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[Document Name)] Specification

{Title of the Invention] NONIONIC VESICLE AND USE THEREOF

{Claims]
1. Anonionic vesicle comprising a compound shown by the

5 following formula (1) as a major component:

A—(CH)—H P

wherein A represents a hydrophilic group selected from the

10 following groups,

H OH
JO
o o k
OH
H-(OC2H )W~ 0. O—(C,HO)\—H
0—(C,H,0)y~H
O
O
0—(C;H,0);
HO—{CH0),—0—
X
g
(I:H— OH
CHz"' OH

wherein w, x, y, and z represent integers of which the sum is
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0 to 100, and n is an integer from 5 to 30,

2. The nonionic vesicle of claim 1, further comprising

a chblesterol compound and/or other steroid compounds.
3. A drug carrier comprising a water phase in which the
5 nonionic vesicle of claim 1 or claim 2 is enclosed and a
water—-soluble drug component included in the water phase.
4. A drug carrier comprising a lipid soluble drug
component included inabilayer membrane of the nonionicvesicle
of claim 1 or claim 2.
10 5. The drug carrier of claim 3 or claim 4, which is kojic
acid or its ester, vitamin C or its derivative, or vitamin E

or its derivative.

6. The drug carrier of any one of claims 3 to 5 which
is to be added to external preparations.
15
[Detailed Description of the Invention]
[Field of the Invention]

Thepresent inventionrelatestoanonionicvesicle formed

from nonionic compounds.
20 [Prior Art)

Phospholipids have been known to associate to form a
bilayer membrane when suspended inwater and formvesicles {small
sacs) encapsulating a water phase. Vesgicles are also called
liposomes and have attracted attention as a biomembrane model

25 and a drug carrier,
More recently, efforts to discover artificial lipids

having vesicle-forming capabilities have been undertaken. As
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a result, di-long~chain alkyl dimethyl ammonium possessing two
long-chain alkyl groups, for example, has been found.
However, most conventionally available artificial
lipids possessing vesicle-forming capabiliies have been ionic
5 1lipids of which the use was sometimes limited. A
vesicle~-forming compound having no ionic properties was
necesrary to expand the use range of vesicles.
[Problems to be Solved by the Invention]
The present invention has been completed in view of this
10 situation and has an object of providing a nonionic vesicle
formed from nonionic c¢->mpounds.
[Means for Solving the Problems]
To achieve the absve object, the inventor_s of the present
inventionhave focussec attentiononnonionic surfactantswhich
15 are amphipathic ia properties and have investigated
vesicle-forming cepabilities. As a result, the inventors have
found that nonioniz surfactants having a specific structure

possess vesicle-fcrming capabilities and that a nonionic

"vesicle formed by combining such a nonionic surfactant and a

20 cholesterol exhibits high stability.

Accordingly, the present invention provides a nonionic
vesicle formed from the compound shown by the following formula

(1) as a major component:

—(CH,},—H (1)
-~ A—(CH2)

wherein A repreésents a hydrophilic group selected from the
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following groups,

C\C%AOJ\

H-(OCHa)w~ O—(C.H,0)—H

O—(C.H.,V),~H
| : 0
Q—(CzH,40);

HO—\C;H,0),—0—

0
CH,~0~ J\
| (I3H—OH
cI:Hz-OH

wherein w, X, y, and z represent integers of which the sum is
5 0 to 100, anc n is an integer from 5 to 30.

The present invention also provides a nonionic vesicle
further comprising a cholesterocl compound and/oxr other steroi.d
compounds.

[Preferred Embodiment of the Invention]

10 The compounds that form the nonionic vesicle of the
present invention (hereinafter referred to as “vesicles”) are
compounds shown by the above formula (1). All these compounds
are known as nonionic surfactants and can be mahufactured by

known methods. -
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| - Specifically, among the compounds of the above formula
| (1) the compound having the foliowing group fér'A and n=17 is
sorbitan monostearate, which is commercially available under

the trademark Span 60; and

HO OH
O

PN

OH

the compound having the following group for A and n=17 is
polyoxyethylene sorbitan monostearate, which is commercially

10 available under the trademark Tween 61;

H-(OCH )W~ O—(C2H,0)—H

o— (02H40)y— H

O
O0—(CzH,0);,

vtherein w, X, y, and z represent integers of which the sum is
15 20.
Furthermore. the compound having the following group for
A‘and n=18 is polyoxyethylene (2) stearyl ether, which is

commercially available under the trademark Brij 72; and

HO— {02H40)2_ O—
20

[ &)}
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the compound having the followinggroup forAandn=17is glyceryl

monostearate {(GMS) .

