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54) MICROEMULSION

(57) L’mvention concerne une microemulsion,
renfermant A) un meédicament tres polawre et tres
liposoluble, une huile tres polaire, et une huile
faiblement polaire; B) un monoester de polyglycerol
avec un acide gras; et C) un polyol hydrosoluble, la
quantit¢ du constituant B) incorpore variant entre 0,3 et
3 parties en poids, sur la base d une partie en poids du
constituant A), et la quantite du constituant C) incorpore
variant entre 0,1 et 3 parties en poids sur la base d une
partie de la quantite totale desdits constituants A) et B).
Cette microemulsion est un microemulsion hautement
stable renfermant un medicament tres polaire et tres
liposoluble.

l*l Industrie Canada  Industry Canada

(57) A microemulsion characterized by comprising (A)
a highly polar, liposoluble medicament, a highly polar
o1, and a lowly polar oi1l; (B) a monoester of
polyglycerin with a fatty acid; and (C) a water-soluble
polyhydric alcohol, the amount of the component (B)
incorporated being 0.3 to 3 parts by weight based on one
part by weight of the component (A), the amount of the
component (C) mcorporated being 0.1 to 3 parts by
welght based on one part of the total amount of the
components (A) and (B). The microemulsion 1s a highly
stable microemulsion containing a highly polar,
liposoluble medicament.
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ABSTRACT

A microemulsion containing (A) a highly polar and fat-

soluble o1l drug, a highly polar oil and a lowly polar oil, (B) a poly-
glycerol mono-fatty acid ester and (C) a water-soluble polyhydric

alcohol, wherein the amount of (B) is 0.3 to 3 parts by welght based

on one part by weight of (A) and the amount of (C) is 0.1 to 3 parts by
weight based on one part by weight of the total amount of (A) and

(B).

The present invention makes it possible to make a

microemulsion containing a highlir polar and fat-soluble drug which

1s highly stable.
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DESCRIPTION

MICROEMULSION

TECHNICAL FIELD

The present invention relates to a microemulsion con-

taining a highly polar and fat-soluble drug, and more particularly

relates to a microemulsion which has a minute particle size and has

an enhanced stability of the drugs in aqueous solutions.

BACKGROUND ART
In order to produce a liquid preparation of fat-soluble

drugs in the past, there were adopted methods for preparing an
aqueous solution by dissolving these drugs in a solubilizing agent
such as alcohols or surface active agents. In particular, it is ordinary
to use polyoxyethylene hydrogenated castor oils or polyoxyethylene
olycol fatty acid esters as a surface active agent in the methods for
dissolving the fat-soluble drugs. However, the amount of the fat-
soluble drug which can be dissolved by these methods is insufficient,
and the internal liquid preparation obtained thereby is uncomfort-
able 1n taste.

On the other hand, in order to contain a fat-soluble drug
in an aqueous liquid preparation, there is widely used a method
wherein the fat-soluble drug is dissolved in an oil and stirred to-
gether with an emulsifying agent to give an emulsion, thereby an
aqueous phase and an oily phase are completely 1solated each other.

It is known that the stability of emulsions ordinarily
increases with decreasing the particle size of emulsions. Japanese
Patent Publication Nos. 88-61050-B and 94-57316-B disclose tech-

niques for the preparations of emulsions with minute particles

(microemulsion). However, these techniques have a drawback
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which, when a highly polar and fat-soluble drug is applied thereto,

the particle size of the emulsion 1s increased, and the emulsion
becomes unstable by heating, acids and 1onic substances.

In addition, Japanese Patent Publication No. 95-23303-B
discloses a microemulsion preparation containing a slightly water-
soluble drug, however, the microemulsion described in the patent

needs vigorous stirring at the time of production thereof, and it is

impossible to apply a highly polar and tat-soluble drug thereto.

