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ABSTRACT

The purpose 1s to provide a tacrolimus-containing
pharmaceutical composition which is a creamy preparation for
external application having good feeling upon use and has high
stability of a main ingredient contained therein (high main
ingredient residual ratio), and allows easy control of skin
concentration of the main ingredient.

The present invention relates to an oil-in-water type
Creamy composition comprising (A) tacrolimus, a
pharmaceutically acceptable salt thereof, or a
pharmaceutically acceptable solvate thereof, (B) an oil
prepared by mixing (a) a medium-chain fatty acid triglyceride
with (b) ethylene glycol salicylate and/or diisopropyl sebacate,
(C) an emulsifying agent having a HLB value of 12 or more, and

(D) a hydrophilic polymer, and having a pH value of 4 to 7.
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DESCRIPTION

TITLE OF THE INVENTION: TACROLIMUS-CONTAINING OIL-IN-WATER

TYPE CREAMY COMPOSITION

TECHNICAL FIELD

[0001]

The present invention relates to an oil-in-water type

(0O/W) creamy composition containing tacrolimus.

BACKGROUND ART

[0002]

Tacrolimus preparations for external application are
known to have excellent therapeutic effect on atopic dermatitis,
and currently, Protopic (registered trademark) ointment 0.1%
and Protopic (registered trademark) ointment 0.03% for
pediatric use are commercially available in the form of oily
olntment containing an olily base. However, o1l1ly ointment 1s
poor feeling upon use at the time of application on the skin

due to their stickiness despite 1ts merit such as excellent skin

protecting action, and hence creamy preparations for external
application having better feeling upon use are demanded by
patients and health care workers.

[0003]
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A creamy preparation for external application 1s produced
by using an emulsion base that is obtained by emulsifying oil
and water with an emulsifying agent. Since tacrolimus 1is
unstable to water, when an emulsion base is used, the residual
ratio of tacrolimus is lower than that in the case of using an
oily base, leading the problem that it is technically difficult
to maintain the efficacy (concentration in skin).

[0004]

For this, preparation of a creamy pharmaceutical
composition has been attempted (see Patent Document 1), however,
a creamy pharmaceutical composition that is excellent 1n every
points including feeling upon use, the stability of tacrolimus
in the preparation, and transdermal absorption has not been
marketed up to today.

Accordingly, there is still a demand for a composition,
in a preparation for external application containing tacrolimus
as a main ingredient, which 1s in a creamy state realizing good
feeling upon use, provides good stability of the main ingredient
in the preparation, and is able to make concentration in the

skin of tacrolimus within an optimum range.

PRIOR ART DOCUMENTS

PATENT DOCUMENTS
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Patent Document 1: JP 2000-513739 W

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0006]

Therefore, it is an object of the present invention to
provide a tacrolimus-containing pharmaceutical composition
which is a creamy preparation for external application having
good feeling upon use and realizes high stability of tacrolimus
(high main ingredient residual ratio) in the preparation, and
1s able to achieve desired transdermal absorption i1n the site

where 1t 1s applied.

MEANS FOR SOLVING THE PROBLEMS
[0007]

To solve the above problem, inventors of the present

invention made repeated studies for an oil having excellent
dissolubility of tacrolimus and capable of keeping tacrolimus
stable (hereinafter, also referred to as a dissolving agent),
and found that the aforementioned problem can be effectively
solved by dissolving tacrolimus in an oil obtainable by mixing
specific dissolving agents, and preparing an oil-in-water type

composition having the oil as an inner phase (o0il phase), and
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accomplished the present invention.

[0008]

That 1s, the present invention is an oil-in-water type

creamy composition containing:

(A) tacrolimus, a pharmaceutically acceptable salt thereof, or
a pharmaceutically acceptable solvate thereof;

(B) an o0il prepared by mixing (a) a medium-chain fatty acid
triglyceride with (b) ethylene glycol salicylate and/or

dilisopropyl sebacate;

(C) an emulsifying agent having an HLB value of 12 or more: and

(D) a hydrophilic polymer, and
having a pH value of 4 to 7.

[0009]

Since the creamy composition according to the present
invention is of an oil-in-water type having an oil phase as an
inner phase, and contains tacrolimus, a salt thereof, or a
solvate thereof (hereinafter, these are called tacrolimus as
a representative), which is a main ingredient in the oil phase,
1t 1s possible to reduce contact between the main ingredient
and the water phase (outer phase), and to keep tacrolimus that
1s unstable to water stable. Also, by using a combination of
(a) a medium-chain fatty acid triglyceride and (Db) ethylene

glycol salicylate and/or diisopropyl sebacate as the oil phase,
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1t 1s possible to obtain an oil-in-water type (O/W type) creamy
composition that is excellent in any of the dissolubility of
tacrolimus, the stability of tacrolimus in the preparation, and
transdermal absorption of tacrolimus.

Also, by using an emulsifying agent having a HLB value
of 12 or more, and a hydrophilic polymer, it is possible to
achieve excellent dispersibility, and by realizing a pH value

of 4 to 7, 1t is possible to keep tacrolimus stable.

