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DESCRIPTION

Field of the invention

[0001] The present invention relates to an antipsoriatic emulsion composition comprising
cefazolin. The pharmaceutical composition is in the form of a cream for topical use on profuse
exfoliating and cornifying skin sites, in particular on psoriatic lesions, eczema and atopic
inflammatory changes of the skin.

Background of the invention

[0002] Psoriasis is a chronic inflammatory disease of the skin of unknown etiology. Genetic as
well as immunological factors play the essential role in the development of this illness.
Psoriasis is characterized by the infiltration of neutrophils and lymphocytes into the dermis and
impaired keratinocytosis (M.Abe, Journal of Dermatology 2006, 2: 108-111). Erythematous,
scaly, sharply demarcated plaques of different size and shape, very often with concomitant
itching, are the hallmarks of psoriasis.

[0003] Modern therapy of psoriasis includes topical and systemic treatment, phototherapy and
miscellaneous methods. A routinely used topical treatment embraces exfoliating medications,
such as ointments containing salicylic acid or urea-based ointments and creams, medicines
reducing epidermal proliferation - mainly anthralins (Cignolin), wood tar as well as cytostatic
drugs. The recent generation of anti-psoriatic topical medications comprises corticosteroids,
retinoids and vitamin D3 analogues. The systemic treatment embraces orally administered

retinoids, immunomodulating drugs, such as cyclosporin A, or tacrolimus as well as cytostatic
drugs, such as methotrexate and hydroxyurea. The current strategy for the psoriasis treatment
and concomitant complications of the ailment is based on the application of biologics which
exert immunosuppressive activity. This group of medications includes, for example, monoclonal
antibodies - efalizumab and infliximab, alefacept and a recombinant receptor protein -
etanercept indicated for the psoriatic arthritis management.

[0004] Some of these therapies proved to be inefficient or burdensome for patients. In general,
the systemic treatment is associated with the risk of experiencing serious side effects. In
addition, a biologic therapy is not always recommended due to the co-existing diseases, for
instance. These disadvantages compel the use of the so called classical therapies of psoriasis
as an alternate or intermittent treatment which may lead to frequent recurrences and
significant decrease in the patient's quality of life (J.Szepietowski, Clinical Dermatology 2009,
11 (3)).

[0005] In the last decade, vitamin D3 analogues have been used topically as the first-line

treatment. The efficacy and safety of tacalcitol as well as the fact that in therapeutic doses it
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does not affect calcium homeostasis have been proved in clinical trials (P.C.M. van de Kerkhof,
British Journal of Dermatology 2002: 146, 414-422).

[0006] Psoriasis is a chronic, relapsing inflammatory disease, therefore patients require long-
term treatment of low cumulative toxicity potential, preferably. An optimal therapy is expected
to provide a long-lasting efficacy, while being deprived of the long-term undesirable effects. It
should also be well tolerated and accepted by the patients in order for them to follow their
doctor's recommendations.

[0007] Therefore, the pursuit of a new, better anti-psoriatic therapy which will meet the
aforementioned requirements is still ongoing.

[0008] The research findings of the screening trials disclosed in the PCT patent application
WO 2015/044762, revealed a substance selectively binding and blocking the 1l-15-specific
receptor sub-unit - IL-15Ra and simultaneously blocking the IL-2RB and IL-2Ry sub-units
shared by IL-15 and IL-2, which results in the inhibition of the biological activity of these
cytokines.

[0009] Interleukin 15 (IL-15) is a cytokine of pleiotropic activity affecting the cells of the
immune system as well as other type cells. Due to its broad-spectrum activity, IL-15 is often
placed at the top of the pro-inflammatory cytokine cascade. The impairment of natural
mechanisms regulating the expression of IL-15, resulting in the overproduction of the cytokine,
contributes directly to the development of inflammatory processes, autoimmune responses,
infectious diseases and tumors. IL-15 is believed to be a key factor in psoriasis etiology
(Villadsen L.S. et al., J. Clin. Invest. 112, 1571-80 (2003)).

[0010] A significant influence of IL-15 on the pathogenesis of psoriasis poses an opportunity
for therapeutic intervention by blocking the biological activity of the cytokine. The validity of this
approach has been proved experimentally. The inhibition of the IL-15 activity using a soluble
IL-15Ra receptor (Liew F.Y., Mclnnes [.B., Ann. Rheum. Dis. 61 Supl. 2, i100-2 (2002);
Ruchatz H. et al., J Immunol. 160, 5664-60 (1998); Smith X.G. et al., J. Immunol. 165, 3444-50
(2000); Wei X et al., J. Immunol. 167, 277-82 (2001)), IL-2/IL-15Rp receptor antibodies (Morris
J.C., Proc. Natl. Acad. Sci. USA 103, 401-6 (2001); Tinubu S.A. et al., J. Immunol. 153, 4330-8
(1994)), anti-IL-15 antibodies (Villadsen L.S. et al. J. Clin. Invest. 112, 1571-80 (2003)) or a
recombinant IL-15 molecule of competitive antagonist properties (Ferrari-Lacraz S. et al., J.
Immunol. 173, 5818-26 (2004); Kim Y.S. et al., J. Immunol. 160, 5742-8 (1998)) resulted in the
attenuation of IL-15-mediated disease symptoms. In experimental therapies using the mouse
model psoriasis, alleviation of psoriatic signs has been observed (Villadsen L.S. et al. J. Clin.
Invest. 112, 1571-80 (2003)). All therapeutic strategies based on the IL-15 inhibition seem
equally effective, but vast majority of them has only been used under laboratory conditions so
far.

