disorders of addiction, by altering
the attentive salience of drug cues. The study did not
further measure side effects.””

CBD can also reduce heroin-seeking behaviors (e.g.,
induced by a conditioned cue). This was shown in the
preclinical data mentioned earlier and was also repli-
cated in a small double-blind pilot study with individu-
als addicted to opioids, who have been abstinent for
7 days.’>> They either received placebo or 400 or
800 mg oral CBD on three consecutive days. Craving
was induced with a cue-induced reinstatement para-
digm (1h after CBD administration). One hour after
the video session, subjective craving was already reduced
after a single CBD administration. The effect persisted
for 7 days after the last CBD treatment. Interestingly,
anxiety measures were also reduced after treatment,
whereas no adverse effects were described.”>>*
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A pilot study with 24 subjects was conducted in a
randomized, double-blind, placebo-controlled design
to evaluate the impact of the ad hoc use of CBD
in smokers, who wished to stop smoking. Pre- and
post-testing for mood and craving of the participants
was executed. These tests included the Behaviour
Impulsivity Scale, BDI, STAI, and the Severity of
Dependence Scale. During the week of CBD inhalator
use, subjects used a diary to log their craving (on
a scale from 1 to 100=VAS measuring momentary
subjective craving), the cigarettes smoked, and the
number of times they used the inhaler. Craving was
assessed using the Tiffany Craving Questionnaire
(11). On day 1 and 7, exhaled CO was measured to
test smoking status. Sedation, depression, and anxiety
were evaluated with the MRS.

Over the course of 1 week, participants used the in-
haler when they felt the urge to smoke and received a
dose of 400 ug CBD via the inhaler (leading to >65%
bioavailability); this significantly reduced the number
of cigarettes smoked by ca. 40%, while craving was
not significantly different in the groups post-test. At
day 7, the anxiety levels for placebo and CBD group
did not differ. CBD did not increase depression (in
contrast to the selective CB1 antagonist rimonabant).
CBD might weaken the attentional bias to smoking
cues or could have disrupted reconsolidation, thereby
destabilizing drug-related memories.™

Cell migration

According to our literature survey, there currently are
no studies about CBD role in embryogenesis/cell mi-
gration in humans, even though cell migration does
play a role in embryogenesis and CBD was shown
to be able to at least influence migratory behavior in
cancer.'

Endocrine effects and glycemic (including appetite)
effects
To the best of our knowledge, no acute studies
were performed that solely concentrated on CBD
glycemic effects. Moreover, the only acute study
that also measured CBD effect on appetite was the
study we described above, comparing different can-
nabis strains. In this study, the strain high in CBD
elicited less appetite increase compared to the THC-
only strain.”

Eleven healthy volunteers were treated with 300 mg
(seven patients) and 600 mg (four patients) oral CBD
in a double-blind, placebo-controlled study. Growth
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hormone and prolactin levels were unchanged. In con-
trast, the normal decrease of cortisol levels in the morn-
ing (basal measurement=11.0%3.7 ug/dl; 120 min after
placebo=7.1+3.9 ug/dl) was inhibited by CBD treat-
ment (basal measurement=10.5%4.9 ug/dl; 120 min
after 300mg CBD=99%62pug/dl; 120min after
600 mg CBD =11.6+ 11.6 ug/dl).*°

A more recent study also used 600 mg oral CBD for a
week and compared 24 healthy subjects to people at
risk for psychosis (n=32; 16 received placebo and 16
CBD). Serum cortisol levels were taken before the
TSST (Trier Social Stress Test), immediately after, as
well as 10 and 20 min after the test. Compared to the
healthy individuals, the cortisol levels increased less
after TSST in the 32 at-risk individuals. The CBD
group showed less reduced cortisol levels but differ-
ences were not significant.®’ It has to be mentioned
that these data were presented at a conference and
are not yet published (to our knowledge) in a peer-
reviewed journal.

Chronic CBD Studies in Humans

Truly chronic studies with CBD are still scarce. One
can often argue that what the studies call “chronic”
CBD administration only differs to acute treatment, be-
cause of repeated administration of CBD. Nonetheless,
we also included these studies with repeated CBD treat-
ment, because we think that compared to a one-time
dose of CBD, repeated CBD regimens add value and
knowledge to the field and therefore should be men-
tioned here.

CBD-drug interactions

An 8-week-long clinical study, including 13 children
who were treated for epilepsy with clobazam (initial av-
erage dose of 1 mg/kg b.w.) and CBD (oral; starting
dose of 5mg/kg b.w. raised to maximum of 25 mg/kg
b.w.), showed the following. The CBD interaction
with isozymes CYP3A4 and CYP2C19 caused in-
creased clobazam bioavailability, making it possible to
reduce the dose of the antiepileptic drug, which in
turn reduced its side effects.”?

These results are supported by another study de-
scribed in the review by Grotenhermen et al.*> In this
study, 33 children were treated with a daily dose
of 5mg/kg CBD, which was increased every week
by 5mg/kg increments, up to a maximum level of
25mg/kg. CBD was administered on average with
three other drugs, including clobazam (54.5%), val-
proic acid (36.4%), levetiracetam (30.3%), felbamate
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(21.2%), lamotrigine (18.2%), and zonisamide
(18.2%). The coadministration led to an alteration of
blood levels of several antiepileptic drugs. In the case
of clobazam this led to sedation, and its levels were sub-
sequently lowered in the course of the study.

Physiological effects

A first pilot study in healthy volunteers in 1973 by Min-
cis et al. administering 10 mg oral CBD for 21 days did
not find any neurological and clinical changes (EEG;
EKG).** The same holds true for psychiatry and
blood and urine examinations. A similar testing battery
was performed in 1980, at weekly intervals for 30 days
with daily oral CBD administration of 3 mg/kg b.w.,
which had the same result.®®

Neurological and neuropsychiatric effects

Anxiety. Clinical chronic (lasting longer than a couple
of weeks) studies in humans are crucial here but were
mostly still lacking at the time of writing this review.
They hopefully will shed light on the inconsistencies
observerd in animal studies. Chronic studies in humans
may, for instance, help to test whether, for example, an
anxiolytic effect always prevails after chronic CBD treat-
ment or whether this was an artifact of using different
animal models of anxiety or depression.”'®

Psychosis and bipolar disorder. In a 4-week open
trial, CBD was tested on Parkinson’s patients with psy-
chotic symptoms. Oral doses of 150-400 mg/day CBD
(in the last week) were administered. This led to a re-
duction of their psychotic symptoms. Moreover, no se-
rious side effects or cognitive and motor symptoms
were reported.®®

Bergamaschi et al. describe a chronic study, where a
teenager with severe side effects of traditional antipsy-
chotics was treated with up to 1500 mg/day of CBD for
4 weeks. No adverse effects were observed and her
symptoms improved. The same positive outcome was
registered in another study described by Bergamaschi
et al., where three patients were treated with a starting
dose of CBD of 40mg, which was ramped up to
1280 mg/day for 4 weeks.! A double-blind, randomized
clinical trial of CBD versus amisulpride, a potent anti-
psychotic in acute schizophrenia, was performed on a
total of 42 subjects, who were treated for 28 days start-
ing with 200 mg CBD per day each.®” The dose was in-
creased stepwise by 200mg per day to 4Xx200mg
CBD daily (total 800 mg per day) within the first
week. The respective treatment was maintained for
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three additional weeks. A reduction of each treatment
to 600 mg per day was allowed for clinical reasons,
such as unwanted side effects after week 2. This was
the case for three patients in the CBD group and five
patients in the amisulpride group. While both treat-
ments were effective (no significant difference in
PANSS total score), CBD showed the better side effect
profile. Amisulpride, working as a dopamine D2/D3-
receptor antagonist, is one of the most effective treat-
ment options for schizophrenia. CBD treatment was
accompanied by a substantial increase in serum anan-
damide levels, which was significantly associated with
clinical improvement, suggesting inhibition of ananda-
mide deactivation via reduced FAAH activity.

