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Abstract

ﬂ

[Problem] There has been a requirement for a proccess Ior

producing a pharmaceutical preparation that 1is obtalined by
encapsulating a uniform poorly water-soluble drug 1in a block
copolymer, and dissolves immediately with an addition of water,

ﬂ

and does not contain residues of organic solvents.

[Solution] Provided is a method for producing a drug-block
copolymer composite, the method comprising: mixing a poorly
water-soluble drug and a block copolymer including a

hydrophilic segment and a hydrophobic segment bonded together,

in one or more non-agueous solvents; optionally heating the

mixture as necessary; and spray-drying the resulting mixture

liguid.

23
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Description

Title of Invention
PROCESS FOR PRODUCING DRUG-BLOCK COPOLYMER COMPOSITE AND

PHARMACEUTICAL PREPARATION CONTAINING SAME

Technical Field

[0001]

The present 1nvention relates to a method for producing

a composite of a poorly water-soluble drug and a block copolymer

including a hydrophilic segment and a hydrophobic segment
bonded together, by spray drying a non-aqueous liquid
containing the poorly water-soluble drug and block copolymer
in a state of solution and/or dispersion. Furthermore, the
present invention relates to a method for producing a

pharmaceutical preparation contalining the composite.

Background Art

[0002]

There are known compositions which form polymer micelles
as a drug carrier, by encapsulating a poorly-water-soluble drug

in a block copolymer which includes a hydrophilic segment and

a hydrophobic segment bonded together, and methods for
producing the composition. Particularly, block copolymers
which comprised of a polyethylene glycol derivative as a

hydrophilic segment and a polyamino acid or a derivative thereof

as a hydrophobic segment, have a nature to formself-associating
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micelles easlily in water with relative ease. Therefore, such

block copolymers are used as carriers for drug delivery systems

(Patent Literature 1).

[0003]

To make a such composition, there have been also known

in the art a method comprising once dissolving such a block

copolymer and a poorly water-soluble drug 1n an organic solvent,

then distilling of:

- the solvent, and dispersing the residue in

water (see Patent Literature 2 and Patent Literature 3).

(0004 ]

A method for powderizing a water-soluble drug by spray

drying 1s disclosed in Patent Literature 4. Also, a method for

powderizing a melted polymer by spray cooling 1s disclosed in

Patent Literature 5.
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Patent
Patent
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[00006]
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F

On the occasion of preparing a polymer micelle in an

agqueous solution which contains a poorly water-soluble drug
encapsulated by a block copolymer, in general, a poorly

water-soluble drug 1s once dissolved 1n a volatile good solvent,
the solution 1s dispersed 1n water with block copolymer, and
the organic solvent 1s then removed by conventional methods such

as dialysis methods or 1n-liguid drying methods, because 1t 1is

difficult to uniformly disperse the poorly water-soluble drug
1n water. However, 1n these methods, 1t 1s also difficult to
remove the residual organic solvents completely. The residual
organic solvents will lead to a serious problem when it remains

in the pharmaceutical compositions. There has been a necessity

to reduce their residual amounts as low as possible in

pharmaceutical compositions.

[0007]

Furthermore, also disclosed are methods of dissolving a
poorly water—-soluble drug and a block copolymer in a volatile
good solvent for the both, subsequently removing the solvent,
thereby obtaining a dried composite of the poorly water-soluble
drug and the block copolymer, and dispersing the above dried

composite 1in water to obtain a polymer micelle. However,

P

depending on the nature of the composite to be obtalned, the

composite may became too hard to disperse in water without a

large mechanical force, or the two components may have different

solubllities 1n the solvent, causing concentration deflection

during a drylng process. Consequently, 1t has been difficult

to obtain a uniform quality composite.
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[0008 ]

There has been widely known in the art food processing

P

a method of obtaining a dry solid material by a conventional

spray drying process. In general, drying 1s carried out in an

atmosphere or environment at a temperature close to the boiling

F

point of the solvent to be used. However, pharmaceutical

substances, which are generally unstable in heat, cause

increases 1n the amount of 1mpurities when the substances are

exposed 1n such a high temperature environment even for a short

time. Therefore, the spray drying method has been difficult

to apply to such heat-sensitive pharmaceutical substances.

