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FAST DISINTEGRATING COMPOSITIONS COMPRISING NABILONE AND RANDOMLY METHYLATED 
BETA CYCLODEXTRIN 

The present invention provides a novel composition comprising Nabilone and randomly 

5 methylated ft-cyclodextrin (RAMEB), wherein the weight ratio (dry weight to dry weight) 

between Nabilone and RAMEB is 1:60 -1:140. 

Nabilone is a fully synthetic and crystalline cannabinoid with therapeutic use as 

an antiemetic and anti-anxiety agent and as an adjunct analgesic for neuropathic pain. 

Nabiione was first approved in 1985 in the US under the trade name "Cesamet" in the 

10 form of rigid gelatin capsules. The positive effect of using Nabiione for the treatment of 

chemotherapy-induced nausea and vomiting (C1NV) and increase of the life quality of 

patients was shown in several clinical studies. 

The aqueous solubility of Nabilone is extremely low, less than 0.5 pg/ml at 25°C. 

The occurrence of at least four distinct polymorphic forms with different bioavailability 

15 characteristics further complicates the development of a stable dosage form. 

Until present, due to its poor solubility in water, Nabilone is available only as gelatin 

capsule which is highly disadvantageous especially for patients suffering from nausea 

who have difficulties to swallow these capsules. 

Cyclodextrins are well established as pharmaceutical excipients forming host-

20 guest complexes with hydrophobic molecules, thereby increasing water solubility of the 

guest molecule. Cyclodextrins are cyclic oligosaccharides consisting of (a-1,4) linked 

a-D-glucopyranose units, with a lipophilic central cavity and a hydrophilic outer surface. 

Typical cyclodextrins are constituted by 6-8 glucopyranoside units and can be topo­

logical^ represented as toroids with the larger and the smaller openings of the toroid 

25 exposing to the solvent secondary and primary hydroxy! groups respectively. Due to 

this arrangement, the interior of the toroids is not hydrophobic, but considerably less 

hydrophilic than the aqueous environment and thus able to host other hydrophobic 

molecules. In contrast, the exterior is sufficiently hydrophilic to convert the water 

solubility of the cyclodextrins or their complexes. 

30 The formation of the inclusion compounds greatly modifies the physical and 

chemical properties of the guest molecule, mostly in terms of water solubility. 

In W003/070774 the use of various cyclodextrins for increasing the solubility of 

classical, naturally occurring cannabinoids isolated from Cannabis has been described. 
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Haazekamp A and Verpoorte R, describe solubility testing of classical naturally 

occurring cannabinoid Tetrahvdrocannabinoid in the presence of various 

cyclodextrins (European J. of Pharm Sciences 29 (2006), 340-347). 

Souter R., "Nabilone", Analytical Profiles of Drug Substances, vol. 10, 1981, 499-512 

describes the physical-chemical characteristics of Nabiione. 

Szejtli J., "Cyclodextrins in Pharmaceuticals", 1988, Cyclodextrin Technology, 186-

307 describes the use of cyclodextrin as auxiliary substance. 

Mannila J. et al.,Europ.J.Pharm.Sciences, 26 (2005), 71-77 disclose sublingual 

formulations of cannabinoids. 

Any increase of solubility of synthetic cannabinoids was not disclosed. 

The object of the present invention is to provide Nabilone in a formulation 

which can overcome the disadvantages as listed above. 

The object is solved by the embodiments of the present invention. 

Summary 

In one aspect, there is provided a composition comprising Nabilone and 

randomly methylated £ cyclodextrin (RAMEB) in the weight ratio (dry weight to dry 

weight) of 1:60 - 1:140, preferably in the weight ratio of 1:90 - 1:110 and wherein 

Nabilone and RAMEB are comprised as an aqueous soluble complex. 

In another aspect, there is provided a composition comprising a complex of 

Nabilone and RAMEB, sodium-hydrogen carbonate, citric acid anhydride and 

crospovidone. 

In another aspect, there is provided a composition as defined above for use 

as a medicament. 

In another aspect, there is provided a composition as defined above for use in 

the treatment of nausea, muscular spasm, multiple sclerosis, uterine and bowel 

cramps, movement disorders, pain, including migraine headache, glaucoma, 

asthma, inflammation, insomnia, high blood pressure and/or a condition responsive 

to an appetite stimulating, amyotrophic lateral sclerosis, anti-cancer, oxytoxic, 

anxiolytic, anti-convulsive, anti-depressant and anti-psychotic agent. 

In another aspect, there is provided a method for producing a complex of 

RAMEB and Nabilone as defined above, wherein said RAMEB is combined with 

Nabilone in a heterogeneous state or in the solid state, including using methods 
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selected from freeze drying, spray-drying, kneading, grinding, slurry-method, co-

precipitation, and neutralization, and optionally separating the obtained complex. 

In another aspect, there is provided a method for increasing the bioavailability 

of Nabilone in a sublingually or buccally administered preparation comprising the 

step of complexing Nabilone with RAMEB as defined above, and formulating the 

complex obtained as a sublingually or buccaliy administerable dosage form. 

In another aspect, there is provided a method for increasing the solubility of 

the Nabilone in aqueous solution by complexing Nabilone and RAMEB wherein 

Nabilone is stirred for about 96 h in the presence of 25% or 30 weight % RAMEB 

and maintaining a constant reaction temperature of about 25°C. 