In addition, the FAAH substrates palmitoylethano-
lamide and linoleoyl-ethanolamide (both lipid media-
tors) were also elevated in the CBD group. CBD
showed less serum prolactin increase (predictor of gal-
actorrhoea and sexual dysfunction), fewer extrapyra-
midal symptoms measured with the Extrapyramidal
Symptom Scale, and less weight gain. Moreover, elec-
trocardiograms as well as routine blood parameters
were other parameters whose effects were measured
but not reported in the study. CBD better safety profile
might improve acute compliance and long-term treat-
ment adherence.®”%

A press release by GW Pharmaceuticals of Septem-
ber 15th, 2015, described 88 patients with treatment-
resistant schizophrenic psychosis, treated either with
CBD (in addition to their regular medication) or pla-
cebo. Important clinical parameters improved in the
CBD group and the number of mild side effects was
comparable to the placebo group.” Table 2 shows an
overview of studies with CBD for the treatment of psy-
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chotic symptoms and its positive effect on symptom-
atology and the absence of side effects.®’

Treatment of two patients for 24 days with 600-
1200 mg/day CBD, who were suffering from BD, did
not lead to side effects.”” Apart from the study with
two patients mentioned above, CBD has not been
tested systematically in acute or chronic administration
scenarios in humans for BD according to our own lit-
erature search.”’

Epilepsy. Epileptic patients were treated for 135 days
with 200-300 mg oral CBD daily and evaluated every
week for changes in urine and blood. Moreover, neuro-
logical and physiological examinations were per-
formed, which neither showed signs of CBD toxicity
nor severe side effects. The study also illustrated that
CBD was well tolerated.®”

A review by Grotenhermen and Miiller-Vahl de-
scribes several clinical studies with CBD?: 23 patients
with therapy-resistant epilepsy (e.g., Dravet syndrome)
were treated for 3 months with increasing doses of up
to 25 mg/kg b.w. CBD in addition to their regular epi-
lepsy medication. Apart from reducing the seizure fre-
quency in 39% of the patients, the side effects were only
mild to moderate and included reduced/increased ap-
petite, weight gain/loss, and tiredness.

Another clinical study lasting at least 3 months with
137 children and young adults with various forms of
epilepsy, who were treated with the CBD drug Epi-
diolex, was presented at the American Academy for
Neurology in 2015. The patients were suffering from
Dravet syndrome (16%), Lennox-Gastaut syndrome
(16%), and 10 other forms of epilepsy (some among
them were very rare conditions). In this study, almost

Table 2. Studies with CBD with Patients with Psychotic Symptoms (Adapted)®®

Total number

of study

Assessment Oral CBD administration participants Main findings

BPRS (brief psychiatric Up to 1500 mg/day for 26 days 1 Improvement of symptomatology, no side effects
rating scale)

BPRS Up to 1280 mg/day for 4 weeks 3 Mild improvement of symptomatology of 1 patient,

no side effects

BPRS, Parkinson Psychosis Up to 600 mg/day for 4 weeks 6 Improvement of symptomatology, no side effects
Questionnaire (PPQ)

Stroop Color Word Test, Single doses of 300 or 600 mg 28 Performance after placebo and CBD 300 mg compared
BPRS, PANSS (positive and to CBD 600 mg; no effects on symptomatology
negative symptom scale)

BPRS, PANSS Up to 800 mg/day for 4 weeks 39 CBD as effective as amisulpride in terms of improvement

of symptomatology; CBD displayed superior side
effect profile
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50% of the patients experienced a reduction of seizure
frequency. The reported side effects were 21% experi-
enced tiredness, 17% diarrhea, and 16% reduced appe-
tite. In a few cases, severe side effects occurred, but it
is not clear, if these were caused by Epidiolex. These
were status epilepticus (n=10), diarrhea (n=3),
weight loss (n=2), and liver damage in one case.

The largest CBD study conducted thus far was an
open-label study with Epidiolex in 261 patients (mainly
children, the average age of the participants was 11)
suffering from severe epilepsy, who could not be trea-
ted sufficiently with standard medication. After 3
months of treatment, where patients received CBD to-
gether with their regular medication, a median reduc-
tion of seizure frequency of 45% was observed. Ten
percent of the patients reported side effects (tiredness,
diarrhea, and exhaustion).’

After extensive literature study of the available trials
performed until September 2016, CBD side effects were
generally mild and infrequent. The only exception
seems to be a multicenter open-label study with a
total of 162 patients aged 1-30 years, with treatment-
resistant epilepsy. Subjects were treated for 1 year
with a maximum of 25 mg/kg (in some clinics 50 mg/
kg) oral CBD, in addition to their standard medication.

This led to a reduction in seizure frequency. In this
study, 79% of the cohort experienced side effects. The
three most common adverse effects were somnolence
(n=41 [25%]), decreased appetite (n=31 [19%]), and
diarrhea (n=31 [19%]).”*> It has to be pointed out
that no control group existed in this study (e.g., placebo
or another drug). It is therefore difficult to put the side
effect frequency into perspective. Attributing the side
effects to CBD is also not straightforward in severely
sick patients. Thus, it is not possible to draw reliable
conclusions on the causation of the observed side ef-
fects in this study.

Parkinson’s disease. In a study with a total of 21 Par-
kinson’s patients (without comorbid psychiatric condi-
tions or dementia) who were treated with either
placebo, 75 mg/day CBD or 300 mg/day CBD in an ex-
ploratory double-blind trial for 6 weeks, the higher
CBD dose showed significant improvement of quality
of life, as measured with PDQ-39. This rating instru-
ment comprised the following factors: mobility, activi-
ties of daily living, emotional well-being, stigma, social
support, cognition, communication, and bodily dis-
comfort. For the factor, “activities of daily living,” a
possible dose-dependent relationship could exist be-
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tween the low and high CBD group—the two CBD
groups scored significantly different here. Side effects
were evaluated with the UKU (Udvalg for Kliniske
Undersogelser). This assessment instrument analyzes
adverse medication effects, including psychic, neuro-
logic, autonomic, and other manifestations. Using the
UKU and verbal reports, no significant side effects
were recognized in any of the CBD groups.”

Huntington’s disease. Fifteen neuroleptic-free pa-
tients with Huntington’s disease were treated with ei-
ther placebo or oral CBD (10 mg/kg b.w. per day) for
6 weeks in a double-blind, randomized, crossover
study design. Using various safety outcome variables,
clinical tests, and the cannabis side effect inventory, it
was shown that there were no differences between the
placebo group and the CBD group in the observed
side effects.®

Immune system

Forty-eight patients were treated with 300 mg/kg oral
CBD, 7 days before and until 30 days after the trans-
plantation of allogeneic hematopoietic cells from an
unrelated donor to treat acute leukemia or myelodys-
plastic syndrome in combination with standard mea-
sures to avoid GVHD (graft vs. host disease;
cyclosporine and short course of MTX). The occur-
rence of various degrees of GVHD was compared
with historical data from 108 patients, who had only re-
ceived the standard treatment. Patients treated with
CBD did not develop acute GVHD. In the 16 months
after transplantation, the incidence of GHVD was sig-
nificantly reduced in the CBD group. Side effects were
graded using the Common Terminology Criteria for
Adverse Events (CTCAE v4.0) classification, which
did not detect severe adverse effects.”*

Endocrine and glycemic (including appetite, weight
gain) effects

In a placebo-controlled, randomized, double-blind
study with 62 subjects with noninsulin-treated type 2
diabetes, 13 patients were treated with twice-daily
oral doses of 100 mg CBD for 13 weeks. This resulted
in lower resistin levels compared to baseline. The hor-
mone resistin is associated with obesity and insulin re-
sistance. Compared to baseline, glucose-dependent
insulinotropic peptide levels were elevated after CBD
treatment. This incretin hormone is produced in the
proximal duodenum by K cells and has insulinotropic
and pancreatic b cell preserving effects. CBD was well
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tolerated in the patients. However, with the compara-
tively low CBD concentrations used in this phase-2-
trial, no overall improvement of glycemic control was
observed.*

When weight and appetite were measured as part of a
measurement battery for side effects, results were incon-
clusive. For instance, the study mentioned above, where
23 children with Dravet syndrome were treated, in-
creases as well as decreases in appetite and weight
were observed as side effects.”> An open-label trial with
214 patients suffering from treatment-resistant epilepsy
showed decreased appetite in 32 cases. However, in the
safety analysis group, consisting of 162 subjects, 10
showed decreased weight and 12 had gained weight.”
This could be either due to the fact that CBD only has
a small effect on these factors, or appetite and weight
are complex endpoints influenced by multiple factors
such as diet and genetic predisposition. Both these fac-
tors were not controlled for in the reviewed studies.

