PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(22) International Filing Date: 21 December 1998 (21.12.98)

(30) Priority Data:

9727102.7 GB

22 December 1997 (22.12.97)

(71) Applicant (for all designated States except US): QUADRANT
HEALTHCARE (UK) LIMITED [GB/GB]; 1 Mere Way,
Ruddington, Nottingham, NG11 6JS (GB).

(72) Inventors; and

(75) Inventors/Applicants (for US only): ROGERSON, Cheryl,
Vanessa [GB/GB]; Quadrant Healthcare (UK) Limited, 1
Mere Way, Ruddington, Nottingham NG11 6JS (GB). OS-
BORNE, Nicholas, David [GB/GB]; Quadrant Healthcare
(UK) Limited, 1 Mere Way, Ruddington, Nottingham NG11
6JS (GB).

(74) Agent: GILL JENNINGS & EVERY; Broadgate House, 7
Eldon Street, London EC2M 7LH (GB).

(51) International Patent Classification 6 : (11) International Publication Number: WO 99/32083
A61K 9/00, 9/16, 9/50 Al .

(43) International Publication Date: 1 July 1999 (01.07.99)

(21) International Application Number: PCT/GB98/03853 | (81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR,

BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GD,
GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP,
KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK,
MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG,
SI, SK, SL, TJ, T™M, TR, TT, UA, UG, US, UZ, VN, YU,
ZW, ARIPO patent (GH, GM, KE, LS, MW, SD, SZ, UG,
ZW), BEurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European patent (AT, BE, CH, CY, DE, DK, ES, FI,
FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent
(BF, BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR, NE,
SN, TD, TG).

Published
With international search report.

(57) Abstract

(54) Title: MICROPARTICLES AND THEIR THERAPEUTIC OR DIAGNOSTIC USE

Microcapsules having a wall thickness of no more than 500 nm, and a bulk density of no more than 0.2 g.cm=3, are suitable for
therapeutic or diagnostic use. They are aerodynamically light, and can be used for delivery to the lung, or diagnosis by ultrasound.




AL
AM
AT
AU
AZ
BA
BB
BE
BF
BG
BJ
BR
BY
CA
CF
CG
CH
CI
CM
CN
CuU
cz
DE
DK
EE

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania

Armenia

Austria

Australia

Azerbaijan

Bosnia and Herzegovina
Barbados

Belgium

Burkina Faso

Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic

 Congo

Switzerland
Cote d’Ivoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
IL
IS
IT
JP
KE
KG
KP

KR
KZ
LC
LI

LK
LR

FOR THE PURPOSES OF INFORMATION ONLY

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Treland

Tsrael

Iceland

Ttaly

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
NZ
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
SZ
TD
TG
TJ
™
TR
TT
UA
UG
uUs
Uz
VN
YU
W

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




10

15

20

25

30

WO 99/32083 - PCT/GB98/03853

1

MICROPARTICLES AND THETIR THERAPEUTIC OR DIAGNOSTIC USE

Field of ﬁhe Invention

This invention relates to microparticles and their
therapeutic or diagnostic use. More particularly, the
invention relates to the delivery of an active agent to the
lungs, by inhalatioﬁ, and to diagnostic imaging using
ultrasound.

Background of the Invention

Edwards et al, Science 276: 1868-71 (1997), reports
the production of particles of small mass density and large
size, for use in pulmonary drug delivery. The objective
was to provide an insoluble matrix which could act as a
reservoir for sustained drug release, analogous to a
sustained release tablet. Porous and non-porous particles
were prepared, the porous particles being preferred for
their "high efficiency". The "particle mass density"
values for these particles were about 0.1 g.cm™ and 0.8
g.cm™®, respectively. The porous particles apparently
comprised a solid matrix including pores, the matrix being
essentially a carrier for a therapeutic agent (the given
examples being testosterone and insulin) held within the
matrix.

Note 14 of Edwards et al states that the density is
determined by non-mercury porosimetry or tap density
measurements. The latter at least would not give a true
particle density. Reference 15 (French et al, J. Aerosol
Sci. 27:769 (1996)) clearly shows bulk densities. Note 14
refers to Vidgren et al, Int. J. Pharm. 35:139 (1987),
which uses an "effective density". Hence, little can be

concluded as to the meaning of "particle mass density”.
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WO 98/31346 apparently relates to products similar to
those disclosed by Edwards et al. The particles are
aerodynamically light, and generally porous.

