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CONTROLLED RELEASE DELIVERY SYSTEM FOR
NASAL APPLICATION OF NEUROTRANSMITTERS

FIELD OF THE INVENTION

[0001] The 1nvention generally relates to a formulation for the controlled release of
neurotransmitters to the systemic circulation and/or to the brain after nasal application. More

specifically, the invention relates to the delivery of dOpamine to the brain by nasal

administration.

BACKGROUND

10002] A growing body of evidence suggests a modulatory role of brain-acting
compounds, such as neurosteroids (e.g., androgens, progestins) or neurotransmitters (e.g.,
dopamine, 3,4-dihydroxyphenylalanine (L-DOPA)), in the regulation of disorders influenced by

receptors in the brain, such as depression, Parkinson’s disease, Alzheimer’s, or even loss of
libido.

[0003] Neurosteroids act as modulators of several neurotransmitters, either as stimulators
or inhibitors. Neurotransmitters are chemicals that relay, amplify and modulate electrical signals
between a neuron and another cell. Some neurotransmitters are excitatory, others primarily

inhibitory. In many cases, as with dopamine, it is the receptor which determines whether the

transmitter is excitatory or inhibitory.

10004] The brain floats 1n about 150 ml of CerebroSpinal Fluid (CSF) which slowly
circulates down through the four ventricles, up through the subérachinoid space and exits 1nto
the cerebral veins through the arachnoid vili. Since the brain has no lymphatic system the CSF
serves as a partial substitute. While brain and CSF are separated by the somewhat permeable pia

mater, the blood—cerebrospinal fluid barrier and the blood-brain barrier (BBB) represent

substantial protection against undesirable blood substances.

10005] The BBB creates a protected chemical environment for the brain wherein certain
molecules can perform functions independent of the functions those molecules perform in the

rest of the body. This 1s particularly important e.g. for the neurotransmitter dopamine which,

apphied as an infusion, 1s indicated in heart attacks or kidney failure but is not suitable for the
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treatment of Parkinson’s disease since, given by this route (or orally), it is not able to cross the

BBB.

[0006] To develop etfective medicines for disorders of the central nervous system (CNS)
nasal delivery has been explored. Whether, after nasal application, an uptake of molecules is via
the blood-brain barrier or via direct transport between the nasal cavity and the CSF, or via both
is still under debate. In the first case the molecule must traverse the BBB from the systemic
circulation after absorption from the nasal mucosa. Since there is also an efflux of molecules
from the brain the molecule might appear in the brain and in the blood at different times, with

different kinetics or metabolized in different ways.

10007] Nasal drug dehivery offers many advantages that include possible direct access to
the brain, rapid adsorption due to the abundant presence of capillary vessels in the nose, fast
onset of action, avoidance of hepatic first-pass metabolism, utility for chronic medication, and
ease of admimstration. It is also known that, in contrast to large and/or ionized molecules,
lipophilic pharmaceutical compounds having a sufficiently low molecular weight generally are

readily absorbed by the mucous membrane of the nose.

[0008] Since diffusion of drugs into the brain seems to mainly be dependent on their
physicochemical properties, for most drugs studied to date the overall amount detected in brain
tissue 1s usually only 2-3% of the nasally administered dose. Thus there has been a long-felt
need for investigation of the influence of formulations on this uptake in order to identify

formulations that can increase brain availability.

[0009] However, maintaining constant in vivo therapeutic drug concentrations, especially
in the brain, for an extended period of time has been problematic. The rapid mucociliary
clearance of a therapeutic agent from the site of deposition and the presence of enzymes in the
nasal cavity (that may cause degradation of the therapeutic agent) result in a short time span
available for absorption. In addition the mechanisms and prerequisites governing direct delivery

of molecules to the brain are only poorly understood.

10010} Many efforts have been made in the art in attempt to overcome these limitations.
GB 1987000012176 describes the use of bioadhesive microspheres to increase residence time in |

the nasal cavity. It has also been found that the use of enhancers improves permeability of the
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nasal membrane and stabilizers prevent drug degradation. PCT/GB98/01147 (U.S. Patent No.

60,432,440) descnibes the use of in situ gelling pectin formulations.

