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1. ABBREVIATIONS LIST

A®-tetrahydrocannabinol (A®--THC),
N3-tetrahydrocannabinol (A%-THC),
A®-tetrahydrocannabivarin (A*-THCV),
Cannabidiol (CBD),

2-arachidonylglycerol (2-AG),

Anandamid (AEA),

Fatty acid binding proteins (FABPS),
Endocannabinoid system (ECS),
Gamma-aminobutyric acid (GABA),

Polymerase chain reaction (PCR),

Transient receptor potential vanilloid 1 (TRPV1),
Nerve growth factor (NGF),

Arachidonic acid (AA),

Fatty acid amide hydrolase (FAAH),
Monoacylglycerol lipase (MAGL),

Matrix metalloproteinase-3 (MMP-3),

Receptor activator of NF-kB ligand (RANKL),
Chemokine (C-C motif) ligand2 (CCL2),
Fibroblast-like synoviocytes (FLS),

Macrophage colony-stimulated factor ( M-CSF),
Glucose 6-phosphate isomerase (GPI),
Triosephosphate isomerase (TPI),
N-oleoylethanolamine (OEA),
N-palmitoylethanolamine (PEA),
Dietary-induced obese (DIO),

Pyruvate kinase isozyme (PKM1),

Lactate dehydrogenase (LDHa), Glyoxalase-1 (Glol),
Tricarboxylic acid (TCA) also known as citric acid cycle,
Dihydrolipoamide dehydrogenase (DLD),

Nuclear peroxisome proliferator-activated receptors (PPARQ)




2. AIM OF STUDY

Due to the low aqueous solubility of A°®-THC, the biologically active cannabinoid of
Cannabis sativa, it is obvious that nabilone, which is chemically similar to A®-THC,
suffers from the same problem and represents an obstacle for the development of
more active administration forms.

The purpose of this study was to examine the effect of cyclodextrins (CDs), precisely
randomly methylated B-cyclodextrin (RAMEB) and hydroxypropyl B-cyclodextrin (HP-
B-CD), on the aqueous solubility of nabilone and further on the stability of the
nabilone:CD complexes.

Also it is demonstrated that in an ethanolic/ aqueous solution the cosolvent as
solubilizing agent increases the solubility. However, the fact that it contains ethanol is
resulting in frequent irritation of the administration site.

The resulting nabilone-CD complex was studied via UV and lyophilization-studies.
Filtration and stability tests where used to investigate the time depending decrease of
concentration leading to the assumption that a different stoichiometric complex is
formed after some time. Based on the obtained results, 1:1 and 1:2 complexes are
enhancing the solubility whereas the stoichiometric complex leading to a lower
concentration is probably a 2:1 complex.




3. INTRODUCTION

3.1 Cannabinoids

Phytocannabinoids or plant cannabinoids are a set of compounds found in Cannabis
sativa plant and the physiological effects have been used for both leisure and
medicinal purposes since ancient times thus have gathered immense interest for
pharmaceutical development nowadays.

A®-Tetrahydrocannabinol is the main psychoactive cannabinoid and has attracted a
great attention as a new class of antiemetic and appetite stimulation, both associated
with chemotherapy HIV/AIDS, agent by mimicking endogenous substances- the
endocannabinoids anandamide and 2-arachidonoylglycerol (2-AG) which are the
main modulators of the important immunmodulator system and lipid signaling — the
ECS.

Cannabinoid based medicines targeting the ECS holds notable therapeutic promise
in a variety of pathological situations including obesity, stroke, diabetic complications,
glaucoma, inflammation, neuropathic pain, epilepsy, spasms, hypertension, cancer,
psychosis, addiction, and neurodegenerative diseases including multiple sclerosis,
Parkinson’s and Alzheimer’s disease. (Pacher et al., 2013)

These uses include wasting—syndrome in AIDS patients, antiemetic (in patients
receiving cancer chemotherapy), anti-anxiety, neuroprotective, analgetic (especially
in cancer pain) and anti-inflammatory effects. (Husni et al., 2015)

During the last years evidences obtained that cannabinoids can reduce tumor growth
in animal models and exert palliative effects on cancer-associated symptoms.
(Velasco et al., 2016)

Other studies showed that THC is a bronchodilator, an antipruritic agent in cholestatic
jaundice, a neuroprotective antioxidant and has 20 times the anti-inflammatory power

of aspirin and twice that of hydrocortisone. (Russo, 2011)
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Figure 1: Structures of the phytocannabinoids. A°-tetrahydrocannabinol (A®-THC), A8-tetrahydro-
cannabinol (A-THC), cannabinol, A°-tetrahydrocannabivarin (A®-THCV), cannabidiol (CBD) and

cannabigerol.
(Pertwee, 2008)




3.1.1 Receptors

The mechanism can be explained through the function of the cannabinoid receptor
system. Cannabinoid receptors belong to the G-protein-coupled receptors (GPCR)

family, which consists of the classical CB1 and CB2 and signal via Gai/o proteins.
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Figures 2a and 2b. Human cannabinoid receptor 1 (CB1). Amino acid sequence of the full-length human CB1
receptor. The putative asparagine-linked glycosylation sites are shown as Y. The seven trans-membrane
domains are highlighted and noted TM 1 through TM 7. The Genebank accession numbers are NM_016083,
NM_001840 and NP_057167.2. Panel 2b. Human cannabinoid receptor 2 (CB2). Amino acid sequence of the full-
length human CB2 receptor. The putative asparagine-linked glycosylation site is shown as W. The seven trans-
membrane domains are highlighted and noted TM 1 through TM 7. The Genebank accession numbers are
NM_001841 and NP_001832. (Cabral G. A., 2009)
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Figure 3: Cannabinoid receptor structure. (www.pterodattilo.com)
The CB1 receptor, first cloned in 1990 by Matsuda et al, is encoded by the CNR1

gene and is widely expressed and mainly located in neuronal tissue such as
cerebellum, hippocampal formation and basal ganglia, regions of the brain that are
involved in the coordination and initiation of movement, (Reza et al., 2015) as well as
in the spinal cord, digestive tract, liver cells, pituitary gland, lungs thyroid gland, fat
cells, kidneys, adrenal gland, muscle cells and male and female reproductive
organs. (Husni et al., 2015)

Further, the CB1 receptor can mediate inhibition of ongoing release of different
excitatory and inhibitory transmitters, like noradrenaline, acetylcholine, 5-
hydroxytryptamine (5-HT), glutamate, dopamine, gamma-aminobutyric acid (GABA),
D-aspartate and cholecystokinin. (Pertwee, 2008)

The amino acid sequence for CB1 showed 472 amino acids, one less than other
mammalian species. (Figure 2a)

The gene for the CB2 receptor, cloned from HL60 cells 1993 by Munro et al. and

from rat by Griffin et al. in 2000, is CNR2 and was shown to encode for a 360 amino
acid long, 7 transmembrane G-protein receptor (Figure 2b) that is comparable to
CB1. Furthermore it was found to have an extracellular, glycosylated N-terminus and

an intracellular C-terminus.
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Figure 4: cannabinoid receptor 1 / cannabinoid receptor 2
(Ramos et al., 2011)

CB2 receptors are widely expressed throughout the gastrointestinal system but their
main circulation is mostly in cells and tissues of the immune system including the B
lymphocytes, thymus, T lymphocytes, tonsils, monocytes, macrophages and natural
killer (NK) cells which is another distinctive feature of CB2 in comparison to CB1.
(Cabral et al., 2009)

The CB1 and CB2 receptors have approximately 44% similarity of their amino acid

sequences. (Munro et al., 1993)




The most powerful approach to find out which receptor is important for mediating the
effects of cannabinoids in animals has been the development of mice in which either
the CB1 gene or the CB2 gene has been deleted.