A difficulty with many sustained release inhalation
therapies is that solid (or more dense) particles will be
subject to clearance mechanisms and therefore unable to act
as a reservoir. Any such particles landing in the trachea
or bronchi will be rapidly removed by mucociliary clearance
mechanisms. Similarly, particles reaching the non-ciliated
regions of the deep lung are rapidly cleared by macrophage
activity. The material reported by Edwards et al is
intended to avoid both these problems, by providing a
particle of relatively large geometric diameter (> 5 um)
which will avoid phagocytosis by macrophages, but which is
aerodynamically small (i.e. a low density with respect to
geometric diameter), and which will reach the non-ciliated
region of the deep lung. Sustained release is then
achieved by use of an insoluble matrix of material.

The particles disclosed by Edwards et al. were
prepared by double- and single-emulsion solvent evaporation
techniques. It is also stated that porous particles
comprising therapeutics and pharmaceutical excipients can
easily be formed by spray-drying, and refers in this
context to an article by Sacchetti and Van Oort in
"Inhalation Aerosols" (May 1996) A J Hickey ed., Dekker NY
pub., pages 337-384. No specific indication is given as to
how particles of low density might be obtained by spray-
drying. For inhalation therapy, a dry powder must be
dispersed into an airstream as discrete particles, to
ensure controlled reproducible administration of a standard
dose. To achieve this, the powder is usually loaded onto

a carrier such as lactose, through blending. The objective
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is to produce a blend in which the drug powder is
distributed as discrete particles evenly over the carrier.
If this is not achieved, and the particles are
agglomerates, there is an apparent increase in aerodynamic
size and a reduction in dosing efficiency.

While compounds that can be administered without
carrier are known, e.gq. sodium cromoglycate and
terbutaline, these are usually either extremely safe or
relatively inactive, allowing therapeutic effects to be
achieved as a result of the inefficient administration of
enormous quantities of material. Moreover, the use of
carriers can cause additional drug formulation
difficulties. For example, lactose, the most commonly used
material for this purpose, is a reducing sugar and can
react chemically with some drug substances, such as
proteins and peptides.

The mechanical manipulation of lactose, such as
blending and sieving, also results in "high energy spots"
on the surface of the carrier. This results in a reduction
of inhalation efficiency, because of the additional energy
required to disperse the drug material.

The use of spray-drying in pharmaceutical processing
is not new. However, it is usually used to bind particles
together, for the purposes of obtaining powders with good
flow properties.

US-A-5202159 describes spray-drying a slurry of
diclofenac, excipients, methacrylic acid-ethyl acrylate
copolymers and polyethylene glycol, and formulating the
product into tablets. US-A-4971787 discloses spray-drying
a medicament with sugar, and formulating the product with

a specific gum base, to give a chewing gum composition.



10

15

20

25

30

WO 99/32083 - PCT/GB98/03853

4

US-A-4180593 discloses producing free-flowing blown
bead food products, by spray-drying the foodstuff with a
blowing agent, and then quenching, in order to control the
bulk density. The reported bulk density in the only
Example is about 0.1 g.cm™ (6 lb/ft®).

Summary of the Invention

By contrast to the prior use of spray-drying, for
bonding particles together in a medicament, the present
invention uses spray-drying for the production of large,
light particles. More particularly, it has now been found
that microcapsules having properties that are particularly
suitable for use in ultrasound diagnostic procedures, i.e.
non-porous, and for the delivery of a therapeutic agent by
inhalation, can be prepared by the simple expedient of
including a blowing agent in the formulation to be spray-
dried. As a result, microcapsules having a bulk density of
no more than 0.2 g.cm™ can be obtained.

Microcapsules of the invention are very suitable for
formulation in an inhaler. If they comprise a therapeutic
agent, they provide rapid release and subsequent uptake of
drug in the lung, and avoid drug encapsulation, quite by
contrast to any sustained release formulation. Further,
products of this invention do not require a carrier, for
effective administration to the lung. An inhaler including
microcapsules of the invention may therefore contain the
microcapsules as the sole or predominant component of the
inhalable formulation.

Thus, the present invention allows the controlled,
reproducible administration of small quantities of potent
and/or expensive medicines without the need for carrier
material. Problems associated with the use of lactose can

be avoided.
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Moreover, if the microcapsules contain only wall-
forming material, and no therapeutic agent is included as
such, they are particularly suitable for use in ultrasonic
imaging. The relatively thin walls of the microcapsules
apparently provides improved echogenicity.