[0011] Bayne, U.S. Reissue Patent No. RE29,892 discloses a method of increasing the
dopamine concentration in brain tissue through administration of a composition comprising
dopamine and a hydrazine compound. The disclosed method allows for administration of the
composition topically, rectally, orally, or parenterally. Preferred compositions include
hydrazine compounds such as L-a-hydrazino-a-lower alkyl-3, 4-dihydroxyphenyl propionic

acid and L-dopa and its pharmacentically accepted salts.

[0012] Hafiner et al., U.S. Patent No. 4,826,852 discloses methods of administration
ergolinyl compounds to increase Dopamine concentrations in mammalian brain tissue. The

specific concern of Haffner is the treatment of psychoses such as schizophrenia.

[0013] Further, Wenzel et al., U.S. Patent No. 5,624,960, discloses the treatment of
Parkinson’s disease through the oral administration of a composition containing levodopa and
carbidopa. Mandel et al., U.S. Patent No. 6,319,905, discloses the tightly modulated production
of L-DOPA 1n the mammalian brain by gene therapy. Modulators such as tetrahydropterin

(PH4) are used to control the generation of dopamine.

[0014] There 1s a need to 1dentify a formulation that increases the brain’s availability to
neurotransmitters, particularly dopamine. Neurotransmitters can modulate or control the
regulation of emotionality and associated psychiatric disorders, such as depression. The
identification of a formulation that could increase the bioavailability of dopamine would open
possibilities for the treatment of diseases associated with a deficiency in dopamine in the brain,
such as depression, Parkinson’s disease, attention deficit hyperactivity disorder (ADHD), or

addiction to drugs or alcohol, among others.

SUMMARY OF THE INVENTION

[0015] The inventor has surprisingly found that the incorporation of various
neurotransmitter agents into a special lipophilic or partly lipophilic system leads to a higher

bioavailability in general caused by sustained serum levels in plasma and CSF.
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[0016] The invention comprises a formulation for nasal application comprising;:
(a) at least one active neurotransmitter agent; (b) at least one lipophilic or partly lipophilic
carrier; and (¢) a compound or a mixture of compounds having surface tension decreasing
activity, an amount effective for in situ generation of an emulsion upon contact of the

formulation with water.

[0016.1] In one aspect of the invention, there is provided a formulation for nasal
application comprising:

a) at least one neurotransmitter;

b) at least one lipophilic carrier; and

c) at least one surfactant, in an amount effective for in situ generation ot an

emulsion upon contact of the formulation with water, the formulation

further comprising a viscosity regulating agent.

[0017] In another aspect of the invention, the active ingredient 1s a
neurotransmitter agent. Preferably, the neurotransmitter is dopamine. It is preferred that
dopamine is comprised within the formulation in an amount of from 0.5 to 6% by welght,
preferably 2 to 4% by weight, more preferably 0.5 to 2% by weight, and most preferably
at around 2% by weight.

[0018] Preferably, the lipophilic carrier comprises oil. More preferably, the

oil is a vegetable oil. Most preferably, the o1l is caster oil.

[0019] A preferred embodiment of the invention includes oil in an amount of

between 30% and 98% by weight, preferably between 60 and 98% by weight, more
preferably between 75% and 95% by weight, even more preferably between 85% and
95% by weight and most preferably around 90% by weight ot the formulation.

[0020] A further embodiment is characterized in that component (c) comprises

polyvalent alcohols, of sorbitanes, of polyoxyethylensorbitans, of polyoxyethylene, of
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sucrose, of polyglycerol and/or at least one humectant selected from the group

consisting of sorbitol, glycerine, polyethylene glycol, and macrogol glycerol fatty acid
ester, or a mixture thereof. Preferably, component (¢) comprises an oleoyl

macrogolglyceride or a mixture of oleoyl macrogolglycernides.

[0021] Component (c) is comprised within the formulation in an amount ot
from 1 to 20% by weight, preferably 1 to 10% by weight, more preferably 1 to 5% by
weight, and most preferably at around 4% by weight.

[0022] A further embodiment comprises a viscosity regulating agent.
Preferably, the viscosity regulating agent comprises a thickener or gelling agent
selected from the group consisting of cellulose and cellulose derivatives,

polysaccharides, carbomers, polyvinyl alcohol, povidone, colloidal silicon dioxide,

cetyl alcohols, stearic acid, beeswax, petrolatum,

4a
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triglycerides and lanolin, or a mixture thereof. More preferably, the viscosity increasing agent is

colloidal silicon dioxide.