The study showed that CB1- knockout mice have been unresponsive to cannabinoids
in a standard set of behavioral assays and the immunomodulatory effects of
cannabinoids in CB2-knockout mice were absent whilst behavioral effects mediated
by CB1 are normal. (Elphick et al., 2001)

The activation of the CB1 and CB2 receptors produce many of their effects by
enhancing K* channels and depressing various voltage gated Ca®* channels.
Deadwyler et al. (1995) showed that activation of presynaptic cannabinoid receptor
by cannabinoids enhance activation of A-type potassium currents due to inhibition of
adenylyl cyclase, leading to decreased phosphorylation of the channel by cAMP-
dependent protein kinase A (PKA). Thus, causes shortening the duration of action
potentials which may influence the release of neurotransmitter

Another signaling pathway, that was demonstrated by Mackie and Hille in 1992, is
the inhibition of the N-type voltage-gated calcium channels in neuronal cells through
direct Gi/o protein interaction, leading to reduction of important synaptically evoked
Ca” signals. (Elphick et al., 2001)




3.1.2 Synthesis and metabolism of endocannabinoids

The role of the major ECBSs, such as arachidonoyl-ethanolamide (anandamide, AEA)
and 2- arachidonoyl glycerol (2-AG), as retrograde messengers that suppress both
excitatory and inhibitory transmission are well-established.

AEA is well spread in the brain and shows high distribution in the striatum,
hippocampus, thalamus, brainstem and to a lesser extent in the cerebral cortex and
cerebellum (Buczynski et al., 2010) whereas lower concentrations are found in
human serum, plasma, and cerebrospinal fluid.

2-AG is detected in both the brain and periphery, albeit its concentration is 150 times
higher in brain compared to that of AEA. Higher 2-AG levels are found in rat
hippocampus, brainstem, striatum, and medulla (Bisogno et al.,1999). (More et al.,
2015)

The synthesis of endocannabinoids arises by hydrolysis of membrane lipid
precursors.

Anandamide is developed by cleavage of its precursor N-arachidonoyl
phosphatidylethanolamine via phospholipase D, whereas 2-AG is created by
cleavage of its precursor diacylglycerol via diacylglycerol lipase. Anandamide
(Willoughby et al.,, 1997) and 2-AG (Jarai et al., 2000) are both degraded into
arachidonic acid (AA). Fatty acid amide hydrolase (FAAH) is the main hydrolyzing
enzyme for anandamide (Cravatt et al., 1996), whereas the main hydrolyzing enzyme
for 2-AG is monoglyceride lipase (MGL) (Dinh et al., 2002). (Walter et al., 2004)
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New Cannabinoid receptor GPR55 & TRPV

In 2007 Ryberg et al. investigated the expression pattern of GPR55 in a panel of
mouse tissues using quantitative PCR and suggested that the G-Protein coupled
receptor GPR55 may be a novel cannabinoid receptor because it is targeted by a
number of cannabinoids. Surprisingly it is activated as potently and with greater
efficacy than the CB1 receptor by the main psychoactive compound of cannabis (A®-
THC). Furthermore, anandamide, the predominant circulating endocannabinoid,
activated GPR55 with a potency equivalent to that activating CB1 and CB2 receptors.
(Pertwee, 2007)
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Figure5: mRNA expression levels of GPR55 and CB1 receptors in mouse tissues measured by
guantitative PCR relative to m36B4. Tissues were dissected from C57BL/6 female mice. Samples from
different mice were processed individually in all subsequent steps; RNA preparation, cDNA synthesis
and quantitative PCR. Data are mean values7s.e.m. using tissues from eight (GPR55) or four mice
(CB1) and presented as per cent of the ubiquitously and homo- genously expressed ribosomal protein
36B4. (Ryberg et al., 2007)
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It is known that the CB1 and CB2 signaling promote primarily via Gai/o proteins and
adenylate cyclase to activate multiple different downstream cascades. However, it is
established that the signal transduction pathway of GPR55 differs from that of CB1
and CB2 because it has been proved that GPR55 only couples to Ga12 and 13
proteins, thereby activating ras homologue gene family member A (RhoA) and Rho-
associated protein kinase (ROCK). The activation of RhoA and ROCK evokes the
phospholipase C (PLC) pathway to raise intracellular Ca**. Furthermore, it activates
small GTPase proteins rhoA, Rac and cdc42, and turns on extracellular regulated
kinase (ERK) phosphorylation. (Yang et al., 2015)
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Figure 6: Overview of the GPR55 signaling pathway by LPI. Extracellular LPI can bind and activate
GPR55. Activation of GPR55 is coupled to Ga12,13 proteins, thereby activating ras homologue gene
family member A (RhoA) and ROCK. ROCK then turns on PLC pathway, which allows cytosolic
concentration of Ca”" to increase. Increased intracellular Ca®* in turn leads to ERK phosphorylation

and gene expression. (Yang et al., 2015)
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The transient receptor potential vanilloid 1 (TRVP1), a ligand-gated cation channel
and a member of the transient receptor potential channel family receptor, is also a
candidate cannabinoid receptor. TRVP1 receptors are activated by naturally
occurring compounds such as capsaicin, vanilloids and anandamine. Its implied role
as a cannabinoid receptor is based on the ability of the endogenous cannabinoid
anandamide, shown to be structurally similar to capsaicin, to bind and activate this
receptor. (Cabral et al., 2009)

13



3.1.3 Function

To understand the molecular mechanism of cannabinoid signaling in neurons it is
important to establish the CB1 functions either as a presynaptic receptor or
postsynaptic receptor or both.

In 1999 Katona et al. observed the CB1 immunoreactivity and showed that the
reactivity, detected in the hippocampal interneurons, was found to be in the Golgi
apparatus and not in the cell surface membrane, indicating that the CB1 corresponds
to newly synthesized receptors prior to translocation out of the somato-dendritic
compartment into the axonal compartment, implementing that the CB1 receptor is

possibly exclusively a presynaptic receptor. (Elphick et al., 2001)
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Figure 7: A model for 2-AG signaling at CB1 receptors in the nervous system.

A, under normal conditions, 2-AG is synthesized postsynaptically by diacylglycerol lipase (DAGL),
traverses across the synapse to activate CB1 receptors located presynaptically, and then is rapidly
inactivated by MAGL.

B, after long-term MAGL blockade, elevated 2-AG levels cause tonic activation and eventual
internalization and down-regulation of CB1 receptors.

(Lichtman et al., 2010)
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3.1.4 Pharmaceutical Usage

a. Anti-inflammatory effect

In the late 1990s (Zhu et al.,, 1998) THC was shown to induce apoptosis in
macrophages. Furthermore, by inhibiting the production of proinflammatory IL-12,
IL12 receptor and interferon-y, THC suppresses TH1 and increases the expression
of anti-inflammatory IL-4, a TH2 cytokine, via CB1 and CB2 receptors. (Newton et al.,
1994)

An alternation towards TH1 has been associated with disease progression, whilst a
T-cell response towards a TH2 has been linked with therapeutic benefit in MS and
EAE. (Hemmer et al., 2002)

There are a few studies showing that, by inducing apoptosis or modulating
proliferation in lymphocytes, cannabinoids may suppress the immune and the
inflammatory response. Berdyshev et al. demonstrated in 1997 that anandamide
inhibits proinflammatory TNF-a production, inhibits IL-6 and IL-8 in LPS-stimulated
monocytes and inhibits cytokine soluble receptors. 3 years later Malfait et al. proved
that Cannabidiol, the non-psychoactive cannabis compound, causes a dose-
dependent suppression of lymphocyte proliferation.