[0011] As was proved in the in vitro study, the substance that apart from its broad spectrum of
anti-bacterial activity effectively inhibits IL-15- and II-2-induced biological responses is cefazolin
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((6R,7R)-7-[[-2-amino-2-phenylacetyllamino]-3-methyl-8-ox0-5-thia-1-azabicyclo[4.2.0]oct-2-
ene-2-carboxylic acid) - first-generation cephalosporin antibiotic of proved medical efficacy.

[0012] Biological activity of cefazolin has been supported by in vitro studies, whose results
have proved the efficacy of cefazolin in suppressing the proliferation of IL-15-stimulated cells
and decreasing the Il-15-induced production of TNF-a and IL-17. The same results were
obtained for II-2-stimulated cells.

[0013] Because of that cefazolin may be effective in inhibiting IL-15 and IL-2-induced
excessive cellular response by blocking the IL-15 specific IL-15Ra receptor as well as the IL-
2RB and IL-2Ry receptor subunits shared by these two cytokines.

[0014] Despite the efficacy of action, the use of cefazolin in a wide-range treatment is limited
due to some inconveniences resulting from its poor absorption from the digestive tract. This
compound is well absorbed into the pleural cavity, peritoneal cavity, synovial fluid, bile, bones
and urine, but does not penetrate into the cerebrospinal fluid. Currently available
pharmaceutical cefazolin preparations are intended for parenteral, i.m. or i.v., administration.

[0015] As far as skin diseases such as psoriasis are concerned, topical application of
pharmaceutical preparations is usually more effective than oral administration, injections and
other systemic methods due to higher bioavailability and minor undesirable effects, such as the
active substance penetration into the blood stream.

[0016] Pharmaceutical compositions intended for topical use comprise ointments, creams,
lotions, transdermal patches, poultices, powders, aerosols etc. The most suitable dosage
forms used in the treatment of skin diseases such as psoriasis are ointments and creams.

[0017] Accordingly, formulation studies have been carried out in order to develop a
pharmaceutical composition containing cefazolin for topical use on skin lesions, characterized
not only by high therapeutic activity, but also by the utility value.

[0018] Only a few patent applications exist that disclose pharmaceutical compositions
containing cefazolin for topical use and in none of these publications data concerning stability
of the product have been revealed. A limited number of such publications may well result from
the difficulties in obtaining a pharmaceutical product of a long-term stability required for
pharmacy medications. This effect is attributed to the nature of cefazolin as such, which is
unstable in the media containing water, even at the temperature range 4-5°C.

[0019] The results of the studies of cefazolin stability in the aqueous solutions of eye drops
have been disclosed inter alia in J. Clin. Pharm. and Therapy (1998), 23, 41-47 and Acta Pol.
Pharm., vol. 69, 1, 95-105 (2012).

[0020] In J. Clin. Pharm. and Therapy the test results regarding the concentration of cefazolin
sodium salt, pH and osmolarity of the eye drops composition containing 1% aqueous solution
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of the active substance in the presence of a preservative or preservative free, after the storage
at 4°C and room temperature, have been disclosed. The eye drops stored at 4°C were stable
for 42 days, while upon storage in room temperature the stability lasted only for a few days and
the pH and osmolarity increase was observed. The authors of the Acta Pol. Pharm. paper
examined the stability of 1% and 5% cefazolin aqueous solutions of eye drops at 4°C and
20°C, in different types of buffer solutions. The acetate buffer of pH 4.5 and 4.7, phosphate
buffer of pH 7.5, the solutions of sodium chloride and glycerol were used in these tests. The
researchers found that the stability of cefazolin in aqueous media is mainly influenced by pH
and temperature and the highest stability of cefazolin was determined under acidic conditions.

[0021] Due to the low stability of cefazolin in aqueous solutions, the eye drops are not
commercially available but might only be prepared directly before use in hospital eye units.

[0022] In the specification of CA 502542 A, the process for the preparation of an ointment
containing a broad-spectrum activity antibiotic has been disclosed. The process embraces
mixing of dispersing agents, lanolin, vaseline, wax, mineral oil and antibiotic, at such
proportions that the ointments melting point ranges from 33 to 44°C. The composition of the
ointment containing from 1 to 10% of the dispersing agents, glycerol monoester and long-chain
fatty acid or cholesterol ester, from 5 to 20% of lanolin, from 10 to 30% of petrolatum, from 5 to
20% of wax selected among ceresin, paraffin and beeswax, from 30 to 60% of liquid paraffin
and 0.1-10% of antibiotic, has been disclosed.

[0023] EP 0043738 B1 specification discloses a composition for topical use characterized by
an enhanced transdermal absorbability, comprising a) from 0.01% to 35% by weight of the
active substance selected from antibiotic agents, b) from 0 to 70% by weight of ethanol or
isopropanol, ¢) from 0.01 to 99% by weight of the penetration-enhancing carrier consisting of
an appropriate diol and the cell envelope-disordering compound selected from among the
esters of myristic or lauric acids.