Description of the Invention

Procedures for preparing microparticles by spray-
drying, suitable wall-forming materials (such as albumin),
and processes for stabilising the microparticles, e.g. by
heat or chemically, are fully described in, inter alia, WO
92/18164 and WO 96/15814 (describing the currently
preferred process), the contents of which are incorporated
herein by reference. According to the present invention,
these procedures are modified by the inclusion of a blowing
agent, in the feedstock for spray-drying.

The blowing agent is a volatile substance which
releases a gas or gases during the spray-drying process.
Blowing agents are used in the present invention, to
produce hollow microcapsules. Suitable blowing agents
include ammonium acetate, ammonium hydroxide, ammonium
carbonate, ammonium bicarbonate, acetic acid, formic acid
and hydrochloric acid. The pH at which these blowing
agents are used may vary; this implies that compounds with
pH-dependent solubilities can be spray-dried with the
addition of a suitable blowing agent.

By way of example, the blowing agent used in the
production of albumin microcapsules is ammonium carbonate
which releases ammonia, carbon dioxide and water vapour.
During spray-drying, these three gases expand in the
atomised droplets, causing the droplet to increase in size,

to produce larger, thinner-walled microcapsules.
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Products of the invention may have various
characteristics, depending on the conditions of their
preparation. For example, their median size is 1 to 20 um,
and their wall thickness is no more than 500 nm, e.g. 10 to
250 nm, more preferably 100 to 150 nm. Their bulk density
may be 0.01 to 0.15 g.cm™>, more preferably 0.04 to 0.1
g.cm™,

The microcapsules of the invention comprise a wall-
forming material and, if desired, a therapeutic agent
(which may be the same). If the wall-forming material and
the therapeutic agent are different, the microcapsules may
be formed by co-spray-drying.

As indicated above, the microcapsules may comprise
albumin, and preferably human serum albumin. Albumin may
be used as a therapeutic agent per se, or as a wall-forming
material in combination with a therapeutic agent. Other
active agents for use in the invention will be chosen
having regard to the desired effect. Examples of active
agents that may be used include cotranscytosis factors,
fibrinogen, thrombin, insulin, growth hormone, calcitonin,
o-antitrypsin, FSH, o-interferon, p-interferon, heparin,
Factor VIII, Factor IX, interleukins and blood coagulation
factors. Other wall-forming materials that may be used are
described in WO 92/18164.

For the preferred route of administration, the soluble
microcapsules obtained by spray-drying are used. As
indicated above, stabilisation may be used, if another
route of administration is required and/or for diagnostic
purposes. The amount of microcapsules to be administered
can readily be determined by the skilled man.

The following Examples illustrate the invention.
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Example 1
212 ml diafiltered 10% w/w HSA solution containing 60

g ammonium carbonate was spray-dried on a standard Mobile

Minor spray-dryer. The conditions were as follows:

Inlet temperature - 220°C
Atomisation pressure - 2.0 barg

Feed rate - 21.4 g/min
Atomisation type - 2-fluid nozzle
Liquid insert - 0.5 mm

The non-fixed microcapsules obtained by spray-drying,
which are soluble, behaved as a powder, demonstrating
liquid fluidised properties. They are suitable for use as
such, in an inhaler.

For testing purposes, 4 g microcapsules obtained by
spray-drying were heat-stabilised for 55 minutes at 176°C
in a hot air oven. After heat stabilisation, the
microcapsules retained their fluidized properties.

A 50 mg aliquot of heat-stabilised microcapsules was
dispersed in de-ionised water (sonication in ethanol was
not necessary). The suspension was then microscopically
examined and sized using a Coulter Counter fitted with a 50
um aperture tube.

Microscopic examination showed the presence of 2
distinct populations of microcapsules. The first
population consisted of hollow, air-containing
microcapsules approx. 5 um in size, and the second
population consisted of larger, blown microcapsules
containing the suspension fluid. Microcapsules of both
populations may be suitable for use in accordance with the
invention, independently or in combination.

The microcapsules had very thin walls. They were

self-fluidising and had a density of approximately 0.07
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g/cm’. They were therefore suitable for testing as
products for delivery by the pulmonary route. The median
size by volume distribution of these microcapsules was
shown to be 10.7 uym by Coulter Counter sizing.

Using a multi-stage liquid impinger (MLSI) and a
Dinkihaler, the aerodynamic diameter of the microcapsules
was determined.