Brief description of the invention: 

The present invention provides a formulation preferably for a fast 

disintegrating administration form like, for example, a tablet, containing Nabilone 

wherein Nabilone has increased solubility in aqueous solutions and increased 

stability. The better solubility can thus overcome the high first-pass metabolism and 

low dissolution properties. 

The inventive composition specifically comprises Nabilone and randomly 

methylated fi-cyclodextrin (RAMEB), wherein the weight ratio (dry weight to dry 

weight) between Nabilone and RAMEB is about 1:60 - 1:140, preferably the weight 

ratio is about 1:90 - 1:110. Specifically, the inventive composition comprises 

Nabilone and randomly methylated ^-cyclodextrin (RAMEB) in the weight ratio (dry 

weight to dry weight) of 1:60 - 1:140, preferably in the weight ratio of 1:90 - 1:110, 

wherein Nabilone and RAMEB are comprised as an aqueous soluble complex. It has 

been surprisingly shown that the solubility of Nabilone was highly increased when 

RAMEB was used as complex-forming agent, being present in the composition in the 

above mentioned range. 

According to an embodiment of the invention, Nabilone is present in the 

composition in an amount of 0.01 to 100mg, preferably of 0.1 to 50mg, more 

preferred of 0.25 to 40mg, more preferred in an amount of approx. 30mg with regard 

to the medication form. 
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The composition of the invention can further comprise at least one pharma­

ceutical^ acceptable carrier, adjuvant or additive or mixtures thereof Specifically, the 

additive is a disintegrating agent. More specifically, the disintegrating agent is selected 

from microcrystailine cellulose, starches, sodium starch giycolate, croscarmelose 

5 sodium, crospovidone, povidone, calcium silicate. 

According to a further embodiment of the invention the composition comprises a 

pharmaceutical^ acceptable carrier selected from the group of magnesium stearate, 

magnesium fumarate, sodium hydrogen carbonate, citric acid anhydride, talc, sorbitol, 

mannitol, carboxymethylcelluiose, lactose, hydroxypropylmethyiceilulose, collidone or 

10 carbopol. 

According to a specific embodiment, Nabilone and RAMEB are comprised as 

lyophilized complex in the composition. Alternatively, Nabilone and RAMEB may also 

be comprised as inclusion body complex, non-inclusion body complex or as co-

precipitate. Non~complexed Nabilone may further be comprised in the inventive 

15 composition. 

More specifically, the composition comprises a complex of Nabilone and 

RAMEB together with sodium-hydrogen carbonate, citric acid anhydride and/or 

crospovidone. 

The composition of the invention can be in any form useful for administration of 

20 Nabiione, specifically it can be a tablet, a capsule, a spray, a solution or a chewing 

gum. Even more specific, the solution comprises about 30 weight% RAMEB. 

Oral, preferably sublingual or buccal, are the preferred administration routes of 

the inventive composition. 

Fast disintegrating tablets (FDT) are preferred administration forms as they 

25 rapidly disintegrate and/or dissolve to release the drug as soon as they get into contact 

with saliva, thus obviating the need for water during administration, an attribute that 

makes them highly attractive for patients experiencing difficulty in swallowing tablets 

such as patients with persistent nausea. Additionally, absorption can result in improved 

bioavailability and as a result of reduced dosage, improved clinical performance 

30 through a reduction of unwanted effects. 

According to a specific embodiment of the invention, a FDT is provided which 

comprises between 10 and 15 wt%, preferably about 11.5 wt% Nabilone-RAMEB 

complex, between 60 and 95 wt%, preferably about 87.5 wt% disintegrating agent and 

between 0.5 and 5 wt%, preferably about 1 wt% pharmaceutically acceptable carrier. 
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The inventive composition can be used as a medicament. Specifically it can be 

used for the prevention or treatment of nausea, muscular spasm, multiple sclerosis, 

uterine and bowel cramps, movement disorders, pain, including migraine headache, 

glaucoma, asthma, inflammation, insomnia, high blood pressure and/or a condition 

5 responsive to an appetite stimulating, amyotrophic lateral sclerosis anti-cancer, 

oxytoxic, anxiolytic, anti-convulsive, anti-depressant and anti-psychotic agent. 

The present invention further provides a method for producing a complex of 

RAMEB and Nabilone wherein said RAMEB is combined with Nabilone in a 

heterogeneous state or in a solid state, including using methods selected from freeze 

10 drying, spray-drying, kneading, grinding, slurry-method, co-precipitation, and 

neutralization, and optionally separating the obtained complex. 

Specifically, the method for producing aqueous soluble Nabilone comprises the 

step of complexing Nabilone with RAMEB. 

Further, a method for increasing the bioavailability of Nabilone from a 

15 sublingually or buccally administered preparation is provided comprising the step of 

complexing Nabilone with RAMEB and forming the complex so obtained into a 

sublingually or buccally administered dosage form. 

A method for increasing the solubility of Nabilone in aqueous solution by 

complexing Nabilone and RAMEB is also provided by the present invention wherein 

20 Nabilone is stirred for about 96 h in the presence of about 25 % or 30% RAMEB and 

maintaining a constant reaction temperature of about 25°C. 

Figures: 

Fig. 1: Chemical structure of Nabilone 

25 Fig. 2: Standard curve of Nabilone 

Fig. 3: Standard curve of the Nabilone-RAMEB complex 

Fig. 4: The solubility of Nabilone in water as a function of RAMEB concentration at 
25°C. 

Fig. 5: The solubility of Nabilone in RAMEB solutions as a function of reaction time. 

