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Description
State of the art

[0001] Tizanidine, 5-chloro-N-(4,5-dihydro-1H-imida-
zol-2-yl)-2,1,3-benzothia-diazol-4-amine, is a a,-adren-
ergic agonist structurally related to clonidine. Itis a cen-
trally acting skeletal muscle relaxant that acts mainly at
spinal and supraspinal levels to inhibit excitatory in-
terneurones. It is indicated for the symptomatic relief of
spasticity associated with multiple sclerosis or spinal cord
injury or disease or painful muscle spasm.

[0002] The compound tizanidine, as hydrochloride, is
included in Japan and US Pharmacopoeias and it is ap-
proved and marketed worldwide, as base, in the form of
2 or 4 mg tablets. As such, tizanidine is usually well and
rapidly absorbed by oral route, butitundergoes extensive
first-pass effect which inactivates metabolites. The phar-
macokinetic profile of tizanidine, T,,,, 1-2h, T4, 1-2h,
suggested to perform slow-release dosage forms as in
US 2008 0214629A1 or WO 2008 047208A1, but, on the
other hand, the entity of the first-pass effect, suggested
to replace oral absorption with different routes of admin-
istration.

[0003] Are known in the art patent documents which
describe pharmaceutical formulations containing tizani-
dine: trans-dermal formulations are described in DK
175982B1, buccal spray formulations are described in
WO 2004 019905A1, buccal and sublingual formulations
are described in WO 2004 043431A1 and in US 2004
0122065A1. The aim of these documents is to increase
the onset of action of tizanidine as well as its bioavaila-
bility and to reduce the relative hepatic first-pass effect.
[0004] Pharmacological papers reported the adminis-
tration of tizanidine by intramuscular (IM) or intrathecal
route to assess its mechanism of action and compare its
potency with standard drugs (J. Neurosurg 2004,
101(4):641-7; J. Pharmacol Sci. 2005, 99(1):52-60; An-
esthesiology 2003, 98(6):1480-3; Anesth. Analg. 2003,
96(3):776-82; Anesth. Analg. 2001, 93(5):1310-5).
[0005] In EP-2014305 liquid intranasal compositions
are suggested with muscle relaxant in a long list of ac-
tives.

Description of the invention

[0006] It is the object of the present invention a phar-
maceutical composition in liquid dosage form which con-
tains as active principle the ay-adrenergic agonist com-
pound Tizanidine.

[0007] Accordingtotheinventionithasbeenfound that
tizanidine, in the form of the corresponding hydrochlo-
ride, is soluble in water at concentrations and pH suitable
for systemic administration, specifically for intranasal ad-
ministration, and that these aqueous solutions of tizani-
dine hydrochloride may be normally stored and, in addi-
tion, easily sterilized by heat so that the use of preserv-
ative agents can be, when preferred, avoided.
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[0008] Pharmaceutical compositions of tizanidine in
liquid form, such as the aqueous solutions of the present
invention, offer different advantages: they can be admin-
istered by intranasal route (IN) to increase the bioavail-
ability overcoming the hepatic first-pass effect and/or to
shorten the time to peak. The transmucosal nasal deliv-
ery, represents a delivery option for drugs with limited
oral bioavailability due to the degradation in the intestinal
tract, such as proteins, or hepatic first-pass metabolism,
and is also a convenient alternative to intravenous or
intramuscular drug administration. The considerable
blood flow, actually responsible for breath conditioning,
benefits from the efficient systemic drug uptake and pro-
vides direct access to the systemic circulation for trans-
mucosal adsorbed drug.

[0009] In accordance with the administration route
used, the composition of the invention may also contain
suitable, commonly used agents such as pH buffer, pre-
servative, flavouring, absorption enhancer and hyperbar-
ic agents.

[0010] Among commonly used suitable pH buffer
agents, aqueous buffer acetate and aqueous buffer
phosphate solutions are preferred. Among the commonly
used preservative agents, benzyl alcohol, methyl-, ethyl-
and propylparahydroxybenzoate are preferred. Among
commonly used water soluble flavouring agents citrus,
preferably orange, eucalyptol, eucalyptus oil and pep-
permint are preferred. Among commonly used absorp-
tion enhancer agents chitosan, methylpyrrolidone and
cholic acid are preferred. Suitable tonicity of solutions
may be obtained by addition of saline or salt solutions.
[0011] The amount of tizanidine, as base, contained in
the composition of the invention, which can be daily ad-
ministered to a patient, may vary in a large range and
depends on various factors, such as the pathology to be
treated, the intranasal administration relative bioavaila-
bility, the age and conditions of the patient.