EFFECT OF THE INVENTION
[0010]

According to the present invention, it is possible to
provide a creamy composition capable of keeping tacrolimus in
a preparation stable, and exerting excellent drug efficacy, and

having good feeling upon use (little stickiness).

BRIEF DESCRIPTION OF THE DRAWINGS
[0011]
Fig. 1 i1s a graph showing a result of in vitro skin

permeability test for tacrolimus (in human skin).
Fl1g. 2 is a graph showing a result of in vitro skin
permeability test for tacrolimus (in human corneum) .

F1g. 3 is a graph showing a result of a drug efficacy test
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using a mouse contact dermatitis model.

Fig. 4 shows a chart (example) of a rheometer.

MODE FOR CARRYING OUT THE INVENTION
[0012]

Preferably, the creamy composition of the present
application contains 0.01 to 0.3% by weight of tacrolimus. When
the content of tacrolimus is less than 0.01% by weight, efficacy
1s poor, and when it is more than 0.3% by weight, there is fear

for the safety.

As a pharmaceutically acceptable salt of tacrolimus,
nontoxic, pharmaceutically acceptable commonly-used salts can
be used. Examples of such salts include salts with an inorganic
Or an organic base such as alkaline metal salts (sodium salt,
potassium salt and so on), alkaline earth metal salts (calcium
salt, magnesium salt and so on), ammonium salts, and amine salts
(Eriethylamine salt, N-benzyl-N-methylamine salt and so on).

As a pharmaceutically acceptable solvate of tacrolimus,
hydrates and ethanolates are recited.

[0013]

In the creamy composition of the present application, as
an ol1l that forms an oil phase, both (a) a medium-chain fatty

acid triglyceride (hereinafter, also referred to as MCT) and
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(b) ethylene glycol salicylate (hereinafter, also referred to
as EGS) and/or diisopropyl sebacate (hereinafter, alsoreferred

to as IPSE) are used. 1In other words, a mixture of the (a) and

(b) 1s used as the 0il. 1In the present invention, the oil that
forms the 011 phase i1s substantially composed of a mixture of
the (a) and (b). The term “substantially” means that a total
amount of the (a) and (b) occupies 95% by weight or more (more
preferably, 97% by weight or more, and particularly preferably
99% by weight or more) of the total amount of the oil.
[0014]

MCT of (a) 1s a compound wherein three molecules of C¢-C;>
saturated fatty acid are ester-linked with glycerin. In the
present invention, triglyceride of Cy3-C;y saturated fatty acid
1s particularly preferred.

EGS and IPSE of (b) may be used singly or in combination.
From the view point of improving the transdermal absorption,
1t 1s preferred to use EGS singly or to use both EGS and IPSE
while the rate of EGS is made higher.

[0015]

The total amount of (a) and (b) in the total amount of
the composition is preferably 1 to 50% by weight. When it is
less than 1% by weight, the stability and the absorption of

tacrolimus are impaired, whereas when it is more than 50% by
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welght, 1t is difficult to prepare an oil-in-water type creamy
composition. A more preferred content is 8 to 45% by weight,
and a particularly preferred content is 10 to 30% by weight.

The amount of (a) in the total amount of the composition
1s preferably 0.5 to 49.5% by weight. When it is less than 0.5%
by weight, the stability of tacrolimus is impaired, whereas when
1t 1s more than 49.5% by weight, it is difficult to prepare an
oll-in-water type creamy composition. A more preferred
content 1s 5 to 30% by weight, and a particularly preferred
content 1s 5 to 20% by weight.

The amount of (b) in the total amount of the composition
1s preferably 0.5 to 20% by weight. When it is less than 0.5%
by weight, the stability and the absorption of tacrolimus are
impalred, whereas when it is more than 20% by weight, it is
difficult to prepare an oil-in-water type creamy composition.

Amore preferred content is 3 to 15% by weight, and a particularly

preferred content is 5 to 15% by weight.
[0016]

When both (a) and (b) are used, a higher rate of (a) gives
merits of increasing emulsifying property and increasing the
range of choices for the emulsifying agent, and facilitating
preparation of anoil-in-water type creamy composition, however,

the stability of the main ingredient in the oil-in-water type
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creamy composition tends to deteriorate because the
dissolubility of tacrolimus is decreased.

On the other hand, a higher rate of (b) gives merits of
increasing the stability of the main ingredient in the
oil-in-water type creamy composition because the dissolubility
of tacrolimus increases, however, preparation of an
oll-in-water type creamy composition tends to be difficult
because emulsifying property is decreased (in particular when
EGS 1s used) and the range of choices for the surfactant is
decreased.

[0017]

Also, according to the present invention, by varying the
ratio between (a) and (b), the transdermal absorption of
tacrolimus can be controlled, and by increasing the rate of (a),

the transdermal absorption can be controlled to a lower level,

and by increasing the rate of (b), the transdermal absorption

can be controlled to a higher level.