[0024] EP 0103911 A1 discloses an emollient-comprising composition for topical use. The
claims relate to the emulsion composition comprising 9-89% of petrolatum, 0.25-10% of
emulsifier (glyceryl monooleate, glyceryl monolinoleate or the mixture thereof), 10-90% of
water and 0.01-25% of the active substance, for example antibiotic. It has been revealed in the
example |V that cefazolin may be used as the ingredient of the composition.

[0025] In EP 0455396 B1, preparation of an osmotically balanced aqueous composition, liquid
at room or lower temperature, becoming a gel at the temperature of a human body, intended
for topical use comprising, among others, the polyoxyalkylene block copolymer, surfactant,
polyether and the active substance, has been disclosed. In the description of the invention
cefazolin has been revealed as the active ingredient.

[0026] In US 5409917 A, a composition of a cream for the treatment of acne containing an
antibiotic selected from the group of cephalosporins, including cefazolin, etoxylated cetostearyl
alcohol, alcohol and a fatty acid ester as well as the water phase comprising water-miscible
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alcohol, for example ethanol, isopropanol, propylene glycol, has been disclosed.

[0027] The specification of WO 01/01960 A1 reveals a composition in the form of a cream, for
example, consisting of triglyceride, two surfactants including a hydrophilic one and the active
substance dissolved in triglyceride, provided that the amounts of triglyceride and the
surfactants are so adjusted as to form a clear dispersion when mixing with water.

[0028] WO 01/12155 A1 discloses a composition of enhanced hydrophilic absorption of the
active substance, among others the cefazolin sodium salt, that also comprises two surfactants
including a hydrophilic one.

[0029] WO 2007/103555 discloses a composition for topical use with pH in the range 3.0 to
7.4, consisting of two skin penetrating substances of synergistic activity selected among, for
example, short-chain alkyl diols, C41g-Coq fatty acids and esters thereof, substituted and

unsubstituted C4-C5g alcohols and similar compounds as well as the active substance, for

example, cefazolin.

[0030] US 2013184242 A1 relates to a pharmaceutical composition for, among others, topical
use, showing rheological properties conferring the semi-solid form in steady-state and the
liquid form when applied under the influence of shear forces. The composition consists of the
vehicle containing from 75 to 99% of a hydrophobic solvent, for example olive oil, rapeseed oil,
soybean oil, or similar as well as up to 25% of fatty alcohol as a solidifier and a biologically
active ingredient, for example an antibiotic.

[0031] WO 2013/163734 A1 discloses a topical non-aqueous, non-exfoliating formulation
including an effective tissue-penetrating organic solvent, for example C4-C1g alkyl sulfoxide, an

organic co-solvent, for example glycol, poly-glycol, alcohol, a film-forming agent and the active
substance, for example an antibiotic, including cefazolin.

[0032] For the preparation of the cream formulations for pharmaceutical use, water-in-oil
(W/O) or oil-in-water (O/W) type emulsions are usually used consisting of a hydrocarbon or
fatty ingredient, water and emulsifier in order to obtain an emulsion of required characteristics
and high stability. Standard emulsion bases contain fatty components, such as white soft
paraffin, liquid paraffin and/or liquid oils as triglycerides mixtures, emulgated in the water phase
comprising water soluble buffers, chelating agents and preservatives.

[0033] Emulsions also contain moisturizing agents, skin penetration and absorption enhancers,
softening agents, antioxidants as well as viscosity-regulating agents and emulsion stabilizers.

[0034] Topical formulations used in psoriasis treatment, apart from the proved
pharmacological activity and safety when applied on skin lesions, for example on the patient's
scalp, are also expected to display an appropriate stability upon storage and use. It is either
important that the compositions, particularly those in the form of a liquid emulsion or a semi-
solid cream, are characterized by an appropriate appearance and usefulness. It is essential
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that they are easily applicable, do not stick to hair and have an appropriate texture that
prevents them from quickly running down.

[0035] Physicochemical stability is a significant problem when preparing these pharmaceutical
formulations, due to the fact that the emulsions are susceptible to temperature changes and
mechanical factors. Even minor modifications of the ingredients proportions or the addition of a
non-compliant component may result in the decomposition of the emulsion's structure seen as
phase separation or texture change during manufacturing or storage.

[0036] In their efforts to obtain a stable cefazolin emulsion, the Authors of the present
invention faced the aforementioned problems resulting from the instability of the active
ingredient in the water phase. Despite adding various buffer solutions disclosed in example 1 in
a short period of time the water phase containing cefazolin became yellow, the color change
being a visible sign of the active substance decomposition.

[0037] To overcome the problem of cefazolin's low stability, the Authors of the present
invention modified the composition of the emulsion base by selecting appropriate oil
ingredients, emulsifier and buffers. During the preformulation studies, the composition of the
emulsions containing a nonionic emulsifier - polyoxyethylene ether of stearyl alcohol consisting
of 21 ethylene oxide units (INCI Steareth-21) usually applied in the production of O/W type
emulsions in the cosmetic preparations, was developed. Although the emulsions comprising
the said emulsifier maintained their physical stability, they did not meet the essential
requirement for an active pharmaceutical ingredient, i.e. long term stability in room
temperature.