[0012] The daily dose of tizanidine, as base, is gener-
ally inthe range 6.00 -12.00 mg/day. The pH value of the
intranasal aqueous pharmaceutical composition may
vary from4.8to 7.4. Tizanidine intranasal administrations
may contain absorption enhancer agents such as chi-
tosan, methylpyrrolidone or cholic acid and preservative
agents such as benzyl alcohol, methyl-, ethyl- and pro-
pylparahydroxybenzoate or similar products and flavour-
ing compounds as citrus, preferably orange, eucalyptol,
eucalyptus oil or peppermint aroma and similar products.
[0013] The compositions containing tizanidine hydro-
chloride aqueous solutions of the present invention, that
is the compositions suitable for intranasal administration,
proved to be well tolerated at the administration site, and
showed themselves to be effective for relief both of mus-
cle spasm and of multiple sclerosis and neuronal spas-
ticity. They can be administered over a wide range of
doses according to the pathology, bioavailability, and
peak time.

[0014] Detailed formulations and physico-chemical
properties are hereinafter provided.
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Intranasal solutions

[0015] Aqueous solutions, with or without flavour, at
22.90 mg/mL suitable to be dispensed as two 50 pL puff
by 0.05 mL snap-on pump, equal to 2 mg of tizanidine
base. Aqueous solutions, with or without flavour, at 45.80
mg/mL suitable to be dispensed as two 50 pL puff by
0.05 mL snap-on pump, equal to 4.00 mg of tizanidine
base.

Preparation of composition of intranasal spray solutions

[0016] An aqueous solution of tizanidine.HCI at high
concentration, 45.00 mg/mL, and pH 4.8 is tolerated by
the nasal mucosa without any local side effect, i.e. red-
ness or pain. The proposed formulations are calculated
for a single puff of 50 pL/nostril.

Example 1

[0017]
Tizanidine.HCI 22.90 mg
Methyl p-hydroxybenzoate 1.00 mg
Eucalyptol 4.00 mg
95% Ethanol 0.40 mL
Water to 1.00 mL

Yellow, clear solution, pH 4.8

[0018] The formulation allows administering 1.00 or
2.00 mg of tizanidine base with 1 or 2 puffs.
Example 2
[0019]
Tizanidine.HCI 45.80 mg
Methyl p-hydroxybenzoate 1.00 mg
Eucalyptol 4.00 mg
95% Ethanol 0.40 mL
Water to 1.00 mL

Yellow, clear solution, pH 4.8

[0020] The formulation allows administering 2.00 or

4.00 mg of tizanidine base with 1 or 2 puffs.

Example 3

[0021]
Tizanidine.HCI 22.90 mg
Benzyl alcohol 10.00 mg
Eucalyptol 4.00 mg
Phosphate buffer pH 7.4 (0.03M) to 1.00 mL
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Yellow, clear solution, pH 7.4

[0022] The formulation allows administering 1.00 or

2.00 mg of tizanidine base with 1 or 2 puffs.

Example 4

[0023]
Tizanidine.HCI 22.90 mg
Benzyl alcohol 10.00 mg
Eucalyptol 4.00 mg
Chitosan.HCI 10.00 mg
Phosphate buffer pH 7.4(0.03M) to 1.00 mL

Yellow, clear solution, pH 7.4
[0024] The formulation allows administering 1.00 or
2.00 mg of tizanidine base with 1 or 2 puffs.

Example 5

[0025]
Tizanidine.HCI 22.90 mg
Benzyl alcohol 10.00 mg
Eucalyptol 4.00 mg
Cholic acid 14.00 mg
Phosphate buffer pH 7.4(0.03M) to 1.00 mL

Yellow, clear solution, pH 7.4.
[0026] The formulation allows administering 1.00 or
2.00 mg of tizanidine base with 1 or 2 puffs.

Pharmacokinetics of tizanidine solutions

[0027] Preliminary pharmacokinetic data in rabbits at
the dose of 3.00 mg/kg of tizanidine hydrochloride by
intranasal (IN), intramuscular (IM), and oral route (PO)
were performed to test the intranasal absorption without
any enhancer. Tizanidine (IN) is rapidly absorbed with a
bioavailability close to that of intramuscular route (IM).

Claims

1. A pharmaceutical composition of tizanidine in liquid
form for use in therapy by intranasal administration,
characterized by the fact that it contains the active
ingredient, in its hydrocloride form, dissolved in an
aqueous solution and buffer solution at a pH value
selected in the range from 4.8 to 7.4, that the ob-
tained solution, duly sterilized by a heat treatment or
added with a suitable preservative agent, may be
administered as such or, optionally, be added with
one or more suitable commonly used flavouring, to-
nicity, hyperbaric and absorption enhancer agents.
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The pharmaceutical composition of tizanidine in lig-
uid form according to claim 1, characterized by the
fact that the sterilization is carried out by a heat treat-
ment.

The pharmaceutical composition of tizanidine in lig-
uid form according to claim 1 or 2, characterized by
the fact that the preservative agent is selected in the
group consisting of benzyl alcohol, methylparahy-
droxybenzoate, ethylparahydroxybenzoate and pro-
pylparahydroxybenzoate, that the flavouring agent
is selected from the group of aroma consisting of
citrus, eucalyptol, eucalyptus oil and peppermint op-
tionally in the presence of a tonicity agent and/ or
hyperbaric agent.