[0023] The viscosity regulating agent is comprised within the formulation in an amount
of from 0.5 to 10% by weight, preferably 0.5 to 5% by weight, more preferably 1 to 3% by
weight, and most preferably at around 3% by weight.

[0024] While not wishing to be bound by theory, it is beliew)ed that nasal administration
of the galenical formulation of the invention may be able to recruit selective actions of a
molecule which, 1n turn, may provide new clinical applications. It is believed that this effect is
due to the access to the brain that 1s made available by the galenical gel formulation of the
invention. Application of the galenical gel formulation of the invention to the nose results in
surprising and different action of compounds to the brain as compared to what is seen with

conventional formulations.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1 shows the effect of nasal dopamine gel on immobility and climbing of

depressed rats.

10026] FIG. 2 shows the concentration of dopamine and metabolites in nucleus

- accumbens and neostriatum after nasal administration of dopamine.

DETAILED DESCRIPTION OF THE INVENTION

10027] The galenical gel formulation of the invention is chemically and physically stable
and can be 1n the form of a suspension or a solution of the pharmacologically active substance.
Preferably, the galenical gel formulation of the invention is filled into a preservative-free device

able to accurately deliver doses of the above formulation, even at higher viscosities.

[0028] After nasal application of the galenical gel formulation of the invention, the active
ingredient or active ingredient particles are efficiently trapped at the deposition site and are
absorbed at a predictable rate across the mucous membrane of the patient, thereby limiting

possible deactivation by metabolizing enzymes and/or protein-binding.
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[0029] It will also be understood that the terms and expressions used herein have the
ordinary meaning as is accorded to such terms and expressions with respect to their
corresponding respective areas of inquiry and study except where specific meanings have

otherwise been set forth herein.

[0030] The term “higher availability” shall mean that after application of a
neurotransmitter significant and constant in vivo therapeutic drug concentrations , especially 1n

the brain, are maintained for an extended period of time.

A. Neurotransmitters

[0031] - The composition of the invention comprises a neurotransmitter. By definition, a
neurotransmitter causes rapid, short-lived and dramatic response. Neurotransmitters tend to

degrade rapidly, resulting in restoration of the resting membrance potential. Common to many

neurotransmitters is a catechol mouety.

OR
OH

[0032] Neurotransmitters such as the epinephrines and dopamine contain the catechol

moiety typically synthesized from the amino acid tryosine.

[0033] One neurotransmitter commonly associated with any number of responses 1s
dopamine or 4-(2-aminoethyl)-1, 2-benzenediol. Dopamine is commonly regarded as an

endogenous catecholamine with a an  andrenergic activity.

HO e
HO 7\ CHZ-—-—(lZ—H
o H
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0034} Dopamine or L-DOPA 1s commonly synthesized from aminotyramine. Other
neurotransmitters are generally defined by synaptic vesicles in terminals of the presynaptic
neuron and contain the agent, releasing it at the appropriate time in response to stimulation in
sufficient quantity to induce response in the post synaptic cell; iontophoresis of the agent into a
synaptic cleft induces the same response; and the substance degrades rapidly resulting of

restoration of potential.

[0035] ~ Other catecholamines known to have various utilities include epinephrine,

noreprinephrine, serotonin.

[0036] The neurotransmitter drug 1s comprised within the formulation in an amount of
from 0.2 to 6% by weight, preferably 0.2 to 4% by weight, more preferably 0.2 to 2% by
weight, and most preferably at around 2% by weight.

B. Lipophilic Carmer
[0037] The carrier of the invention functions to emulsify and otherwise support the

various constituents of the invention. To that end, the carrier has a lipophilic nature or
character. Suitable families of oils include fatty acids and oils such as mineral and vegetable
oils. In particular, fatty acids and oils derived from vegetable stock are especially useful. Both
hnear and branched chain acids and oils are useful including those oils and acids with various
levels of saturation and substitution. Chain size including formic, acetic, propionic, butyric,
valeric, caproic, emanthic, caprylic, pelargonic, capric, laurie, myristic, palmitic and stearic,

among others, all represent useful o1l and acid moieties.

[0038] The term “lipophilic carrier” shall comprise, but is not limited to, vegetable oil
such as castor o1l, soybean oil, sesame oil, or peanut oil, fatty acid esters such as ethyl-and
oleyloleat, 1sopropylmyristate, medium chain triglycerides, glycerol esters of fatty acids, or
polyethylene glycol, phospholipids, white soft paraffin, or hydrogenated castor oil, or a mixture
thereof. In one aspect, the active ingredient may also be incorporated into an oil mixture. In a

preferably aspect, the vegetable oil is castor oil.