CB2 receptor activation inhibits the functions of immune cells via the known CB2
receptor intracellular signaling mechanisms: inhibition of adenylyl cyclase activity by
Gi/o proteins, decreased activity of protein kinase A and NF-kB transcription factor.
(Walter et al., 2004)

Surprisingly the effects of plant, endogenous and synthetic cannabinoid compounds
on peripheral immune cells can induce the opposite response when it comes to the
production of NO from immune cells. Synthetic and plant cannabinoids inhibit NO
production (Coffey et al., 1996) whilst the endogenous anandamine increases NO
production in human monocytes (Stefano et al., 1996) and macrophages (Stefano et
al., 1998).

Since most anti-inflammatory mechanisms are connected to CB2 activation, Lowin
and Straub reviewd in 2015 how CB1 agonism or antagonism has similar effects on
arthritic inflammation.

First, anti-inflammatory effects of CB1 inhibition were shown in THP-1 macrophages,

where rimonabant decreased TNF and increased IL-10 production (Miranville et al.,

15



2010) and in 2013 Duncan et al. demonstrated that the production of pro-inflamatory
cytokine and TLR4 expression in macrophages from CB1 knock-out mice, were
reduced.

CB1 agonism on the other hand also implies anti-inflammatory effects on immune
cells like decreased activation of T lymphocytes by downregulating IL-2. But direct
effects are most prominent when injected into the brain, where CB1 activation
decreases the activity of microglial cells via reduction of pro-inflammatory cytokines
in mice. (Lowin et al., 2015)

Second, FAAH inhibition can counteract the neuroinflammatory component of RA by
activating neuronal CB1. Thus, according to Lowin and Straub the best treatment
option for RA might be a combination of a peripherally restricted CB1 antagonist and
a FAAH inhibitor raising systemic levels of N-acylethanolamines.

Also an inhibition of the fatty acid binding proteins (FABPS), especially FABP 5 and
7,which serve as intracellular carriers that deliver endocannabinoids and N-acetyl-
ethanol amines to their catabolic enzymes such as FAAH, reduces endocannabinoid
transport and catabolism in cells and FABP inhibitors produce antinociceptive and

anti-inflammatory effects in mice. (Kaczocha et al., 2015)
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b. Adipositas

It is now well accepted that CB1 activation by A°-THC or synthetic CB1 agonists
stimulates appetite.

Since CB1 receptors are expressed in many peripheral organs involved in energy
metabolism, including striate muscle and adipose tissue Arrabal et al. demonstrated
in 2015 that the expression of relevant metabolic enzymes involved in the regulation
of glucose (GPI, TPI), pyruvate (Enolase, PKM1, LDHa), glyoxalase-1 (Glol) and
amino acid catabolism (DLD) pathways in the abdominal rat muscle was modified
and showed a complete normalization after the systemic administration of a CB1
receptor antagonist in obese rats.

However, CB1 receptors are also located in the mouse neuronal mitochondria and
are able to directly modulate neuronal energy metabolism. Hence Arrabal et al.
suggested that CB1 receptor might directly regulate mitochondrial muscle
metabolism by targeting the pyruvate dehydrogenase activity, probably partaken by
DLD.

Furthermore, CBL1 is also present in mature white adipocytes. (Roche et al., 2006)

As shown in Figure 8 the in vitro effect of CB1 activation in these cells includes the
increase of glucose uptake, lipoprotein lipase (LPL) and fatty acid synthase (FAS);
the stimulation of PPARg expression and adipogenesis and the inhibition of cAMP
release, adenosine monophosphate-activated protein kinase (AMPK) and inhibition

of adiponectin. (Silvestri et al., 2013)

17
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Figure 8: Endocannabinoid Function in the Adipose Tissue

AEA, anandamide; BAT, brown adipose tissue; EC, endocannabinoid; FA, fatty acid; FAS, fatty acid
synthase; LPL, lipoprotein lipase; PPARg, peroxisome proliferator-activated receptor-g; TG,
triglyceride. (Silvestri et al., 2013)

A popular antiobesity drug, rimonabant, is a CB1 antagonist and inhibits the
orexigenic effect of ghrelin (Kola et al., 2008) but because of the consequences
associated with its central side effects, the pursuit to develop similar drugs was
abandoned.

As mentioned before the CB2 receptor is well known for its immune modulating role
but in fact it is also located in the metabolically active tissue. Verty, Stefanidis,
McAinch, Hryciw and Oldfield investigated in 2015 the effect of CB2 receptor

stimulation on body weight and food intake using DIO (diet-induced obese) mice.




The results showed that the treatment reduced plasma insulin levels and triglyceride
levels which are obesity associated metabolic parameters. Furthermore, the data
demonstrated the reduction of AST blood concentration, a metabolic enzyme
expressed in the liver which is associated with non-alcoholic fatty liver disease
(NAFLD) that occurs with increasing obesity, leading to the possibility that CB2
receptor activation could perform a role in protecting the liver from damage in obesity.
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c. Alzheimer/Parkinson

Several findings indicate that the activation of both CB1 and CB2 receptors by
natural or synthetic agonists, at non-psychoactive doses, have beneficial effects in
Alzheimer and confer neuroprotection against ApB.

The review done by Aso et al. in 2014 summarizes the main studies which
demonstrate the effect of cannabinoid compounds for the treatment of AD, thus
encouraging the progress towards a clinical trial.

Figure 9 shows that cannabinoids target several processes that play key roles in AD,
like AP and tau aberrant processing, mitochondrial dysfunction, excitotoxicity,
oxidative stress, neuroinflammation, hence the ECS has been demonstrated to
modulate the main pathological processes occurring during the period of the
neurodegenerative process, including protein misfolding.

So far a few studies described the alteration for CB1 receptors in AD but the results
are ambiguous whilst there is no argument regarding the significant increase of CB2
levels in AD brains, primarily connected to receptors expressed on microglia
surrounding senile plaques (Ramirez et al., 2005) which supports AB transport
through the choroid plexus (Martin-Moreno et al., 2012) and clearance of AR by
macrophages. (Wu et al., 2013)

Bachmeier et al. showed in 2013 that CB receptor agonism or the inhibition of
endocannabinoid-degrading enzymes significantly enhanced AP clearance across
the blood brain barrier.

The neuroprotective benefits of cannabidiol were shown by luvone et al. in 2004
reporting that CBD reduced, concentration-dependent, AB-induced ROS
accumulation and lipid peroxidation, thus pointing out the role of CB2 receptors in
reducing oxidative stress damage.

Furthermore, cannabidiol impairs the transcription of NF-kB signaling, hence reduces
nitrite (NO) concentration, a oxidant reactive molecule, as well as the expression of
INOS, one of the enzymes responsible for the synthesis of NO. (Esposito et al., 2011)
Nowadays, the accepted treatment for AD is based on acetylcholine esterase (AChE)
inhibitors, which increases the Ach concentration or non-competitive antagonists of

the N-methyl D-aspartate (NMDA) receptor, which reduces the calcium influx.
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Interestingly, A®-THC competitively inhibits AChE (Eubanks et al., 2008) and the

synthetic cannabinoid HU-211 acts as an inhibitor of NMDA receptors. (Nadler et al.,

1993)

Finally, a couple of studies have demonstrated that certain cannabinoids produce

vasodilatation of brain blood vessels and increase cerebral blood flow (Iring et al.,

2013) leading to the conclusion that the effect of cannabinoids on the regulation of

cerebral blood flow may contribute to their potential benefits on AD.
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Figure 9: Summary of the main findings demonstrating beneficial effects of cannabinoid compounds in
AD models. (Aso et al., 2014)
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Based on the evidence that the components of the endocannabinoid system, CB1
CB2 and TRPV1-receptor, are highly expressed in the basal ganglia wherein they
interact with dopaminergic, glutamatergic, and GABAergic signaling systems
reassess the existing evidence suggesting the involvement of the endocannabinoid
system in the treatment of Parkinson. In 2015 More & Choi summarized the
pharmacological effects of cannabinoids in various model of PD:

(i) Cannabis was found to improve tremor, rigidity and bradykinesia in PD patients.
Also, sleep and pain scores were improved, (i) WIN-55,212-2 ameliorated L- DOPA
induced AlMs (abnormal involuntary movements) and (iii) increased survival of DA
neurons in the substantia nigra, reduced expression of pro-inflammatory cytokines

and improved motor function, just to mention a few effects.
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3.2 Solubility Problem

Solubility, the act of dissolution of a solute in a solvent to give a homogenous system,
is an important parameter influencing drug permeation across biological membranes
to achieve a certain concentration of a drug in systemic circulation for desired
pharmacological response. (Savjani et al., 2012)

Drugs must be able to be pharmacologically active and to permeate biological
membranes via passive diffusion, thus they have to possess some degree of
aqueous solubility and need to be lipophilic as well.