DISCLOSURE OF THE INVENTION

As a result of extensive researches, the present inventors
have found that a highly polar and fat-soluble drug 1s combined with
a mixture of a highly polar oil and a lowly polar o1l as an oil for
dissolution, a specific amount ratio of a polyglycerol mono-fatty acid
ester as an emulsifying agent to the oil and a specific amount of a

water-soluble polyhydric alcohol with stirring to give a gel, which is

then diluted with water, thereby there is obtained an O/W emulsion

having minute particles, thus the present invention has been accom-
plished.

That 1s, the present invention is directed to a microemul-

sion which contains (A) a highly polar and fat-soluble oil drug, a
highly polar o1l and a lowly polar oi1l, (B) a polyglycerol mono-fatty

acid ester and (C) a water-soluble polyhydric alcohol, wherein the
amount of (B) 1s 0.3 to 3 parts by weight based on one part by weight
ot (A) and the amount of (C) 1s 0.1 to 3 parts by weight based on one
part by weight of the total amount of (A) and (B).

The highly polar o1l used in the present invention refers
to an oily substance which has the value of the inorganic character in
the range of 115 to 500, and which has the number of carbon atoms
in the range of 9 to 19. Preferred examples of the highly polar oil to

satisfy such conditions are triethyl citrate, triacetin, piperonyl
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butoxide, dimethyl phthalate, diethyl phthalate, dibutyl phthalate,

dioctyl phthalate and the like.

The amount of the highly polar o1l 1s 1 to 50 parts by
weight based on one part by weight of the highly polar and fat-
soluble drug, preferably 1 to 20 parts by weight. In case of less than
one part by weight, the highly polar and fat-soluble drug may be
poorly dissolvable, while, in case of more than 50 parts by weight,

the emulsion with minute particles may not easily obtainable.

In the present invention, it is necessary to contain the
lowly polar oil for emulsification. The lowly polar o1l to be used
herein is an oily substance which has the value of the 1norganic
character of 200 or less, and has the number of carbon atoms of 20 or
more. Preferred examples of the lowly polar oil are liquid paratfin,
squalane, squalene, tocopherol, tocopherol acetate, tocopherol nico-
tinate, avocado oil, camellia o1l, turtle oi1l, macadamia nut oil, corn
oil, mink oil, olive oil, rapeseed o1l, egg yolk o1l, sesame o1l, wheat
germ oil, sasanqua oil, castor oil, sattlower oil, cotton seed oil, soy-
bean oi1l, peanut o1l and medium chain fatty acid triglycerides such
as tricaprilin. The amount of the lowly polar o1l 1s 1 to 200 parts by
weight based on one part of the highly polar and fat-soluble drug,
preferably 10 to 50 parts by weight. In case of less than one part by
welght, 1t may be difficult to emulsity, while, in case of more than
200 parts by weight, the highly polar and fat-soluble drug may be
poorly dissolvable.

The value of the 1norganic character in the present

invention means the value which 1s calculated according to the

method of Fujita indicated 1n Journal of Japanese Chemistry, vol. 11,
10, 719 - 725 (1957).

In the present invention, it is necessary to use the poly-

glycerol mono-fatty acid ester as an emulsitying agent because the

emulsion having minute particles can not be obtained by using other
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emulsifying agents.

Preferred polyglycerol mono-fatty acid esters are those in
which the glycerol polymerization grade i1s 5 or more, the number of
carbon atoms of the fatty acid is in the range of 10 to 22 and the HLLB
is 12 or more. Among these polyglycerol mono-fatty acid esters,
especially preferable ones are decaglycerol monostearate, decagly-
cerol monooleate, decaglycerol monopalmitate, decaglycerol mono-
myristate, decaglycerol monolaurate, hexaglycerol monomyristate or

hexaglycerol monolaurate.

The amount of polyglycerol mono-fatty acid ester 1s in the

range of 0.3 to 3 parts by weight based on one part by weight of the

total amount of the oil phase (the highly polar and fat-soluble drug,
the highly polar oil and the lowly polar oil), preferably 0.4 to 2 parts

by weight. In case of less than 0.3 part by weight, the particle size
may be increased, while, in case of more than 3 parts by weight, the
internal preparation obtained thereby may cause bad taste.