P

There are known some methods of spray drying 1n a limited

environment at a relatively low temperature; however, 1n the

case that a composition contains a polymer component having a

P
p—

relatively low melting polnt, 1t has been difficult to obtain

dried solid materials due to thermo-plasticity of the polymer

component.

[0009]

In regard to certain kinds of polymer compounds, some

methods for obtaining small particles by spray-cooling (1.e.,

a heat-molten material of such a polymer compound 1s sprayed

and cooled) have been published. However, 1n order to obtain

a molten material with a certain viscosity applicable for
spraying, relatively high temperature heating 1s needed, and
it is difficult to apply this heating to prepare a composition

containing pharmaceutical substances. Furthermore, a highly

viscose compound is not suitable for spraying. Depending on
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the intrinsic properties of the polymer compound, the polymer

compound may not be sufficiently solidified even if it sprayed

in a chilled environment to be rapidly cooled, and may also be

sticky like a cotton candy, so that the polymer compound may

become inapplicable.

Solution to Problem
(0010]

The present inventors have conducted a thorough
investigation in order to solve the problems described above.

As a result, the inventors have found a novel spray drying method

comprising dissolving a poorly water-soluble drug and a block

copolymer into a volatile non-agqueous solvent; optionally
heating the mixture liquid to a tolerable extent; and spraylng

the liguid into a relatively low temperature environment to

sufficiently remove the non-aqueous solvent, whereby the

solidification of the block copolymer is also promoted by the

vaporization heat of the solvent. The present method can carry

out a spray drying in such a low temperature environment 1n which

F

the solvent is not easily removed sufficiently under the

conventional spray drying conditions. In addition, the
present inventors have succeeded 1n obtaining a powder
composite having high uniformity and high water—-affinity which

contain a poorly water-soluble drug and a block copolymer 1n

fusion.

[0011]

That is, the present invention relates to the followlng
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aspects (1) to (195).
(0012]
(1) A method for producing a drug-block copolymer

composite, themethod comprising: mixing a poorly water-soluble

drug and a block copolymer including a hydrophilic segment and
a hydrophobic segment bonded together, 1n one or more
non—-aqueous solvent (s); optionally heating the resulting
mixture liquid; and spray-drying the mixture liquid.

[0013]

(2) The method according to item (1), wherein the mixture
liquid containing the poorly water-soluble drug and the block
copolymer 1s heated, and the mixture liquid 1s spray-dried in
a gas flow environment maintalned at a temperature lower than
or equal to the melting point of the block copolymer.

(0014}

(3) The method according to item (1) or (2), wherein the
mixture liquid containing the poorly water-soluble drug and the
block copolymer is heated to a temperature of 25°C or higher.
[0015]

(4) The method according to item (1) or (2), wherein the
mixture liquild containing the poorly water-soluble drug and the

block copolymer is heated to a temperature of 35°C or higher.

00106}

(5) The method according to item (2), wherein the gas flow
environment employed for the spray-drying i1is at a temperature

of 40°C or lower.

10017]
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(6) The method according to item (2), wherein the gas flow
environment employed for the spray-drying 1s at a temperature

of 20°C or lower.

[0018]

(7) The method according to any one of items (1) to (0),

wherein the proportion of components other than the non-aqueous
solvent in the mixture liquid containing the poorly

water-soluble drug and the block copolymer is 10% by mass Or

more relative to the total mass of the mixture liquid.
[0019]

(8) The method according to any one of items (1) to (7),
wherein the poorly water-soluble drug is a poorly water-soluble
anticancer agent, antibiotic substance, anti-rheumatic agent,
or antibacterial agent.

[0020]

(9) The method according to any one of items (1) to (8),

wherein the poorly water-soluble drug is a poorly water-soluble

anticancer agent.
(0021]
(10) The method according to any one of items (1) to (9),

wherein the hydrophilic segment of the block copolymer 1s

polyethylene glycol or a derivative of polyethylene glycol, and

the hydrophobic segment is a derivative ot polyaspartic acid

or polyglutamic acid.

[0022]

(11) The method according to any one of 1tems (1) to (10),

wherein the non-agueous solvent is an organic solvent having
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a boiling point of 85°C or lower.

[0023]

(12) The method according to item (11), whereln the

organlic solvent 1s one or more selected from the group

consisting of ethanol, methanol, ethyl acetate, isopropanol,

hexane, chloroform, dichloromethane, acetone, acetonitrile,

and tetrahydrofuran.