[0038] The fact that the Authors of the present invention have succeeded in developing a
stable formulation consisting of an appropriate buffer solution and a simple oil phase
comprising liquid paraffin or petrolatum, alkyl alcohol and nonionic emulsifier, may be viewed
as serendipitous according to the state of the art.

[0039] The innovative approach adopted in the pharmaceutical technology for combining the
standard ingredients provided a stable emulsion of an appropriate texture, usefulness and able
to retain its stability at least at °C.

Summary of the invention

[0040] The present invention relates to an antipsoriatic emulsion composition, comprising an
effective therapeutic dose of cefazolin, the ingredients of (i) the oil phase and the ingredients of
(ii) the water phase, characterized by that

1. (i) the ingredients of the oil phase include:
o liquid paraffin or white petrolatum,
o polyoxyethylene stearyl ether (21), and
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o cetostearyl alcohol;

2. (ii) the ingredients of the water phase include a buffer solution, consisting of trometamol
(TRIS), boric acid and water, to maintain the pH value of the initial composition from 6 to
9,

3. (iii) comprising an additional amphiphilic nonionic emulsifier which is a condensation
polymer of polyoxypropylene glycol and polyoxyethylene glycol, and other water
soluble/miscible excipients, wherein the water content accounts for 50 to 80% by weight
of the composition.

[0041] The other ingredients of the composition include as the water soluble/miscible
excipients an organic solvent selected from a group of alcohols, diols and triols, preferably
ethanol, isopropanol, propylene glycol or glycerin; phenoxyethanol and urea.

[0042] The emulsion is in the form of a cream containing preferably about 55 to 65% by weight
of water.

[0043] Alternatively, the composition is in the form of a lotion, consisting of about 70 to 75% of
water.

Description of the invention

[0044] During preformulation works dealing with the development of the formulation for the
emulsion containing cefazolin, it was observed that the composition of the emulsion base is not
the only factor influencing oil phase dispersion in the water phase, or, in other words, the
particle size of the oil phase. Additional factors are the pH value of the water phase and the
method of emulsion preparation which substantially contribute to its physicochemical stability.

[0045] According to the present invention, an emulsion characterized by physical stability and
appropriate texture can be obtained using liquid paraffin or white petrolatum, cetostearyl
alcohol and polyoxyethylene stearyl ether (21) as nonionic emulsifiers in the oil phase.

[0046] Liquid paraffin as the mixture of liquid hydrocarbons is a common ingredient of
emulsions used in pharmaceuticals and cosmetics due to its property to provide occlusive
barrier to epidermal water loss and thus preventing the skin from over-drying. According to the
invention, liquid paraffin or white petrolatum content accounts for 4.0 to 20.0% by weight of the
total composition weight.

[0047] Stearyl alcohol etherified with 21 moles of ethylene oxide, obtained as the condensation
product of the stearyl alcohol mixture and 20 moles of ethylene oxide (INCI: Steareth-21) is
commercially available under the brand name Brij™ S721, for instance. It is a nonionic
surfactant characterized by high equilibrium constant of the hydrophilic-lipophilic balance (HLB
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16) which results from the combination of the lipophilic properties of stearyl alcohol and the
unique arrangement of different length ethylene oxide units. It can be used in combination with
various ingredients in a broad pH range as a substance decreasing the surface tension, a
dispersing agent and an emulsifier.

[0048] According to the invention, the optimal amount of the nonionic surfactant in the
composition accounts for 3 to 10% by weight, preferably 7 to 9%, of the total composition
weight.

[0049] Cetostearyl alcohol is the mixture of solid aliphatic alcohols consisting mainly of stearyl
alcohol (C1gH350) and cetyl alcohol (C1gH340), possibly with some addition of other alcohols,

for example myristyl alcohol which exhibits the properties of an emollient, emulsifier and
viscosity increasing agent. According to the invention, its content accounts for 2.0 to 10.0% of
the total composition weight.

[0050] The experiments proved that the choice of a suitable buffer solution is the most
essential factor in the preparation of stable emulsions containing cefazolin. It has been
discovered that best stability of the compositions according to the invention can be achieved by
using the TRIS (trometamol)/boric acid buffer (pH about 8.7).

[0051] The adjustment of the amounts of other ingredients of the composition is up to those
skilled in the art. The appropriate excipients are disclosed, e.g., in the Handbook of
Pharmaceutical Excipients, R.C.Rowe, P.J.Sheskey, S.C.Owen, ed. 5th, 2006, American
Pharmaceutical Association Washington and The Pharmaceutical Press London.

[0052] Apart from the buffer solutions, the water phase may also comprise other water soluble
excipients, such as phenoxyethanol and urea which are used in pharmaceutical practice on a
regular basis.

[0053] Phenoxyethanol, used as a preservative, provides an effective microbiological
protection of the emulsion according to the invention. Due to the substantial water content it
can be used in the amount of at least 0.75%, preferably 1.0% of the total composition weight.
This amount is in line with the recommendations and remains within the acceptable range
disclosed in 5.1.3 Ph Eur. The efficacy of such an amount of the preservative was proved by
suitable tests performed in compliance with the European Pharmacopoeia (Ph Eur.). The
chosen amount of the preservative does not affect the stability of the emulsion.

