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Cyclodextrin-enabled Cannabinoid
Formulations

Cannabinoids are diverse chemical compounds acting on cannabinoid receptors CB1 and CB2.
There are three main sources of cannabinoids: endocannabinoids produced naturally in the
body of animals, phytocannanbinoids found in plants and synthetic cannabinoids.

Endocannabinoids, such as anandamide (arachidonoylethanolamine, AEA) and 2-
arachidonylglycerol (2-AG) are produced in the human organism from the omega-6 fatty acid
arachidonic acid (Fig. 1). They are neurotransmitters regulating several physiological functions,
such as appetite, pain, mood, immune function, memory, inflammation, and body temperature,
through binding to CB1 and CB2 receptor proteins.
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Fig. 1 Chemical structure of anandamide (A) and 2-AG (B)

The plant-derived cannabinoids act on the same receptors. In Cannabis sativa plant (Fig. 2),
the richest source of phytocannabinoids there are around 70 such compounds. The most well-
known is delta-9-tetrahydrocannabinol (THC, Fig. 3), primarily responsible for the euphoric and
psychoactive effects of cannabis.
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Fig. 2 Cannabis sativa Fig. 3 Chemical formula of THC
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Cannabis has been used for medicinal purposes for thousands of years. Its active compounds
produce pharmacological effects throughout the body, especially in the central nervous system
and the immune system. THC was found to relieve pain and inflammation, has muscle relaxant
effect, it is neuroprotective and antioxidant. It has benefits in the treatment of cancer-related
side effects (anti-vomiting effect), helps reduce the nausea and weight-loss associated with
HIV/AIDS chemotherapy, has indications in the treatment of multiple sclerosis, chronic
neuropathic pain and glaucoma (Grotenhermen, 2004). Cannabidiol (CBD), the second most
common cannabinoid in medicinal marijuana provides potent therapeutic benefits without
psychoactive effects (euphoria or lethargy).

The two main modes of cannabinoid administration, oral ingestion of tetrahydrocannabinol
(THC) and smoking of dry cannabis plant material, both have specific advantages and
disadvantages (Grotenhermen, 2004). Disadvantages of oral ingestion (oil drops, capsules,
tea) include slow and insufficient absorption, delayed onset of action and low systemic
bioavailability, whereas disadvantages of smoking include mucosal damage and short duration
of effect. In recent years several new modes of cannabinoid delivery have been studied.

To avoid or at least reduce the formation of carcinogenic combustion products found in
cannabis smoke alternative route of systemic pulmonary administration with a vaporizer was
developed. The more and more popular electronic cigarettes or vapor producing devices, which
heat the e-liquid or e-juice and creates vapor (aerosol) to be inhaled by the user, apply
cannabis oil or extract diluted with glycerol or propylene glycol. Sublingual (buccal)
administration of liquid cannabis extracts (sprays) might be another option enabling easier
dose titration than oral capsules.

Topical administration (creams and oils) is useful for local pain relief. Transdermal patches have
longer lasting effect than inhalation or oral administration. Rectal administration of THC-
hemisuccinate suppositories resulted in systemic bioavailability twice as high as with oral
administration because of the reduced first-pass effect (Brenneisen et al., 1996).

The aerosols, sprays, eye drops, etc. require aqueous solutions of these highly lipophylic active
compounds. In addition to the development of water-soluble agonists to the cannabinoid
receptor, such as Dexanabinol, cyclodextrins (CDs) were also used to enhance the solubility of
cannabinoids. The HPBCD-solubilized THC was found useful also for intrathecal and
intracerebroventricular administration (Agabio et al., 2017). Table 1 gives examples on CD
application in various formulations aimed for improved sublingual, pulmonary, oral and nasal
mucosal, as well as topical absorption.
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Table 1 CD application for cannabinoid formulations
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derivatives

1 corneal penetration

Cannabinoid ‘CD ‘Effect Reference
Endocannabinoids

t aqueous solubility and Jarhoet al., 1996a
Anandamide and HPBCD stability Jarho et al., 1996b

Juntunen et al.,
2005

Phytocannabinoids

Cannabis extract

CD (not specified)