The reduced bioavailability of oral administered THC, due to its high first pass effect
and extremely low water solubility which is limited by its high lipophilicity,
necessitating the use of a solubilizing agent such as ethanol or chloroform. (Pertwee
et al., 2000)

This difficulty is also hindering the full exploitation of cannabinoids as therapeutic
agents, particularly when the delivery of the drug has to be by injection, by aerosol
inhalation or topical for ophthalmic use. The therapeutic agents must possess
optimum hydrophilic and hydrophobic characters. (Hippalgaonkar et al., 2011)

Therefore there is a need for water-soluble cannabinoid receptor ligands.
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3.3 Solubility Agents : Cyclodextrins

Cyclodextrins have mainly been used in the pharmaceutical industry as complexing
agents for poorly water-soluble drugs to increase their aqueous solubility, and thus

increase their bioavailability and chemical stability.

B-CYCLODEXTRIN
HO’% EDGE OF SECONDAH‘I’\
HYDROXYLS

4] CH OH EDGE OF PRIMARY
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CHxoH 9

CHEMICAL STRUCTURE SCHEMATIC DRAWING OF THE CYCLODEXTRIN

CYLINDER

Figure 10: The chemical structure and the schematic drawing of the cylinder of the B-cyclodextrin

molecule. (Loftsson et al.; 2005)

They are shaped like cones made of oligosaccharides with a hydrophilic outer
surface consisting of (a-1,4-)-linked a-D-glucopyranose units and a lipophilic central
cavity.

They can form water-soluble complexes with lipophilic drugs, which ‘hide’ in the
cavity. During the complex formation no covalent bonds are formed or broken and the
free molecules in the solution are in fast equilibrium with the drug molecules in the
complex.

The driving forces for the complex formation include release of enthalpy-rich water
molecules from the cavity, hydrogen bonding electrostatic interactions, hydrophobic
interactions, van der Waals interactions, and charge-transfer interactions. (Loftsson
et al.; 2005)
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The molecules are large with a MW ranging from 1000 to over 2000 Daltons with a
numerous of hydrogen donors and acceptors and, thus, in general they do not
permeate lipophilic membranes. (Khuntawee et al. 2015)

The most common natural cyclodextrins consist of six (a-cyclodextrin), seven ([3-
cyclodextrin) and eight (y-cyclodextrin) glucopyranose units (figure 11). The aqueous
solubility of B-cyclodextrin is rather limited due to relatively strong binding of the
cyclodextrin molecules in the crystal state. (Loftsson et al., 1996)

In general, the CDs must be able to bind the drug strongly enough to deliver it
efficiently to the desired target, while at the same time the affinity to guest molecules
must be weak enough to allow the drug to be released upon its arrival at the site.
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Figure 11: Structures of a-, B- and y-CD. (Wang et al., 2016)

Worldwide over 30 different pharmaceutical products containing cyclodextrins are on
the market in different types of formulations, including oral capsules, parenteral
solutions, suppositories, nasal sprays, eye drop solutions and dermal products such
as Diclofenac sodium, an eye drop solution in complexation with 2-hydroxypropyl-y-
cyclodextrin or Omeprazol (oral administration with B-cyclodextrin). (Loftsson et al.,
2002)

Only a-cyclodextrin and the soluble derivatives of (3- and y-cyclodextrin can be used
in parenteral formulations because the natural vy-cyclodextrin forms visible
aggregates in aqueous solutions and the natural B-cyclodextrin is nephrotoxic.
(Loftsson et al., 2005)
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Various modifications of the natural CDs have been developed, such as the randomly
methylated- 3 -CD (RAMEB)

_H R = CH; or H
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Mannila et al. (2005) showed that the complexation with RAMEB increases both the
dissolution rate and aqueous solubility of THC and based on phase-solubility data a
binding ratio of 1:2 (guest:CD) was suggested for the complex. (Hazekamp et al.,
2006)

In this study the agueous solubility of nabilone was tested following binding to HP-B-
CD and RAMEB. The resulting complex was complemented by UV studies in order to
obtain details on the stoichiometry of the complexation. Concentration stability of the

complex was tested up to 4 weeks.
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3.4 Nabilone

A’-TETRAHYDROCANNABINOL (THC) NABILONE

Figure 12: THC and the synthetic analogue nabilone. (Burstein et al., 2009)

Chemical and Physical Properties

Nabilone is a racemate consisting of the (S,S) and the (R,R) isomers.

e |UPAC:
(6aR,10aR)-1-hydroxy-6,6-dimethyl-3-(2-methyloctan-2-yl)-7,8,10,10a-
tetrahydro-6aH-benzo[c]chromen-9-one
(6aS,10aS)-1-hydroxy-6,6-dimethyl-3-(2-methyloctan-2-yl)-7,8,10,10a-
tetrahydro-6aH-benzo[c]chromen-9-one

e SMILES Code:
CCCCCCC(C)(C)C1=CC2=C(C3CCc(=0)Cccr3c(o2)(c)e)c(=Cc1)o

e Molecular Weight: 372.54 g/mol

e Molecular Formula:  C24H3603

e CAS Registry Number: 51022-71-0 (PubChem CID 5284592)
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Pharmacokinetics and pharmacodynamics

The white to off-white polymorphic crystalline substance is an orally active synthetic
cannabinoid which, like other cannabinoids, has complex effects on the central
nervous system (CNS).

It appears to be completely absorbed from the human gastrointestinal tract when
administered orally, it gets metabolized by multiple P450 enzyme isoforms and the
major excretory pathway is the biliary system. The biological half-life for nabilone and
its metabolites are 2 to 35 hours and exhibits dose linearity within its therapeutic
range.

Tolerance to these effects develops rapidly and is readily reversible.

In aqueous media, the solubility of nabilone is less than 0.5 mg/L, with pH values
ranging from 1.2 to 7.0. (www.drugs.com)

In 1985 nabilone (Cesamet) was approved by the U.S. Food and Drug Administration
(FDA) for the treatment of chemotherapy-induced nausea and vomiting that has not
responded to conventional antiemetics. Clinical trials evaluated Cesamet for its
effectiveness and safety in the treatment of nausea and vomiting induced by cancer
chemotherapy in patients receiving chemotherapy, including low- dose cisplatin (20
mg/m?) in both placebo-controlled and active controlled (prochlorperazine) trials.
(Figure 13a/13b)

In Austria nabilone is marketed as Canemes.
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Figure 13a: Nabilone reduces frequency of vomiting on chemotherapy days 1 through 5. (Ware et al.,
2008)
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Figure 13b Nabilone significantly reduces the severity of nausea throughout the chemotherapy cycle.
(Ware et al., 2008)

As a synthetic cannabinoid its effects on the mental state are similar to those of
cannabinoids, thus patients may experience euphoria, detachment, depression,
anxiety, panic, paranoia but these side effects appear to be more common when
larger doses of Cesamet are administered. (www.drugs.com)

The approved indication, 1-2mg, is administered the night before and one to three
hours prior to the chemotherapy and can be continued up to 24 hours following the

chemotherapy.