[0054] Urea, a diamide of the carbonic acid, the moisturizing compound naturally occurring in
the skin, is also known as an anti-microbial and anti-pruritus agent. Its proven anti-
inflammatory properties result from its anti-proliferation and anti-granulation activity. Urea is
used as a standard component in cosmetic products as a water-binding substance
(humectant), anti-microbial and exfoliating agent. At higher concentrations, urea contributes to
skin softening and enhanced transdermal permeability which enable deeper dermal
penetration of other ingredients. It is also applied as an exfoliating agent. Its water-binding
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ability reduces the bacterial growth rates; consequently, urea-containing cosmetic products
may comprise other preservatives at lower concentrations. Usually, the amount of urea in
emulsions accounts for 3.0 to 7.0% by weight, preferably 5% by weight of the total composition
weight.

[0055] Preferably, the emulsion composition according to the invention comprises also a water
miscible organic solvent selected from a group including alcohols, diols and triols, preferably
ethanol, isopropanol, propylene glycol or glycerol. Most preferably, the solvent of choice is
propylene glycol due to its water-binding and softening properties. It also facilitates the
absorption of the active ingredient. Its content in the composition may be in the range from 2.0
to 10.0%.

[0056] An anti-psoriatic emulsion containing 2 g or 5 g of cefazolin sodium salt and the
following excipients expressed in weight percentage concentration, calculated per 100 g of the
composition, is disclosed for reference purposes:

Ingredient Content (% by weight)

Liquid paraffin 4.0-20.0
Polyoxyethylene stearyl ether (21) 3.0-10.0
Cetostearyl alcohol 2.0-10.0
Organic solvent 2.0-10.0
Phenoxyethanol 0.0-1.0
Urea 3.0-7.0
Buffer solution uptopH6-9
Water gs to 100 %

[0057] This emulsion composition, which is not according to the invention as claimed, is
prepared following standard methods known in the pharmaceutical practice, by obtaining the
water phase containing water soluble excipients (a preservative, a buffer solution) and heating
it to 70-80°C. After careful stirring and heating to 65-75°C, the previously prepared oil phase is
added to the water phase. The obtained mixture is stirred, cooled down, and then subjected to
homogenization to form an appropriate structure of the emulsion, upon which the cooling is
continued and the solvent selected from a group of alcohols, diols and triols is added, followed
in the end by the active substance - cefazolin sodium salt dissolved in the second part of water.
The mixture is homogenized in order to obtain the active substance dispersed equally
throughout. After the emulsion composition cools down to room temperature, the product is
dosed and packed into unit packages.

[0058] Unexpectedly, it was discovered that the introduction of an additional nonionic emulsifier
of an amphiphilic structure into the emulsion composition together with the change of the
emulsion production technology not only provide physically stable emulsions but also help
prevent the decomposition of naturally unstable cefazolin substance during storage.
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[0059] This additional emulsifier in the composition according to the invention is a
condensation polymer of polyoxypropylene glycol and polyoxyethylene glycol, preferably the
one commercially available under the brand name Poloxamer 188. Due to its amphiphilic
structure, the polymer is well soluble in water, increases mutual miscibility of the substances of
different hydrophobicity and shows suitable surface-active properties.

[0060] In this particular embodiment of the invention the antipsoriatic emulsion composition
contains 2 g or 5 g of cefazolin sodium salt and the following excipients expressed in weight
percentage concentration, calculated per 100 g of the composition:

Ingredient Phase Content (% by
weight)
Liquid paraffin 10.0-20.0
Polyoxyethylene stearyl ether (21) (1) 5.0-10.0
Cetostearyl alcohol 2.06.0
Cefazolin 2.0-5.0
Organic solvent (2) 4.0-7.0
Buffer solution uptopH6-9
Polymer of polyoxypropylene glycol and 1.0-2.0
polyoxyethylene glycol
Urea (3) 3.0-7.0
Phenoxyethanol 0.0-1.0
Water, gs to 100 %

wherein the water content accounts for 50 to 80% by weight of the composition, and the buffer
solution consists of TRIS, boric acid and water. Introduction of an additional emulsifier allows to
employ a different method of the emulsion production, upon which the active substance is
added into the composition not at the end of the process of the emulsion formation, but by
emulsifying the first buffered water phase (2) containing the active ingredient and the oil phase
(1), then by emulsifying the obtained system with the second water phase comprising an
additional emulsifier (3) and adding the remaining water soluble/miscible excipients.

[0061] In this particular embodiment of the invention, the emulsion composition is prepared as
follows:

the first water phase (2) containing water soluble excipients, which are an organic solvent
selected from a group of alcohols, diols and triols, and the ingredients of the buffer solution, is
heated up to 70-80°C while stirring,

the previously prepared oil phase (1) is added at 70°C, the resulting mixture is stirred and
cooled down to 50-60°C,

the second water phase (3) containing an additional amphiphilic nonionic emulsifier, which is a
condensation polymer of polyoxypropylene glycol and polyoxyethylene glycol, and the
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remaining water soluble/water miscible excipients is introduced upon stirring,

the obtained composition is homogenized while maintaining the temperature at 50°C, until the
active substance has dispersed uniformly,

the product is cooled down to room temperature, dosed and packed into unit packages.

[0062] The emulsion preparation method in this particular embodiment of the invention results
in the formation of a "double" emulsion. The use of a suitable buffer solution and the
modification of the emulsion preparation technology provides an appropriately buffered
aqueous medium and oil phase surrounding the pH sensitive active substance which protect it
from decomposing in the presence of water.