O

A

0
CH—OH

|
CH,—OH

The length n of the ethylene chain (-CHz-} in the compound
(I) is very important for the vesicle-forming capabilities of
the compound. Specifically, at least l13-polyethylene chain
(n) is necessary. If the length n is less than 12, vesicle
cannot be formed. For example, Tween 20 having an ethylene
chain length of 11, but otherwise having the same structure
aé Tween 61, has no vesicle-forming capabilities.

In addition, the compound is different from conveﬁtional
vesicle~forming compounds in that only one alkyl group is formed
from an ethylene chain. For instance, no vesicle can be formed
from glyceryl distearate which is only different from glycef};l
monostearate in that the former has two alkyl groups.

Although the above compound (I) alone can form a vesicle,
a more stable vesicle can be formed if other compounds such
as a cholesterol, for example, are added. 1In this instance,
the ratio of the compound (I) and cholesterol is preferably
from 9:1 to 1:9, and particularly preferably ffom 9:1 to 5:5.

The method of Bangham can be principally followed for
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fofming a vesicle from the compound (I} described above or a
combinationof the compound.(I) andcholesterol or othersteroids.
Specifically, the compound (I) or a mixture of the compound
+I) and cholesterol or other steroidé {hereinafter referred
to as “vesicle forming compounds) is dissolved in a suitable
snlvent and charged into a vessel such as an eggplant flask
to form a thin membrane under reduced pressure. After
completely removing the solvent, an aqueocus solvent is added
to the vessel and the mixture is vigorously stirred using a
boltex mixer. The mixture becomes clouded when a multilamella
vesicle (MLV) is formed, whereupon the reaction is terminated.

MLV thus obtained is a bilayer membrane with an average
size from about 0.05 pum to 100 um, having an outwardly arranged
hydrophilic group A of vesicle-forming compound and inwardly
arranged alkyl groups formed from ethylene chains. A small
unilamellar vesicle (SUV) can be obtained if MLV is treated
with supersonic waves (20-1,000 kHz).

In the preparation of vesicles, the product is
incorporated into the vesicle together with various drug
components. Specifically, the vesicle-forming compound can
be maintained in the space between alkyl groups of bilayer
membrane if a lipid soluble drug component is dissolved in a
suitable solvent together with the vesicle-forming compound.
In this instance, the vesicle is preferably in the form of MLV.

On the other hand, if a water soluble drug component is
added to an aqueous medium to be added after rémoval of the

solvent and the mixture is subjected to ultrasonic treatment,

FAE Lo+ ANYJNQD @ ONO O¥86 L89S €0 XYJ 1S:21 9Z/60 ZO,.
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it ispossible toincorporate suchawater soluble drug component

jnto SUV. 1In tais instance, it is desirable to separate the

aqueous medium r.ot incorporated into the SUV by centrifucjation
oxr other means.

. 5 Among the above drug components, as lipid soluble drug
components, kojic acid esters, such as kojic acid ester and
kojic acid diestex, vitamin E, vitamin E derivative, and the
like can be given. As water soluble drug components, kojic
acid, vitamin C, vitamin C derivatives, and the like can be

10 given.

The vesicle containing the above drug components can be

used asadrugcarrier, whichcanbeused forvarious applications, . -
For instance, such a vesicle can be used as an additive for
external preparations, such as drugs for external application

15 and cosmetics, and drug delivery media for anticancer drugs,

antituberculous agents, antileishmaniasis agents,

antiinflammation agents, hormone preparations, per oral
vaccines, and the like.
When the vesicle of the present invention is used as a
20 drug carrier for cosmetics for external application, kojic acid
and kojic acid esters are given as preferable drug components.
Of these, kojlc acid is used as a water soluble drug component

and kojic acid esters areused as a lipid soluble drug component.

[Examples]

25 The present invention will be described in more detail
by way of Examples which should not be construed as limiting

the present invention.

_600[A ) 23 Y T VY R ANYJROD % ONO OF86 L89S €O X¥d4 Z€:Z2T1T 9Z/60 ZO.



£

Examplc 1
Experiment for confirming vesicle formation'(l)

Formation of vesicles (MLV) by Bangham’s method using
thke following nonionic surfactants was confirmed.