Three gelatin capsules were each filled with 10 mg of
the microcapsules. Each stage of the MLSI was filled with
20 ml purified water, and the air flow set to 60 1l/minute.

A single gelatin capsule was pierced at both ends and
placed in the Dinkihaler. The air flow was turned on for
30 seconds and then switched off.

The device and throat were each washed with 20 ml
purified water. Each stage was washed in a total of 25 ml
purified water and the filter was washed in 10 ml purified
water. They were then assayed for protein by standard
methods. |

The MLSI was washed thoroughly and prepared for a
second run as described above. 3 runs were carried out.

Results are shown in the following Table.

Stage Percentage Accumulation

Run 1 Run 2 Run 3
Device 17.02 8.85 14.27
Throat 22.62 11.57 18.08
1 (>13.4 pum) 4.78 2.66 5.31
2 (13.4-6.8 um) 14.58 18.30 12.99
3 (6.8-3.1 um) 25.92 32.63 23.56
4 (3.1-1.7 pum) 7.96 15.59 11.09
Filter (<1.7 um) 1.38 4.64 7.58
Total Recovery (%) 94.30 94.23 92.87
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The respirable fractions (defined as particles below
6.8 um) for runs 1 - 3 were 33%, 53% and 42%, respectively.
The results are also representative of the non-stabilised
microcapsules, and suggest that this type of microcapsule
is suitable for pulmonary delivery.
Example 2

100 ml of diafiltered 20% w/w HSA solution containing
10 g ammonium carbonate was spray-dried on a Niro Mobile

Minor spray-dryer. The following conditions were used:

Inlet temperature - 220°C
Atomisation pressure - 7.5 barg

Feed rate - 3.96 g/min
Atomisation type - 2-fluid nozzle
Liquid insert - 0.5 mm

5g of the spray-dried microcapsules thus obtained were
heat-stabilised for 55 minutes at 177°C in a hot air oven.
The stabilised microcapsules were then deagglomerated with
an equal mass of glucose using a Fritsch centrifugal pin
mill.

The microcapsules were sized using a Coulter Counter
fitted with a 100 um orifice tube which found that the
volume median diameter of the'microcapsules was 10.1 pm.
The echogenic properties were characterised as described in
Example 5 of WO 96/15814. The known microcapsules were
found to have echogenicities of around 26 VDU's; for the
microcapsules of this Example, containing a blowing agent,

the corresponding value was 69 VDU's.
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CLAIMS

1. Microcapsules having a wall thickness of no more than
500 nm, and a bulk density of no more than 0.2 g.cm™, for
therapeutic or diagnostic use.

2. Microcapsules according to claim 1, whose median size
is 1 to 20 pum.

3. Microcapsules according to claim 1 or claim 2, whose
wall thickness is 10 to 250 nm.

4. Microcapsules according to claim 3, whose wall
thickness is 100 to 150 nm.

5. Microcapsules according to any preceding claim, whose
bulk density is 0.01 to 0.15 g.cm™.

6. Microcapsules according to claim 5, whose bulk density
is 0.04 to 0.1 g.cm™.

7. Microcapsules according to any preceding claim, whose
walls are comprised at least predominantly of albumin.

8. Microcapsules according to any preceding claim,
obtainable by spray-drying a wall-forming material, in
combination with a blowing agent.

9. Microcapsules according to any preceding claim, which
comprise a therapeutic agent.

10. Microcapsules according to claim 9, which comprise a
cotranscytosis factor.

11. Microcapsules according to claim 9, which comprise
fibrinogen or thrombin.

12. Microcapsules according to claim 9, which comprise an
active agent selected from insulin, growth hormone,
calcitonin, a-antitrypsin, FSH, a-interferon, f-interferon,
heparin, Factor VIII, Factor IX, interleukins and blood
coagulation factors.

13. Microcapsules according to any of claims 9 to 12,

which are soluble.
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14. An inhaler comprising a inhalable formulation of
microcapsules according to claim 13.

15. An inhaler according to claim 14, wherein the
formulation comprises the microcapsules as the sole or the
predominant component thereof.

16. Use of a therapeutic agent for the manufacture of a
medicament for use in therapy of a condition for which the
therapeutic agent is active when administered to the lung,
wherein the medicament comprises microcapsules of the
therapeutic agent, according to any of claims 9 to 13.
17. Microcapsules according to any of claims 1 to 8, which
are insoluble.

18. Use of microcapsules according to claim 17, for the
manufacture of a medicament for use in diagnosis, by

ultrasound imaging.
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