In the present invention, it 1s essential to contain a
water-soluble polyhydric alcohol for preparing the microemulsion.

Examples of the water-soluble polyhydric alcohol to be
used in the present invention are ethylene glycol, propylene glycol,
1,3-butylene glycol, 1,4-butylene glycol, dipropylene glycol, poly-
propylene glycol, glycerol, diglycerol, polyglycerol, polyethylene
glycol, erythritol, xylytol, sorbitol, maltitol, lactitol, mannitol, tre-
halose, sugar alcohol derived from digestion product of starch and
the like. Among these water-soluble polyhydric alcohols, especially
preferred ones are glycerol, diglycerol, polyglycerol and sorbitol.
These water-soluble polyhydric alcohols are usually used in the form
of a hydrous product. In this case, the weight ratio of the water-

soluble polyhydric alcohol and water 1s preferably in the range of
95:5 to 50:50, and especially 90:10 to 55:45.

The amount of the water-soluble polyhydric aleohal to be
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used in the present invention is from 0.1 to 3 parts by weight based

on one part by weight of the total amount of the oil phase and the
polyglycerol mono-fatty acid ester, preferably 0.2 to 2 parts by
welght.

In the present invention, the combination ratio of the o1l
phase, the polyglycerol mono-fatty acid ester and the water-soluble
polyhydric alcohol is important, when the combination ratio 1s out of
the range of the present invention, the microemulsion can not be
obtained though the same components are used.

The highly polar and fat-soluble drug in the present
invention refers to drugs having the value which 1s obtained by

dividing the value of the 1norganic character of the compound by the

number of the carbon atoms contained 1n the compound molecule 1s
11 or more. The polarity of the drug can not be defined by only the

value of the inorganic character, but gives generality by dividing by
the number of the carbon atoms.

Examples of such highly polar and fat-soluble drug are
fat-soluble vitamins such as riboflavine (the inorganic character/the
number of carbon atoms = 58.8), ribotlavine tetrabutyrate (28.5) or
bisibutiamine (O,0'-diisobutyrylthiamine disultide) (25.0), aldioxa
(276.3), proglumide (31.4), sulpiride (36.3), cimetidine (44.2), ber-
genin (50.4), sofalcone (11.5), bisoxatin acetate (16.0), alminium
flufenamate (28.5), salicylosalicylic acid (sasapyline) (24.3), keto-
phenylbutazone (26.1), glafenine (25.5), bucolome (34.6), feprazone
(22.1), tolfenamic acid (18.6), acemetacin (24.5), diflunisal (22.3),
timiperone (17.0), etizolam (20.9), oxaprozin (15.8), dimenhydrinate
(28.3), thiethylperazine (16.2), chlorzoxazone (36.4), phenprobamate
(23.5), carisoprodol (36.7), chlorphenesin carbamate (36.5), chlorme-
zanone (36.8), mezuitazine (14.3), mebhydrolin napadisylate (22.5),

clemizole hydrochloride (16.1), clemastine fumarate (21.0),

diisobutylaminobenzoyloxypropyltheophyline (29.8), hydrochlorothi-
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azide (83.6), bendroflumethiazide (40.0), hydroflumethiazide (73.8),
polythiazide (56.4), methyclothiazide (66.1), trichlormethiazide
(75.6), cyclopenthiazide (45.8), cyclothiazide (43.2), benzthiazide
(41.3), benzylhydrochlorothiazide (42.9), ethiazide (65.0), penflutia-
zide (45.4), spironolactone (15.9), triamterene (47.1), ethacrynic acid
(20.9), chlortalidone (42.1), mefruside (41.2), clorexolone (34.6),
tripamide (31.6), metolazone (35.0), rescinnamine (14.3), methox-
erpidine (15.2), syrosingopine (16.0), mebutamate (44.0), meticrane
(43.5), prazosin hydrochloride (29.5), nifedipine (17.1), etafenone
hydrochloride (24.5), efloxate (12.6), hepronicate (15.5), simfibrate
(11.3), nicomol (17.9), pyridinol carbamate (47.7), alprostadil (19.0),
rutin (51.9), nicardipine hydrochloride (14.4), noscapine (12.7),
hexoprenaline sulfate (35.0), bitolterol mesilate (12.0) and the like.