5 Specifically, nonionic suxfactants dissolved in an organic
solvent such as chloroform were put into an eggplant flask with
aground-in stopper and the solvent was evaporated under reduced
pressure using a rotary evaporator. The evaporation under
reduced pressure was continued for some time after the solvent

10 had disappeared. Next, an agqueous solution was added to make
the concentration of nonionic surfactant 0.01-500 mM. Then,
theinternalatmosphereoftheflaskwasreplacedwithnitrogen;
After stoppering the flask, the mixture was stirred for about
one hour using a Boltex blender. MLV was judged to have been

15 formed if the solution in the flask turned milky-white after
stirring. Formation or non-formation of MLV for each tested
surfactant is shown in Table 1.

(Nonionic surfactant)
Sorbitan monostearate {(Span 60)

20 Sorbitan monooleate (Span 80)

Polyoxyethylene (20) sorbitan monolaurate (Tween 20)
Polyoxyethylene (20) sorbitan monostearate (Tween 61)
Polyoxyethylene (2) stearyl ether (Brij 72)

Glycol monostearate (GMS)

25 Glycol distearate (GDS)

[Table 1)

011 f s T BT ANVJIKOD 7 ONO oP86 L89S €0 XY¥d £S:2T1 9Z/60 ZO,
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Nonlionic surfactant Formation or nen-formation of
(abbreviated name) MLV *
Span 60
Span 80
Tween 20
Tween 61
BPrij 72
GMS
NS

* (O MLV was formed, X: MLV was not formed.

XO0OXXO

.Example 2
5 Experimz2nt for confirming vesicle formation (2)
Vesicle foermation was examined in the same manner as in
Example 1 when cholesterol was added in various proportions
to four nonionic surfactants on which the formation of MLV was

confirmed in Example 1. “The results are shown in Table 2.

10
[Table 2]
Ratio of Neonionic surfactants
cholesterol** |Span 60 Tween 61 Brij 72 GMS
10:10 @) @) O O
9:1 O O O O
8:2 O @) O @)
7:3 O @) O O
6:4 @) O O O
5:5 O O O O
4:6 O O O O
3:7 O @] O O
2:8 O O O O
1:9 O @) @) O

**Ratio of nonionic surfactant to cheolesterol

15 Example 3

10
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Experiment for confirming vesicle’s entrapment efficiency
The vesicle’s efficiency for entrapping other compounds
' was examined as follows using the vesicles prepared from the
' four nonionic surfactants used in Example 2 and the same amount
5 of cholesterol. The entrapment efficiency of a water-soluble
fluorescent marker, calcein, was determined by a
spectrofluorophotometer. The calcein concentration used to
prepare the vesicle was 0.1 mM. The vesicle was diluted to
1:50,000withpurifiedwater andthetotal fluorescent intensity
10 was measured (Iiotai) - The calcein in an aqueous bulk phase

|

'r
was quenched by complexation with cobalt jions using 0.013 pg/ml
cobalt chloride. Then, the total fluorescent intensity was

measured (Isn). Subsequently, the vesicle membrane was

ruptured by Triton X-100, while I¢x was consegquently obtained.
| 15 The entrapment efficiency was calculated according to the

( following equation. The results are shown in Figure 1.
| Entrapment efficiency (%) = [(ln — hx X 1)/(hotat = lx X 1)]x100
20° wherein r indicates a volume correction coefficient.

The results confirmedthat vesiclesmade fromsurfactants
possessing a stearyl chain (Tween 61, Span 60, Brij 72, and
glyceryl monostearate (GMS)) and cholestercl exhibited calcein

25 entrapment efficiency with an increase in concentrations of
the nonionic surfactants andcholesterol. Particﬁlarly, Tween

61 exhibited the highest entrapment efficiency among the

11
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sirfactants having a stearfl chain.
Example 4
Experiment'oﬁ vesicle’s microviscosity change according to
temperature change

The relationship between temperature andmicroviscosity
was examined on the four nonionic surfactants used in Example
2 with varied cholesterol proportions. A solution of 1 mM
1, 6-diphenyl-1, 3, 5-hexatriene (DPH; fluorescence probe) in
tetrahydrofuran was added to a dispersion of vesicles and the
mixture was incubated for one hour at 37°C. The molar ratio
of surfactant/cholesterol to DPH was 300:1. Fluorescence
polarization (P) was determined according to the following

equation.
P= (lp - G]\')I(IP + Gl)

wherein I, and G, tndica..e a strength of fluorescent light when
an excitation light is polarized respectively to the parallel
direction and vertical direction, and G is a grid correction

coefficient.