30 Fig. 6: The solubility of Nabilone in RAMEB solutions (5-50%) at 25°C. 

Fig. 7: The solubility of Nabilone in RAMEB solutions after 96 h reaction time at 

different reaction temperatures. 
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Fig. 8: Solubility isotherms of the Nabilone-RAMEB complex after 96 h reaction time at 

different reaction temperatures. 

Fig. 9: The NIR spectra of Nabilone (lower line), RAMEB (upper line), and the 

Nabilone-RAMEB complex (middle line). 

5 Fig. 10: The FTIR spectra of Nabilone. 

Fig. 11: The FTIR spectra of RAMEB (upper line) and the Nabilone-RAMEB complex 

(lower line) at a range between 1,800 and 900 cm"1. 

Fig. 12: The FTIR spectra of RAMEB (lower line) and the Nabilone-RAMEB complex 

(upper line) at a range between 3,000 and 2,700 cm"1. 

10 
Detailed description of the invention 

The present invention covers a composition comprising Nabiione and randomly 

methylated ft-cyclodextrin (RAMEB) in the weight ratio (dry weight to dry weight) of 

1:60 -1:140, preferably in the weight ratio of 1:90- 1:110 wherein Nabilone and 

15 RAMEB are comprised as an aqueous soluble complex. As an alternative 

embodiment, the composition may further comprise additional non-complexed 

Nabilone, specifically in the range of about 0.001 - 0.01:60, more specifically of about 

0.001 - 0.01:140. 

Alternatively, the invention provides a composition comprising Nabilone and 

20 RAMEB, wherein the weight ratio (dry weight to dry weight) between Nabilone and 

RAMEB is about 1:60 to 1:140, preferably the weight ratio is about 1:90 to 1:110. 

According to the present invention the term "complex" denotes an inclusion 

body complex, a non-inclusion body complex, a co-precipitate or a lyophilized 

complex. Preferably, it is a lyophilized complex or an inclusion complex. 

25 It was surprisingly found that the presence of RAMEB in the specific range of weight 

ratios can increase the aqueous solubility of Nabilone significantly. The use of RAMEB 

as complex-forming agent in the specific concentration range is thus supposed to be 

essential for the remarkable increase of the aqueous solubility of Nabilone. It was also 

shown by the present invention that other cyclodextrins which are, according to the 

30 prior art, equivalent as solubility enhancers did not show the significant effect on the 

solubility of Nabilone. The inclusion of Nabilone into RAMEB results in much higher 

affinity than with unmethylated [J-CD or with the trimethylated compound. The selection 

of RAMEB is essential for the present invention. 
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Thus, high concentrations of Nabilone in aqueous solutions can be achieved. 

The most preferred weight ratio (dry weight to dry weight) is between 1:60 and 1 ;140, 

preferably between 1:90 and 1:110. When RAMEB is used in an aqueous solution, 

such solution preferably contains RAMEB in a concentration of about 20 to 35%, 

5 preferably about 25 to 30% by weight. RAMEB in a concentration of 40 weight% or 

more results in a decrease in Nabilone solubility. A formulation for a fast disintegrating 

tablet comprising Nabilone can further be provided having Nabilone-RAMEB 

complexes as active principle, thus providing increased solubility of Nabilone in 

aqueous solutions and preventing instability of the drug associated with polymorphic 

10 forms. Specifically, said complexes are inclusion and/or non-inclusion complexes. 

The inventive composition can further contain pharmaceutically acceptable 

carriers, adjuvants or additives as known in the art. The additive can for example be a 

disintegrating agent. Disintegrating agents are known in the art, for example 

Ludiflash® is a well known accelerator for providing fast disintegrating administration 

15 forms. Ludiflash® comprises mannitoi, crospovidone, povidone and polyvinyl­

pyrrolidone. 

Specifically for making oral administration forms like fast disintegrating tablets 

(FDT) or capsules, disintegrating agents can be used, specifically agents like 

microcrystalline cellulose, starches, sodium starch glycolate, croscarmelose sodium, 

20 polyvinylpyrrolidone, povidone or calcium silicate or combinations thereof. 

Further pharmaceutically acceptable carriers like magnesium stearate, 

magnesium fumarate, sodium hydrogen carbonate, citric acid anhydride, talc, sorbitol, 

mannitoi, carboxymethylcellulose, lactose, hydroxypropylmethylcellulose, collidone and 

carbopol can be present in the inventive composition. 

25 As well known in the art additional further ingredients can also be added to 

improve the taste of the oral administration forms. 

More specifically, the Nabilone/RAMEB-complex composition may comprise 

additional agents like sodium-hydrogen carbonate, citric acid anhydride and 

crospovidone and combinations thereof. 

30 According to an embodiment of the present invention, a FDT is provided 

comprising between 10 and 15 wt% Nabilone-RAMEB complex, between 60 and 95 

wt% disintegrating agent and between 0.5 and 5 wt% pharmaceutically acceptable 

carrier. 
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More specifically, the FDT formulation comprises about 11.5% 

Nabilone/RAMEB complex, about 87.5% disintegrating agent and about 1% 

pharmaceutically acceptable carrier. Any disintegrating agent and carrier material and 

any combination thereof may be used therefore. 

5 According to a specific embodiment, the disintegrating agent is Ludiflash® 

and/or crosscarmelose and the pharmaceutically acceptable carrier is sodium 

hydrogen carbonate citric acid anhydride and/or talc. 