To be more specific about control of transdermal
absorption, a composition having higher transdermal absorption
of tacrolimus is naturally desired when high drug efficacy is
expected. On the other hand, since tacrolimus has strong
lmmunosuppressive action, incidence of side effect can be

increased due to increase in blood concentration. For example,



CA 02806260 2013-01-21

when it is applied on the skin whose transdermal absorption is
lncreased due to decrease in barrier function of the corneum,
or when 1t 1s applied on a specific patient (for example, child,
pregnant woman, nursing women, elderly, patient suffering from
hepatic disorder and so on), a preparation with reduced
absorption can be rather requested.

In the present invention, by adjusting the ratio between
(a) and (b) that form the oil phase, or the kind or the rate
of (b) (EGS and/or IPSE), it 1is possible to control the
absorption to the skin while keeping the high preparation
stability, so that it i1s possible to respond to these requests.
[0018]

While the use ratio between (a) and (b) may be
appropriately determined in accordance with desired
preparation characteristics in consideration of the
aforementioned points, generally, the ratio between (a) and (b)

(welght ratio) a : b is adjusted preferably within the range

of 20 : 1 to 1 : 20, and more preferably within the range of
5 : 1 tol : 5. Particularly, by setting the ratio within the
range of 2 : 1 to 1l : 2, 1t 1s possible to obtain a composition
having a good balance among the emulsifying property, the main

ingredient stability, and the transdermal absorption.

[0019]

10
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The creamy composition according to the present 1nvention
contains, as an emulsifying agent (surfactant) for emulsifying
a water phase and an o0il phase and stabilizing the same, an
emulsifying agent (C) having a HLB value of 12 or more. With
an emulsifying agent having a HLB value of less than 12, 1t 1is
difficult to prepare an oil-in-water type creamy composition

having excellent emulsion stability. A more preferred

emulsifying agent is an emulsifying agent having a HLB value
of 12 to 18.

The content of the emulsifying agent 1s preferably 0.1
to 10% by weight. When it is more than 10% by weight, there
would be fear for the stability of the preparation, whereas when
1t is less than 0.1% by weight, it is difficult to produce a
stable oi1l-i1n-water type creamy composition. A more preferred
content of the emulsifying agent is 0.5 to 8% by weight, and
3 to 7% by weight 1is particularly preferred.

The emulsifying agent may be used singly or in combination

of plural kinds. Concrete examples of a preferred emulsifying
agent 1nclude polyoxyethylene hydrogenated castor oil,

polyoxyethylene polyoxypropylene alkyl ether and polyglycerin

fatty acid ester, and as a particularly preferred emulsifying
agent, polyoxyethylene hydrogenated castor oil (for example,

polyoxyethylene hydrogenated castor oil (60)) is recited.

11
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[0020]

The creamy composition according to the present invention
contains a hydrophilic polymer (D) for thickening the
composition and ensuring the stability as a preparation
(preventing separation). The content of the hydrophilic
polymer is preferably 0.1 to 10% by weight. When i1t 1s more
than 10% by weight, the preparation is so hard that usability
can be impaired, whereas when it is less than 0.1% by weight,
1t 1s difficult to produce a stable oil-in-water type creamy
composition. A more preferred content of the hydrophilic
polymer 1s 0.2 to 2% by weight.

Concrete examples of a preferred hydrophilic polymer
include water-soluble cellulose derivatives such as
carboxyvinyl polymer, hydroxyethyl cellulose, hydroxypropyl
cellulose, hydroxypropyl methyl cellulose, hydrophobized
hydroxypropyl methyl cellulose and the 1like. These may be used
singly or in combination. As a particularly preferred
hydrophilic polymer, carboxyvinyl polymer is recited.

[0021]

The creamy composition according to the present invention
has a pH value ranging from 4 to 7. When the pH value is less
than 4, there canbe fear for the safety as a preparation, whereas

when the pH value is more than 7, there is fear for hydrolysis

12
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of the oil (a) and (b). The aforementioned pH value 1s also

optimum pH in the aspect of the stability of tacrolimus. A more

preferred pH range 1s 5 to 6.

[0022]

As a pH modifier for adjusting the pH value of the
composition within the aforementioned range, lactic acid,
citric acid, phosphoric acid and so on are recited as those used
for adjusting to a low pH region, and sodium hydroxide,
potassium hydroxide, sodium lactate, sodium citrate,
L-arginine, diisopropanclamine and so on are recited as those
used for adjusting to a high pH region.

[0023]

The creamy composition according to the present invention
may contain a wetting agent, a preservative, a stabilizing agent,
an emulsification auxiliary agent and so on, besides the

aforementioned ingredients.

[0024]

Examples of the wetting agent include 1, 3-butylene glycol,
glycerin, propylene glycol and dipropylene glycol.
Particularly preferred wetting agents include 1,3-butylene
glycol. The content of the wetting agent in the composition
1s preferably within the range of 0.01 to 30% by weight, and

more preferably within the range of 1 to 20% by weight.