[0039] The particular amount of lipophilic carrier that constitutes an effective amount is
dependent on the particular viscosity regulating agent used in the formulation. It is therefore not

practical to enumerate specific amounts for use with specific formulations of the invention.
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Generally, however, the lipophilic camer is present in the formulation in an amount between
30% and 98% by weight, preferably between 60 and 98% by weight, more preferably between
75% and 95% by weight, even more preferably between 85% and 95% by weight, and most
preferably around 90% by weight of the formulation.

C. Surface Active Agent
[0040] The surface active agent or surfactant of the invention functions to decrease

surface tension in the composition of the invention. Surfactants are generally regarded as those
compositions which have both hydrophilic and lypophilic character. The lypophilic character of
the surfactant tends to take the form of a pendent moriety having little if any charge. In turn,

the hydrophilic character of the surfactant tends to be charged and also dictates the class into
which the surfactant is identified into. For example, surfactants useful in the invention include

nonionic surfactants, anionic surfactants, amphoteric surfactants, and cationic surfactants.

[0041] Component (c), a compound or a mixture of compounds having surface tension
decreasing activity, comprises at least a surfactant such as, but not limited to, lecithin, fatty acid
ester of polyvalent alcohols, fatty acid ester of sorbitanes, fatty acid ester of
polyoxyethylensorbitans, fatty acid ester of polyoxyethylene, fatty acid ester of sucrose, fatty
acid ester of polyglycerol, and/or at least one humectant such as sorbitol, glycerine,
polyethylene glycol, or macrogol glycerol fatty acid ester. Particularly useful, however, are

oleoyl macrogolglycerides (such as LABRAFIL® M 1944 CS, as available from Gattefossé

(Saint-Priest, France)).

10042] In another aspect, the active ingredient may be incorporated into a surfactant
mixture. The particular amount of surfactant that constitutes an effective amount is dependent
on the particular o1l or oil mixture used in the formulation. It is therefore not practical to
enumerate specific amounts for use with specific formulations of the invention. Generally,
however, the surfactant is present in a formulation in an amount of from 1 to 20% by weight,
preferably 1 to 10% by weight, more preferably 1 to 5% by weight, and most preferably at
around 4% by weight.

D. Viscosity Regulating Agent
[0043] The term “viscosity regulating agent” shall mean a thickener or gelling agent.

Examples are, but not limited to, cellulose and derivatives thereof, polysaccharides, carbomers,
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polyvinyl alcohol, povidone, colloidal silicon dioxide, cetyl alcohols, stearic acid, beeswax,
petrolatum, triglycerides, lanolin, or the like. A preferred viscosity regulating agent is colloidal
silicon dioxide (such as ACROSIL 200%, as available from Degussa).

[0044] The incorporation of the active ingredient is also possible into a mixture of
thickeners or gelling agents. The particular amount of thickener/gelling agent that constitutes an
effective amount 1s dependent on the particular oil or oil mixture used in the formulation. It is
therefore not practical to enumerate specific amounts for use with specific formulations of the
invention. Generally, however, the thickener/gelling agent(s) is present in a formulation in an
amount from 0.5 to 10% by weight, preferably 0.5 to 5% by weight, more preferably 1 to 3% by
welight, and most preferably at around 3% by weight.

TABLE
Wt-%

Lipophilic Carrier 30 to 98 60 to 98 85 to 95

Surfactant 1 to 20 1to10 1to S

Viscosity Regulatin 0.5t0 10 0.5to5 1to3
|igent

Formulation

[0045] Generally, the galenical formulation of the invention can be prepared very easily

by the following conventional method:

[0046] The lipophilic carrier and emulsifier are filled into a stirrer vessel and about 75%
of the viscosity regulating agent 1s mixed in. The active ingredient is added under stirring to
obtain a homogenous dispersion of the active ingredient. Next, the formulation is adjusted to

the necessary viscosity with the remainder of the viscosity regulating agent.
10047 ] The formulation is preferably filled into a preservative-free container.

[0048] Because neurotransmitters may have lower levels of solubility in water, liberation

from the formulation is the speed-limiting step for adsorption. It has been surprisingly found
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that the 1ncorporation of the active agent in an oily formulation containing a suitable surfactant
according to the invention leads to physiologic serum levels and to a steady, sustained action of

the hormone over time.