A specific composition may contain Nabiione and randomly methylated IS-

cyclodextrin (RAMEB) in the weight ratio (dry weight to dry weight) of 1:60 -1:140, 

10 preferably in the weight ratio of 1:90 - 1:110 wherein Nabilone and RAMEB are 

comprised as an aqueous soluble complex, sodium-hydrogen carbonate, citric acid 

anhydride and crospovidone or any combinations thereof. As a further embodiment, 

non-complexed Nabilone may additionally be comprised in said composition. 

Additionally, mucoadhesive polymers for buccal delivery such as agarose, 

15 chitosan, gelatin, hyaluronic acid, various gums, cellulose derivates like CMC, thioiated 

CMC, NEC, HPC, HPMC; polyacrylates, methacrylates, polyoxyethylene, PVA, 

thioiated polymers or combinations thereof can also be comprised in the inventive 

composition. 

The inventive composition can be in any form useful for administering Nabilone, 

20 specifically it can be in the form of a tablet, for example a bioadhesive tablet for buccal 

delivery, a capsule, a spray, a solution or a chewing gum. Alternatively, also topical 

administration of the composition is provided, like creams, ointments, jellies, solutions 

or suspensions wherein the composition is formulated together with a pharmaceutically 

acceptable carrier. Alternatively, also pulmonary or nasal administration forms can be 

25 provided. 

If the complex is in form of a solution, the solution preferably comprises about 

30 weight% RAMEB. When using RAMEB as complex forming agent, it has been 

shown that solutions comprising between 25 and 35%, specifically > 25 and < 35%, 

preferably about 30% RAMEB lead to highly increased aqueous solubility of Nabilone. 

30 The composition can be a pharmaceutical composition used as medicament, 

specifically for oral use, more specifically for sublingual or buccal use. 

When tablets are the selected administration form, the present invention also 

provides an optimized method for production of fast disintegrating tablets wherein the 

compression force is optimizing hardness and disintegration time of said tablets 
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containing Nabilone which may increase the optimal availability of the active agent. 

The compression force is of about 1.2 kN and appears specifically advantageous for 

the production of fast disintegrating tablets containing the inventive Nabilone-RAMEB 

complex. 

5 The therapeutic dose of Nabilone may vary depending on the age and body 

weight of the individual as well as the particular condition to be treated and the manner 

of administration. The dose can easily be determined by a skilled person. 

According to a specific embodiment, the amount of Nabilone present in the 

composition for oral use can be 0.01 mg to 5g, preferably 0.01 mg to 100mg, preferably 

10 of 0.1 and 50mg, more preferred of 0.25 and 15mg, more preferred in an amount of 

about 0.3mg. The composition can be given several times a day as applicable. 

Due to the increased bioavailability of the inventive Nabilone-RAMEB complex 

composition and by overcoming the loss of active agent due to the first-pass 

metabolism, smaller dosages of Nabilone can also be administered. 

15 The inventive composition can be used for the treatment of any disease wherein 

administering a synthetic cannabinoid is applicable. For example it can be used for the 

treatment of nausea, muscular spasm, multiple sclerosis, uterine and bowel cramps, 

movement disorders, pain, including migraine headache, glaucoma, asthma, 

inflammation, insomnia, high blood pressure and/or for the treatment of a condition 

20 responsive to an appetite stimulating, amyotrophic lateral sclerosis, anti-cancer, 

oxytoxic, anxiolytic, anti-convulsive, anti-depressant and anti-psychotic agent. 

The present invention also provides a method for producing a complex of 

RAMEB and Nabilone wherein said RAMEB is combined with Nabilone in a 

heterogeneous state or in the solid state by using methods selected from freeze 

25 drying, spray-drying, kneading, grinding, slurry-method, co-precipitation, and 

neutralization, and optionally separating the obtained complex. 

By lyophilizing a solution containing RAMEB and Nabilone, Nabilone can be 

provided as homogenous powder having excellent dissolution properties. In this 

powder, Nabilone is complexed with RAMEB forming inclusion bodies. The dissolution 

30 rate of Nabilone is increased due to the excellent solubility and dissolution properties 

of RAMEB. 

Thus, the present invention provides a method for producing aqueous soluble 

Nabilone comprising the step of complexing Nabilone with RAMEB. 



WO 2012/069591 

-9 
PCT/EP2011/070951 

A method for increasing the bioavailability of Nabilone in a sublingually or buccally 

administered preparation is also provided comprising the steps of complexing Nabilone 

with RAMEB and formulating the complex obtained as a sublingually or buccally 

administerable dosage form. 

5 
As an alternative embodiment the present invention further provides a method 

for increasing the solubility of the Nabilone in aqueous solution by complexing 

Nabilone and RAMEB wherein Nabiione is stirred for about 96 h in the presence of 

about 25% to about 30 weight% RAMEB and maintaining a constant reaction 

10 temperature of about 25°C. 

The examples described herein are illustrative of the present invention and are 

not intended to be limitations thereof. Different embodiments of the present invention 

have been described according to the present invention. Many modifications and 

variations may be made to the techniques described and illustrated herein without 

15 departing from the spirit and scope of the invention. Accordingly, it should be under­

stood that the examples are illustrative only and are not limiting upon the scope of the 

invention. 