[0024 ]

-y

(13) The method according to any one of 1tems (1) to (12),

whereiln the mixture liquid containing the poorly water-soluble

drug and the block copolymer further contains one or more

compounds selected from the group consis_ting of sugars, sugar

alcohols, 1norganic salts, and surfactants.

[0025]

(14) The method according to 1tem (13), wherein the

surfactant 1s polyethylene glycol, polysorbate,
poly(oxyethylene) hydrogeneated castor o011, or a mixture

thereof.

[0026]
(15) A pharmaceutical preparation comprising the
drug-block copolymer composite obtained by the method according

to any one of items (1) to (14).

Advantageous Effects of Invention

[0027]

According to the present embodiment, the composite of a

poorly water-soluble drug and a block copolymer including a
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hydrophilic segment and a hydrophobic segment that are bonded

together, may be obtained continuously with sufficient

F
—
—

finity. Furthermore, since the

uniformity and high water-a:

composite may be obtained in the form of dry powder, the amounts

of residual solvents are easily controlled. It is also possible

to produce the composite aseptically in the form of dry powder

by using the present method. If one may make and fill the

composite aseptically as received, the composite may be used
to prepare as an aseptic injectable preparation which 1s

dissolved by a suitable solution at site. Furthermore, the
composite may also be used as an intermediate material during
manufacturing processes, subsequently prepared as an injection

solution or a lyvophilized injectable preparation.

Description of Embodiments

[0028]

The present method includes the acts of mixing a poorly

water-soluble drug with a block copolymer including a

hydrophilic segment and a hydrophobic segment that are bonded

together in one or more non-aqueous solvents; heating the

mixture; and spray-drying the resulting mixture liquid.

[0029]

The term of "drying" is meant to also include removing

non-agueous solvents by evaporation.

[0030]

The spray drying process in the present production method

is carried out by spraying into dried gas flow the mixture liquid
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which includes a non-aqueous solvent dissolved and/or dispersed

the block copolymer and a poorly-water-scoluble drug. The

mixture liquid may preferably be heated to forma solution. The
mixture liquid may preferably be sprayed into a blowing gas
environment at a temperature lower than or equal to the melting

-

point of the block copolymer.

[0031]
The temperature at which the mixture is heated may vary

depending on the properties such as melting point of the block

copolymer contained therein, or on the boiling polnt of the

non-aqueous solvent used. For instance, the temperature may

preferably be from 25°C to 95°C, and more preferably from 35°C
to 80°C. However, a temperature condition which is not in that

range may also be employed.

[0032]

The temperature of the blowing gas flow environment, 1in
which the mixture liquid is sprayed, may vary depending on the

melting point of the block copolymer contained therein. The

temperature may preferably be from 0°C to 40°C, and more

preferably from 0°C to 20°C. However, spraying may also be

carried out at a temperature which 1s not in that range.

[0033]

The amount of components other than the non-aqueous

solvent that is contained in the mixture liquid 1s not

particularly limited, but the amount may preferably be from 1%

by mass to 80% by mass, and more preferably from 10% by mass

to 70% by mass.

10
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(0034 ]

There are no particular limitations on the process of
spraying liquid as long as it is a method of exposing the mixture
as microscopic droplets into blowing gas flow environment.

However, examples of the method may include, but are not limited

to, a binary fluid spray nozzle method, a rotary atomizer method,

and a droppling method.

[0035]

The poorly water-soluble drug that is used 1n the present

method may be a pharmaceutical substances having a solubility

in 1 mL of water of 1 mg or less at room temperature (15°C to
25°C). The drugmay include, but not limited to, pharmaceutical

substances such as anticancer agents, antibiotic substances,

anti-rheumatic agents and antibacterial agents. Examples of
the drug may include, but not limited to, paclitaxel, docetaxel,

cisplatin, doxorubicin, daunorubicin, camptothecin, topotecan,

roxithromycin, methotrexate, etoposide, vincristine sulfate,

amphotericin B, polyene-based antibiotic substances, nystatin,

and prostaglandins.

[0036]

The non-aqueous solvent used in the present method may
preferably be a non-aqueous solvent which is liquid at room
temperature, and a non-aqueous solvent having a boiling point

of 95°C or lower is particularly preferred, while a non-agueous

solvent having a boiling point of 85°C or lower is more preferred.