[0049] The release of the neurotransmitter agent is sustained due to its solubility in the
olly carrier and because the formulation remains on the mucous membrane for a prolonged

duration of time due to its viscosity.

[0050] Upon contact of the formulation with the humidity of the mucous membrane,
precipitation of the active ingredient 1s hindered by the surfactant’s ability to form oil drops
contamning the active ingredient. Thus, by adding a suitable surfactant to the formulation, the
dissolution pattern of the active ingredient becomes more favorable and effective because there

1S no big variability in dissolution, which ensures bioequivalence.

[0051] The active ingredient of this invention may be introduced into the formulation

also 1n a processed form, such as microspheres, liposomes, among others.

10052] The formulation according to this invention may also be processed iﬁto powder

form, such as by lyophilization or spray-drying.

Table 1. Most Preferred formulation

Compound ' | ' Amount per container Delivery per spray
Dopamine | 2% ~2.8mg

Colloidal silicon dioxide 3% : ~ 4.2 mg

Oleoyl macrogol-glycendes 4% ~ 5.6 mg

Castor o1l 91% ~127.4 mg
EXAMPLES

[0053] The following examples are intended to further illustrate, and not limit,

embodiments 1n accordance with the invention.

10
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Example 1: Nasal administration of dopamine to rats

[0054] A dopamine (DA) gel of the inventive formulation was nasally administered to
rats used in the validated “forced swimming test.”” As shown in FIG.1, the administration of
dopamine results in anti-depressive-like effects. As shown in FIG. 2, strong dopaminergic
activity in the neostriatum and ventral striatum (nucleus accumbens) is seen after nasal

application of dopamine with the mnventive formulation.

[0055] Generally, antidepressants must be taken for longer time before antidepressive
effects are seen. Surprisingly, after nasal application of the dopamine gel formulation to rats,
antidepressive effects occurred within hours and without any side effects, such as those side

effects known to occur with desipramine (apathy) or fluoxetine (weight loss).

[0056] After nasal application of dopamine 1n the inventive gel formulation of the
invention to rats, it was surprisingly found that the concentration of dopamine in the nucleus
accumbens and neostriatum level increases very rapidly by more than 1000 percent. These
results are different from those previously described. After nasal application of an agqueous
dopamine solution to mice, Bjorn Jansson, Comprehensive Summaries of Uppsala Dissertations
from the Faculty of Pharmacy 305 (2004), found dopamine in the olfactory bulb but the
compound peaked after four hours. After nasal application of aqueous dopamine solution to
rats, Mana Dahlin, Comprehensive Summaries of Uppsala Dissertations from the Faculty of
Pharmacy 240 (2000), found dopamine in cerebrospinal fluid (CSF) after a short time but the
increase of the compound from baseline 1s much lower than with the nasal gel of the invention.
Ikeda et al., Chem. Pharm. Bull. 40(8): 2155-2158 (1992), increased bioavailability of nasally-
given dopamine by some degree using the excipients hydroxypropyl cellulose (HPC) and Azone
(1-dodecylazacycloheptan-2-one), respectively. De Souza Silva et al., Synapse 27:294-302
(1997), showed that by nasally applying an aqueous L-DOPA methyl ester solution to rats (50
mg/kg), the dopamine level 1n the neostriatum could be increased by about 130%. The
metabolites 3,4-dihydroxyphenyl acetic acid (DOPAC) and homovanillic acid (HVA) slightly
increased in contrast to what was seen after 1p application of L-DOPA methyl ester in De Souza

Silva et al., J. Neurochem. 68(1): 233-239 (1997).

[0057] Furthermore, the metabolism of dopamine appears to be quite different than that

previously described. Very unexpectedly, as shown in FIG. 2, dopamine in the cerebral spinal

11
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fluid (CSF) 1s not metabolized to 3, 4-dihydroxyphenyl acetic acid (DOPAC) or homovanillic
acid (HVA) as 1s usually seen. These results demonstrate that nasal application of dopamine in
the inventive gel formulation may thus be useful for the causal treatment of diseases associated
with dopamine deficiency in the brain, such as Parkinson’s disease, attention deficit

hyperactivity disorder (ADHD), or addition to drugs and/or alcohol.