[0063] The cefazolin emulsion composition according to the present invention may be
produced in the form of a lotion or a cream. The developed composition of the emulsion allows
to obtain a product in a desired pharmaceutical form, from liquid to semi-solid, without
significant changes of its content and proportions of particular ingredients. It relies on the use
of different quantities of water, the latter being compensated by the presence of the oil phase
components with no adverse effects on the stability and physicochemical parameters of the
emulsion.

[0064] The emulsion composition in the form of a lotion contains about 70 to 75% by weight of
water.

[0065] The emulsion composition in the form of a cream contains about 55 to 65% by weight of
water.

[0066] The stability of the emulsion composition according to the present invention was tested
at 5°C and 25°C/60% RH. The emulsion was characterized by good stability when stored at
5°C, but at higher temperatures the decomposition of the active substance of up to 50%, was
observed after one month of storage.

[0067] Combining the therapeutic effects of the active substance - cefazolin, with the softening,
moisturizing and exfoliating properties provided by the components of the cream or lotion base
when applied on skin lesions results in beneficial antipsoriatic effects of the pharmaceutical
composition according to the invention.

[0068] The emulsion composition according to the invention may be effectively used in the
treatment of cell overproliferation-based skin diseases, such as psoriasis vulgaris, guttate
psoriasis, erythrodermic psoriasis, psoriasis arthropatica, psoriasis inveterata and other
diseases.

[0069] The present invention is illustrated by the following examples.



DK/EP 3124016 T3

[0070] Comparative examples are provided only for better understanding of the invention.

Examples

Example 1. Selection of the buffer solution

[0071] In order to select the most suitable pH value of the emulsion formulation, standard
aqueous solutions of cefazolin sodium salts (2% by weight) in the following buffer solutions
were prepared:

1. TRIS/boric acid buffer

Composition mg/ml pH
Trometamol 0.42
Boric acid 0.2 87
2. Phosphate/citrate buffer (comparative example)
Composition mg/ml pH
Na,HPO4 x 7 H,O 22.08 2 19
Citric acid 1.855 '
3. Phosphate buffer (comparative example)
Composition mg/ml pH
NaH,PO4H,0 1.6

6.15
NasHPOy4 0.25
4. HEPES (comparative example)
Composition mg/ml pH
HEPES 238

7.43

NaOH uptopHca. 7.4

[0072] On account of the fast decomposition of the active substance in the phosphate-citrate
and HEPES buffers, visibly detected by the mixture color change from white to yellow,
TRIS/boric acid and phosphate buffers were used in further preformulation studies.

Comparative example 2. Emulsion with the phosphate buffer

[0073] The emulsions containing 2% (CF 2%) or 5% (CF 5%) of cefazolin sodium salt and the
phosphate buffer were prepared for the stability studies, their composition was as follows:
CF 2%



DK/EP 3124016 T3

No. Ingredient Amount per 100 g [g]
1 White petrolatum 4
2 Cetostearyl alcohol 3
3 BRIJ S721 3
4 Urea 5
5 NaH,PO4 x HyO 0.16
6 Na,HPO4 0.025
7 Phenoxyethanol 1
8 Water | + Il 71.815 (56.815+15)
9 Propylene glycol 10
10 Cefazolin 2
Total amount 100
CF 5%
No. Ingredient Amount per 100 g [g]
1 White petrolatum 4
2 Cetostearyl alcohol 3
3 BRIJ S721 3
4 Urea 5
5 NaH,PO4 x H,O 0.16
6 Nas,HPOy4 0.025
7 Phenoxyethanol 1
8 Water | + Il 68.815 (53.815+15)
9 Propylene glycol 10
10 Cefazolin 5
Total amount 100

Preparation of the water phase

[0074] The ingredients 4, 5, 6, 7, 9 and water 8 (portion |) were placed in a vessel, the mixture
was stirred while being simultaneously heated until all components have dissolved. The
solution was stirred using a mechanical anchor stirrer at 40 rpm, to reach 70°C temperature.

Preparation of the oil phase
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[0075] The ingredients 1, 2, 3 were placed in a glass beaker, the mixture was stirred while
being simultaneously heated until all components have dissolved. The solution was stirred
occasionally to reach 70°C temperature.

Preparation of the cefazolin solution

[0076] To a glass beaker placed on a magnetic stirrer, water 8 (portion Il) and cefazolin
sodium salt (10) were added in the said order, while stirring at the rate of 500100 rpm, until
the entire substance has dissolved.

Combining of the phases

[0077] The oil phase was stirred into a vessel containing the water phase. The resulting
mixture was stirred at the rate of 40 rpm at 70°C for 20 min. It was cooled down upon stirring
at a lower rate. When temperature reached about 60°C, stirring was reduced to 30 rpm and
the mixture was subjected to homogenization at the rate of 13500 rpm for 15 min. After cooling
down to 40°C, propylene glycol (9) was added to the obtained base solution and the resulting
mixture was stirred at the rate of 40 rpm for 5 min.

Addition of the solution containing the active substance

[0078] Cefazolin sodium salt solution (10) was added to the base solution. The obtained
mixture was homogenized at 13500 rpm and stirred with a mechanical anchor stirrer at the
rate of 30 rpm for 10 min at 40°C.