& d

cxamples of the solvent may include, but not limited to, organic

solvents such as ethanol, methanol, ethyl acetate, isopropanol,

11
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hexane, chloroform, dichloromethane, acetone, acetonitrile,

and tetrahydrofuran. Among these, one kind may be used, or two

or more kinds may be used in combination.

[0037]

The block copolymer used in the present method includes

a hydrophilic segment and a hydrophobic segment that are bonded

together, and may preferably be an AB type block copolymer.

Such a block copolymer may be a polymer material which forms

F

polymer micelles that are capable of maintaining a poorly

water-soluble drug in an aqueous solvent in a state of beilng

F
—

applicable as an injectable preparation. Examples of the

hydrophilic segment may include, but not limited to,

polyethylene glycol and derivatives thereof. Examples of the

hydrophobic segment may include, but not limited to,

polyaspartic acid and derivatives thereof, and polyglutamic

acid and derivatives thereof.

[0038]

An example of the block copolymer may be a compound

represented by the formula:

R1-(OCH,CH,)n-0-R2-[(NHCOCH)x~(NHCO-R3-CH)y—(NCOCH)m-x-y]-NHR4

| | |
R3-CORS COR5 CO-R3 (1)

wherein R1 is methyl or ethyl group; R2 1s ethylene or

trimethylene group; R3 is methylene group; R4 is formyl, acetyl,
or propionyl group; R5 is one or two substituents selected from
the group consisting of benzyloxy, phenylethoxy, phenylpropoxy,

phenylbutoxy, phenylpentyloxy, and -N(R6)-CO-NHR/ group,

12
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wherein R6 and R7, which may be identical with or different from
cach other, each represent ethyl, isopropyl, cyclohexyl, or
dimethylaminopropyl group; n represents 20 to 500; m represents

10 to 100; x represents 0 to 100; y represents 0 to 100, provided

that the sum of x and v is 1 or more but is not greater than

m; and the number of benzvloxy, phenylethoxy, phenylpropoxy,
phenylbutoxy, or phenylpentyloxy group among the substituents
for R5 is from (0.15m) to (0.70m) on the average.

Such a block copolymer may be produced by, for example,
the conventional production methods described in a conventional
publication such as Patent Literature 1 above, JP 6-206815 A,
and WO 2006/033296 A, or methods applying the production methods,

but the production method is not intended to be limited to those

conventional production methods.

[0039]

The melting point of the block copolymer obtained 1n this

manner may approximately be 30°C to 70°C.
[0040]
The mixture liquid that is used in the present method may

also contain one or more components selected from sugars, sugar

alcohols, inorganic salts, and surfactants, 1n addition to the
block copolymer and the poorly water-soluble drug described

above. Examples of the sugars may include, but not limited to,

glucose, saccharose, lactose, sucrose (e.g. white soft sugar),

trehalose, maltose, and fructose. Examples of the sugar

alcohols may i1include, but not limited to, mannitol, xylytol,

and sorbitol. Examples of the inorganic salts may include, but

13
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not limited to, hydrochloric acid salts, carbonic acid salts,

and phosphoric acid salts. Examples of the surfactants may
include, but are not limited to, polyethylene glycol,
polysorbate, and poly(oxyethylene) hydrogenated castor oil.
[0041]

The drug-block copolymer composite obtained by the
present method may preferably be such that the poorly ‘

water-soluble drug may be dissolved in the block copolymer, or

the composite may form self-associating micelles 1n water. In

the case of the composite forms micelles, the particle size may

preferably be around 30 nm to 150 nm as measured by using a

dynamic light scattering method.

[0042]

A pharmaceutical preparation containing the drug-block
copolymer composite that is obtained by the present method 1s
also included in the scope of present invention. Furthermore,
the drug-block copolymer composite may also be used as an
intermediate product for pharmaceutical product during a
manufacturing processes, and the composite may be further

subjected to processes such as dissolution, sterilization, and

lyophilization. Moreover, an aseptic dry powder that 1s to be

obtained by spray drying the drug-block copolymer composite as
an aseptic solution and/or dispersion liquid in an aseptic

environment, may be used directly as an injectable preparation.