Conclusion

This review could substantiate and expand the findings
of Bergamaschi et al. about CBD favorable safety pro-
file.! Nonetheless, various areas of CBD research
should be extended. First, more studies researching
CBD side effects after real chronic administration
need to be conducted. Many so-called chronic admin-
istration studies, cited here were only a couple of weeks
long. Second, many trials were conducted with a small
number of individuals only. To perform a throrough
general safety evaluation, more individuals have to be
recruited into future clinical trials. Third, several as-
pects of a toxicological evaluation of a compound
such as genotoxicity studies and research evaluating
CBD effect on hormones are still scarce. Especially,
chronic studies on CBD effect on, for example, geno-
toxicity and the immune system are still missing.
Last, studies that evaluate whether CBD-drug interac-
tions occur in clinical trials have to be performed.

In conclusion, CBD safety profile is already estab-
lished in a plethora of ways. However, some knowledge
gaps detailed above should be closed by additional clin-
ical trials to have a completely well-tested pharmaceu-
tical compound.
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Abstract: Recently, several studies have indicated an increased interest in the scientific community re-
garding the application of Cannabis sativa plants, and their extracts, for medicinal purposes. This plant
of enormous medicinal potential has been legalised in an increasing number of countries globally.
Due to the recent changes in therapeutic and recreational legislation, cannabis and cannabinoids are
now frequently permitted for use in clinical settings. However, with their highly lipophilic features
and very low aqueous solubility, cannabinoids are prone to degradation, specifically in solution,
as they are light-, temperature-, and auto-oxidation-sensitive. Thus, plant-derived cannabinoids
have been developed for oral, nasal-inhalation, intranasal, mucosal (sublingual and buccal), tran-
scutaneous (transdermal), local (topical), and parenteral deliveries. Among these administrations
routes, topical and transdermal products usually have a higher bioavailability rate with a prolonged
steady-state plasma concentration. Additionally, these administrations have the potential to eliminate
the psychotropic impacts of the drug by its diffusion into a nonreactive, dead stratum corneum.
This modality avoids oral administration and, thus, the first-pass metabolism, leading to constant
cannabinoid plasma levels. This review article investigates the practicality of delivering therapeutic
cannabinoids via skin in accordance with existing literature.

Keywords: transdermal; topical; therapeutic cannabinoids; THC; CBD; bioavailability

1. Introduction

For many years, cannabis has been used both as a fibre source and as an edible
seed [1,2]. Most notably, it produces a distinctive category of terpenophenolic compounds
known as cannabinoids [2]. Cannabinoids are the principal bioactive components of this
plant; however, other compounds of interest, such as terpenoids and flavonoids, have also
been reported [3]. In recent years, the pharmacological characteristics of cannabinoids have
been widely studied, and new applications of cannabis extracts have been proposed [4].
Due to the medicinal and recreational value of cannabinoids, cannabis agribioculture is a
flourishing industry. Countries that lead investments in this marketplace include the USA,
Canada, and Australia, with signifigant investments in both cultivation and manufacturing
facilities [5].

Based on the production source, cannabinoids have been categorised into three groups:
(i) phytocannabinoids; (ii) endogenous cannabinoids; and (iii) synthetic cannabinoids [6-9]
(Table 1). This review mainly focuses on the plant-derived cannabinoids. Resources have
reported nearly 565 cannabis constituents in C. sativa; 120 are phytocannabinoids, some
of which have been extensively explored for their therapeutic potential. The predominant
cannabinoids in plant material are delta-9-tetrahydro-cannabinol [10], cannabidiol (CBD),
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and cannabichromone (CBC) [4]. Table 2 depicts the significant therapeutic effects of
various phytocannabinoids [11,12].

Table 1. Cannabinoid categories.

Cannabinoids Compounds
Plant-derived cannabinoids THC, CBC, CBD, CBG, CBDV, THCV, THCAV, A-8-THC
(phytocannabinoids)
Endocannabinoids AEA, 2-AG, PEA, O-AEA, 2-AGE, 9-Octadecenamide
. .. JWH-015, Dronabinol, Nabilone, WIN-55, 212-2, Rimonabant,
Synthetic cannabinoids

CP55940, ACEA, Hu-308, AjA, (R)-methanandamide (MET)

Table 2. The therapeutic effects of phytocannabinoids.

Phytocannabinoids Therapeutic Effects Citations

Modulation of pain, spasticity, sedation,
and mood;
Bronchodilator;
Neuroprotective and antioxidant;
Antipruritic in cholestatic jaundice;
Anti-inflammatory (power: 20 x aspirin

. [10-18]
and 2 x hydrocortisone);
Analgesic;
Anti-nausea/emesis (which is induced
by chemotherapy);
Appetite promoter
Antitumorogenic

Anticonvulsive;
Anti-inflammatory and
CBD immunosuppressive (psoriasis, atopic
dermatitis, and abrasions);
Neuroprotective and antioxidative;
Antipsychotic;
Counteracts the intox%cating effects of [11,12,14,17-21]
cannabis;
Anxiolytic;

Addiction treatment;
Antimicrobial
(Gram-positives bacterial cutaneous
infections);

Antitumour

CBG

Muscle relaxant;
Analgesic;
Antifungal (modest);
Antineoplastic;
Antidepressant;
Inhibition of keratinocyte proliferation [11,12,14,17,18,21]
in psoriasis;
Antibiotic activity against
methicillin-resistant Staphylococcus
aureus (MRSA);
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Table 2. Cont.

Phytocannabinoids Therapeutic Effects Citations

Analgesic;
Anti-inflammatory [8,9,13]

Sedative;
Anticonvulsive;
Anti-inflammatory;
Antibiotic (with anti-MRSA activity); [11,12,14]
Inhibition of keratinocyte proliferation;
Osteogensis promoting

Promotion of weight loss;
Anticonvulsive;
Suppression of hyperalgesia and
inflammation; [11,12,14]
Appetite suppression;
Counteracts the intoxicating effects of
THC

Immunomodulatory;
Anti-inflammatory; [11,12,14]
Neuroprotective; Y
Antineoplastic

Anticonvulsant [11,12,14]

To date, investigations into medicinal cannabinoid applications for cancer have demon-
strated significant promise, both as a supportive chemotherapeutic adjunct and from a
direct anticancer perspective [12,22,23]. In the scope of palliative care, cannabinoids have
demonstrated significant benefits for the management of chemo- or radiotherapy that
is associated with pain, nausea and a loss of appetite [24,25]. The anticancer capacity
of cannabinoids has been shown to involve multiple steps in the carcinogenesis process,
including its initiation, promotion, and progression [26]. Cannabinoids act as blocking
or suppressing agents in these mechanistic pathways against various cancer types, in-
cluding breast, ovarian, cervical, lung, skin, colon, prostate, and brain cancers, as well
as leukaemia [23,27]. Furthermore, studies since the late 1990s indicated that multiple
cannabinoids, especially CBD and THC, initiate antitumour impacts in a vast range of
in vitro to in vivo experiments on various cancer cells, individually, but also in combined

administrations [18,28].
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Cannabinoid’s Receptors

The medicinal and psychoactive effects of phytocannabinoids are mediated via the
endocannabinoid system (ECS) present in all tissues. In health and disease, the ECS
involves several regulatory mechanisms via G protein-linked receptor-mediated signalling
pathways [29]. The two famous subtypes of G protein-coupled receptors (GPCRs) are
CB1, which is mainly expressed in the nervous and immunological systems, and CB2,
which is incorporated in cytokine release in immune cells [30,31]. Most investigations
show that A9-THC has an affinity to cannabinoid receptor (CBR)-dependent pathways
(CB1 and CB2 receptors) [32,33]; on the other hand, non-psychoactive cannabinoids, such
as CBD, regulate the activity of other deorphan and orphan G protein receptors (GPCRs)
and non-GPCRs [34,35]. In 1999, GPR55 was identified as an orphan GPCR [36]. Several
other orphan receptors are GPR23, GPR18, GPR120, and GPR84. The transient receptor
potential (TRP) family of the cation channels are another sort of receptor that consists of
six subfamilies: TRPML, TRPP, TRPC, TRPV, TRPM, and TRPA. TRPs are triggered in
various stimulus transductions, including light, flavour, electrical charge, temperature,
mechanical, and osmotic stimuli [37]. All types of cannabinoids may activate or suppress
different members of TRPs. From the abovementioned TRP channels, five of them have
been proposed to interact with cannabinoids: TRPV1 (CBD), TRPV2 (A9-THC, CBD, CBN),
TRPV4 (CBDV, THCYV, cannabigerolic acid, CBD, and CBG), TRPMS8 (CBG), and TRPA1
(A9-THC, CBDA, CBG, and CBC) [38].