Dosing

[0079] When homogenization was complete, the emulsion was cooled down to about 30°C.
The cream was dosed into aluminum tubes.

Emulsion stability studies

[0080] The emulsion compositions prepared according to comparative example 2 were chosen
for the stability studies.

Method of the stability studies
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[0081] To assess the emulsion stability, the amount of the active substance - cefazolin was
determined in the cream after storage for one month at two different temperatures, 5°C and
25°C/60% RH, as was the pH of the emulsion after storage at the same temperatures.

Determination of the amount of the active substance:

[0082] The amount of the active substance was determined by high-performance liquid
chromatography (HPLC), using a mobile phase: acetonitrile/water 0.1% formic acid (45:55 v/v),
on a chromatography column (250/4.6 mm, 5um) from Waters. In order to perform the HPLC
analysis, the active substance was extracted from the emulsion using the mixture of acetonitrile
and water 3:2 (v/v) during 30 min (sonication).

[0083] Regardless of the reproducibility of the isolation method, the cefazolin amount in the
emulsion did not reach the initial values, 20 mg/g and 50 mg/g. On the chromatograms of the
analyzed samples an increase in the additional peak (impurity) was observed in comparison to
the additional peak on the cefazolin standard solution chromatogram. A 30% decrease in the
surface area of the cefazolin main peak was noted when the standard solution was refrigerated
(+5°C) for 48 h and a 60% decrease when it was kept in an autosampler at 25°C for 48 h.

[0084] The results of two batches of the emulsions (2% and 5%) tested immediately after
preparation and when stored for 1, 3 and 6 (7) months at 5°C/60% RH and for 1 month at
25°C/60% RH, are collected in the tables below.

Temp. 5°C
Cefazolin content [mg/g]
1 2 3 4 5
oaton| ool rpgeqr| At Ars Tl AT
CF-2 20 15.88 --- 15.83 13.13
CF-5 50 39.29 43.6 38.76 27.95
Temp. 25°C
Cefazolin content [mg/g]
1 2 3

BATCH Theoretical amount Time "0" After 1 month
CF-2 20 15.88 7.15
CF-5 50 39.29 17.18

[0085] The cefazolin concentration in the emulsion analyzed by HPLC immediately after the
composition preparation remained in the range of 75-80% of the initial value. After the
emulsion was stored for one month at 25°C, a significant decrease in the amount of the active
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substance (below 50% of its initial value) was observed. This drop in the active substance
concentration was accompanied by the color change of the cream which became yellow.

[0086] The samples stored at 5°C were stable for 3-6 months.

Example 3

The emulsion with the TRIS/boric acid buffer

[0087] Five test creams A - E of different compositions, prepared under diverse technological
conditions, were examined in order to assess the usefulness of the TRIS/boric acid buffer to
maintain the stability of the emulsion. The buffer solution was prepared separately and a
required amount was introduced into the composition:

BUFFER mg/ml

Trometamol (TRIS) 0.42
Boric acid 0.2
CREAM A (comparative example)

Ingredient Amount per 100 g [g] Phase
Liquid paraffin 14

Cetostearyl alcohol 8 (1)
Brij S721 8

Propylene glycol 2.4

TRIS/boric acid buffer 5.6 (2)
Cefazolin 2

Water 55

Urea 5 )
CREAM B (comparative example)

Ingredient Amount per 100 g [g] Phase
Liquid paraffin 14

Cetostearyl alcohol 8 (1)
Brij S721 8

Propylene glycol 8 2
TRIS/boric acid buffer 2

Cefazolin 5

Water 55 )

CREAM C (comparative example)
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Ingredient Amount per 100 g [g] Phase
Liquid paraffin 14

Cetostearyl alcohol 8 (1)
Brij S721 8

Propylene glycol 8 2
TRIS/boric acid buffer 2

Cefazolin 5

Water 55 )
CREAM D

Ingredient Amount per 100 g [g] Phase
Liquid paraffin 14

Cetostearyl alcohol 8 (1)
Brij S721 8

Propylene glycol 2.4

TRIS/boric acid buffer 5.6 (2)
Cefazolin 2

Water 53.5

Poloxamer 188 1.5 (3)
Urea 5
CREAM E (comparative example)

Ingredient Amount per 100 g [g] Phase
Liquid paraffin 14

Cetostearyl alcohol 8 (1)
Brij S721 8

Propylene glycol 8 2)
Cefazolin 2

Water 53.5

Poloxamer 188 1.5 (3)
Urea 5

[0088] In the cream batches A, B and C the influence of the buffer, glycol, as well as the
mixture of the buffer and propylene glycol on cefazolin's stability were tested. In the cream
batches D and E an additional emulsifier - Poloxamer 188 was introduced into the water phase
(3). The compositions of the tested emulsions are presented collectively in the table below.

Ingredient A B C D E
Liquid paraffin X X X X X
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Ingredient A B C D E
Cetostearyl alcohol X X X X X
Brij S721 X X X X X
Propylene glycol X X X X X
Cefazolin X X X X X
TRIS/boric acid buffer X X X X —
Water X X X X X
Poloxamer 188 -— —- — X X
Urea X X X X X

Preparation of the oil phase (1)

[0089] The ingredients of the phase (1): liquid paraffin, Brij S721 and cetylostearyl alcohol
were gradually melted at 70-75°C, while being stirred with an anchor stirrer.