Examples

1004 3]

14
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Hereinafter, the present invention will be described in

more detail by way of Examples. The present invention 1s not

intended to be limited to these Examples.

10044 ]

SEM (scanning electron microscopy) observation was
carried out by using a scanning electron microscope (JSM-6060
manufactured by JEOL, Ltd.).

[0045]

Example 1

30 parts by weight of paclitaxel, which is a poorly

water-soluble drug, and 100 parts by weight of a block copolymer
(melting point: 50°C to 57°C) including polyethylene

glycol-polyaspartic acid derivative that were bonded together,
which was obtained by the method described in WO 2006/033296

A, were dissolved in ethanol (boiling point: 78.3°C) such that

the content would be 20% by mass. The temperature of the liquid
was adjusted to 45°C. This liquid was spray dried in a gas flow

environment at an inlet temperature of 15°C, by using a spray

drying experimental unit (B-290 manufactured by Nihon Buchi

K.K.). The dried product thus obtained had a particle size of
about 10 um as measured by SEM observation.
(004 6]

Example 2

F

30 parts by weight of paclitaxel, which 1s a poorly

water-soluble drug, and 100 parts by weight of the block

copolymer which used the polyethylene glycol-polyaspartic acid

derivative described in Example 1, were dissolved in ethanol

15
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such that the solids content would be 30% by mass. The
temperature of the liquid was adjusted to 45°C. This liquid

was spray dried in a gas flow environment at an inlet temperature

of 15°C, by using a spray drying experimental unit (B-290

manufactured by Nihon Buchi K.K.). The dried product thus

obtained had a particle size of about 10 pm as measured by SEM

observation.

(004 7]

Example 3

30 parts by weight of paclitaxel, which 1s a poorly
water-soluble drug, and 100 parts by weight of the block

copolymer which used the polyethylene glycol-polyaspartic acid

derivative described in Example 1, were dissolved 1n ethanol

such that the solids content would be 20% by mass. The
temperature of the liquid was adjusted to 40°C. This liquid

was spray dried in a gas flow environment at an inlet temperature

of 10°C, by using a spray drying experimental unit (B-290

———

manufactured by Nihon Buchi K.K.). The dried product thus

obtained had a particle size of about 10 pm as measured by SEM

observation.

[0048]

Example 4

Further, 200 parts by weight of PEG (polyethylene glycol
4000) was added to 30 parts by weight of paclitaxel, which 1s
a poorly water-soluble drug, and 100 parts by weight of the block

copolymer which used the polyethylene glycol-polyaspartic acid

derivative described in Example 1, and the mixture was dissolved

16
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in ethanol such that the content would be 30% by mass. The

temperature of the liquid was adjusted to 45°C. This liquid

was spray dried in a gas flow environment at an inlet temperature

of 20°C, by using a spray drying experimental unit (B-290

manufactured by Nihon Buchi K.K.). The dried product thus

obtained had a particle size of about 10 um as measured by SEM

observation.

[0049]

Example 5

30 parts by weight of docetaxel, which 1s a poorly
water-soluble drug, and 100 parts by weight of the block

copolymer which used the polyethylene glycol-polyaspartic acid

derivative described in Example 1, were dissolved in ethanol

such that the solids content would be 20% by mass. The

temperature of the liquid was adjusted to 40°C. This liquid

was spray dried in a gas flow environment at an inlet temperature

of 15°C, by using a spray drying experimental unit (B-290

manufactured by Nihon Buchi K.K.). The dried product thus

obtained had a particle size of about 10 pum as measured by SEM

Observation.

[0050]

Comparative Example 1

30 parts by weight of paclitaxel, which 1s a poorly
water-soluble drug, and 100 parts by weight of the block

copolymer which used the polyethylene glycol-polyaspartic acid

derivative described in Example 1, were pulverized and mixed

in a mortar.

17
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(0051 ]

Comparative Example 2

30 parts by weight of paclitaxel, which 1s a poorly
water-soluble drug, was dissolved in ethanol, and the solution
was mixed with 100 parts by weight of the block copolymer which

used the polyethylene glycol-polyaspartic acid derivative

described in Example 1, at a liquid temperature of 15°C. This
ligquid was subjected to vacuum drying while the liquid
temperature was maintained at 15°C, and thus a white-pale yellow

powder was obtained.