+ sublingual and pulmonal
bioavailability

Stittes, 2017

t+ stability and sublingal

Shoyama et al.,

transcorneal permeability

BCD bioavailabilit 1983
Y Mannila et al. 2006
Jarho et al., 1998
HPBCD 1 solubility (1000 fold) Degeeter &
THC Johnson, 2017
. Mannila et al., 2005
RAMES cublingual bloavarabiiy  Hazekamp &
9 Y Verpoorte, 2006
+ absorption through the |Zerde & Paiement,
GCD
oral mucosa 2011
THC hemiglutarate RAMEB 1+ solubility and Hingorani et al.,

2012

THC hemisuccinate

HPBCD, RAMEB

+ solubility

Upadhye et al.,
2010

THC monovaline-
hemisuccinate ester

HPBCD

1 solubility, stability,
transcorneal permeability

Adelli et al., 2017

D-8 THC

HPBCD, RAMEB and
SBEBCD

1 solubility and
transcorneal permeability

Hippalgaonkar et
al., 2011

t+ dissolution rate and

BCD absorption via sublingual |[Mannila et al., 2007
admin.
cannabidiol (CBD) HPBCD T solubility and lowering Arsenovic et al.,
intraocular pressure 2000
DIMEB 1 nasal absorption Paudel et al., 2010
GCD t+ dissolution rate Jarho et al., 2009
. . Hazekamp &
cannabigerol (CBG) RAMEB 1 solubility Verpoorte, 2006
cannabinol derivatives DIMEB* 1+ solubility and analgesic |Korbonits et al.,
effect 1985
t oral blo_avallablhty and Liu et al.,, 2013
attenuation of non- . .
BCD . . Quintas-Junior et
b- hvllene** inflammatory chronic al.. 2016
caryophy muscle pain Y
HPBCD 1 solubility and Lou et al., 2017
bioavailability

Synthetic cannabinoids and cannabinoid mimics

1 solubility, bioavailability

Asruc-Diaz et al.,

mesylate

bioavailability

Xk %k
MDA?7 HPBCD and antiallodynic effect 2013
. - Viernstein &
Nabilone RAMEB t aqueous solubility Wolschann, 2012
o Agu et al., 2006
R-(+)-WIN 55,212-2 RAMEB 1 solubility and nasal Hingorani et al.,

2012

*The concentrated DIMEB solution itself showed slight analgesic effect

** natural bicyclic sesquiterpene binding selectively binding to CB2 receptor, beneficial for colitis, osteoarthritis,
diabetes, Alzheimer disease, anxiety, depression, etc., “dietary cannabinoid” found in cannabis and other plants

(Hartsel et al., 2016)

***methylenedioxyamphetamine derivative
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The above studies show that the parent CDs give water-insoluble complexes with cannabinoids
useful for sublingual administration in solid form (Mannila et al.,, 2007), while using the
complexation with soluble CD derivatives, especially with HPBCD and RAMEB, concentrated
aqueous solutions can be obtained. The cannabinoids dissolved in CD solutions are degraded in
a lower extent compared to ethanolic solutions. The complex association constants calculated
from the phase-solubility studies show high affinity of these CDs especially of methylated CDs
to cannabinoids (Table 2).

Table 2 Complex association constants for 1:1 cannabidiol:CD complexes

AEA THC CBD
HPBCD 3.9x10%4 4.2x10%b 1.4x10%
HPGCD 1. 5x1(e
DIMEB/RAMEB 7.4x10°3 2.0x10% 4.8x10°"

3 Jarho et al., 1996b PJarvinen et al., 2005

The data in Table 2 were calculated for 1:1 molar ratio, but the stoichiometry based on the
Job’s plot (continuous variation plot) was found to be 2:1 (guest:host) for THC/RAMEB complex
(Hazekamp & Verpoorte, 2006). NMR studies revealed that one of the THC molecules is
included in the cavity while the second THC is in non-inclusion interaction between the methyl
groups from CHT and RAMEB (Fig. 4).
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Fig. 4 Possible structure of CHT/RAMEB 2:1 complex based on detailed NMR study (Hazekamp
& Verpoorte, 2006)

Concerning the practical applications of CD solubilized/stabilized cannabinoids several Chinese
patents disclose various herbal compositions containing also cannabis seed-oil stabilized by
BCD. For instance, herbal medicine pill for treating constipation (Li & Zhang, 2012), fructus
cannabis pill for treatment of constipation and bowel discomfort (Zhou & Zhou, 2013, Tan et
al.,, 2016), tea for patients in gastric cancer (Hu, 2014), intestine-lubricating and bowel-
relaxing granules (Yuan, Y.F, 2016) have been patented. Yoghurt enriched with herbal
excipients, such as cannabis seeds, and BCD as health food is claimed useful for soothing
nerves, reducing blood pressure and blood fat, dispelling wind-damp, cold and heat, losing
weight, resisting aging and relaxing bowels (Gao, 2017).