Among them, the application of riboflavine or riboflavine tetra-
butyrate to the present invention is especially effective in view of the

stability of the drug.

The microemulsion of the present invention can be

prepared by the following method. That is, the highly polar and fat-
soluble drug is dissolved in the highly polar oil, mixed with the lowly

polar oil and dissolved homogeneously to give the oil phase. The o1l

phase and a polyglycerol mono-fatty acid ester are mixed at an

ordinary temperature or under heating and dissolved homogeneous-
ly. After the temperature is returned to the room temperature, a
water-soluble polyhydric alcohol 1s gradually added to the solution
with stirring to give a gel. The resulting gel is diluted with water,
thereby there 1s obtained an O/W-type microemulsion with minute
particles which contains the highly polar and fat-soluble drug.

The thus obtained microemulsion of the present inven-
tion, while containing the highly polar and fat-soluble drug, has a

small average particle size of 50 to 300 nm, and 1t 1s remarkably

stable for a long period of time even 1n an aqueous solution of pH 2.5
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to 5 which is unstable in case of an ordinary emulsion, or even in an

aqueous solution wherein the concentration of an 1onic substance is

0.1 to 5 % by weight. The 1onic substance herein is a substance
which forms an ion in an aqueous solution, and examples thereof are

inorganic salts, or salts of organic acids with alkaline metals or

alkaline earth metals.

It is known that, when the particle size of the emulsion is
reduced, the contacting area of the particle of the emulsion with the
aqueous phase is increased, thereby the stability of the drug in the
emulsion i1s ordinarily affected. However, the microemulsion of the
present invention ensures the stability of the drug in the emulsion 1n
spite of the small particle size.

The microemulsion of the present invention may option-
ally contain the components to be ordinarily used in liquid prepara-
tions, such as other drugs, sweetening agents, pH conditioners,

preservatives, perfumes, coloring agents, thickeners, chelating

agents, ethanol or the like.

BEST MODE OF CARRYING OUT THE INVENTION

The present invention 1s 1llustrated in more detail by the
following examples, manufacturing examples and experiments. The

particle sizes described herein were the average particle sizes mea-

sured by using the dynamic light scattering method, specifically
using NICOMP Model 370 (manufactured by HIAC/ROYCO).

Example 1

In 6.25 g of triethyl citrate was dissolved 1.25 g of ribo-
flavine tetrabutyrate, and then 50 g of tocopherol acetate was added
thereto and mixed homogeneously. To the mixture were added 20 ¢

of decaglycerol monomyristate (HLB 14) and 20 g of decaglycerol
monostearate (HLB 15), and the whole mixture was mixed and

dissolved at 60 - 70 'C. The temperature was returned to room
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temperature, then 20 ml of 85 % aqueous glycerol solution was added
with stirring to give a gel, to which was then added puritied water to

make up to the total volume of 500 ml, thereby there was obtained a
homogenous microemulsion having a particle size of 100 nm.

Manufacturing Example 1

To 1 ml of the microemulsion obtained in Example 1 were

added 1 g of taurine, 0.01 g of pyridoxine hydrochloride, 0.02 g of
nicotinamide, 0.01 g of panthenol, 0.1 g of citric acid, 0.1 g of malic

acid, 6 g of sucrose, 0.03 g of sodium benzoate and a slight amount of

perfume, and the mixture was adjusted to pH 4.5 with 10 % sodium

hydroxide solution and made up to the total volume of 50 ml with

purified water, thereby there was obtained a liquid preparation.

Example 2

In 9.75 g of triacetine was dissolved 1.25 g of riboflavine,
and then 50 g of tocopherol acetate was added thereto and mixed
homogeneously. To the mixture were added 15 g of decaglycerol

monopalmitate (HLB 14) and 20 g of decaglycerol monostearate
(HLB 15), and the whole mixture was mixed and dissolved at 60 - 70

C. The temperature was returned to room temperature, then 30 ml

of 85 % aqueous glycerol solution was added with stirring to give a

gel, to which was then added purified water to make up to the total
volume of 500 ml, thereby there was obtained a homogenous micro-

emulsion having a particle size of 120 nm.