30



4. MATERIALS AND METHODS

4.1 Materials

Nabilone was provided by LOBA Feinchemie GmbH; Austria.
The Randomly Methylated B-Cyclodextrin (RAMEB) was purchased from
Wacker Chemie, Germany, and Hydroxypropyl-B-Cyclodextrin was purchased

from Roquette, France.
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4.2 Methods

4.2.1 UV-Spectroscopy

UV-spectrometers are used to measure the absorbance of ultra violet or visible light
by a sample at a single wavelength or to perform a scan over a range in the
spectrum. The UV region is from 190 to 400 nm and the visible region ranges from
400 to 800 nm, within this area we distinguish the colors of the rainbow from violet
through to red. The technique can be used both quantitatively and qualitatively.

(Royal society of chemistry. (2009). Ultraviolet/ Visible Spectroscopy)

MONOCHHOMATOR)

Figure 14: A schematic diagram of a UV-visible spectrometer. (Royal society ofchemistry.
(2009). Ultraviolet / Visible Spectroscopy)

It measures the intensity of light after passing through a sample I, and compares it to
the intensity of light before it passes through the sample lp. The ratio I/l is called the

transmittance. The absorbance A is based on the transmittance: A=log lo/I

Figure 14 shows the basic parts of a spectrophotometer, which are a light source, a
holder for the sample, a prism to separate the different wavelengths of light, and a
detector, used to convert the incoming light into a current. The radiation source is a
deuterium lamp or a tungsten lamp. Samples are placed in a rectangular cuvette,
generally with an internal width of 1 cm. The most widely pertinent cuvettes are made
of quartz glass or high quality fused silica because these are transparent throughout

the UV, visible and near infrared regions.
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It is important that the samples are pure and free from any kind of precipitation.

The Lambert-Beer law claims that the absorbance of a solution is directly proportional
to the concentration of the absorbing species in the solution and the path length.
(Royal society of chemistry. (2009). Ultraviolet / Visible Spectroscopy)

Thus, for a fixed path length, UV/Vis spectroscopy can be used to determine the
concentration of the absorber in a solution.

A = g*c*l

A = absorbance

| = optical path length, i.e. dimension of the cell or cuvette (cm)

c = concentration of solution (mol I°)

€ = molar extinction coefficient, which is constant for a particular substance at a

particular wavelength (dm® mol™ cm™)

The law is only applicable for monochromatic light, which is light of a single
wavelength or narrow band of wavelengths, and provided that the physical or
chemical state of the substance does not change with concentration. (Broderick,
2013).
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4.2.2 Lyophilization

Lyophilization or freeze drying is a process in which water is frozen, providing a
necessary condition for low temperature drying, followed by its removal from the
sample, initially by a phenomenon called sublimation, where water passes directly
from solid state to the vapor state without passing the liquid state (primary drying)
and then by desorption (secondary drying).

Sublimation takes place under a vacuum at pressures and a temperature below triple

point, hence it is suited to dry thermolabile compounds. (Nireesha et al., 2013)
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Figure 15: Phase diagram showing the triple point of water at 0.01°C, 0.00603 atm.
Lyophilization. (Nireesha et al., 2013)

When almost the whole frozen water is removed via sublimation primary drying is
complete but at this point, the product still contains some bound unfrozen water that
has to be removed at higher temperatures by desorption, the secondary drying.

(Rajeevani et al., 2015)
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Figure 16: Schematic illustration of a typical lyophilization cycle. 1) Freezing, 2) Primary drying, and 3)

Secondary drying. (Rajeevani et al., 2015)

The most typical use of lyophilization is the manufacturing of parenterals and the
process also gained importance for the preservation of nucleic acid based
pharmaceuticals.

Furthermore, as many new substances suffer from poor solubility, the preparation of
amorphous solid dispersions by lyophilization, especially from co-solvents systems, is
a promising way to achieve stable systems with an increased bioavailability and a low

tendency to recrystallization or particle size increase. (Rajeevani et al., 2015)
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4.2.3 Producing ethanolic soltions

To produce a 5*10~% molar nabilone stock solution 93,2mg nabilone was stirred at
room temperature with 50ml ethanol and as expected the nabilone solubilized
completely in ethanol. Further, 7 different samples were made by diluting an aliquote
(Iml) of the stock solution 1:100 with increasing amount of ethanol in the
water/ethanol mixture, from 10% up to 100% in steps of 10%. Due to immediate
flocculation occurring in the samples, with 10%, 20% and 30% content of ethanol,
centrifugation was performed first for about 30 minutes and the clear samples were
measured via UV-spectrometer.

Further measurements took place 3 weeks later to test the stability of the nabilone

concentration.
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4.2.4 Producing a nabilone:CD complex

Figure 17: Structure of a 1.1 nabilone (green) cyclodextrin complex.

Two different CDs were used to produce nabilone:CD complexes, HP-B-CD and
RAMEB. To perform the time depending behavior test (see point 5.2) an excess
amount of nabilone was stirred for 5 hours at room temperature with a 10~ molar
concentration of RAMEB (65,6mg/50ml water) and HP-B-CD (70mg/50ml water).
Every hour samples from each solution were taken and measured
spectrophotometrically.

For the filtration and stability test the nabilone:CD solutions where placed after 2
hours of stirring in a centrifuge for 30 min, then filtrated to avoid altering of the

precipitation and afterwards analyzed every 50 hours.
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5. RESULTS & CONCLUSION

The results are demonstrated by phase-solubility diagrams since they are useful tools
to study inclusion complexes between cyclodextrins and substances with poor
aqueous solubility. (Onnainty et al., 2013)

5.1 Ethanolic solutions

The ability of an UV-Spectrometer to detect dissolved nabilone in ethanolic solutions
is demonstrated in the figure below.

As already mentioned nabilone is not able to dissolve in sufficient amounts when only
water is used as solubilizing agent. No distinctive peak can be seen.

To confirm the influence of increasing percentage of ethanolic solution as a
solubilizing agent on the ability to dissolve nabilone scans were performed. For the
following measurements a wavelength of 280nm was set.

First the nabilone stock solution was diluted 1:100 with a 10% ethanolic solution but
no distinctive peak could be detected.

When a 50% ethanolic solution was used as a solubilizing agent to dissolve nabilone
a characteristic peak could be seen. Further measurements followed with a 60% and
80% ethanolic solution leading to the expected results; hence we can come to the
conclusion that by increasing the amount of EtOH, the ability to dissolve nabilone
rises. (Figure 18)

These diluted solutions where stored safely at room temperature and measured
again 3 weeks later. We could notice that the flocculation increased with time
especially in the ones where the stocksolution was diluted with a 10%, 20% and 30%
ethanolic solutions. Thus, we expected a decreased nabilone concentration and the
UV results shown in figure 19 verify this. The UV spectra of particularly these 3
solutions did not show any distinctive peak. Hence, within 3 weeks the concentration
of nabilone decreased down to zero. Further, the concentration of nabilone in the
40% ethanolic solution decreased to almost the same amount (2.02*10°° molar) as

the 10% solution that was measured 3 weeks earlier.
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Figure 18: Concentration of nabilone in the presence of water/ethanol mixtures with increasing amount
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Figure 19: Concentration of nabilone in the ethanolic solutions measured 3 weeks later.
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5.2 Time depending behavior

To test the phase-solubility an agueous solution of a specific amount of the CD was
stirred with an excess amount of nabilone for a specific time at room temperature.