Cannabinoids are lipophilic agents that bind to previously mentioned endocannabi-
noid receptors that regulate numerous signalling pathways in many tissues and organs, in-
cluding skin, blood vessels, immune cells, lungs, liver, and the brain for the re-establishment
of homeostasis following multiple disorders [25,39], for instance, pain and inflammatory
management [40], Alzheimer’s disease [41], and cancer [18,27,42,43]. Figure 1 shows
the cannabinoid receptor expression across skin cell types, leading to their proliferation,
growth, differentiation, apoptosis, and cytokine activity [29,44,45]. CB1 is expressed in
keratinocytes within the more differentiated epidermal layers, hair follicle cells, sebaceous
glands, sensory neurons, melanocytes, and immune cells in human skin. CB2 is expressed
in keratinocytes, sebaceous glands, sensory neurons, and immune cells. TRP channels
express skin cell types [38,46,47]. The expression of all the above mentioned receptors
makes the skin a tremendous potential target to deliver phytocannabinoids to treat a multi-
tude of dermatological diseases affecting human health, e.g., eczematous eruptions, acne
and seborrhoea, fibrotic skin disease, psoriasis, and skin cancer [45,48]. In terms of skin
cancer, several key signalling pathways and cellular processes crucial to tumour devel-
opment are targeted by endogenous cannabinoids and phytocannabinoids [39,42,49]. For
example, cannabinoids promote the cell cycle arrest and apoptosis, as well as preventing
proliferation, migration, and angiogenesis in cancer cells [43,49]. The impact of THC on
CB1/CB2-receptor-deficient mice (Cnrl/2—/—) was evaluated. These mice were crossed
to reproduce mice with a dark skin phenotype with a deficiency in CB1 and CB2 receptors.
This study evaluated the effect of phytocannabinoid THC on the growth of the murine
melanoma cell lines, HCmel12 and B16. THC can bind to both of the receptors. CB1 and
CB2 receptors might be detected on these cell lines even with low expression levels. The
THC treatment had zero impact on the cell proliferation of HCmel12 or B16 cells in vitro. In
their transplantable mouse tumour model, the systemic administration of THC significantly
decreased the growth of HCmel12 melanomas compared to the vehicle-treated controls.
THC seems to have zero impact on mice with no CB1 and CB2 receptors (Cnrl/2—/—).
Therefore, it was clear that the anti-tumour effect of THC on melanoma cells was linked to
the cannabinoid receptors [50]. The presence of cannabinoid receptors in various skin cells
show the value of the multiple efforts made to formulate cannabinoids to take advantage
of this high potential route of delivery, due to its large surface area (nearly 20 square
feet) to manage some dermatological conditions [51]. Moreover, b improving cannabinoid
permeability through the skin into deeper layers and into blood circulation [52] may result
in the sustained delivery of phytocannabinoids to targeted organs and tissues.
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Figure 1. The endocannabinoid system of the skin.

2. Delivery Routes and Bioavailability of Cannabinoids

The vital characteristics that impact a drug’s capacity for binding at target sites of
action are its physiology; dissolution; stability; permeability; and metabolism. These
factors contribute to the bioavailability of drugs, resulting in a proper or an insufficient
treatment efficacy and high interindividual variability of drug efficacy in pharmacokinetic
response parameters [53-55].. Various cannabinoids have shown similar pharmacokinetic
and physicochemical properties. Furthermore, with high lipophilicity and low stability
characteristics, the poor bioavailability of these agents was confirmed after some different
routes of administration [53,56]. Cannabinoids demonstrated high hydrophobic specifica-
tions, with a log p-value ranging from 6 to 7, with a slight miscibility in water (2-5 pug/mL).
They are significantly light- and temperature-sensitive. Mazzetti et al. demonstrated that
13% of CBD samples kept at ambient temperatures succumb to auto-oxidation within
30 days; this was especially prevalent in solutions and in exposure to light [15,57,58]. Thus,
the plant-derived cannabinoids require enviro-protective engineering solutions to reduce
the degradation of the bioactive components during the storage and administration of these
drugs to patients. Several such solutions have been developed for oral, nasal-inhalation,
intranasal, mucosal (sublingual and buccal), transcutaneous (transdermal), local (topical),
and parenteral routes of drug delivery [56].

On the other hand, the bioavailability, pharmacokinetics, time course, and efficacy of
cannabinoids differ significantly depending on the methodology of administration [15,53].
The most explored administration route, the oral delivery of cannabinoids, has signifi-
cant drawbacks due to the extensive inactivation via the hepatic first-pass metabolism
(over 95%), and its slow absorption, which, remarkably, affects the overall therapeutic
efficacy [59,60]. Additionally, the time course duration and the subsequent difficulty pre-
dicting the administrative dosage further contributes to oral administration’s inefficacy.
Systematic bioavailability data for the oral administration of THC and CBD have been
reported at 10 to 20% [35] and 6 to 19% [53,60,61], respectively. The plasma concentration
of CBD was found to peak 1 to 4 h post-administration in a dose-dependent manner, and
decreased significantly after 6 h [35,55,56]. Additionally, the oral administration of CBD has
been shown to degrade into THC [10] and other psychoactive cannabinoids when exposed
to a highly acidic stomach environment [62]. In a dog model study, the pharmacokinetics of
CBD were assessed for oral administration; the hepatic metabolism of CBD was implicated
in a lack of detected CBD in blood plasma [60]. Following oral administration for cancer
therapy, absorption may be limited by CBD degradation by the stomach acids and hepatic
influences, leading to frequent dosing requirements, which are often not feasible in nause-
ated patients [56,63]. The bioavailability of cannabinoids through smoking has previously
been reported to be between 2 and 56%, due to a variability in smoking dynamics, which
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causes uncertainty in dosage delivery [64,65]. The vaporisation of CBD was found to
reach blood plasma concentrations of up to 50% [59,60]. During THC’s inhaled adminis-
tration, the highest time course was evident after a duration of 3 to 10 min, and this effect
was shown to diminish in a dose-dependent response between 4 to 12 h [66,67]. Inhaled
cannabinoids expose valid concerns about the unfavourable pulmonary impacts and the
limited effectiveness when the intended impact is not well-targeted [56,68]. Additionally,
the model with which cannabinoids are inhaled has dramatically variable effects depending
on the length and the volume of inhalation, the held inhalation duration, and rate at which
these inhalations occur [56,69].

Other methods of cannabinoid administration include intranasal, rectal, and intra-
venous [15,70]. The rectal administration of THC demonstrated approximately doubled
rates of bioavailability compared to oral routes. This is attributed to reduced rates of
hepatic enzyme metabolism, the lack of acidic degradation, and higher absorption via rectal
tissues [71]. Intranasal administration has been assessed for a variety of cannabinoid formu-
lations. Due to the high prevalence of vascular structures in the nasal cavity, absorption is
rapid [15], and blood plasma levels achieve a moderate bioavailability range of 34-46% [72].
Additionally, nasal administration circumvents the hepatic degradation of cannabinoids,
avoiding this metabolic hurdle [15,72,73]. Intravenous administration is challenging due
to the poor water solubility of cannabinoids [56]. Moreover, injection-based drug admin-
istration is undesirable due to its invasive nature, the increased risk of infection, and the
lack of compliance in patients [15]. The topical and transdermal application of cannabinoid
products has shown higher bioavailability rates in the presence of enhancers and has also
prolonged steady plasma concentration compared to other routes of delivery [72,74,75].
Additionally, the acidic degradation of CBD to THC, with the consequent psychotropic
effects, is effectively mediated via its transdermal application due to the exclusion of di-
gestive processes and a neutral skin environment [62]. Transdermal patches imbued with
A8-THC induced a steady-state plasma concentration within 1.4 h post-administration,
which was preserved in subjects for at least 48 h [63]. In a murine model, CBD was applied
via an ethosomal system transcutaneously; this treatment resulted in steady CBD plasma
levels for 72 h, suggesting that this is a promising future delivery method for cannabi-
noids in a clinical setting [52,63]. In terms of the cannabinoids’ preferred prescribing route,
topical administration has additional promises in its prescribability. A systematic review
published by Yeroushalmi et al. performed a pilot survey to determine the willingness of
dermatologists to recommend medical cannabis, and 75% of dermatologists recommended
topical formulations [76]. This route is likely preferred due to its convenience, without
the concerns of the psychoactive impacts of systemic absorption, as well as the high safety
profile of topical administration routes [77].