Manufacturing Example 2

To 1 ml of the microemulsion obtained in Example 2 were
added 1 g of taurine, 0.01 g of pyridoxine hydrochloride, 0.02 g of
nicotinamide, 0.1 g of inositol, 0.05 g of anhydrous caffeine, 0.2 g of
citric acid, 6.5 g of sucrose, 0.03 g of sodium benzoate and a slight
amount of perfume, and the mixture was adjusted to pH 4.0 with 10
% sodium hydroxide solution and made up to the total volume of 50

ml with purified water, thereby there was obtained a liquid prepara-
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tion.

Example 3

In 5 g of triethyl citrate and 5 g of dibutyl phthalate was
dissolved 1.25 g of riboflavine tetrabutyrate, and then 25 g of toco-

pherol acetate and 20 g of soybean o1l were added thereto and mixed

homogeneously. To the mixture were added 20 g of decaglycerol

monomyristate (HLB 14) and 25 g of decaglycerol monostearate
(HLLB 15), and the whole mixture was mixed and dissolved at 60 - 70

C. The temperature was returned to room temperature, then 25 ml

of 85 % aqueous glycerol solution was added with stirring to give a

gel, to which was then added purified water to make up to the total

volume of 500 ml, thereby there was obtained a homogenous micro-

emulsion having a particle size of 150 nm.

Manufacturing Example 3

To 1 ml of the microemulsion obtained 1n Example 3 were
added 1 g of taurine, 0.01 g of pyridoxine hydrochloride, 0.02 g of
nicotinamide, 0.1 g of 1nositol, 0.05 g of anhydrous caffeine, 0.3 g of
citric acid, 6.5 g of sucrose, 0.03 g of sodium benzoate and a slight
amount of perfume, and the mixture was adjusted to pH 3.5 with 10
% sodium hydroxide solution and made up to the total volume of 50

ml with purified water, thereby there was obtained a liquid prepara-

tion.

Example 4

In 12.5 g of triethyl citrate was dissolved 2.5 g of ribo-
flavine tetrabutyrate, and then 1 g of tocopherol and 50 g of toco-

pherol acetate were added thereto and mixed homogeneously. To the
mixture were added 5 g of decaglycerol monolaurate (HLLB 15.5), 20 ¢
of decaglycerol monomyristate (HLB 14) and 20 g of decaglycerol
monostearate (HLB 15), and the whole mixture was mixed and

dissolved at 60 - 70 C. The temperature was returned to room

temperature, then 25 ml of 85 % aqueous glycerol solution was added
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with stirring to give a gel, to which was then added purified water to
make up to the total volume of 500 ml, thereby there was obtained a

homogenous microemulsion having a particle size of 130 nm.

Manufacturing Example 4

There were mixed 1 ml of the microemulsion obtained in
Example 4, 1.5 g of taurine, 0.005 g of thiamine nitrate, 0.005 g of
pyridoxine hydrochloride, 0.02 g of nicotinamide, 0.1 g of inositol,
0.05 g of anhydrous caffeine, 0.05 g of ginseng extract, 0.2 g of royal
Jelly, 0.05 ml of stag horn tincture, 0.4 g of citric acid, 7.5 g of su-
crose, 0.03 g of sodium benzoate and a slight amount of perfume, and
then the mixture was adjusted to pH 3.0 with 10 % sodium hydrox-
1de solution and made up to the total volume of 50 ml with purified

water, thereby there was obtained a liquid preparation.

Example 5

In 25 g of triethyl citrate was dissolved 20 g of bisibuti-
amine, and then 50 g of tocopherol acetate was added thereto and
mixed homogeneously. To the mixture were added 20 g of deca-

glycerol monomyristate (HLB 14) and 20 g of decaglycerol mono-

stearate (HLLB 15), and the whole mixture was mixed and dissolved
at 60 - 70 C. The temperature was returned to room temperature,
then 20 ml of 85 % aqueous glycerol solution was added with stirring
to give a gel, to which was then added purified water to make up to
the total volume of 500 ml, thereby there was obtained a homoge-

nous microemulsion having a particle size of 150 nm.