[0052]

Test Example

Measurement of polymer micelle particle size

Observation was made on the dispersion performance of the

composites obtained in Examples 1 to 5, and the compositions

obtained in Comparative Examples 1 and 2. The composites and
the comparative compositions were respectively dispersed 1n

water for injection, and stirred with an Ultra-Turrax mixer.

The average particle size of the polymer micelle solutions thus

obtained was measured with a particle size analyzer (ELS-772

manufactured by Otsuka Electronics Co., Ltd.) utilizing a

dynamic light scattering method. The results are presented 1n

Table 1.
[0053]

[ Table 1]

18
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Spray liquid Inlet Presence
- Solids content of PEG addition Average particle size

20% /3. /7 nm
Example 2 3 0%

“
anpc -

Example 1

BrampleS | 20% | 40¢C | 15C o 7nm
C t - ‘
gTapn?Fr)?;qe i — — = — Not dlsperseq
Comparative |
Example 2 — — — — 167. 6nm
(0054 ]

The drug-block copolymer composites of Examples 1 to 5

had satisfactory dispersion performance, and as 1s obvious from
these results, the average particle sizes as micelles are also
in a suitable range. On the other hand, the comparative

composition of Comparative Example 1 was such that the drug was

. —
p—

not dispersed, and 1t 1s di:

ficult to use the composition as

a pharmaceutical preparation. In regard to the comparative

composition of Comparative Example 2, the drug was dispersed,

but the dispersibility or dispersed appearance is not sultable

for an injectable preparation. Furthermore, the average

particle size was also large.

19



Claims

1. A method for producing a drug-block copolymer composite comprising a poorly
water-soluble drug and a block copolymer including a hydrophilic segment and a
hydrophobic segment bonded together, wherein the hydrophilic segment 1s
polyethylene glycol or a derivative of polyethylene glycol, and the hydrophobic
segment is a derivative of polyaspartic acid or a derivative of polyglutamic acid, the
method comprising:

mixing the poorly water-soluble drug and the block copolymer in one or more
non-aqueous solvents;

heating the mixture; and

spray-drying the resulting mixture liquid in a gas flow environment maintained at
a temperature lower than or equal to the melting point of the block copolymer,
wherein the drug-copolymer composite produced by the method forms micelles 1n
water, and said micelles have an average particle size of 30 nm to 150 nm as
measured by using a dynamic light scattering method.

2. The method according to claim 1, wherein the mixture liquid containing the
poorly water-soluble drug and the block copolymer is heated to a temperature of 25°
C. or higher.

3. The method according to claim 1, wherein the mixture liquid containing the

poorly water-soluble drug and the block copolymer is heated to a temperature of 35°

C. or higher.
4. The method according to claim 1, wherein the gas flow environment employed for
the spray-drying is at a temperature of 40° C. or lower.

5. The method according to claim 1, wherein the gas flow environment employed for
the spray-drying 1s af a temperature of 20° C. or lower.

6. The method according to any one of claims 1 to 5, wherein the proportion of
components other than the non-aqueous solvent in the mixture liquid containing
the poorly water-soluble drug and the block copolymer is 10% by mass or more

relative to the total mass of the mixture liquid.

20
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7. The method according to any one of claims 1 to 6, wherein the poorly

water-soluble drug is a poorly water-soluble anticancer agent, antibiotic substance,
anti-rheumatic agent, or antibacterial agent.
8. The method according to any one of claims 1 to 7, wherein the poorly

water-soluble drug 1s a poorly water-soluble anticancer agent.

9. The method according to any one of claims 1 to 8, wherein the non-aqueous

solvent 1s an organic solvent having a boiling point of 85° C. or lower.

10. The method according to claim 9, wherein the organic solvent 1s one or more
selected from the group consisting of ethanol, methanol, ethyl acetate, 1sopropanol,
hexane, chloroform, dichloromethane, acetone, acetonitrile, and tetrahydrofuran.
11. The method according to any one of claims 1 to 10, wherein the mixture liquid
containing the poorly water-soluble drug and the block copolymer, further contains
one or more compounds selected from the group consisting of sugars, sugar alcohols,
inorganic salts, and surfactants.

12. The method according to claim 11, wherein the surfactant is polyethylene glycol,

polysorbate, poly(oxyethylene) hydrogenated castor oil, or a mixture thereof.
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