I, and I; for vesicles obtained by various
surfactant/cholesterol combinations atdifferent temperatures
were measured by a spectrofluorophotometer. The value P was
calculated using the mezsured results. The results are shown

in Figure 2. Excitation and fluorescence wavelength were

respectively 350 nm and 450 nm.

12
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As a result, vesicles formed from surfactants with a
stearyl chain exhibited an increase in the fiuorescence
polarization (P) with theincrease in the amount of cholesterol,
indicating an increase in the microviscosity {(or a decrease
in membrane flowability) of vesicle bilayer membrane
{hydrophobic part). Particularly, in Tween 61, a vesicle
formed from only a surfactant, which has a gel-liquid crystal
transition temperature within the measured range, the
gel-liquidcrystal transition temperature has disappearedwith
en increase in the amount of cholestercl. In any case, the
increased amount of cholesterol resulted in vesicle bilayer
membrane exhibiting high microviscosity (low flowability).
The vesicle became stronger, indicating that‘the results
correspond to entrapment efficiency.

Example 5
Preparation of vesicle entrapping kojic acid ester

A vesicle entrapping kojic acid ester was formed by
combination of Bangham’ s method and ultrasonic wave treatment.
Sr-ecifically, a nonionic surfactant dissolved in an organic
solvent such as chloroform, cholesterol, and kojic acid ester
were charged in an eggplant flask with a ground-in stopp=r and
thesolventwasevaporé%edunderreducedpressureugingfarotarﬁ
evaporator. Nonionic-surfactants used were Spea 60 and Tween
61, the ratio of the surfactant and cholestzrol was 1:1, the
total concentration of the surfactant aad cholgsterol in the
agqueous solution was 20 mM, and the toutal concentration of the

kojic acid ester in the aqueous solution was a 2-4 mM. The

13
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evaporation under reduced pressure was dontinued for some time
after the solvent had disappeared. |

Next,purifiedwaterwasaddedandtheinternalatmosphere
of the flask was replaced with nitrogen. After stoppering the
flask,thendxturewasstirredforaboutonehourusingeaBoltex
blender. The agqueous soclution was further treated with
ultrasonic waves (20 kH:, about 3 minutes) to obtain a
milky-white aqueous solution. The agueous solution contained
a vesicle entrapping ko“ic atid ester.

[Effect of the Inventicn]

The vesicle of tle pvresent invention is basically a
nonionic compound (1) or is formed from the nonionic compound
(i) and cholesterol, which also has nonionic properties.

Therefore, the vesicle has properties different from the
properties possessed by conventional vesicles that are ionic
In properties. Therefore, the vesicle can be used to advantage
together with a drug component which is not preferably used
with an i»snic compound.

The nonionic compound (1) is less expensive than
—~onventional vesicle-forming compounds. In addition, it is

possible to prepare a vesicle nossessing desired target

properties.

[Brief Description of the Dravings]

Fig. 1 is a graph showing the vesicle’s entrapment

efficiency.

Fig. 2—-1 shows the relationship between temperature and

14

VA L v ANV¥JROD 3 ONO OY86 LRIS €0 XV4 £G:2T 92/60 20



10

910 @)

47

microviscosity when the ratio of nonionic surfactants and
cholesterol is changed. 1In the figure, A indicates a vesicle
prepared from Span 60 and B indicates a vesicle prépared from
GMS.

Fig. 2-2 shows the relationship between temperature and
microviscosity when the ratio ¢r nonionic surfactants and
cholestereol is changed. In the figure, C indicates a vesicle
prepared from Tween 61 and U indicates a vesicle prepared from

Brij 72.

15
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[Document Namel Abstract

[Abstract]

[Subject] The present invention provides a nonionic vesicle
formed from nonionic compounds, which can expand the area of

vesicle application.

[Means for the Solution] A nonionic vesicle comprising the

compound shown by the following formula (1) as amajor component:

A—WCHQE—+1 (l)

wherein A represents a hydrophilic group selected from the

following groups,

moJl

OH
H- (OC,H )W~ 0—(CH,0)—H
0—(C,H,0),~H
O
T
0_(CZH40):
HO—(02H40)2_0_
0O
(|:H2‘-O
?H—OH
CH,—OH
16
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wherein w, X, Yy, and z represent integers of which the sum is

0 to 100, and n is an integer from 5 to 30.
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