3. Transdermal Delivery of Cannabinoids
3.1. Skin as a Potential Route

Skin is the largest organ of the human body. In terms of its immunological function, it
is a barrier between the body and the neighbouring environment [78,79], consisting of three
layers: dermis, epidermis and Stratum corneum (SC) [80,81]. Skin unique characteristics
make it permeable to the surrounding environment and allow the diffusion of air, heat,
fluids and low molecular weight molecules [78]. Skin diffusion can occur by (a) the intercel-
lular way, through the gaps between the corneocytes or (b) the transcellular way, through
the corneocytes and neighbouring lipid matrix or (c) the appendageal way; via the sweat
glands and hair follicles [82]. This attribute can be used as an alternative means for drug
delivery, especially for transdermal application into the blood circulation, and it is easier
for patience than oral and parenteral administration [51,83]. Transdermal administration
is mainly to effect locally, where it can (i) get rid of the necessity for systematic drug
therapies, (ii) lessen the total dosage needed to reach the targeted site, and (iii) decrease
side effects [84].
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3.2. Importance of Transdermal Drug Delivery Studies

Transdermal drug delivery systems (TDDS) have gained significant attention recently
due to a vast range of advantages linked to self-administration, preferred patient compli-
ance, bypassing of the first-pass effect, and immune-surveillance functions [85,86]. TDDS
can increase medical efficacy and reduce adverse effects, especially cancer treatment [87,88].
It can efficiently avoid poor absorption caused by gastrointestinal pH and first-pass
metabolism, maintaining a continuous and lengthy drug plasma concentration [89,90],
improving patient compliance and reducing side effects [85,91]. Additionally, drug therapy
may be aborted abruptly by dismissing the application from the skin’s surface [92].

3.3. Transdermal Delivery of Cannabinoids and Challenges

All advantages mentioned above of transdermal drug delivery over other formulations
and considering dermatologists are interested in recommending topical formulations of
cannabinoids to patients [93]. In addition, different ways of transcutaneous formulations
are promising to produce local pharmacological and systematical effects [94].

On the other hand, some criteria should be considered to have successful transdermal
delivery in terms of drug physicochemical properties. FDA-approved molecules for tran-
scutaneous drug delivery are those with low molecular weight (<500 Da) with balanced
lipophilicity and hydrophilicity balance (log P = 1-3) as transdermal drug delivery systems
require to pass through the hydrophobic Stratum corneum lipid matrix and followed by
absorption into the deeper aqueous layers of skin and the systemic circulation [51,95].
Despite the desired range of molecular weight of cannabinoids, with log p between 6-7
and low water solubility, their transdermal delivery is a challenge. Thus, enhancing the
cannabinoid permeation via the skin has been performed by applying different strategies
such as the use of chemical penetration enhancers (oleic acid, ethanol, methanol leading
to improve cannabinoids diffusion through the skin), microemulsions, physical enhancer
(including microneedles, electroporation iontophoresis, ultrasound, magnetophoresis to
gain proper levels of skin permeation), encapsulation in micro/nano gels, nanoparticles and
nano-carriers [15,45,51]. Additionally, the potential promising benefits of applying nanofor-
mulation and nanoencapsulation systems can be improving the effective doses delivery
of highly lipophilic drugs (e.g., cannabinoids), protecting poor stable therapeutic agents
from aggressive environments, and targeted and controlled delivery [96]. Hence, consid-
ering cannabinoids physicochemical limitations, they may benefit from nanotechnology
approaches to overcome the Stratum corneum barrier [97,98].

Table 3 depicts several reports of the transcutaneous application of cannabinoids for
various purposes like reaching a steady-state plasma cannabinoids concentration by using
patches and gels, applying different techniques to enhance cannabinoids permeability
through the skin, and also devising different formulations to encapsulate these therapeutic
agents to improve physicochemical properties and penetration via skin layers.

Sustained drug delivery benefits of TDDS provides a steady-plasma concentration
of therapeutic agents (especially with limited half-life) and not cause of peaks in plasma
levels compared to other delivery routes of [74] cannabinoids, like 1.4-10 h and 24 h after
oromucosal spray and intravenous administration of CBD, respectively [55]. In vitro and
in vivo permeability studies of A8-THC, an isomer of A9-THC with lower psychotropic
side effects in hairless guinea pig skin and human skin was tested [99,100]. This isomer
has been administrated to cancer patients before chemotherapy to control vomiting [99].
Two relevant results were reported; First, the diffusion ratio of A8-THC in guinea pig
and human skin was nearly the same regardless of membrane composite in vitro. Second,
applying the transdermal patch revealed A8-THC concentrations increased gradually in
the plasma and perceived an average steady-state plasma concentration of 4.4 ng/mL for
more than 48 h. In addition, the steady-state levels did not change after removing the patch
for another 24 h [101].

Significant cumulation of the CBD in the skin (a murine model) was reported when
a patch contained ethosomal systems containing CBD (40% w/w ethanol, 3% w/w CBD
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in a carbomer gel), with 200400 nm in diameter, used to chronic inflammatory diseases.
24 h after administration of the formulated ethosomal CBD to the skin of nude mice
with rheumatoid Arthritis (RA) showed a significant CBD accumulation not only in the
abdominal skin, abdominal muscle and hip skin but also in the liver, pancreas and hip
muscle. Furthermore, the CBD plasma concentration after 12 h was around 23% of the
initial dose, and the steady-state CBD plasma levels reached about 24 h and lasted for 72 h
(~44% of initial dose). This study proved that the CBD was delivered efficiently to the
inflammatory organ through ethosomal carriers and able to maintain the therapeutically
steady-state levels at the site [52].

The protective effect of CBD (gel formulation) for alcohol-induced neurodegeneration
was investigated in a rodent model [102]. Two experiments were devised to evaluate the
neuroprotection of the CBD gels. The 5.0% CBD gel in the first experiment and 2.5% CBD
gel in the second experiment resulted in a 48.8% and 56.1% of reduction in neurodegenera-
tion in the entorhinal cortex. Furthermore, 2.5 g CBD formulated per 100g gel (containing
Transcutol®HP as a permeation enhancer) proofread the medicinal advantages of cannabi-
noids in preventing relapse to drug use in a rat model. In another study, the anti-relapse
effect of transdermal CBD formulation was investigated in rat models of anxiety, drug
seeking and impulsivity. In this study, CBD was administered to rats with histories of
cocaine or alcohol self-administration for seven days with 24 h intervals and was observed
for experimental anxiety and stress-induced reinstatement. Transdermal application of
CBD showed anti-anxiety activity in rats with cocaine and alcohol dependence history
and prevented the devolvement of impulsivity in rats with alcohol dependence histories.
Interestingly, after the termination of treatment, reinstatement remained reduced for five
months, although concentrations of CBD in the brain and plasma were detectable for only
three days [20].

Another study illustrated that the transcutaneous delivery of CBD via gel (0.6, 3.1, 6.2
or 62.3 mg/day) administered four consecutive days onto the skin resulted in a significant
reduction of proinflammatory markers (CGRP, OX42 and TNF«) joint swelling and immune
infiltration in a rat model of Arthritis and thickening of the synovial membrane in a rat
model of Arthritis without psychoactive side-effects. With long-lasting therapeutic effects
and without apparent adverse effects, transdermal gel with 6.2 and 62 mg/day doses of
CBD indicated effective doses with long-lasting therapeutic effects. Furthermore, the linear
plasma CBD concentration was revealed in three lower doses [40].

Moreover, these results closely resemble another in vitro experiment performed on
rat skin using oleic as a permeation enhancer in a transdermal formulation containing
THC. Application of formulation to the rat skin resulted in steady plasma concentrations
for about 24 h, suggesting a sustained THC delivery to the bloodstream [103]. Hence,
remaining net cannabinoids molecules at a steady level in plasma for prolonged periods
confirmed the advantages of transdermal delivery as a potential route of consistent delivery
of efficient cannabinoids doses needs to be studied more.