Examples: 

20 
Materials 

Nabilone was obtained from Loba Feinchemie (Fischamend, Austria). Gamma-

Cyclodextrin (y-CD; Gamma W8 Pharma), hydroxypropyl-ft-Cyclodextrin (HP-&-CD; 

Cavasol W7 HP Pharma) and randomly methylated p-Cyclodextrin (RAMEB; Cavasol® 

25 W7 M) were purchased from Wacker Chemie (Munich, Germany). Alpha-Cyclodextrin 

(a-CP; Cavamax W6) and beta-Cyclodextrin (ft-CD; Kleptose) were obtained from 

International Specialty Products Inc (Cologne, Germany) and Roquette ((Lestrem, 

France), respectively. R-CD sulfobutyl ether sodium salt (SBE-ft-CD; Captisol) was 

provided by Cydex Pharmaceuticals (Lenexa, USA). For HPLC, bidistiiled water was 

30 prepared using a Buchi Fontavapor 285 (Essen, Germany) whereas acetonitrile was 

obtained from Sigma (Vienna, Austria). For the preparation of FDT formulation, 

Ludiflash was obtained from BASF (Vienna, Austria). Cross-linked Sodium Carboxy-
<e> 

methyl Cellulose (Na-CMC, Croscarmellose.Croscarmelose sodium ) was obtained 
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from FMC (Brussels, Belgium). Sodium hydrogen carbonate and citric acid anhydride 

were obtained from Kwizda (Vienna, Austria). 

Methods 

5 Preparation of Nabilone - cyclodextrin inclusion complexes 

For the preparation of solubility isotherms, a surplus of Nabilone was added to a 

dilution series of cyclodextrins in distilled water. The surplus of Nabilone was 

approximately 130% of the maximum amount of Nabilone that could be resolved 

theoretically in the cyclodextrin solution. For the preparation of standard curves, an 

10 accurately weighted amount of Nabiione was added to an aqueous RAMEB solution. 

Then, the suspensions were stirred at 600 rpm at a constant temperature (4°C - 40°C) 

in the cold room or in an environmental simulation chamber for the time periods 

indicated. Afterwards, the samples were centrifuged at 10,000 rpm and filtrated to 

remove undissolved particles prior to freeze-drying or HPLC analysis. 

15 
Lyophilization of Nabiione - cyclodextrin inclusion complexes 

The filtrated solutions of the Nabilone - cyclodextrin complexes were frozen as a thin 

film on the inner side of round bottom glass container in a methanol - dry ice bath. 

Lyophilization was performed for 20 h using a Heto Power Dry LL3000 instrument 

20 (Thermo Fisher Scientific). 

Estimation of the Nabilone content in the lyophilisates 

Freeze-dried products were stirred with acetonitrile for 30 min to promote complex 

dissociation and extraction of Nabilone. Samples were centrifuged and the residue was 

25 washed again two times with acetonitrile. Combined acetonitrile supernatants were 

evaporated under vacuum and the residue dissolved in a defined amount of 

acetonitrile. After centrifugation (10,000 rpm, 5 min) the content of Nabilone was 

measured using HPLC and related to 1 ml of the initial reaction solution. 

30 Analysis of the Nabilone - RAMEB complex 

HPLC 

HPLC analysis of the Nabilone-RAMEB complex was performed according to standard 

procedures. 



WO 2012/069591 

-11 
PCT/EP2011/070951 

Near-infrared spectroscopy (NIR) 
-1 

Near-infrared spectra in the 12.500-4.000 cm region were obtained using a Bruker 

MPA FT-NIR spectrometer (Bruker Optics Inc). Measurements were performed by 

inserting the Fibre Optic Module into powdered samples of Nabilone, RAMEB, or the 

5 lyophilized Nabilone-RAMEB complex. 

Fourier transform infrared spectroscopy (FTIR) 

FTIR spectra were measured with a Bruker Tensor 27 FTIR instrument (Bruker Optics, 

Billerica, MA) equipped with a liquid nitrogen cooled mercury-cadmium-telluride 

10 (MCT) detector. 2% aqueous solutions of RAMEB and Nabilone-RAMEB complex as 

well as a 0.1% solution of Nabilone in acetonitrile were prepared and 20 pi of each 

sample were loaded into the BioATR II cell. Spectral scans in the range of 900-
-1 

4,000cm were obtained and corrected by subtraction of the solvent spectra as 

background. Data were collected and analyzed using the OPUS software provided with 

15 the instrument. 

Molecular modeling 

Initially, the centre of mass of Nabilone was inserted into the centre of mass of the 8-

CD molecule, followed by MM+ optimization of the inclusion complex using the 

20 HyperChem software package. This preliminary structure was used as starting point 

for the geometry optimization of the Nabilone-CD complex by a more advanced DFT 

(Density Functional Theory) method (B3LYP/6-31G(d,p)) implemented in the 

GAUSSIAN03 program package. Both isolated molecules of the complex (Nabilone 

and (3-CD were also optimized by this method and the differences of the energies were 

25 calculated to obtain interaction energies according to the following equation: 

^int complex ^CD ^Nabilone 

Preparation of an FDT formulation containing the Nabilone-RAMEB complex 

Lyophilization of the Nabilone-RAMEB complex 

30 A 30% RAMEB solution was stirred with a surplus of Nabilone at 25°C as described 

previously. After filtration of the suspension through a 0.22 pm membrane, the filtrate 

was frozen using dry ice and methanol. Lyophilization was performed as described 

above and the content of complexed Nabilone was determined by HPLC. 
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Formulation 

Tablets with defined weights were prepared by directly compressing formulations 

containing 30mg lyophilized RAMEB or Nabilone-RAMEB complex, 1% talk (w/w, 

5 based on the tablet mass) and different amounts of Ludiflash (Table 1). The 

components were admixed lege artis and the tablets were pressed with a Korsch EKO 

instrument (Instrumentation by Hottinger Baldwin Messtechnik- DCM plus, Software: 

BEAM). 500mg was chosen as the upper limit of the tablet weight in order to follow the 

FDA guidelines for "Orally Disintegrating Tablets", which recommend that the weight of 

10 such tablets should not exceed 500mg. In addition, some 260mg tablets were 
® ® 

prepared replacing 10% of Ludiflash with Croscarmellose sodium or a mixture of 

sodium hydrogen carbonate and citric acid anhydride. Moreover, the compression 

force was varied in order to produce tablets with different hardness characteristics. 