[0058]  The features disclosed in the foregoing description, in the claims and/or in the
- drawings may, both separately and in any combination thereof, be material for realizing the

invention in diverse forms thereof.

12
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A formulation for nasal application comprising:
a) at least one neurotransmitter;

b) at least one lipophilic carrier; and

c) at least one surfactant, in an amount effective for in situ generation of an
emulsion upon contact of the formulation with water, the formulation

further comprising a viscosity regulating agent.

2. The formulation according to claim 1, wherein the at least one lipophilic carrier

comprises an oil.

3. The formulation according to claim 2, wherein the oil is a vegetable oil.

4. The formulation according to claim 2 or 3, wherein the oil 1s castor oil.

5. The formulation according to any one of claims 1 to 4, wherein the amount of

component (b) comprises between 30% and 98% by weight of the formulation.

6. The formulation according to any one of claims 1 to 4, wherein the amount of

component (b) comprises between 60 and 98% by weight of the formulation.

7. The formulation according to any one of claims 1 to 4, wherein the amount of

component (b) comprises between 75% and 95% by weight of the formulation.

8. The formulation according to any one of claims 1 to 4, wherein the amount of

component (b) comprises between 85% and 95% by weight of the formulation.

9. The formulation according to any one of claims 1 to 4, wherein the amount of

component (b) comprises around 90% by weight of the formulation.

13
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10. The formulation according to claim 1, wherein the at least one surfactant 1s selected
from the group consisting of lecithin, fatty acid ester of polyvalent alcohols, of sorbitanes,
of polyoxyethylensorbitans, of polyoxyethylene, of sucrose, of polyglycerol and/or at least
one humectant selected from the group consisting of sorbitol, glycerine, polyethylene

5  glycol, and macrogol glycerol fatty acid ester, or a mixture thereof.

11. The formulation according to claim 10, wherein the at least one surfactant comprises

an oleoyl macrogolglyceride or a mixture of oleoyl macrogolglycerides.

10 12. The formulation according to any one of claims 1 to 11, wherein the at least one

surfactant is comprised within the formulation in an amount of from 1 to 20% by weight.

13. The formulation according to any one of claims 1 to 11, wherein the at least one

surfactant is comprised within the formulation in an amount of from 1 to 10% by weight.

15

14. The formulation according to any one of claims 1 to 11, wherein the at least one

surfactant is comprised within the formulation in an amount of from 1 to 5% by weight.

15. The formulation according to any one of claims 1 to 11, wherein the at least one

20  surfactant is comprised within the formulation in an amount at around 4% by weight.

16. The formulation according to any one of claims 1 to 15, wherein said viscosity
regulating agent comprises a thickener or gelling agent selected from the group consisting
of cellulose and cellulose derivatives, polysaccharides, carborners, polyvinyl alcohol,

25  povidone, colloidal silicon dioxide, cetyl alcohols, stearic acid, beeswax, petrolatum,

triglycerides and lanolin, or a mixture thereof.

17. The formulation according to claim 16, wherein said viscosity regulating agent 1s

colloidal silicon dioxide.

30
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18. The formulation according to any one of claims 1 to 17, wherein the viscosity

regulating agent i1s comprised within the formulation in an amount of from 0.5 to 10% by

weight.

19. The formulation according to any one of claims 1 to 17, wherein the viscosity

regulating agent is comprised within the formulation in an amount of from 0.5 to 5% by

welght.

20. The formulation according to any one of claims 1 to 17, wherein the viscosity

regulating agent is comprised within the formulation in an amount of from 1 to 3% by

welght.

21. The formulation according to any one of claims 1 to 17, wherein the viscosity

regulating agent is comprised within the formulation in an amount at around 3% by

weight.

22. The formulation according to claim 1, wherein the at least one neurotransmitter 1s

dopamine.

23. The formulation according to any one of claims 1 to 22, wherein the at least one

neurotransmitter is comprised within the formulation in an amount of from 0.2 to 6% by

weilght.

25. The formulation according to any one of claims 1 to 22, wherein the at least one

neurotransmitter is comprised within the formulation in an amount of from 0.2 to 4% by

weight.

26. The formulation according to any one of claims 1 to 22, wherein the at least one

neurotransmitter is comprised within the formulation in an amount of from 0.2 to 2% by

weight.

15
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27. The formulation according to any one of claims 1 to 22, wherein the at least one
neurotransmitter 1s comprised within the formulation in an amount at around 2% by

weilght.

16
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