The topical administration of CBD ointment improved the quality of life in patients
with skin problems (psoriasis, dermatitis and scars) [19]. Interestingly, a hydrophilic gel
with 79% w/w propylene glycol showed the best performance for topical administration of
CBD [104].

As is summarised in Table 3, to improve physicochemical properties and the skin per-
meability of cannabinoids, various methods were proposed to encapsulate phytocannabi-
noids for different purposes. THCA and CBDA were specifically studied recently to
formulate a stable microemulsion (a nanosized drug delivery system) to deliver them
transdermally, and permeation of cannabinoids-loaded microemulsion was also examined
concerning pH. Results confirmed formulation with 1.0% (w/w) of cannabinoids showed
a significant improvement of THCA and CBDA permeation rates and amounts at pH
values of 5.17 (17.13-folds increase) and 5.25 (11.63-folds increase), respectively in in vitro
skin models. This report shows that after six months of storing cannabinoids-loaded mi-
croemulsion at 4 °C and 25 °C, over 95% stable acidic cannabinoids content was maintained,
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indicating microemulsion system is a promising strategy for improving the stability and
permeability of cannabinoids [105].

For controlled transdermal delivery of CBD, patches based on stimuli-responsive
chitosan and Zinc oxide [106] nanoparticles are developed and tested on L929 mouse
fibroblasts [107]. The results showed higher drug loading efficiencies, the prolonged
release of CBD within six days, and greater biocompatibility [106]. A clinical trial study on
48 patients aged 3-18 years demonstrated that transdermal administration of a CBD-loaded
gel was safe, well-tolerated during the 6.5 months treatment period. In addition, reduction
in complex partial seizures (FIAS) and tonic-clonic seizures (TCS) frequency by 44.5% and
22.7%, respectively, were observed, resulting in an improved quality of life [108].

A super-macroporous cryogels containing CBD was fabricated using 2-hydroxyethyl
cellulose and (3-cyclodextrin for the treatment of various skin malignancies. The fabricated
matrixes showed high drug encapsulation efficiency (100%), with bi-phasic release profiles
(immediate release within 3 h followed by sustained CBD release over 24 h. The formu-
lated CBD showed concentration-dependent cytotoxicity against two human tumour cell
lines, MJ (cutaneous T-cell lymphoma) and HUT-78 (Sezary Syndrome) [109]. In another
study by this group, CBD-loaded polymeric micelles were embedded into biodegradable
2-hydroxyethyl cellulose (HEC), which showed sustained CBD released profiles in vitro
and preserved the anticancer activity the drug [110].

Other recent findings on using eco-friendly and surfactant-free techniques of applying
Pickering emulsion stabilised by chitosan/collagen peptide (CH/CP) nanoparticles loaded
with CBD demonstrated significant long-lasting stability after five months with high CBD
content (99.45% of the initial loaded amount) and also non-toxic to skin keratinocytes [111].
Furthermore, an ex-vivo skin study on Porcine skin samples confirmed that after 24 h of
topical administration, these CBD-loaded CH/CP nanoparticles had low permeability into
the deeper layers of skin, and CBD was kept in high concentration in the Stratum corneum.
Thus, stabilising the biocompatible and biodegradable CH/CP nanoparticles by Pickering
emulsions overcome the Stratum corneum barrier and make this green developed vehicle
suitable for topical the highly lipophilic unstable CBD [112].

The potential of CBD-loaded oleic acid microemulsion formulated as microemulgel
was investigated to treat various cutaneous diseases, including psoriasis, eczema, pruritus,
and inflammatory conditions. Encapsulation of CBD in microemulgel improved the solubil-
ity and stability of CBD, with a controlled release profile over 24 h in vitro. The formulation
demonstrated suitable viscosity with good skin adherence. In addition, the permeability of
CBD through rabbit ear skin showed good retention in the skin layers indicating the great
potential of this carrier for topical delivery of CBD [113].

Table 3. Some studies on cutaneous delivery of cannabinoids.

Citations Formulation Active Substance Concentrate Applications Result
Improved skin
Inflammatory skin parameters such as
[19] Ointment Cannabidiol (CBD) - diseases anf:l cutaneous hydrahon,
scars (psoriasis, atopic transepidermal water
dermatitis, and scars) loss, and elasticity in
humans
. 2.5g CBD/100 g gel The prevention of relapse ~ CBD has potential in
Hydroalcoholic o . L
[20] roprietary el Cannabidiol (CBD) permeation enhancer to drug use (alcohol or relapse prevention in
prop V8 (Transcutol® HP) cocaine) the rat model
Reduction of
proinflammatory
markers,
[40] Gel Cannabidiol (CBD) 6.2 and 62 mg/day Inflammation and pain joint swelling, and

immune infiltration
in rat model of
arthritis
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Table 3. Cont.

Citations

Formulation

Active Substance

Concentrate

Applications

Result

[63]

Patches

A8-THC

16 mg/mL D8 -THC in
1:1:1 (v/v/v) of propylene
glycol:water:ethanol

Making a transcutaneous
drug system (TTS) for
A8-THC

Gradually enhanced
A8-THC plasma
concentration and
preserved
steady-state plasma
levels 24 h after
removing the patch

[52]

Patches

Cannabidiol (CBD)

3% w/w CBD and 40%
w/w EtOH

Chronic inflammatory
diseases

Significant
cumulation of CBD
in the skin of murine
models

[102]

Gel

Cannabidiol (CBD)

The 1%, 2.5%, and 5%
(w/w) CBD gels

Alcohol-induced
neurodegeneration

Neuroprotection and
reduction of
alcohol-induced
neurodegeneration in
rodent models

[105]

Microemulsion

Acidic cannabinoids
(THCA and CBDA)

1.0% (w/w) of
cannabinoids, 5% (w/w)
of Capryol® 90, 44%
(w/w) Surfactant mixture
(2:1, Procetyl® AWS and
Ethanol) and 50.0% (w/w)
distilled water

Permeation enhancement

A significant
improvement of the
permeation of THCA
and CBDA in vitro.

[106]

Stimuli-responsive
chitosan/ZnO NPs

CBD

Treatment-resistant
epilepsy patient

Carrier showed
superior drug
loading capacity with
the prolonged release
of CBD for six days
and great biosafety
tforL.929 mouse
fibroblasts (the
connective tissue
cells)

[109]

Polysaccharide
cryogels containing
-cyclodextrin

CBD

Skin malignancies

The designed
platform showed a
high drug loading

efficiency with

biocompatibility and
bi-phasic drug
release with an initial
burst and a later slow
release. Showed
dose-dependent
cytotoxicity on two
cancer cell lines (M]
and HUT-78)

[110]

Nanocomposite
HEC/PM cryogel

CBD

Cutaneous lesions due to
CTCL (cutaneous T-cell
lymphoma)

Sustained topical
CBD delivery

[112]

Emulsions stabilized
with
chitosan/collagen
peptides
nanoparticles

CBD

0.6 g CBD in olive oil and
liquid paraffin mixture to
make 6 mg/mL

Cosmetic purposes

Effective penetration
of nanoparticles
through deeper skin
layers

[113]

Microemulgel

CBD

1% w/w CBD
Solutol HS 15 (20%,
surfactant), Transcutol P
(9%, cosolvent), isopropyl
myristate (5%, oil phase),
water (66%)

Skin diseases

Highly stable
formulation,
controlled drug
release, retention in
the skin layers






Pharmaceutics 2022, 14, 438

11 of 16

Table 3. Cont.