13
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[0025]

Examples of the preservative include methyl
paraoxybenzoate, ethyl paraoxybenzoate, propyl
paraoxybenzoate, sodium benzoate and phenoxyethanol. The
content of the preservative in the composition 1s preferably
within the range of 0.01 to 2% by weight, and more preferably
within the range of 0.1 to 1.0% by weight. When it 1s more than
2% by weight, there can be fear for the safety of a preparation,

and when i1t 1s less than 0.01% by weight, it 1s difficult to

exert sufficient preservation effect.
[0026]

Examplegs of the stabilizing agent include dibutyl hydroxy
toluene, pentaerythrityl-tetrakis
[3-(3,5-di1-t-butyl-4-hydroxyphenyl)propionate], sodium
thiosulfate hydrate, propyl gallate, ascorbic acid, tocopherol,
sodium edetate hydrate, sodium metaphosphate, benzotriazole

and Z2-mercaptobenzimidazole. The content of the stabilizing
agent 1n the composition is preferably within the range of 0.005
to 2% by weight, and more preferably within the range of 0.01
to 0.2% by weight. When it is more than 2% by weight, there
can be fear for the safety of a preparation, and when it is less
than 0.005% by weight, it is difficult to exert sufficient

stabilizing effect.

14
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[0027]

Examples of the emulsification auxiliary agent include

cetanol, stearyl alcohol, cetostearyl alcohol, and behenyl

alcohol. As aparticularly preferredemulsification auxiliary

agent, cetanol is recited. The content of the emulsification

auxiliary agent in the composition is preferably within the

range of 0.1 to 5% by weight as 1s necessary, and more preferably

within the range of 0.5 to 3% by weight.

[0028]

The creamy composition of the present 1nvention contains
water (purified water) that forms the water phase. The content
of the water 1n the composition varies depending on the contents
of other ingredients, however, it is preferably about 50 to 75%
by weight, and more preferably about 55 to 70% by weight.
[0029]

In the following, the present invention will be described
more specifically by Examples, however, the present invention

1s not limited by these examples.

EXAMPLES
[0030]

(1) Examination of dissolving agent for tacrolimus hydrate

For the purpose of finding a dissolving agent that is

15
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excellent in the dissolubility and the stability of tacrolimus
hydrate, various olls were tested.

First, solubility of tacrolimus hydrate 1n low polar to
high polar o1l that has been previously used as a general
preparation for external application was evaluated. As a
result of tests for a large number of oils, eight oils exhibited
the dissolubility of 0.5% or more with respect to tacrolimus
hydrate.

[0031]

Next, the eight oils were evaluated for the stability of
tacrolimus hydrate by the method as shown below.
[Stability test]

A maximum amount of tacrolimus hydrate was dissolved in
each of various oils (ethylene glycol salicylate, propylene
carbonate: 50 mg/g, crotamiton, triacetin, macrogol 400,
1,3-butyleneglycol: 20 mg/g, diisopropyl sebacate: 10 wmg/g,
medium-chain fatty acid triglyceride: 5 mg/g) to give an oil

solution. This was stored under the condition of 60°C/ambient

humidity, and the content of tacrolimus hydrate was

time-dependently measured according to “The Japanese
Pharmacopoela Fifteenth Edition, General Tests, Liquid

Chromatography <2.01>", and a residual ratio was calculated

according to the following Formula 1.

16
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[Formula 1]

Residual ratio of tacrolimus hydrate (%) = content ot
tacrolimus hydrate in stored article (%) /content of tacrolimus
hydrate in initial article (%) X 100
[0032]

The result of the stability test 1s shown 1n Table 1. The
stability was highest in a medium-chain fatty acid triglyceride,
and second highest in diisopropyl sebacate, crotamiton and
ethylene glycol salicylate. In the present example, a
medium-chain fatty acid triglyceride wherein medium-chain
fatty acid 1s caprylic acid and capric acid was used.

[Table 1]

Table 1. Result of stability of main ingredient in oil
(60°C/ambient humidity, n=1*1 or 2*2)

Residual ratio of tacrolimus hydrate,
unit: %

Oil (tacrolimus hydrate solubility)

Initial 1 week 2 weeks | 4 weeks

oy
~J
Qo
QO
Lo

Ethylene glycol salicylate(5%) *1 100 97.5 9
Crotamiton(2%) *1 100 98.0 892.0
Triacetin(2%) *1 100 93.3 77.1 47 .5

\D
\D
-
O
3N
W
\D
Y
A

~-J
—
\O

-
O
-

Diisopropyl sebacate(1%) *1

100.5

Propylene carbonate (5%) *2 100 56 .2

Macrogol 400(2%) *2 100 95.5 92 .4

o\®

) *2 100 91.6 86 .6 63.1

Middle-chain fatty acid
triglyceride (0.5%) *2

1,3-butyleneglycol (2

100 98.6 98.8 102.2

[0033]

Considering the dissolubility and the stability, MCT was

selected as a candidate dissolving agent. Also the oil that

17
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exhibited a main ingredient residual ratio after 4 weeks of 85%
or more and having higher dissolubility of tacrolimus hydrate
than MCT was selected as a candidate dissolving agent.