Manufacturing Example 5

To 1 ml of the microemulsion obtained in Example 5 were
added 1.5 g of taurine, 0.005 g of pyridoxine hydrochloride, 0.02 g of
nicotinamide, 0.1 g of inositol, 0.05 g of anhydrous caffeine, 0.05 g of
ginseng extract, 0.2 g of royal jelly, 0.05 ml of stag horn tincture, 0.4
g of citric acid, 7.5 g of sucrose, 0.03 g of sodium benzoate and a

slight amount of perfume, and the mixture was adjusted to pH 3.0
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with 10 % sodium hydroxide solution and made up to the total

volume of 50 ml with purified water, thereby there was obtained a
liquid preparation.

Comparative Example 1 (No use of lowly polar oil)

Following the same manner as in Example 1 using the
same formulation as in Example 1 except for no use of tocopherol
and use of triethyl citrate in the increased amount to 10 g, there was
obtained an emulsion having a particle size of 950 nm.

Following the same manner as in Manufacturing Kxam-
ple 1 using the resulting emulsion, there was a comparative liquid

preparation.

Comparative Example 2 (No use of highly polar o1l)

In 10 ml of ethanol was dissolved 1.25 g of riboflavine
tetrabutyrate, and then 60 g of tricaprilin and 50 g of soybean oil
were added thereto and mixed homogeneously. To the mixture were

added 10 g of decaglycerol monomyristate (HLB 14) and 10 g of

decaglycerol monostearate (HLB 15), and the whole mixture was
mixed and dissolved at 60 - 70 C. The temperature was returned to
room temperature, then 45 ml of 85 % aqueous glycerol solution was
added with stirring to give an emulsion, to which was then added
purified water to make up to the total volume of 500 ml, thereby
there was obtained an emulsion having a particle size of 1100 nm.

Following the same manner as in Manufacturing Exam-
ple 1 using 1 ml of the resulting emulsion, there was obtained a
comparative liquid preparation.

Comparative Example 3 (Method for dissolving by surface active

agent)
At about 80 C, 0.025 g of riboflavine tetrabutyrate and
2.0 g of polyoxyethylene hydrogenated castor o1l (HCO-60) were

dissolved on a water bath with stirring, and then purified water

(about 80 'C) was added thereto. After conformation of dissolution,
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the solution was cooled, thereby there was obtained a liquid prepara-
tion of ribotlavine tetrabutyrate, to which were then added 1 g of
taurine, 0.01 g of pyridoxine hydrochloride, 0.02 g of nicotinamide,
0.01 g of panthenol, 0.1 g of citric acid, 0.1 g of malic acid, 6 g of
sucrose, 0.03 g of sodium benzoate and a slight amount of perfume,
and the mixture was adjusted to pH 4.5 with 10 % sodium hydroxide
solution and made up to the total volume of 50 ml with purified
water, thereby there was obtained a comparative liquid preparation.

Test Example 1

The liquid preparations of Examples 1 to 5 and Compara-

tive Examples 1 to 3 were each filled into a 50 ml-coloring glass
bottle, and after fitting with a stopper, sterilized with heating. As a
result of a macroscopic observation of the properties, no change was
found in Examples 1 to 5 and Comparative Example 3, and the
1solation of the o1l and water by sterilization with heating was found

in Comparative Examples 1 and 2.

Test Example 2

The liquid preparations of Examples 1 to 5 were each

stored at 40 C for 3 months, after which the properties of the emul-
sions thereof were observed macroscopically. As a result, no change
was found in any liquid preparations when compared with those just
produced.