To show the behavior of nabilone in a water-CD-solution over a particular period the
following experiment was performed.

Nabilone was set on constant agitation for 5 hours each in a 10~ molar concentration
of RAMEB (65,6mg/50ml) and HP-B-CD (70mg/50ml) and samples were measured
via UV-spectrometer every hour. The results show clearly that CDs improve the
aqueous solubility of nabilone, especially in complexation with HP-3-CD. However,
as we see in figure 20 the highest concentration of soluble nabilone reaches its peak
after 2 hours of stirring and starts reducing afterwards. This test first implied a vague
suspicion that, after these particular 2 hours of stirring, the stoichiometric
conformation of a 1:1 and 1:2 (nabilone:CD) complex changes in a less soluble
complex maybe due to the constant presence of un-dissolved nabilone in the

solution. To confirm this thesis, further experiments were performed.
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Figure 20: Time depending behavior of nabilone in water-CD-mixtures using a 10™° molar
concentration of RAMEB and HP- 3-CD for each solution.
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5.3 Filtration experiment

As shown in the earlier experiment “time depending behavior” the concentration of
soluble nabilone decreases after 2 hours of stirring. The influence of the un-dissolved
nabilone and the presence of CD in the solution may lead to a formation of
complexes of higher order that are less soluble. The following experiment was an
attempt to find out if, after the concentration reaches its peak, a filtration of the
solution could have a positive and stabilizing effect on the concentration of the
soluble nablione:CD complex.

Again two different solutions were made, one with a 10~ molar concentration of HP-
B-CD and in the second one with the same concentration of RAMEB. Nabilone was
added to the solutions and stirred for 2 hours. To remove the un-dissolved nabilone
the solutions were centrifuged for 30 minutes and then filtrated. Each solution was
then measured via UV to detect the concentration of dissolved nabilone.

The two nabilone:CD-complex solutions where stored safely at room temperature
and analyzed every 50 hours.

The following figure 21 summarizes and demonstrates the results of this test. We can
see that after some oscillations the solutions remain stable. However, this test
verifies the theory that by removing un-dissolved nabilone the dissolved complex
concentration reaches a stability condition. Thus this confirms the assumption that
the presence of un-dissolved nabilone has an effect on the stoichiometric

conformation of the complex.
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Figure 21: Time depending behavior of nabilone in water-CD-mixtures (using a 107° molar
concentration of RAMEB and HP-B-CD for each solution). After filtrating un-dissolved nabilone from

the solutions the concentration remains stable.




5.4 Stability of concentration experiment

Having proved that a stable nabilone:CD-complex concentration could be reached,
further investigations on how stable this condition is, were made.

Again, two nabilone:HP-B-CD and nabilone:RAMEB solutions of the same
compositions were made, stirred for 2 hours and then centrifuged, filtrated and
measured. On the following day, to test the concentration stability of this soluble
complex, a small amount of nabilone was additionally added to the centrifuged and
filtered clear solutions.

Further measurements took place every 50 hours and the results can be seen in the
figures 22a and 22b.

Here the charts show a steady continuous fall of the soluble nabilone:CD complex
concentration in the solutions without implying that a condition of stable concentration
is going to manifest again.

This significant decrease of concentration could also be an indication for a new

stoichiometric less soluble complexation of nabilone with CD.
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Figure 22a: Time-concentration curve of a nabilone: HP-B-CD solution showing the decrease of

concentration due to additionally added excess amount of nabilone.
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Figure 22b: Time-concentration curve of a nabilone: RAMEB solution showing the decrease of

concentration due to additionally added excess amount of nabilone to a.
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5.5 Lyophilization test

The lyophilization experiment brought promising results in terms of increasing
solubility.

An excess amount of nabilone was mixed with ever increasing concentrations of CD.
The tested CD was HP-B-CD.

First, ethanolic stock solutions with nabilone (93,2mg in 50ml ethanol) were made
and the samples were evaporated to dryness under vacuum.

Meanwhile, 3 different concentrations of water/CD solutions, each 100ml, were
made, a 10™* molar (14mg HP-B-CD), a 10~ molar (140mg HP-B-CD) and a 1072
molar (1400mg HP-B-CD) solution.

The dried samples were resuspended in the prepared water/CD solutions by
ultrasonication for 1 hour, then left to equilibrate for 72hours at room temperature
under constant agitation.

After equilibration, un-dissolved nabilone was removed from the suspensions by
centrifugation and filtration using quartz frits. The clear solutions were frozen
overnight, lyophilized and reconstituted in a small quantity of ethanol (3ml) for
guantification of dissolved nabilone by UV.

As shown in the figure 23 the amount of CD has a high impact on the solubility of
nabilone. The first column (1), representing the10™ molar CD solution, has the
smalest amount of soluble nabilone compared to the 2nd (1072 molar) and the 3rd
column (1072 molar). This leads to the conclusion that the higher the CD

concentration is the more nabilone is able to solubilize.
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Figure 23: Nabilone concentration set in dependence of HP-3-CD concentration.
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The amount of dissolved nabilone rises with the concentration of CD in the solution.




6. ADDITIONAL TEST

6.1 Melting point

A melting point test was performed to compare the precipitants of the solutions used
in the stability test, as seen in point 5.4, and to investigate the stoichiometric change
in the nabilone:CD complex.

Thus, two fresh nabilone solutions each with a 107 molar concentration of RAMEB
and HP-B-CD were made and stirred for 2 hours. The un-dissolved precipitate was
removed from the liquid by filtration and then dried.

These precipitants showed a melting point from 149°C-155°C which indicates un-
dissolved nabilone.

As demonstrated previously in 5.4, the presence of un-dissolved nabilone in the
solution has an effect on the stoichiometric conformation of the complex. Thus the
dried precipitants of the previously made solutions, which contain additionally added
nabilone to the filtered clear solutions, seen in point 5.4, were used to compare the
melting points.

Here the results were 141°C-145°C, showing that they neither agree with the melting
point of nabilone nor with RAMEB or HP-3-CD.

Hence, we have another indication for our theory that the additional amount of
nabilone in the former clear solution promotes formation of un-soluble nabilone:CD

complexes.
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7. SUMMARY

Cannabinoids have shown promising properties as antiemetic and as adjunct
analgesic against neuropathic pain. Thus the synthetic cannabinoid nabilone was
manufactured for the treatment of chemotherapy-induced nausea and vomiting.
However, similar to the natural cannabinoids, the utility of nabilone is limited due to
its high hydrophobicity (logP 6,8) and poor aqueous solubility. (Hippalgaonkar et al.,
2011)

This major problem encounters with the development of formulation and is a big
challenge for pharmaceutical technology.

Nabilone is administered orally, by capsules, which is the most common and
convenient route of drug delivery. Thus, the major challenge lies in its poor
bioavailability because the poor aqueous solubility, the low permeability and the low
dissolution rate of poorly water soluble drugs in the aqueous gastrointestinal fluids
often lead to low bioavailability.

Various procedures are used for the solubility enhancement of poorly soluble drugs
which involve physical and chemical modifications of the drugs and other methods
like crystal engineering, particle size reduction, solid dispersion, salt formation,
complexation, and so on. (Savjani et al., 2012)

Several studies confirm that cyclodextrins increase the aqueous solubility of THC, the
main cannabinoid. (Hippalgaonkar et al., 2011) (Hazekamp et al., 2006)

Therefore, the solubility increase of nabilone, a synthetic cannabinoid of THC, by

complexation with various cyclodextrins has been investigated in the present work.
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In this study the inclusion complex formation-based technique via cyclodextrins as
agents was used by inserting nabilone, the nonpolar guest molecule or the nonpolar
region of one molecule, into the cavity of cyclodextrins, RAMEB or HP-3- CD, known

as hosts.