Citations Formulation Active Substance Concentrate Applications Result
Prodrug (D9-
tetrahydrocannabinol Reduced intraocular
[114] amino acid THC analogue - Glaucoma treatment
dicarboxylate pressure
prodrug)
Decrease in pain and
Topical CBD (oil, L . . blistering;
[115] crearm, and spray) Cannabidiol (CBD) Epidermolysis bullosa fast wound healing;
no effects reported
Improve pain
[116] Topical MC ol CBD and THC THC 5 mg/mL CBD 6 Patients with pyoderma @anagement apd
mg/mL gangrenosum improve baseline
pain levels
CBD-infused oi Probable incomplete
[117] Cream Cannabidiol (CBD) (75 mg/mL or Pharmacokinetics b saerma
150 mg/mL) absorption in
healthy dogs

4. Conclusions

Considering the several advantages of topical/transdermal cannabinoids, includ-
ing the fact that it is the most preferred administration route among dermatologists and
patients, there is much room for improvement in the transcutaneous delivery of thera-
peutic cannabinoids with high lipophilicity and low bioavailability features. The aqueous
layers of the skin’s tissue beneath the stratum corneum present a rate-limiting step for
hydrophobic cannabinoid diffusion [118,119]. Thus, in recent years, several nano-systems
were proposed for the topical- and systemic-controlled delivery of cannabinoids, includ-
ing micellar, liposomal, and nanosized formulations [120], as well as microemulgel [113],
nano-emulsions [105,113], dendrimers, and polymeric nanoparticles [96,109,110,112]. Nano-
conjugation or nano-encapsulation, as passive strategies, showed a promising potential in
the transdermal delivery of cannabinoids to enhance their bioavailability, safety, stability,
efficacy, and also to avoid the fluctuation of plasma cannabinoid concentrations during the
treatment period, which is encountered in conventional routs of delivery [52,63,121,122].
Furthermore, physical enhancers, such as microneedles, showed a promising ability to
deliver formulated lipophilic drugs to action sites [123]. Hence, more studies on the appli-
cation of microneedle platforms, to enhance the efficacy of cannabinoids’ transcutaneous
delivery in future, would be valuable. In conclusion, transdermal delivery products con-
tinue to be of real therapeutic benefit to patients worldwide, with a positive trend that is
expected to continue in the foreseeable future [124]. In terms of the transdermal cannabi-
noid delivery system, a broader scope of knowledge is needed due to the limited published
studies on this topic.
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Abbreviations

2-AGE 2-arachidonylglyceryl ether (Noladin ether)

2-AG 2-arachidonoylglycerol

AEA Anandamide (N-arachidonoylethanolamine)
AjA Ajulemic acid

CBC Cannabichromene

CBD Cannabidiol

CBDV Cannabigerovarin

CBG Cannabigerol

CBN Cannabinol

MET (R)-methanandamid

MRSA Methicillin-resistant Staphylococcus aureus
O-AEA O-arachidonoyl ethanolamine

PEA Palmidrol

THC Delta-9-tetrahydrocannabinol

THCA-A  Tetrahydrocannabinolic acid

THCVA  Delta 9—tetrahydrocannabivarin carboxylic acid
THCV Delta 9—tetrahydrocannabivarin

TRPA Transient receptor potential Ankyrin
TRPC Transient receptor potential canonical
TRPM Transient receptor potential melastatin
TRPML  Transient receptor potential mucolipin
TRPP Transient receptor potential polycystin
TRPV Transient receptor potential vanilloid

A-8-THC  Delta-8-tetrahydrocannabinol
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Translation of
Information Circular

INFARMED - National Authority for Medicines and Health Products, I.P.

Subject: Use of cannabis and its derivatives in cosmetic products

General Framework

Cannabis is classified in the (Portuguese) national territory as a narcotic, and it is included in
table I-C, annexed to Portuguese Decree-Law No. 15/93, of 22 January, in its current wording.

Within this framework, the use of the cannabis plant for purposes other than medicinal is
prohibited, except for the use of fibers (stems) and seeds of low-THC varieties of cannabis for
industrial purposes (hemp)®.

Preparations based on the cannabis plant for medicinal purposes are subject to authorization to
be placed on the market, in accordance with the provisions of Decree-Law No. 8/2019 classified
as special medical prescription.

Pursuant to the provisions of Decree-Law no. 15/93, of 22 January, Regulatory Decree no.
8/2019, of January 15th, and Ordinance no. 83/2021, of April 15th, is the responsibility of
INFARMED, |.P. authorize the cultivation, manufacture, wholesale trade, import and export of
medicinal products, preparations and substances based on the cannabis plant, solely and
exclusively for medicinal, medical-veterinary and scientific research purposes, regardless of the
THC content.

With regard to the various cannabinoids that form part of the cannabis resin, and in particular
the substance cannabidiol (CBD), it is the express understanding of the International Narcotic
Control Body? (INCB), that it is covered by the Single Convention on Narcotic Drugs of 1961, as
an extract / preparation of the cannabis plant, which is included in Table | annexed to the
aforementioned convention

Thus, the aforementioned substances, namely the substance cannabidiol (CBD), as a resin or
cannabis preparation, are included in Table I-C, attached to Decree-Law no. subject to the
control measures applicable to the substances provided for therein.

Cosmetic Products

The placing on the market of cosmetic products complies with the requirements established by
Regulation (EC) No 1223/2009 of the European Parliament and of the Council of 30 November
2009.

1 article 28(2) of the 1961 Single Convention on Narcotic Drugs.

2 United Nations body, created by the 1961 Convention, responsible for controlling and monitoring compliance with the Single
Conventions on Narcotic Drugs and Psychotropics, by the Signatory States thereof, cfr. Decree-Law No. 435/70, of 12 August,
which approves, for ratification, the Single Convention of 1961 on Narcotic Drugs.





This Regulation prohibits the inclusion in cosmetic products of all substances listed in tables |
and Il of the Single Convention on Narcotic Drugs of 19613, through entry 306 of Annex II.
Additionally, at a national level, these substances are considered controlled, in accordance with
the provisions of Decree-Law no. 15/93 of 22 January, in its current wording.

Cosmetic products cannot therefore contain the following substances/preparations related to
the cannabis plant, regardless of their tetrahydrocannabinol (THC)* content:

- Cannabis and Cannabis resin;
- Cannabis extracts and tinctures;
- Leaves and flowering/flowering or fructified leaves of the Cannabis plant;

The inclusion of CBD or other cannabinoids, which exist naturally in the cannabis plant, is not
allowed, as they are obtained through the preparation of extracts or tinctures of Cannabis or its
resin.

Included in this ban are the substances “CANNABIDIOL - DERIVED FROM EXTRACT OR TINCTURE
OR RESIN OF CANNABIS” and “CANNABIS SATIVA LEAF EXTRACT”. These designations appear in
COSING? but their inclusion in cosmetic products is not authorized.

Exceptions to this prohibition are the use of substances/preparations obtained from plant seeds
with a THC content of < 0.2%°, such as cannabis seed oil, of varieties registered in the Common
Catalogue of Varieties of Agricultural Species.

There are other sources of CBD that are not covered by Annex Il of Regulation (EC) No
1223/2009, but which are under analysis in the European Union and the World Health
Organization’. The use of these substances in cosmetics must be analysed on a case-by-case
basis and always requires a safety assessment.

The adequacy of the composition of cosmetic products that are placed on the market to the
legislation in force is an obligation of the Responsible Person® who must ensure compliance with
the applicable legislation and the safety of cosmetic products under the foreseen or reasonably
foreseeable conditions of use.

Responsible persons or distributors operating in Portugal must ensure that the composition of
the products they make available on the market meet these requirements.

3 Convencdo Unica sobre os Estupefacientes “Single Convention on Narcotic Drugs”, New York, 30 marco de 1961

4In which industrial hemp varieties are included.

5 Coslng is the European Commission's database for information on substances and ingredients. An ingredient listed on CosIng
does not mean that its use in cosmetic products is approved.

6 As provided for in Ordinance No. 83/2021, of April 15, in its current wording.

7 https://www.who.int/medicines/access/controlled-substances/CannabidiolCriticalReview.pdf

8 Artigo 42 do Regulamento (CE) n.2 1223/2009 do Parlamento Europeu e do Conselho de 30 de novembro de 2009.
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Objectives: Evidence suggests that cannabinoids may provide therapeutic benefit to patients with dermatologic
conditions. The recommendation behaviors of dermatologists with regards to recommending medical cannabis
are unknown. We administered a pilot survey to evaluate dermatologists’ recommendation behaviors including
dermatologic indications and formulation preferences.

Design: A cross-sectional study was done to sample dermatologists using a 24-question survey.

Setting: Online survey through SurveyMonkey® that was distributed via Orlando Dermatology Aesthetic and
Clinical Conference’s mailing list, including thousands of practicing dermatologists.

Main outcome measures: Descriptive data of dermatologists’ recommendation behaviors of medical cannabis are
described. Fisher’s exact test and Chi-Square tests were used to compare recommendation behaviors by gender,
age, years in practice, and residency legality.