Preparation of the water phase (2)

[0090] The ingredients of the phase (2): cefazolin and propylene glycol were placed in a
beaker and dissolved in the water buffer, then heated up to 70°C and stirred on a magnetic
stirrer. In the preparation E the buffer solution was substituted with propylene glycol.

Preparation of the water phase (3)

[0091] The ingredients of the phase (3): urea and Poloxamer 188 (if present in the
composition) were placed in a beaker and dissolved in water, heated up to 50°C and stirred on
a magnetic stirrer.

Combining of the phases

[0092] The phases (1) and (2) were mixed and stirred with a mechanical anchor stirrer, the
resulting emulsion was homogenized for 10 min at the rate of 13500 rpm, while maintaining the
temperature at 70°C. After cooling the emulsion down to 50-60°C, the phase (3) was
introduced by stirring with a mechanical anchor stirrer, then it was homogenized for 10 min at
the rate of 9500 rpm, at about 50 °C. The emulsion was cooled down to 30-40°C and dosed
into PE unit containers.
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[0093] The cefazolin amount and the pH value of the emulsion were determined after storage
for 1 month in different temperatures. The results are presented in the table below.

Cefazolin amount [mg/g]
1 2
Composition 1 month at 5°C 1 month at 25°C
A 14.35 5.43
11.72 5.08
C 15.44 5.15
D 19.56 5.63
E 13.68 4.82
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PATENTKRAV

1. Antipsoriatisk emulsionssammensaetning omfattende en effektiv terapeutisk dosis af
cefazolin, ingredienserne i (i) oliefasen og ingredienserne i (ii) vandfasen, kendetegnet

ved, at
() ingredienserne i oliefasen omfatter:
- flydende paraffin eller hvid petrolatum,
- polyoxyethylenstearylether (21) og
- cetostearylalkohol;

(ii) ingredienserne i vandfasen omfatter en bufferoplasning bestaende af tro-
metamol (TRIS), borsyre og vand for at holde pH-veerdien af den indledende

sammensaetning pa 6 til 9,

(iii) omfattende en yderligere amfifil nonionisk emulgator, som er en kondensati-
onspolymer af polyoxypropylenglycol og polyoxyethylenglycol og andre vandop-
Izselige/blandbare excipienser, hvor vandindholdet udger 50 til 80 vaegtprocent

af sammenseaetningen.

2. Emulsionssammenseetning ifslge krav 1, kendetegnet ved, at de vandoplgse-
lige/blandbare excipienser omfatter et organisk oplgsningsmiddel valgt fra gruppen al-

koholer, dioler og trioler og/eller phenoxyethanol og/eller urinstof.

3. Emulsionssammensaetning ifglge krav 2, kendetegnet ved, at det organiske oplas-

ningsmiddel er ethanol, isopropanol, propylenglycol eller glycerin.

4. Emulsionssammenseetning ifslge krav 3, kendetegnet ved, at det organiske oplas-

ningsmiddel er propylenglycol.

5. Emulsionssammensaetning ifglge et hvilket som helst af kravene 1-4, kendetegnet

ved, at den er i form af en creme indeholdende fra 55 til 65 veegtprocent vand.
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6. Emulsionssammenseetning ifslge krav 5, kendetegnet ved, at den er i form af en
creme, der indeholder fglgende ingredienser udtrykt i veegtprocent af den samlede

sammensaetnings vaegt:

..............................................................................................................................................................................................................................

Ingrediens Fase Indhold (veegtprocent)
FIydendeparafﬂn .......................... S : 00200 ....................
Ponoxyethernstearylether(21) 0 S 50100
Cetostearylalkohol 2060
CefazoI|n2050 .......................
Organlskoplrzssnlngsmlddel .............................................................. 2 4070
Bufferoplrzssnlng ........................................................................................... .................. t|IpH69

..............................................................................................................................................................................................................................

EPonmer af polyoxypropylenglycol med polyoxyeth- :

%ylenglycol 1.0-2,0
Urinstof 3) 3,0-7.0
Phenoxyethanol 0,0-1,0
éVand gs til 100

7. Fremgangsmade til fremstilling af en emulsionssammenseetning ifelge krav 6, ken-
detegnet ved, at den fgrste vandfase (2), der indeholder vandoplgselige excipienser,
som er et organisk oplasningsmiddel valgt fra gruppen alkoholer, dioler og trioler, og
ingredienserne i bufferoplasningen, der bestar af trometamol (TRIS), borsyre og vand,
opvarmes til 70-80°C under omrgring, den tidligere fremstillede oliefase (1) tilseettes
ved 70°C, den resulterende blanding omrares og afkales til 50-60°C, den anden vand-
fase (3) indeholdende en yderligere amfifil nonionisk emulgator, som er en kondensati-
onspolymer af polyoxypropylenglycol og polyoxyethylenglycol, og de resterende vand-
opleselige/vandblandbare excipienser indfgres under omrgring, den opnaede sammen-
seetning homogeniseres, mens temperaturen holdes ved 50°C, indtil det aktive stof er
dispergeret jeevnt, og produktet afkgles til stuetemperatur, doseres og pakkes i en-

hedsemballager.