[0034]

(2) Examination of emulsifying agent

Using the candidate dissolving agents selected in the
above (1), an appropriate emulsifying agent for preparing an
oil-in-water type (O/W type) creamy composition was examined.

Using various emulsifying agents, an O/W type creamy
composition containing 20% by weight of MCT, and an O/W type
Creamy composition containing each of 10% by weight of MCT and

EGS was prepared. The creamy compositions were prepared

according to a later-described method (3-1).

The results are shown 1n Tables 2-1 and 2-2. As to whether

or not formulation of a creamy composition is possible, “X” is

given to the emulsifying agent in which separation or the like
was observed in appearance of the creamy composition, and “QO”
1s given to the emulsifying agent in which separation or the
like was not observed.

[0035]

[Table 2]

18
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Table 2-1. Emulsifying agent used in examination for formulation
of 20% MCT-containing O/W type creamy composition

Possibility

Ingredient name of

formulation

Polyvoxyethylene (20) polyoxypropylene (8) cetyl ether 12.5

Polyoxyethylene hydrogenated castor o©il 40 12.5

Table 2-2. Emulsifying agent used in examination for formulation
of 10% MCT+10% EGS-containing O/W type creamy composition

-
Ve

Possibility
Ingredient name HLB of

formulation

Polyoxyethylene glycerin monostearate

\O
Ui

Decaglyceryl monostearate
Polyoxyethylene (20)polyoxypropylene (8) cetyl ether 12.

Polyoxyethylene hydrogenated castor oil 40

=
N
U1 U1

Polyvoxyethylene hydrogenated castor oil 60 14.0

[0036]

As a result of the above test, as shown in Table 2-1, in
the O/W type creamy composition containing 20% MCT, a good
composition could be prepared when an emulsifying agent having

a HLB value of 9 or more was used.

On the other hand, as shown in Table 2-2, in the O/W type

19
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creamy composition containing 10% MCT + 10% EGS, a good
composition could be prepared when an emulsifying agent having
a HLB value of 12 or more was used.

[0037]

(3) Preparation and stability evaluation of O/W type creamy

composition containing tacrolimus hydrate

Using the candidate dissolving agents selected based on

ph—

the examination of the above (1), and the emulsifying agent

selected based on the examination of the above (2), O/W type
creamy compositions contalnling tacrolimus hydrate were

prepared and the stability thereof were evaluated. In the

following, a preparation method of an O/W type creamy
composition, and a stability evaluation method will be
described.

[0038]

(3-1) Preparation method of O/W type creamy composition (one

example)

Carboxyvinyl polymer was preliminarily swelled with

purified water, to give a carboxyvinyl polymer aqueous solution.
Also, dilsopropanolamine was dissolved in purified water, to
give a diisopropanolamine agqueous solution.

In accordance with a prescription, tacrolimus hydrate,

dibutyl hydroxy toluene, propyl paraoxybenzoate and cetanol

20



CA 02806260 2013-01-21

were dissolved in oil, and added with an emulsifying agent to
give an o1l phase. On the other hand, a carboxyvinyl polymer
aqueous solution, 1,3-butylene glycol, methyl paraoxybenzoate,
sodium edetate hydrate and purifiled water were combined to give
a water phase.

After dissolving the o1l phase and the water phase by
heating to 70 to 90°C, respectively, the water phase was added
to the oil phase, and emulsified by using a homomixer. Then,
after adding adiisopropanolamine aqueous solution, the product
was stirred with a stirrer bar until the product temperature
reaches room temperature, to produce a homogeneous cream agent.

It 1s to be noted that the preparation method of an O/W
type creamy composition is not limited to this.

[0039]
(3-2) Evaluation of stability of tacrolimus hydrate

A prepared creamy composition was stored in a
predetermined condition, and a tacrolimus hydrate content was
CLime-dependently measured according to “The Japanese
Pharmacopoela Fifteenth Edition, General Tests, Liquid
Chromatography <2.01>”, and a residual ratio of tacrolimus
hydrate 1n the creamy composition was calculated according to

the foregoing Formula 1 and the stability of the main ingredient

in the composition was evaluated.

21
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[0040]

The stability test of creamy composition revealed that
higher stability (residual ratio) of tacrolimus hydrate was
realized by the creamy composition prepared by using a mixture
of MCT and a specific o1l (concretely, IPSE or EGS), rather than
that prepared by using only MCT that exhibited the highest main
ingredient stability in the aforementioned (1) “Examination of
dissolving agent”.

[0041]

The results are collectively shown in Table 3 and Table
4. Table 3 shows composition of each creamy composition and
information of used reagents and so on, and Table 4 shows a
measurement result of main ingredient stability in each creamy
composition. The composition in which only MCT is used as an
o1l 1s called cream A, the composition in which a mixture of
MCT and IPSE 1s used is called cream B, and the composition in
which a mixture of MCT and EGS is used is called cream C. Also
prescriptions based on cream C with improved stability are
called creams D to G.