Test Example 3

The preparations of Example 1 and Comparative Exam-
ple 3 were each stored in the dark at 40 'C for 3 months, after which
the residual riboflavine tetrabutyrate in the preparation was quanti-
fied by high perfomance liquid chromatography. As a result, the

residual ratio of riboflavine tetrabutyrate of Example 1 1s 95.7 %,

and the residual ratio of riboflavine tetrabutyrate of Comparative

Example 3 1s 75.6 %.
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INDUSTRIAL APPLICABILITY

The present invention makes it possible to make a
microemulsion which, while containing the highly polar and fat-
soluble drug, is remarkably stable in an aqueous solution having a

5 high concentration of the ionic substance or in acidic region, thereby
the microemulsion of the present invention can be applied into

aqueous preparations in the fields of pharmaceutical, foods and

cosmetics.

MY Aue TmTA T AU MY T AR v e AT AP AL A RO m;mmw.mmmﬁm T S P



CA 02287442 1999-10-18

14

CLAIMS

1. A microemulsion containing (A) a highly polar and fat-
soluble o1l drug, a highly polar o1l and a lowly polar oil, (B) a poly-
glycerol mono-fatty acid ester and (C) a water-soluble polyhydric
alcohol, wherein the amount of (B) 1s 0.3 to 3 parts by weight based
on one part by weight of (A) and the amount of (C) 1s 0.1 to 3 parts by

welght based on one part by weight of the total amount of (A) and
(B).

2. The microemulsion according to Claim 1 wherein the
highly polar oil 1s an oily substance which has the value of the
1norganic character in the range of 115 to 500, and which has the
number of carbon atoms in the range ot 9 to 19.

3. The microemulsion according to Claim 1 wherein the
highly polar oil 1s one or more members selected from triethyl citrate,
triacetin, piperonal butoxide, dimethyl phthalate, diethyl phthalate,
dibutyl phthalate and dioctyl phthalate.

4. The microemulsion according to any one of Claims 1 to 3
wherein the polyglycerol mono-fatty acid ester 1s an ester of a poly-
glycerol having the glycerol polymerization grade of 5 or more with a
fatty acid having the number of carbon atoms of 10 to 22 wherein the
HLB 1s 12 or more.

53 The microemulsion according to any one of Claims 1 to 3

wherein the polyglycerol mono-fatty acid ester is one or more mem-

bers selected from decaglycerol monostearate, decaglycerol mono-
oleate, decaglycerol monopalmitate, decaglycerol monomyristate,

decaglycerol monolaurate, hexaglycerol monomyristate and hexa-

glycerol monolaurate.

6. The microemulsion according to any one of Claims 1 to 5
wherein the water-soluble polyhydric alcohol is one or more members

selected from glycerol, diglycerol, polyglycerol and sorbitol.
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7. The microemulsion according to any one of Claims 1 to 6
wherein the lowly polar oil is an oily substance which has the value
of the inorganic character of 200 or less, and which has the number
of carbon atoms of 20 or more.

8. The microemulsion according to any one of Claims 1 to 6
wherein the lowly polar o1l 1s one or more members selected from
liquid paraffin, squalane, squalene, tocopherol, tocopherol acetate,
tocopherol nicotinate, avocado oil, camellia oil, turtle oil, macadamia
nut oil, corn o1l, mink oil, olive oil, rapeseed oil, egg yolk oil, sesame
oil, wheat germ oil, sasanqua oil, castor oil, safflower oil, cotton seed
oil, soybean o1l, peanut o1l and tricaprilin.

9. The microemulsion according to any one of Claims 1 to 8
wherein the highly polar and fat-soluble drug is a drug having the
value which 1s obtained by dividing the value of the inorganic char-
acter of the compound by the number of the carbon atoms is 11 or
more.

10. The microemulsion according to any one of Claims 1 to 9
wherein the highly polar and fat-soluble drug is riboflavine tetra-
butyrate.

11. The microemulsion according to any one of Claims 1 to 9
wherein the amount of the highly polar oil is 1 to 50 parts by weight
based on one part by weight of the highly polar and fat-soluble drug.
12. The microemulsion according to any one of Claims 1 to 11

whereln an average particle size of the emulsion is 50 to 300 nm.
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