15 Table 1: 

Composition 

Tablet 
weight (mg) 

Lyophilized 
RAMEB or 
Nabilone-
RAMEB 

complex (mg) 

Ludiflash 
(mg) 

Talk 
(mg) 

Other excipients 
(mg) 

200 30 168 2 -

260 30 227.5 2.5 -

400 30 366 4 -

Composition 

Tablet 
weight (mg) 

Lyophilized 
RAMEB or 
Nabilone-
RAMEB 

complex (mg) 

® 
Ludiflash 

(mg) 
Talk 
(mg) 

Other excipients 
(mg) 

500 30 465 5 -

260 30 204.4 2.6 
23 

Croscarmellose 
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<e) 
sodium 

260 30 204.4 2.6 

23 

Na- hydrogen carbonate 

& citric acid anhydride 

(1:1) 

FDT characteristics 

Hardness 

Hardness of the tablets was controlled using a Pharma Test PTB 311 apparatus 

5 (Hainburg, Germany). 

Disintegration 

The FDA describes the "Orally Disintegrating Tablets" as solid oral preparations that 

disintegrate rapidly in the oral cavity, with an in-vitro disintegration time of 

approximately 30 seconds or less, based on the conventional USP disintegration test 

10 method. This method, however, does not appear always appropriate for testing FDTs 

and cannot adequately reflect in-vivo conditions. Thus, the USP disintegration method 

has been modified as follows. Disintegration was monitored by submerging the tablets 

into 2 ml of distilled water at 25°C or 37°C. In order to simulate the oral cavity 

conditions, the samples were shaken horizontally at 40 rpm using an Inova 4000 

15 shaker (New Jersey, USA). The time necessary for complete disintegration of tablets 

was recorded. 

Dissolution 

For monitoring the dissolution of Nabilone from the FDT formulation, an amount of 

Nabilone-RAMEB complex corresponding to the content in a tablet charge was 

20 weighted. Both the weighted complex and the FDT were soiubiiized in 1 ml water and 

the content of Nabilone in the supernatant was quantified using HPLC. 

Results 

HPLC analysis of Nabilone in acetonitrile 

25 A dilution series of accurately weighted Nabilone in acetonitrile was analyzed using 

HPLC. Figure 2 shows the resulting standard curve. 

Comparison of different Nabilone-cyclodextrin complexes 
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Many cyclodextrins and cyclodextrin derivatives are not soluble in acetonitrile, which in 

contrast is the optimal solvent for Nabilone, preventing analysis of the Nabilone-

cyclodextrin complexes with HPLC. In order to directly compare different cyclodextrins 

regarding their complexation capacity for Nabilone, it has been decided to freeze-dry 

5 the cyclodextrin-Nabilone complexes and, afterwards, extract the drug from the 

complex using acetonitrile. 

Table 2 shows the amount of Nabilone (pg/ml) that was soiubiiized by 1 ml of 6 

different cyclodextrins. The concentrations of the cyclodextrin solutions were adapted 

to their solubility in water. Whenever possible, concentrations of 15%, 20%, and 30% 

10 were selected. In general, most of the studied cyclodextrin solutions, except for that of 

y-CD and SBE-ft-CD, increased the solubility of Nabiione when compared to water 

(<0.5 pg/ml). Whereas ft-CD increased the Nabilone solubility about 4-fold (2.3±0.3 

pg/ml at 1.5%), the use of a-CD resulted in a 30-fold increase (17.1 ±1.3 |jg/ml at 12%). 

In contrast, 1 ml of 30% HP-ft-CD soiubiiized 44.5±0.8 pg Nabilone (90-fold increase). 

15 Of note, a remarkable increase of the aqueous solubility of Nabilone was achieved 

using RAMEB as complex-forming agent. Aqueous RAMEB solutions dose depen­

dency increased the Nabilone solubility up to 9,000-fold as determined using this 

protocol, resulting in 4,460±180 pg/ml Nabilone at 30% RAMEB. 

Based on these experiments, RAMEB was selected as solubility enhancing agent for 

20 further studies. 
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Nabilone (pg/ml) 

H2O 0.5 

15% 2620±70 

RAMEB 20% 3330±390 

30% 4460±180 

15% 16.2±5.4 

HP-B-CD 20% 32,2±0.1 

30% 44.5±0.8 

8% 15.3±0.4 

a-CD 10% 13.8+7.7 

12% 17.1±1.3 

1% 2.0±0.4 

&-CD 1.25% 2.8±0.6 

1.50% 2.3+0.3 

SBE-ft-
CD 

30% < 1 

Y-CD 20% < 1 

Table 2. The amount of Nabilone soiubiiized by 1 ml of various cyclodextrin solutions 

as determined by extraction of the drug from lyophilized complexes. 

5 

Standard curve of the Nabilone-RAMEB complex 

Beside the remarkable complex formation capacity of RAMEB with Nabilone, RAMEB 

is also beneficial regarding its solubility in acetonitrile, allowing direct HPLC analysis of 

the complex. 