When polyoxyethylene hydrogenated castor oil 60 (see
Table 2-2) that showed particularly excellent emulsifying

property on MCT + EGS 1n the aforementioned (2) “Examination

of emulsifying agent” is used as an emulsifying agent of each
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creamy composition, it was possible to prepare a very good O/W
type creamy composition even when only MCT (cream A), Or a
mixture of MCT and IPSE (cream B) 1s used as an oil.

[0042]

[Table 3]

Table 3 Prescription of O/W type creamy composition (% by weight)

Ingredient — creami creamB creamC creamD creamk creamF creamG
: Main
Tacrolimus hydrate . . 0.102 0.102 0.102 0.102 0.102 0.102 0.102
ingredient
Middle-chain fatty acid :
1 10
triglyceride (MCT) Oil 20 10 10 10 10 0
Diisopropyl :
sebacate (IPSE) o1 o
Ethyleneglycol salicylate :
(EGS) 011 !

Polyoxyethylene

hydrogenated castor oil Emulsifying

60

agent

Hydrophilic
polymer
Wetting agent

Carboxyvinyl polymer
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auxiliary agent

Methyl paraoxybenzoate Preservative
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Diisopropanol amine
Stabilizing
agent
Base
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Sodium edetate hydrate

balance | balance | balance | balance § balance | balance | balance

Total amount 100 100 100 100 100 100 100
5.3 5.2 5.3 5.3 5.1

Purified water
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o
n
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Information about reagents

Trade name Manufacturer

Middle-chain fatty acid

Migli
triglyceride 1gliol 810

Ltd.

=
I—l
¢t
)
=
o
u
+
~
v
Q.
'_‘
3
Q
P!
O

Nippon Fine Chemical Co.,
Ltd.

API Corporation

Diisopropyl sebacate IPSE

Saliment

NIKKOL HCO-60(for medical use)

Ethyleneglycol salicylate
Polyoxyethylene

hydrogenated castor oil Nikko Chemicals Co., Ltd.

60

Cabopol 9280

Carboxyvinyl polymer Nikko Chemicals Co., Ltd.

1l,3-butylene glycol 1,3-butyleneglycol Daicel Corporation

Wako Pure Chemical

Dibutvlhvydrox 1 BHT ,
ylhydroxytoluene Industries Ltd.

Cetanol Cetanol (JP GRADE)

Kao Corporation
Methylparaben Midori Kagaku Co., Ltd.
Propylparaben Midori Kagaku Co., Ltd.

[0043]
[Table 4]

Methyl paraoxybenzoate
Propyl paraoxybenzoate
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Table 4-1 Result of stability test of tacrolimus hydrate-
containing O/W type creamy composition (n = 3)

Residual ratio of tacrolimus

SLOrage Composition hydrate (R.S.D.), unit: %
condition

0 0n | s 0w

Table 4-2  Result of stability test of tacrolimus hydrate-
containing O/W type creamy composition (n = 3)

Residual ratio of tacrolimus

Sto??qe Composition hydrate (R.S.D.), unit: %
condition

100 (0.0 545 (0.4

100 (03 550 (1.4)

)

2sec/s0r TTRCIGIN ITIE
TERCEIN BT

6

s o

TRRTEY

100 (0.3) 95.8 (0.7)

30°C/65%RH 100 (0.5) 96.7 (0.9)
100 (0.9) 95.7 (1.3)

100 (1.6 96.8 (1.0)

[0044]

As shown 1n Table 4-1, in the composition containing only

o

MCT as an o1l (creamd), the main ingredient residual ratio after

4 weeks under the condition of 40°C/75% RH was less than 94%,

whereas in the composition containing MCT and IPSE as oils

(cream B) and in the composition containing MCT and EGS as oils
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(cream C), the main ingredient residual ratio was more than 96%.
Also, as shown in Table 4-2, creams C, E, F, G showed a

comparatively high main ingredient residual ratlio even when

they were stored for 6 months under the conditions of 25°C/60%RH

and 30°C/65%RH.

Creams C, E, F, G are compositions containing the same
oils. Cream E is a composition containing cetanol, and showed

a higher main ingredient residual ratio than cream C. This 1s

attributable to the fact that tacrolimus 1s trapped into the

o1l phase due to the interface stabilizing activity of cetanol,
and distribution into the water phase 1s suppressed. Cream F
1s a composition containing a smaller amount of
1,3-butyleneglycol than cream C, and showed a higher main
ingredient residual ratio than cream C. This is attributable
to the fact that distribution of tacrolimus into the water phase
1s suppressed by reduction of the amount of 1,3-butyleneglycol.
Cream G 18 a composition containing dibutyl hydroxy toluene and
cetanol, and a smaller amount of 1,3-butyleneglycol, and showed
a higher main ingredient residual ratio than cream C. This is

attributable to the fact that in addition to the effects by

addition of cetanol and reduction in the amount of

1,3-butyleneglycol as described above, dibutyl hydroxy toluene

prevents oxidative degradation of tacrolimus.
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As described above, even after storage for 6 months,
creams E to G showed a high main ingredient residual ratio
exceeding 95%, and it was demonstrated that they have main
ingredient stability that is comparable to that obtainable by
Protopic (registered trademark) ointment 0.1% (P ointment).
[0045]

(4) Efficacy of O/W type creamy composition (Evaluation of in

vitro human skin permeability)

The concentration in the skin and the amount in the
corneum after 24 hours fromapplication when the forgoing creams
A to C and Protopic (registered trademark) ointment 0.1% (P

ointment) were applied on a normal human skin (obtained from

HAB Research Organization) were compared.