On the analogy of powdered alcohol (Palcohol) prepared by complexing alcoholic drinks with
CD, powdered weed, the cyclodextrin-encapsulated cannabinoid is expected to get on the
market (High Times, 2015).
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Capsules marketed under the trade name of Energy contain Hydro Hemp™ (a completely
water-soluble micelle preparation of true Full Spectrum Hemp Oil Powder), D-Ribose,
Capsaicin, DMG, and Alpha Cyclodextrin to help naturally promote overall performance and
feelings of vigor (CBD.co, 2018)

Fig. 5 Powdered weed (High Times, 2015)
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Cyclodextrin News Retrospective
We wrote 10, 20 and 30 years ago

10 years ago, Cyclodextrin News editorial summarized the major results collected from 120
papers and publications dedicated to the interaction betwen CDs and genetic materials (nucleic
acids, DNA, RNA siRNA, nucleotides etc) and surveyed the knowledge accummulated around
the utilization of CDs in delivery of genetic material. The collection covered a 37-year time
period, from the first papers on the interaction of nucleotides and CDs until the announcement
of the first human trial of CD-assisted transfection.

Szente, L. ,Utilization of cyclodextrins in delivery of genetic material”, CD News VOLUME 22.
No. 2. FEBRUARY 2008

Due to the increasing interest and the endless potential of this important research area, this
topic was one of the hottest fields at last year’s European Cyclodextrin Conference held in
Lisbon. The advances were just recently re-visited in one of the CD News editorials published at
the end of last year.

~CD-based drug and gene delivery systems on the 5th European Cyclodextrin Conference”, CD
News VOLUME 31. No. 10. October 2017

20 years ago, the use of cyclodextrins in eyedrop formulations was discussed along Ph.D.
dissertation of Pekka Jarho: Cyclodextrins in eyedrop formulations: at the University of Kuopio,
1997.

It is just a mere coincidence that the previous isssue of CD News reported on a success of
Oculis’ investigational ocular product developed by Prof. Loftsson’s group based on a
revolutionary idea that the formation of cyclodextrin-drug microparticulate aggregates is not a
phenomenon to be best avoided. Right on the contrary! These agglomerates can be really
suitable and effective drug carriers even in the treatment of such a sensitive organ like the eye.
»~Cyclodextrin microparticles for ocular drug delivery targeted to the posterior segment of the
eye”, CD News VOLUME 32. No. 1. January 2018
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30 years ago, the highlighted topic was cyclodextrins in chromatography. The versatility of
cyclodextrins was demonstrated by the use in gas chromatograpy, thin layer chromatography,
gel-inclusion  chromatography, @ HPLC, affinity chromatography and electrokinetic
chromatography. Since then, the technique reached scientific interest as high as sky (literally)
since Curiosity Mars Rover (still active to date) carries a so-called Mars Organic Molecule
Analyzer Instrument. This device includes CP Chirasil Dex CB (Agilent) enantioselective column
containing cyclodextrin bonded to dimethylpolysiloxane aimed to distinguish organic
enantiomers. One path to finding life on other planets or moons involves looking for amino
acids which are critical to life on Earth. Nevertheless looking for these molecules on Mars or
other planetary surfaces has been a major challenge. The Curiosity rover attempted to
accomplish this, but the rover's experiments to identify organic chemicals in Martian samples
were complicated by reactions with other materials in the samples. Recently a research group
at Jet Propulsion Laboratory, California Institute of Technology created novel methods based on
capillary electrophoresis to process soil or ice samples and detect 17 different amino acids
simultaneously using beta- and gamma-cyclodextrins (Jessica S. Creamer , Maria F. Mora, and
Peter A. Willis (2017): Enhanced resolution of chiral amino acids with capillary electrophoresis
for biosignature detection in extraterrestrial samples. Anal. Chem., 89 (2), 1329-1337). We
hope that the trust in cyclodextrins will eventually worth true breakthrough explorations on
Earth and beyond!
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