10 Figure 3 shows a dilution series of the Nabilone-RAMEB complex, analyzed using 

HPLC. Measurements above 1mg/ml Nabilone were found to exceed the range of 

linearity, indicating the necessity to dilute samples of the Nabilone-RAMEB complex 

below 1mg/mi. 

Of note, the similarity of the data in Figure 2 and Figure 3 indicates that the HPLC 

15 results of the Nabilone-RAMEB complex indeed result from the inclusion of Nabilone 

into the cavity of RAMEB. 
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Solubility isotherms of the Nabilone-RAMEB complex 

In contrast to the other studied cyclodextrins, RAMEB markedly increased the aqueous 

5 solubility of Nabilone and allowed direct HPLC analysis of the complex without the 

detour of lyophilization and solvent extraction. 

Figure 4 shows the increase in the solubility of Nabilone with increasing concen­

trations of RAMEB after various time periods for complexation at 25°C. From the 

solubility isotherm after 96 h, a solubility constant of K = 270,000 was calculated. 

10 Based on the solubility of Nabilone in water (0.5 jjg/ml), the inclusion of Nabilone into 

RAMEB (30%, 92 h) resulted in >10,000-fold increased solubility values (7.14mg/ml). 

Figure 5 presents the data as a function of the reaction time. After 4 days of 

stirring, the inclusion process appears finished, since no increase of the Nabilone 

solubility was observed afterwards. 

15 Figure 6 indicates that no further increase of Nabilone solubility was yielded 

using RAMEB concentrations above 30%. In contrast, using 40% or 50% RAMEB 

caused a slight decrease in Nabilone solubility. 

Figure 7 shows the influence of reaction temperature on the complex formation 

between RAMEB and Nabilone. The results clearly indicate that a reaction temperature 

20 of 25°C induced the highest increase of Nabilone solubility in RAMEB solutions at all 

tested concentrations. Of note, the Nabilone-RAMEB complex formation significantly 

decreased at reaction temperatures above 25°C, i.e. 32°C or 40°C. 

Figure 8 shows the solubility isotherms of the Nabilone-RAMEB complex at 5 

different reaction temperatures. The solubility isotherms are characterized by a slight 

25 sigmoid shape and a high coefficient of determination (R2=0.940 - 0.997). 

FDT characteristics 

Effect of the amount of Ludiflash® on FDT characteristics 

The previous experiments have shown that - in order to provide a single dose 

30 of 0.3mg Nabilone - about 30mg of the Nabilone-RAMEB complex should be used for 

the preparation of 1 FDT dosage form. It was found that the addition of RAMEB to any 

FDT formulation results in significantly increased disintegration times. For the prepa­

ration of FDTs, Ludiflash® was used as a ready excipient containing mannitoi, soluble 

binder and super-disintegrant agent. In order to optimize the ratio between Ludiflash® 
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and RAMEB used for an FDT formulation, the effect of increasing amounts of 

Ludiflash® on the hardness and disintegration time of FDTs containing 30mg of 

lyophilized RAMEB was investigated. For this purpose, tablets were compressed with 

the compression force of 1.2 kN. As a result, increasing amounts of Ludifiash® 

5 significantly decreased tablet hardness and disintegration time of tablets. Although the 

500mg tablets disintegrated faster than those with 260mg: the later were selected for 

further developments since tablets with > 400mg appeared impractical. 

At this point, it appears necessary to remember that the disintegration time as 

monitored using the described in-vitro method unlikely reflects the actual disintegration 

10 time in-vivo. In preliminary in-vivo experiments it has been observed that disintegration 

time of 260mg FDTs containing 30mg RAMEB are significantly decreased as 

compared to the in-vitro method. 

Selection of the appropriate compression force for 260mg tablets 

15 260mg tablets containing 30mg lyophilized RAMEB, 2.6mg talk and 227.5mg 

Ludiflash® were prepared using different compression forces. Although the tablets 

compressed with 0.5 kN showed disintegration times of 60 s, it is assumed that their 

hardness (< 15 N) might not be adequate for packaging processes and administration. 

Taken together, a compression force of 1.2 kN appears feasible for the production of 

20 FDTs containing Nabilone-RAMEB complex. 

Impact of super-disintegrants on FDT characteristics 

In order to further improve the disintegration time of 260mg tablets, the influence of 

additional super-disintegrants and effervescent agents was investigated. 10% 

25 Ludiflash® were replaced by Croscarmellose sodium® or a blend of Na-hydrogen 

carbonate and citric acid anhydride. Tablets were pressed using 1.2 kN compression 

force. 

Dissolution of Nabilone from FDT 

30 As indicated in Table 4 no difference between the dissolution of Nabilone from the 

complex and the FDT was observed, suggesting that the used FDT excipients do not 

interfere with the dissolution of Nabilone. 
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Dissolution of 

Nabilone from 

Test 1 

(mg/ml) 

Test 2 

(mg/ml) 

the complex 0.166 0.220 

the FDT formulation 0.176 0.216 

Table 4. Dissolution of Nabilone from the Nabilone-RAMEB complex and from an FDT 

formulation containing Ludiflash® and the complex. 