A human abdominal skin (1.77 cm®) was attached to a Franz
cell, and 10 mg of the foregoing cream A, B, C or P ointment
was open applied. A receptor liquid (1 w/v% bovine serum
albumin-containing phosphate buffer saline) was collected
after a predetermined time, and a tacrolimus concentration in
the skin and a tacrolimus amount in the corneum after 24 hours
from application were quantified.

[0046]

The results are shown in Fig. 1 and Fig. 2. The tacrolimus

concentration in the skin and the tacrolimus amount in the
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corneum after 24 hours from application of cream C were simillar
to those when P ointment was applied (Fig. 1 and Fig. 2). In
contrast to the creamy composition (cream A) contalning only
MCT as an o1il, transdermal absorption of the main ingredient
can be i1mproved when MCT + IPSE (cream B) and MCT + EGS (cream
C) that are creamy compositions containing combination of MCT
and IPSE or EGS were used.

[0047]

(5) Efficacy of O/W type creamy composition (Evaluation of drug

efficacy)

Using a mouse contact dermatitis model, efficacy of cream
C was examined. Five mice per one group were examined.

On an abdomen of preliminary sheared Balb/c mouse, 0.1
mL of a sensitizer (3 w/v% picryl chloride (PCL)-ethanol

solution) was applied to cause sensitization, and after 6 days,
each 10 UL (a total of 20 uL) of an initiation substance (1 w/v$%
picryl chloride - acetone solution) was applied on both sides
of right auricle of mouse, to initiateallergic reaction. After
1 hour from initiation of allergic reaction, a placebo, cream

C or P ointment was applied on both sides of right auricle (10

mg/ear). Before initiation of allergic reaction (previous
value) and after 24 hours from initiation of allergic reaction,

thicknesses of the right ear and the left ear were measured by
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a dial thickness gauge (Mitutoyo Corporation), and an increase
of auricle thickness (mm) was calculated.

Fig. 3 shows an i1ncrease of auricle thickness after 23
hours from application of a placebo (placebo i1n the drawing),
an increase of auricle thickness after 23 hours fromapplication
of cream C (cream C 1in the drawing), and an increase of auricle
thickness after 23 hours from application of P ointment (P
ointment in the drawing) after conducting sensitization and an
Initiation treatment. The notation “no sensitization” in the
drawlng represents an increase of auricle thickness in the group
that 1s subjected to only the initiation treatment but not to
sensitization, and “sensitization” represents an increase of
auricle thickness in the group that is subjected to only
sensitization and initiation treatment. The test method is

collectively shown in Table 5.

[Table 5]

Table 5 Test design for drug efficacy evaluation of O/W type creamy
composition

Application
Test group sensitizer of

No -
sensitization

;
T 10 ft
Cream C arter
mg/ear | allergy
| initiation
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[0048]

An average 1ncrease of auricle thickness was 6 um 1in
“No-sensitization” group, 260 um in “Sensitization” group, 231

um 1n “Placebo” group, and 118 um in “Cream C” group. These

demonstrate that cream C greatly suppresses auricle edema
induced by PCL in comparison with the placebo.

It 1s also demonstrated that an increase of auricle
thickness of 80 um in “P ointment” group has no significant
statistical difference in comparison with that of “cream C”

group, and cream C shows drug efficacy that 1s comparable to

that by P ointment.

[0049]

(6) Evaluation of stickiness of O/W type creamy composition

(Comparison with prior art)

“Stickiness” was evaluated for each of cream C and a

composition described as prescription 20 in Patent document 1

(JP 2000-513739W) in the following manner. Prescription 20 is
a creamy composition containing 0.1% by weight of FK 506

substance (tacrolimus) as a main ingredient, each 20.0% by
welght of isopropyl myristate and diethyl sebacate ags oils, 2.5%
by weight of polyoxyethylene [20] sorbitan monooleate asg an
emulsifying agent, 1.0% by weight of carboxyvinyl polymer

(Carbopol 940) as a hydrophilic polymer, an appropriate amount
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of sodium hydroxide as a pH modifier, and purified water as a

balance.

[0050]

“Stickiness” is considered as a feel caused by adhesion
due to vertical motion of a finger with respect to the skin
surface [Reference document 1: Masamichi Morita et al.,
Relation between functionality evaluation and rheological

property of cosmetic emulsion, J. Soc. Cosmet. Chem. Jpn. Vol.