The pharmaceutical composition of tizanidine in lig-
uid form for intranasal spray administration accord-
ing to any of claim 1 to 3, characterized by the fact
that it contains tizanidine at the concentration from
20.00 to 40.00 mg/mL in the presence of an absorp-
tion enhancer agent selected in the group consisting
of chitosan, methylpyrrolidone and cholic acid.

The pharmaceutical composition of tizanidine in lig-
uid form according to claim 4, characterized by the
fact that the absorption enhancer agent is chitosan.

Patentanspriiche

1.

Pharmazeutische Zusammensetzung aus Tizanidin
in flissiger Form zur Verwendung in der Therapie
durchintranasale Verabreichung, dadurch gekenn-
zeichnet, dass sie den Wirkstoff in seiner hydro-
chloriden Form in einer wassrigen Lésung und Puf-
ferldsung mit einem pH-Wert im Bereich zwischen
4,8 und 7,4 geldst enthalt, dass die erhaltene L6-
sung, die ordnungsgeman durch eine Erhitzung oder
ein Hinzufligen eines geeigneten Konservierungs-
mittels sterilisiert ist, als solche verabreicht oder
wahlweise mit einem oder mehreren geeigneten, tib-
licherweise verwendete Geschmacks-, Tonizitats-
hyperbaren und absorptionsverbessernden Mitteln
versehen werden kann.

Pharmazeutische Zusammensetzung aus Tizanidin
in flissiger Form nach Anspruch 1, dadurch ge-
kennzeichnet, dass die Sterilisierung durch eine
Erhitzung durchgefiihrt wird.

Pharmazeutische Zusammensetzung aus Tizanidin
in flissiger Form nach Anspruch 1 oder 2, dadurch
gekennzeichnet, dass das Konservierungsmittel
aus der Gruppe ausgewahlt wird, die aus Benzyla-
kohol, Methylparahydroxybenzoat, Athylparahydro-
xybenzoat und Propylparahydroxybenzoat besteht,
und dass das Geschmacksmittel aus der Gruppe von
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Aromen ausgewahltwird, die aus Zitrus, Eukalyptus,
Eukalyptusdl und Pfefferminze besteht; wobei wahl-
weise ein Tonizitatsmittel und/oder hyperbares Mit-
tel beigegeben ist.

Pharmazeutische Zusammensetzung aus Tizanidin
in flissiger Form zur intranasalen Verabreichung
durch Spriihen nach einem der Anspriiche 1 bis 3,
dadurch gekennzeichnet, dass sie Tizanidin in ei-
ner Konzentration zwischen 20,00 bis 40,00 mg/mL
enthalt, wobei ein absorptionsverbesserndes Mittel
beigegeben ist, das aus der Gruppe ausgewahlt
wird, die aus Chitosan, Methylpyrrolidon und Chol-
saure besteht.

Pharmazeutische Zusammensetzung aus Tizanidin
in flissiger Form nach Anspruch 4, dadurch ge-
kennzeichnet, dass das absorptionsverbessernde
Mittel Chitosan ist.

Revendications

Composition pharmaceutique de tizanidine en forme
liquide pour I'usage en thérapie par administration
intranasal, caractérisée par le fait qu’elle contient
'ingrédient actif, en sa forme hydrochlorydrate, dis-
sous dans une solution aqueuse et une solution tam-
pon a une valeur de pH choisi entre 4,8 et 7,4, que
la solution obtenue, diment stérilisée par traitement
thermique ou par addition d’'un ou plusieurs aptes
agents conservatifs, peut étre administrée telle quel-
le ou, facultativement, avec I'addition d’un ou plu-
sieurs aptes agents communément utilisés pour aro-
matiser, donner tonicité, augmenter I'’hyperbaricité
et I'absorption.

Composition pharmaceutique de tizanidine en forme
liquide selon la revendication 1, charactérisée par le
fait que la stérilisation a lieu par traitement termique.

Composition pharmaceutique de tizanidine en forme
liquide selon la revendication 1 ou 2, charactérisée
par le fait que I'agent conservatif est choisi dans le
groupe consistant de alcool benzylique, méthylpa-
rahydroxybenzoate, éthylparahydroxybenzoate et
propylparahydroxybenzoate, que l'agent aromati-
sant est choisi dans le groupe d’arbmes consistants
des agrumes, eucalyptol, huile d’eucaliptol et men-
thol facultativement en présence d’'un agent de to-
nicité et/ou d’'un agent d’hyperbaricité.

Composition pharmaceutique de tizanidine en forme
liquide pour administration de spray nasal selon une
quelconque des revendications 1 a 3, charactérisée
par le fait qu’elle contient tizanidine a la concentra-
tion de 20,00 a 40,00 mg/mL en présence d’'un agent
augmentatif de I'absorption choisi dans le groupe
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consistant en chitosane, méthylpyrrholidon et acide
cholique.

Composition pharmaceutique de tizanidine en forme
liquide selon la revendication 4, charactérisée parle 5
fait que I'agent augmentatif de I'absorption est chi-
tosane.
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