5 
Conclusion 

In conclusion, the approach of enhancing the water solubility of Nabilone by 

forming inclusion complexes with cyclodextrins appears promising. At this, the use of 

RAMEB is preferable to the use of other cyclodextrins such as a-CD, £-CD, y-CD, HP-

10 ft-CD, or SBE-ft-CD. Optimized complexation conditions include (1) the use of 25% or 

30% RAMEB, (2) stirring with Nabilone for 96 h, and (3) maintaining a constant 

reaction temperature of 25°C. Thereby, the solubility of the Nabilone in aqueous 

solution can be increased >10,000-fold, as compared to the extremely low solubility of 

Nabilone in water (0.5 pg/ml). Furthermore, the Nabilone-RAMEB complex can be 

15 easily processed into FDTs, In order to provide a single dose of 0.3mg Nabilone, it can 

be expected to use about 30mg of the Nabilone-RAMEB complex for the preparation 

of 1 FDT dosage form. Since the addition of RAMEB to the FDT interferes with the 

speed of disintegration, the composition of the formulation was optimized as well as 

the compression force for tableting. One feasible formulation includes (1) 30mg of the 

20 Nabilone-RAMEB complex, (2) 1% talc, (3) 23mg of a blend of Na-hydrogen 

carbonate and citric acid anhydride and (4) Ludiflash® ad 100%, compressed with 1.2 

kN into 260mg FDTs. These manufacturing conditions were shown to provide fast 

disintegration of the FDT and complete dissolution of the complex in aqueous body 

fluids. It is expected that the use of Nabilone-RAMEB complex in FDT dosage forms 

25 will favorably affect the stability as well as the bioavailability of Nabilone. 



-19-

Claims 

1. Composition comprising Nabilone and randomly methylated ft cyclodextrin 

(RAMEB) in the weight ratio (dry weight to dry weight) of 1:60 - 1:140, 

preferably in the weight ratio of 1:90 - 1:110 and wherein Nabilone and RAMEB 

5 are comprised as an aqueous soluble complex. 

2. Composition according to claim 1, wherein Nabiione is present in an amount of 

0.01 to 100mg, preferably of 0.1 to 50mg, more preferred of 0.25 to 10mg, more 

preferred in an amount of 30mg 

3. Composition according to claims 1 or 2 wherein said composition additionally 

10 comprises non-complexed Nabilone. 

4. Composition according to any one of claims 1 to 3 further comprising at least 

one pharmaceutically acceptable carrier, adjuvant or additive. 

5. Composition according to any one of claims 1 to 4 wherein the additive is a 

disintegrating agent. 

15 6. Composition according to any one of claims 1 to 5 wherein the disintegrating 

agent is selected from microcrystalline cellulose, starches, sodium starch 

glycolate, crosscarmelose sodium, crospovidone, povidone, calcium silicate. 

7. Composition according to any one of claims 1 to 6 comprising a 

pharmaceutically acceptable carrier selected from the group of magnesium 

20 stearate, magnesium fumarate, sodium hydrogen carbonate, citric acid 

anhydride, talc, sorbitol, mannitoi, carboxymethyfcellulose, lactose, 

hydroxypropyimethyicellulose, collidone, carbopol. 

8. Composition according to any one of claims 1 to 7 wherein the composition 

comprises RAMEB in a concentration of 25% to 30% by weight. 

25 9. Composition according to any one of claims 1 to 8 wherein Nabilone and 

RAMEB are comprised as lyophilized complex. 

10.Composition comprising a complex of Nabilone and RAMEB, sodium-hydrogen 

carbonate, citric acid anhydride and crospovidone. 

11.Composition according to any one of claims 1 to 10 which is in the form of a 

30 tablet, a capsule, a spray, a solution or a chewing gum. 

12.Composition according to any one of claims 1 to 11 for use as a medicament. 

13.Composition according to any one of claims 1 to 12 for oral, preferably for 

sublingual or buccal use. 
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14.Composition according to any one of claims 1 to 13 for use in the treatment of 

nausea, muscular spasm, multiple sclerosis, uterine and bowel cramps, 

movement disorders, pain, including migraine headache, glaucoma, asthma, 

inflammation, insomnia, high biood pressure and/or a condition responsive to an 

5 appetite stimulating, amyotrophic lateral sclerosis, anti-cancer, oxytoxic, 

anxiolytic, anti-convuisive, anti-depressant and anti-psychotic agent. 

15.Method for producing a complex of RAMEB and Nabilone according to any one 

of claims 1 to 14, wherein said RAMEB is combined with Nabilone in a 

heterogeneous state or in the solid state, including using methods selected from 

10 freeze drying, spray-drying, kneading, grinding, slurry-method, co-precipitation, 

and neutralization, and optionally separating the obtained complex. 

16.Method for producing aqueous soluble Nabiione according to claim 15 

comprising the step of complexing Nabiione with RAMEB. 

1/.Method for increasing the bioavailability of Nabilone in a sublingually or buccally 

15 administered preparation comprising the step of complexing Nabilone with 

RAMEB according to any one of claims 15 and 16, and formulating the complex 

obtained as a sublingually or buccally administerable dosage form. 

18.Method for increasing the solubility of the Nabilone in aqueous solution by 

complexing Nabilone and RAMEB wherein Nabilone is stirred for about 96 h in 

20 the presence of 25% or 30 weight % RAMEB and maintaining a constant 

reaction temperature of about 25°C. 

19.Composition according to any one of claims 1 to 11 comprising between 10 and 

15 wt%, preferably about 11.5 wt% Nabilone-RAMEB complex, between 60 and 

95 wt%, preferably about 87.5 wt%, disintegrating agent and between 0.5 and 5 

25 wt%, preferably about 1 wt% pharmaceutically acceptable carrier. 