24 (2), 91-97 (1990)] . In a rheometer, a sample pedestal on which
a sample 1s placed moves vertically, and after an adaptor enters
inside the sample, separation is executed. At this time, a
chart as shown 1in Fig. 4 1s obtained, and generally, height (H+)
and area (A+) 1n the + direction are represented as hardness
factors, and height (H-) and area (A-) in the - direction are
represented as adhesion factors. Also, it is reported that
there 1s correlation between A- and stickiness [Reference

document 2: Ichiro Iida et al., Research on typing of cosmetics,
J. Soc. Cosmet. Chem. Jpn. Vol. 23(4), 295-300 (1990)], and the
higher the stickiness of the sample, the larger the A-, or the

larger the value of the adhesion. Fromthis, also in the present

test, evaluation by a rheometer was conducted for an index of

stickiness.

<Measuring condition of rheometers>
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Rheometer: CR-500DX (available from Sun Scientific Co., Ltd.)

Rheometer analysis software: RHEO DATA ANALYZER for Win

(avallable from Sun Scientific Co., Ltd.)

Adaptor: No.25 (20 mm) (acrylic cylinder, diameter 20 mm)

Measurement mode: 20

Measurement rate (moving speed of sample pedestal): 120 mm/min

Sample amount: 8 g

Entry distance of adaptor into sample: 2.0 mm

[0051]

The result 1s shown i1in Table 6. As a result of the test,
1t 1s demonstrated that cream C according to the present
invention 1s less adhesive and is unlikely to be sticky in

comparison with prescription 20 according to the prior art

document.

[Table 6]

Table 6. Result of stickiness evaluation test

Adhesion
Composition
(x107*J)

4.702

Cream C 5.126

4.086

6.213
5.359

Average

(x10 *J)

0.523

4.638

Prescription 20

7.068

[0052]
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[Conclusion]

The result of the above (3) demonstrated that the

stability of tacrolimus in composition i1s improved 1in the

composition containing IPSE or EGS together with MCT than in
the composition containing MCT singly. Further, as to the
dissolubility of tacrolimus hydrate, using IPSE or EGS having
higher dissolubility than MCT together with MCT would be more
advantageous than using MCT singly.

The result of the above (4) demonstrated that transdermal

absorption is improved in the composition containing IPSE or

EGS together with MCT than in the composition containing MCT
singly. Further, since the degree of improvement in
transdermal absorption differs depending on which one of IPSE
and EGS 1s selected as an oil for use together with MCT, it is
found that the absorption of the main ingredient can be
controlled.

That 1s, according to the present invention, by varying
the ratio of combinational use (a : b) between (a) MCT and (b)
IPSE/EGS, or varying the kind of (b) or the ratio of
combinational use (IPSE : EGS), it is possible to control so
that tacrolimus is at an optimum skin concentration in diseased

skin which is a site of application.

Further, the result of the above (5) demonstrated that
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the composition according to the present i1nvention has

excellent allergy suppressing effect, and the result of the
above (6) demonstrated that the composition according to the
present invention has better feeling upon use in comparison with

the creamy composition disclosed 1n the prior art document.

INDUSTRIAL APPLICABILITY
[0053]
According to the present invention, it 1s possible to

provide a creamy composition realizing good stability of

tacrolimus and allowing easy control of skin concentration of

a main ingredient. The creamy composition according to the

present 1nvention is suited particularly as a therapeutic drug

of atopic dermatitis.

33



CA 02806260 2013-01-21

CLAIMS

1. An oil-in-water type creamy composition, the
composition comprising:

(A) tacrolimus, a pharmaceutically acceptable salt
thereof, or a pharmaceutically acceptable solvate thereotf;

(B) an oil prepared by mixing (a) a medium-chain fatty
acid triglyceride with (b) ethylene glycol salicylate and/or
diisopropyl sebacate;

(C) an emulsifyling agent having a HLB value of 12 or more;
and

(D) a hydrophilic polymer, and

having a pH value of 4 to 7.

2. The composition according to claim 1, containing 5
to 30% by weight of a medium-chain fatty acid triglyceride (a)
and 3 to 15% by weight of ethylene glycol salicylate and/or

diisopropyl sebacate (b).

3. The composition according to claim 1 or 2, wherein
the emulsifying agent (C) having a HLB value of 12 or more is
one or more selected from the group consisting of

polyoxyethylene hydrogenated castor o0il, polyoxyethylene
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polyoxypropylene alkylether, and polyglycerin fatty acid

ester.

4. The composition according to any one of claims 1 to
3, wherein the hydrophilic polymer (D) 1s one or more selected
from the group consisting of carboxyvinyl polymer, hydroxyethyl
cellulose, hydroxypropyl cellulose, hydroxypropyl methyl

cellulose and hydrophobized hydroxypropyl methyl cellulose.

5. The composition according to any one of claims 1 to
4, contalining one or more pH modifiers selected from the group
consisting of lactic acid, citric acid, phosphoric acid, sodium
hydroxide, potassium hydroxide, sodium lactate, sodium citrate,

L-arginine and diisopropanolamine.
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FIGURE 3
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