Results: The survey was sent to 7176 individuals; of the 28.7 % who opened the email, 2.2 % completed the
survey (N = 145). 91 % of dermatologists were in support of medical cannabis use and 13.8 % have recom-
mended it for a dermatologic condition. Atopic dermatitis (45 %) and psoriasis (40 %) were the most common.
The most common form of administration was topical (75 %). The main reasons for not recommending medical
cannabis were limited knowledge (56 %) and lack of experience (48 %).

Conclusions: Cutaneous inflammatory and pruritic conditions such as psoriasis and atopic dermatitis were the
most common reasons dermatologists recommended medical cannabis in our survey. Respondents’ recommen-
dation patterns may have been limited by limited by lack of knowledge or experience with medical cannabis. The
small sample size of our survey limits generalizability to the dermatology field and warrants further
investigation.

1. Introduction prescribing an FDA-approved topical cannabinoid to their patients. 5

This suggests that dermatologists may perceive benefits in cannabinoids

Medical cannabis and cannabinoid use has become increasingly
prevalent in the US as more states have legalized marijuana and its
derivates for therapeutic use. ! Cannabinoids may be used to treat a
number of medical conditions such as epilepsy, pain disorders, and more
recently, dermatologic conditions. »° Though not the mainstay of
treatment in dermatologic practice, there is pre-clinical, as well as
clinical evidence to support the use of medical cannabis product to treat
certain dermatologic conditions such as skin cancer, psoriasis, and
atopic dermatitis. *

In a 2018 survey of U.S. dermatologists, 91 % were interested in

for therapeutic purposes; however, there is little data evaluating their
comfort with recommending cannabinoids to their patients.

A survey was created to conduct a follow up evaluation of derma-
tologists’ attitudes and perceived knowledge of medical cannabis. We
assessed their recommendation behaviors, preferred indications,
formulation preferences and their interactions with patients and col-
leagues surrounding cannabinoid use.
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2. Methods

Survey distribution and data collection was completed via Survey-
Monkey’s™ secure online platform. The survey was sent via email to the
Orlando Dermatology Aesthetic and Clinical Conference mailing list,
which consists of a diverse group of practicing dermatologists. The
entire questionnaire consisted of 24 multiple-choice questions and there
was no incentive for participating. The survey questions addressed de-
mographics, recommendation behaviors, indications for recommenda-
tion, and attitudes and beliefs regarding medical cannabis use in
dermatology.

Descriptive statistics were reported to summarize survey results.
Specific survey questions of interest were compared by gender, age,
years in practice, and/or residency legality by way of Fisher’s exact test
or Chi-Square for low cell count (>25 % of cell counts <5) and adequate
cell count response variables, respectively. All statistical analysis was
performed using SAS version 9.4 (SAS Institute Inc., Cary, NC) and a
two-sided P-value of 0.05 or less was considered statistically significant.

This study was approved by the George Washington University
Institutional Review Board (IRB protocol #NCR191607).

3. Results

Of the 7176 survey invitations sent, 2057 (28.7 %) opened the email
and 145 participated (2.2 %). Demographics of survey participants are
depicted in Table 1. Of all respondents, 14 % (n = 20) indicated they had
recommended medical cannabis products for the treatment or man-
agement of a dermatologic condition. Of those who had recommended
medical cannabis, the most commonly indicated reasons were due to the
provider’s perceived therapeutic benefit (80 %) and/or because the
patient wanted a natural alternative (50 %). The most common in-
dications for which medical cannabis was recommended were atopic
dermatitis (45 %) and psoriasis (40 %) (Fig. 1). Topical formulations
were most commonly recommended (75 %).

Our survey found no significant difference in recommendation

Table 1
Study participant demographics. Reported as # (%).

Variable Descriptive Statistics

Gender (n = 145)

Female 79 (54.5)
Male 64 (44.1)
Non-binary 2.4
Age (n = 144)

25-34 23 (16.0)
35-44 48 (33.3)
45-54 34 (23.6)
55-64 22 (15.3)
65+ 17 (11.8)
Years in Practice (n = 145)

Currently in Training 1 (0.7)
0-5 35 (24.1)
06-10 28 (19.3)
11-15 21 (14.5)
16-20 19 (13.1)
21-25 8 (5.5)
26—-30 16 (11.0)
31+ 17 (11.7)
Legality in Residence (n = 145)

Legalized medical cannabis only 57 (39.3)
Legalized recreational -+ medical cannabis 37 (25.5)
No legalized cannabis 35 (24.1)
Non-US resident 7 (4.8)
Unsure 9(6.2)
Do you support medical cannabis use? (n = 144)

No 13 (9.0)
Yes, a great deal 19 (13.2)
Yes, but in very rare circumstances 24 (16.7)
Yes, but not as a first line treatment 25 (17.4)

Yes, in certain situations 63 (43.8)

Complementary Therapies in Medicine 55 (2020) 102552

behaviors based on age, gender, years in practice, or residency legality.
Of those who did not recommend medical cannabis (86 %, n = 125), the
most common reasons were lack of experience (56 %) and limited
knowledge (48 %) (Fig. 1). Older age (p = 0.013) and more years in
practice (p = 0.010) were significantly associated with less apprehen-
sion in discussing medical cannabis therapy with patients.

4. Discussion

The results of this survey suggest that there is some interest amongst
dermatologists in recommending medical cannabis for their patients.
However, there is a discrepancy between interest and actual practice as
only 14 % of survey respondents recommended medical cannabis
products. Lack of experience and limited knowledge were the main
reasons for not recommending cannabis use. We also found that younger
physicians were more apprehensive in engaging in conversations about
medical cannabis. Apprehension and perceived lack of education
amongst providers could be due to local and state regulations sur-
rounding cannabis use and not necessarily personal opinion.

Of the survey respondents who had recommended medical cannabis,
the most common indications were for inflammatory and pruritic dis-
orders such as psoriasis and atopic dermatitis. Other indications
included rheumatic diseases, wound healing, and general pruritus.
While there is some supportive literature for medical cannabis in
treating these conditions, the majority of data is preclinical. ®* Clinical
trials and observational studies investigating topical cannabinoids con-
taining endocannabinoid analogs like palmitoylethanolamide (PEA)
have been shown to have therapeutic benefit symptomatic relief of
atopic dermatitis and generalized pruritus reduction. 7%’

In our study, the most commonly recommended form of adminis-
tration were topicals. This could be due to convenient use without the
concern for psychoactive effects from systemic absorption that can occur
with smoking, vaping, or ingestion.'” Safety concerns, such as E-ciga-
rette or vaping use-associated lung injury (EVALI), may also explain
preference of recommendation of topical products. '

Limitations of this survey include self-selection bias, as participants
were contacted through a specific dermatology conference mailing list.
Another limitation is the small sample which increases the risk of type II
error and may have limited identifying significant differences in
recommendation behaviors and provider attitudes based on certain de-
mographics. The small sample size also reduces the generalizability of
these results to the population we surveyed. Sending out the survey
multiple times or incentivizing the survey would improve response rates
and should be considered for future investigation. Some aspects of the
survey, such as perceived knowledge level, were self-reported and
therefore may not reflect the actual education levels of these providers.
In assessing why respondents did not recommend cannabis, there was no
answer choice suggesting a lack of scientific evidence as a reason against
recommendation. Such exclusion may have biased respondents towards
suggesting medical cannabis is an effective treatment, though 17 %
indicated they believed medical cannabis has little or no value.

5. Conclusion

Our pilot survey shows that a lack of appropriate knowledge on or
experience with medical cannabis may have limited survey respondents’
willingness to recommend medical cannabis to their patients. Of the
dermatologists who did recommend medical cannabis, the treatment of
chronic inflammatory and pruritic disorders, such as psoriasis and atopic
dermatitis, were the most common indications. Topical administration
was the most popular form recommended, potentially due to lack of
systemic effects and high safety profile. The study was limited by the
small sample size and a future survey with a more robust response is
needed to confirm the findings of this study.





S. Yeroushalmi et al.

Indications for Recommending Medical
Cannabis (n=20)
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Reasons for Not Recommending Medical
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Fig. 1. Reasons for and against recommending medical cannabis. Dermatologists who answered they have recommended medical cannabis (n = 20) were subse-
quently asked for what indications (left). Dermatologists who answered they have never recommended medical cannabis (n = 125) were subsequently asked why they
have not (right). The percentage of respondents who selected each answer choice per question is shown. Respondents were able to select multiple answers.
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