Figure 24: Structure of a nabilone: cyclodextrin (red) complex.

The effect of rising concentration of CDs on aqueous solubility of the agent is usually

resolved using phase-solubility studies according to the Higuchi and Connors.
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In figure 25 we can see that the A-Type phase-solubility profiles are achieved when
the solubility of the therapeutic agent increases with increasing concentration of CDs.
AL-type phase-solubility profile is obtained when the complex is first order with
respect to CDs, meaning linear increase in solubility of the compound as a function of

CDs concentration.

A positive deviation from linearity with increasing concentration of CDs is described
as the AP-type phase-solubility profile. In other words, when the complex is first order
with respect to the therapeutic agent, but second or higher order with respect to the
CDs. (Hazekamp et al., 2006)

Conc. of dissolved drug [M]

P
Conc. of Cyclodextrin [M]

Figure 25: Higuchi and Connors phase-solubility diagram. (Loftsson et al., 2002)
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Manila et al. demonstrated that A°-THC yields an AL-Type phase-solubility curve with
HP-B-CD, indicating the formation of 1:1 inclusion complexes between A®-THC and
CD. (Hippalgaonkar et al., 2011)

In this study the nabilone:CD complex showed affinity towards the AP-type as
demonstrated in point 5.5 “lyophilization test”, meaning a positive deviation from
linearity with increasing concentration of CDs, thus a 1:2 nabilone:CD complex.

This outcome correlates with the results of Hippalgonakar et al. suggesting that A%-
THC forms 1:2 inclusion complexes with HP-B-CD and RAMEB. Their reported
stability constant (K1:1=12200M™*) was less than the values we determined in our
study for nabilone (K1:1>16000). Aside from differences in the chemical structure
another reason for the observed variations here could be differences in the
experimental protocol.

Interestingly, the phenomenon we discovered during the “time depending behavior
experiment” left many questions and inspired other tests (filtration and concentration
stability test) leading to the conclusion that, according to our data, the concentration
of the soluble nabilone:CD complex is only stable after the un-dissolved nabilone was
removed from the solution.

As mentioned earlier, the outcome of concentration decrease of soluble nabilone,
after it was added additionally to the filtered solution, could be an indication that a
stoichiometric change of the complex is happening. Possible formations that can

occur in the solutions are 1:1, 1:2 or 2:1 complexes. (Figure 26)

Figure 26: Soluble and less soluble nabilone:CD formations.

Very high solubility: 1) 1:1 complex
Good solubility: 2) 1:2 complex
Poor solubility: 3) 2:1 complex
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In case of the 1.1 complexation (complex 1 in figure 26) two different orientations of
nabilone in the cavity could be possible. Both orientations lead to different stabilities
of the complexes - at thermodynamic equilibrium one orientation dominates.
Additionally, another 1:1 complex is possible, where the nabilone is located outside
the CD’s rim. However, the formation of these complexes is the reason for the
tremendous solubility enhancement of nabilone by complexation in agueous solution.
When one additional cyclodextrin molecule forms a complex with an existing 1:1
formation a 1:2 complexation (complex 2 in figure 26) occurs. Here nabilone serves
as a linker connecting two CD molecules by binding in their cavities. It seems
reasonable that this formation also has a very positive effect on the solubility since it
represents the AP-type phase-solubility profile, as mentioned before.

On the other hand, when one additional nabilone binds outside the CD’s rim on an
existing 1.1 complex a 2:1 formation (complex 3 in figure 26) results. This
arrangement could be a reason for the decrease in solubility but at this point a lower
solubility of such an aggregate can be assumed, because the solvent accessible
surface of the complex is more hydrophobic. Therefore, it is safe to say that such a

2:1 complex is most unlikely to enhance the solubility.

In conclusion, however, all three association complexes could be the reason for the
increase of the overall solubility of nabilone. Complex 3 (Figure 26), is postulated to
have higher solubility than nabilone alone, but it is less soluble than the other two
complexes. The first two options (1:1 and 1:2) are at first the main reason for
increasing solubility. Nonetheless, if the first two options reach their saturation point it
could also cause flocculation and thus decreasing solubility.

The fact that nabilone can not only bind in the cavity of one CD but also connect two
CD molecules and further bind on the surface of a CD’s rim is leading to the
assumption that the solutions may contain other formations of higher order which
may cause this concentration decrease.

Figure 27 summarizes some of the postulated aggregates.
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Figure 27: Un-dissolved nabilone and different expected nabilone: CD complexes of higher order with

15

different solubility amounts in equilibrium to each other.
Very high solubility: 1, 13, 14

Good solubility: 2, 4

Poor solubility: 5, 7

Very poor solubility: 3,6, 8,9, 10, 11, 12,

Un-dissolved solid nabilone: 15

We already discussed some complexations before (complex 1, 2 and 3).

As mentioned, nabilone has also an affinity to the outer surface of a CD, thus, it
seems possible that not only one nabilone molecule but also two can bind on a CD’s
rim. This complex (complex 5 in Figure 27) is likely to administer the decrease in
solubility.

Now, assuming that one additional nabilone molecule can bind in the cavity of a
previously formed complex (5, Figure 27) an arrangement of higher order is formed, a
3:1 complexation (6) which could also be a reason for the solutions instability.
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Further, if we expect to find one (3) or two (6) additional nabilone molecules on the
rim of a 1:1 complex (1), then it is also imaginable to find one (7) or more nabilone
molecules on the surface of a 1:2 complex (2).

The first possibility is when two extra nabilone molecules bind on the same CD rim of
a previously existing 1:2 formation (9). Secondly, each additional nabilone could also
bind on the opposite CD rim, either on the same side or across from each other (8).
According to this thesis up to 4 additional nabilone molecules can bind on a 1:2
complex (10).

It is also necessary to mention that the solution not only contains a very small amount
free soluble (11) and un-dissolved nabilone (15) but also maybe aggregates of two
(12) or more nabilone molecules.

This assumption can be postulated for the cyclodextrins. It is possible that we can
find single CD molecules (13) and maybe even CD dimers (14).

All these discussed formations shown in figure 26 are in equilibrium to each other
and manifest at different times due to different equilibrium constants of each
complex.

Thus, at this point we cannot exactly tell which one of these complexes specifically is
responsible for the concentration decrease.

Figure 28 suggests that the formation of various complexes results also in less
soluble complexes. Hence, flocculations are promoted which lead to precipitation of
these aggregates, thus to decreasing of the overall concentration of nabilone in the

solutions.
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Figure 28: Un-dissolved nabilone and precipitated nabilone: CD complexations in equilibrium to their

soluble counterpart.

We assume that the 2:1 complexes (3 and 5 in Figure 27 and Figure 28) and those of
higher order (6, 7, 8, 9, and 10) as well as the solid form of nabilone are promoting
the overall decrease in concentration.

Since nabilone has a very poor aqueous solubility it seems logical that the more

nabilone is binding on a CD, the less soluble the growing complex is going to be.

An indication for this thesis is providing the “filtration and the stability-experiment”.
The fact that by removing un-dissolved nabilone from the solution, the concentration
decrease is stopped and reaches a stability point and when afterwards excess
amount of nabilone is added to the stable solution the concentration decrease begins
again is indicating an important stoichiometric change.

Hence, excess amount of nabilone supports the genesis of these numerous insoluble
formations to occur sooner or later, depending on their equilibrium constant and the

formulation kinetics.
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In case of the cyclodextrins we used HP-B-CD and RAMEB to determine the phase
solubility studies. It is evident that RAMEB enhances the solubility of nabilone to a

higher extent.

Unfortunately, RAMEB as well as the used HP-B-CD are technical products (see
Materials and Methods - chapter 4). Therefore, RAMEB is not an exactly defined
compound because its substitution by methyl groups at positions 2 and 6 are rather
randomly and consequently RAMEB is a mixture of different substituted compounds.
In this regard the use of a pure 2, 6-di-O-methyl-B-cyclodextrin would be favorable
considering that the methylation is definite in position 2 and 6, unlike RAMEB where

we can find partial substitution at OH of C6, C2 (or C3) of each glucose unit.

In conclusion, the results from this study demonstrate clearly that without the
presence of CD’s nabilone is practically insoluble in pure water hence, the aqueous
solubility can be increased by both cyclodextrins through complexation.

The observed time depending decrease of concentration is most likely associated to
the formation of complexes higher order due to the excess amount of nabilone in the
solutions. Therefore, a filtration of the nabilone: cyclodextrin solution is an auspicious
way to stabilize the concentration for a longer period of time.

Certainly the CD complexation of nabilone is a promising way for producing water
based solutions without the need of other solubilizers or organic solvents.

Hopefully the results achieved in this study will be a help for the development of

further cyclodextrin studies with nabilone.
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8. ANNEX

Raw data:

TIME DEPENDING BEHAVOIR:

The concentration of nabilone in a 10~ molar water/ HP-B-CD mixture after sampling

every hour.

Time(h)

of stirring Absorption nab(mol/l)
1 0,082 0,0000236
2 0,085 0,0000245
3 0,08 0,0000231
4 0,079 0,0000228
5 0,059 0,000017

The concentration of nabilone in a 10~ molar water/ RAMEB mixture after sampling

every hour.

Time(h)

of stirring Absorption nab(mol/l)
1 0,037 0,0000106
2 0,108 0,0000312
3 0,077 0,0000222
4 0,069 0,0000199
5 0,067 0,0000193




FILTRATION EXPERIMENT:

The concentration of nabilone in a 10~ molar RAMEB solution.
After 2 hours of stirring the un-dissolved nabilone was filtrated from the solution and

then measured every 50 hours.

Time(h) Absorption nab(mol/l)

2 0,059 0,00001705
50 0,062 0,000017919
100 0,062 0,000017919
150 0,061 0,00001763
200 0,061 0,00001763
250 0,061 0,00001763
300 0,061 0,00001763
350 0,061 0,00001763

The concentration of nabilone in a 10~ molar HP-B-CD solution.
After 2 hours of stirring the un-dissolved nabilone was filtrated from the solution and

then measured every 50 hours.

Time(h) Absorption nab(mol/l)

2 0,051 0,00001474
50 0,055 0,00001589
100 0,056 0,000016184
150 0,056 0,000016184
200 0,055 0,00001589
250 0,055 0,00001589
300 0,055 0,00001589

350 0,055 0,00001589




STABILITY OF CONCENTRATION EXPERIMENT:

The concentration of nabilone in a 10~ molar RAMEB solution.
The solution was stirred for 2 hours, filtrated, then additional nabilone was added and

measured every 50 hours.

Time(h) Absorption nab(mol/l)
2 0,179 0,00005173
50 0,965 0,000278
100 0,91 0,000263
150 0,864 0,000249
200 0,85 0,00024
250 0,847 0,000244
300 0,84 0,000242
350 0,821 0,000237

The concentration of nabilone in a 10~ molar HP-B-CD solution.
The solution was stirred for 2 hours, filtrated, then additional nabilone was added and

measured every 50 hours.

Time(h) Absorption nab(mol/I)
2 0,28 0,00008092
50 0,71 0,0002052
100 0,698 0,0002017
150 0,682 0,000197
200 0,65 0,000187
250 0,632 0,000182
300 0,602 0,000173
350 0,591 0,00017
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ETHANOLIC SOLUTIONS:

The concentration of nabilone in the presence of water/ ethanol mixtures with an

increasing amount of ethanol in the solutions.

EtOH% Absorption nab(mol/I)
10 0,007 0,00000202
20 0,016 0,00000462
30 0,047 0,00001358
40 0,061 0,00001763
60 0,063 0,00001820
80 0,091 0,0000263
100 0,173 0,00005

The concentration of nabilone in the same solutions measured again after 3 weeks.

EtOH% Absorption nab(mol/l)
80 0,091 0,000022832
60 0,065 0,000018786
40 0,007 0,000002023
30 0 0

20 0 0

10 0 0




9.1 UV-Spectra
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UV spectrum of a nabilone stock solution diluted 1:100 in a 20% ethanolic/ water

mixture.

UV spectrum of a nabilone stock solution diluted 1:100 in a 60% ethanolic/ water

mixture.
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ABSTRACT

Nabilon ist ein vollsynthetisches Derivat des A®-Tetrahydrocannabinols und weist
ahnlich wie das pflanzliche Cannabinoid eine geringe Wasserloslichkeit auf.
Cyclodextrine besitzen die Fahigkeit, Einschlussverbindingen mit apolaren Stoffen zu
bilden, um dadurch deren Loslichkeit zu verbessern, was auch zu einer besseren
Bioverfugbarkeit der Substanz fihrt.

Das Ziel dieser Diplomarbeit bestand darin, mit Hilfe von zwei Cyclodextrin-
Derivaten, namlich RAMEB und HP-B-CD, die Léslichkeit von Nabilon in Wasser zu
erhohen.

Alle Experimente zeigten nicht lineare Ap Kurven, welche Komplexbildungen
hoherer Art, ndmlich 2:1, bedeuten und beweisen, dass beide Cyclodextrine zu
einer verbesserten Loslichkeit von Nabilon beitragen.

Jedoch konnte man beobachten, dass die Konzentration an geléstem Nabilon in den
Cyclodextrin/Wasser Mischungen nach etwa 2 Stunden, anfing sich zu verringern
und es dementsprechend zu einer Niederschlags Bildung kam.

Um diesem Phanomen auf den Grund zu gehen, wurden weitere Experimente
vorgenommen.

Eine Strategie war, ungeldstes Nabilon aus der Nabilon:Cyclodextrin Lésung mittels
Filtration zu entfernen und zu beobachten, wie sich dies auf die Stabilitat der
Konzentration auswirkt. Als nachstes wurde observiert, ob zuséatzliches,
entsprechend Uberschissiges Nabilon, das nach erfolgter Filtration nachtraglich
zugesetzt wurde, einen Einfluss auf die Stabilitat der Konzentration hat.

Diese Experimente fuhrten zum Ergebnis, dass eine Filtration von ungebundenem
Nabilon aus der Lésung zu einer Stabilisierung der Konzentration beitragt aber
sobald man wieder neues Nabilon nachtraglich hinzuftigt, beginnt die Konzentration
zu sinken und ein Niederschlag wird sichtbar.

Dies fluhrt zu der Annahme, dass sich im Laufe der Zeit viele stochiometrisch
verschiedene Komplexe ausbilden, die zu dieser beobachteten Verringerung der
Léslichkeit fahren.

Aufgrund der Tatsache, dass Nabilon nicht nur im Inneren eines CD Molekiils

eingeschlossen werden kann, sondern auch Affinitat zu deren Oberflache besitzt
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lasst eine Reihe von Verbindungen héherer Ordnung vermuten, welche in dieser
Arbeit postuliert werden.

Es ist sehr wahrscheinlich, dass die Abnahme der Konzentration auf Komplexe
héherer Ordnung zuriickzuftihren ist.

Zum jetzigen Zeitpunkt kann man noch nicht mit Sicherheit sagen, welche dieser
Aggregate fur die Verringerung der Loslichkeit an Nabilon verantwortlich sind.
Mit Sicheheit kann man aber behaupten, dass Nabilon ohne die Anwesenheit von

Cyclodextrinen in Wasser fast unldslich ist.
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