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LIPOPHILIC MICROPARTICLES CONTAINING A PROTEIN DRUG OR
ANTIGEN AND FORMULATION COMPRISING SAME

FIELD OF THE I ON

The present invention relates to microparticles coated
with a lipophilic substance, which comprise a protein drug
or an antigen, and a sustained-release formulation thereof
for an effective in vivo delivery of the drug or antigen.

BACKGROUND OF THE INVENTION

It is well known that protein drugs or antigens suffer
from the problem of denaturation caused by heat, organic -
solvents and/or unfavorable ‘pH(Weigi Lu et al., PDA J.
Pharm. Sci. Tech., 49, 13-19 (1995)). They are usually
administered by injection; however, because their in vivo
activities last only for a short period of time after
administration, they have to be administered repeatedly when
a loﬁg-tem treatment is required. For example, to treat a -
pituitary deficient child’s dwarfism, human growth
hormone (hGH) must be injected daily or every other day for -
a period of 6 months or more. Therefore, there has been
many efforts to develop effective sustained-release
formulations of protein drugs or antigens.

For example, extensive studies have been made to
develop a sustained-release micropartiéle formulation
prepared by coating a protein drug or an antigen with a
synthetic biodegradable polymer, e.g., polylactide,
polyglycolide, poly(lactide—co-glycolide) , poly-ortho-ester

or polyanhydride, which continuously releases the drug or

the antigen as the polymer degrades in the body(M. Chasin
and R. Langer, ed., Biodegradable Polymers as Drug Delivery
Systems, Marcel Dekker (1990); and Heller, J., Adv. Drug
D Rev., 10, 163 (1993)). Although this type of
formulation has several advantages, it suffers from the
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serious problem that the drug or antigen undexrgoes
denaturatlon upon its contact with an organic solvent dunng

the preparation process t_he:J:e_of. _(Park, T. G. et al., J.

Control. Rel., 33, 211- 223 (1995)). The use of an organic
solvent is unavo:.dable because a blodegradable polymer

dissolves only in an organlc solvent e.g., methylené’

chloride, ethyl acetate, acetonltrlle, chioroform or
acetone. '. '

In order to av01d such undes:.rable contact of a drug or
antigen with an organic solvent, Lee_et,__al. have prepared a
microparticle by coating ‘an antigeri with a water-soluble
polymer to obtain a pritﬂary particle; dispersing the primary

" particle in an organic solvent containing a biodegradable

polymer, and dry:.ng the resultlng dlspersz.on to obtain a
final mlcropartlcle(Lee,_H K. et al., ._Control. Rel.

'283-294 (1997); and US Patent No. 5,753,234) . However, the

process of preparing such mlcropartlcle is complicated and
"uneconomical.

There have also been attempts to develop & sustained

release formulat:.on contalm.ng a natural polymer, e.g.,

gelatin, collagen, chltosan_, _carﬁoxymethyl cellulose,

alginate or hyaluronic acid. The ‘natural polymer easily

absorbs water to form a gel having a high viscosity which
releases a drug or antigen slowly. For example, US Patent
No. 65,416,017 discloses a 'sustain_ed'-reJ:ease injection
formulation of erythropoi_etin_ containing a 0.01 to 3 %

hyaluronic acid gel; Japanese Patent Laid-open NoO. 1-
287041 (1989), a sustained-release injection formulation of '

insulin contaln:l.ng al % hyaluronlc acid gel; Japanese

' Patent Laid-open No. 2-213(1990), a sustained-release

formulation of calcitonin or human g__rowth' hormone containing
a 5% hyaluronic acid gel; and Meyer,_ J. et al.(J. Controlled

~ Rel., 35, 67 (1995)), a sustained release formulation of

granulocyte-colony st:.mulat:.ng factor(G -CSF) contalnlng a
0.5 to 4% hyaluronic acid gel.

Such hyaluronic acid gel formulat:.ons have a sustained
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release effect because the protein drugs slowly pass through
the gel matrix having a high viscosity. However, a gel

having a hyaluronic acid concentration of several % has a

high viscosity, e.g., in the order of 10° to 107 centipoise,

which makes the injection thereof difficult. Further, since
both the drug and hyaluronic acid dissolve in water, a
hyaluronic formulation is easily diluted by the body fluid
after injection, with a consequential rapid release of the
drug, usually within a day. For example, Japanese Patent -
Laid-open No. 1-287041(1989) discloses that when a 1 %
hyaluronic acid gel formulation containing insulin was
injected to a rabbit, the effect of lowering the blood
giucose_ level was sustained for only 24 hours; and Meyer, J.

et al. (vide supra) and US Patent No. 5,416,017, that when a

-2 % hyaluronic acid gel formu_lation containing G-CSF and a

1.5 % hyaluronic acid gel formulation containing interferon-
a together with serum protein are administered to an animal,
blood levels of these protein drugs suddenly drop to below

' 1/10 of the initial levels in 24 hours.

Benzyl hyaluronate (HYAFF™, Fidia S.P.A.), a synthetic
ester prepared by esterifying ‘natural hyaluronic acid with
benzyl alcohol, does not dissolve in water but in an organic
solvent such as dimethyl sulfoxide (DMSO). A solid benzyl
hyaluronate microparticle formulation __cc_:ntainihg a protein
drug has been prepared by the emulsion-solvent extraction
method (Nightlinger, N.S. et al., Proceed. Intern. Symp.
Control Rel. Bioact. Mater., 22nd, Paper No., 3205 (1995);
and Tlum, L. et al., J. Controlled Rel., 29, 133 (1994)),
which is conducted by dissolving benzyl hyaluronate in DMSO;
dispersing the protein drug in the resulting solution;
adding the resulting __aispersion to mineral oil to form an
emulsion; and adding a solvent which is miscible with DMSO,
e.g., ethyl acetate, to the emulsion to extract DMSO
therefrom to obtain s8o0lid microparticles comprising the
protein drug ‘and benzyl hyaluronate.

However, the benzyl hyaluronate formulation has the
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drawback that the_protein'&rcg_can_be_easiiy denatured by
the organic 301vent_used_in the preparetive_step and also by

hydrophobic benzyl hyaluronate itself. An in vitro release

test of a benzyl hyaluronate microparticle' comprising

granulocyte macrcphage—cq1ony stimulating factor (GM-CSF)
showed that only 25 % of GM-CSF was released in the initial
2 days and thereafter no more of GM- CSF(nghtllnger, N.S.

et al., yide sugrg), suggestlng that most of the protein
drug was denatured.

In the meantlme, severei attempts have been made to
develop an oral formulatlon.of a.proteln drug or an antigen,
using, in partlcular,_ the fact _that a mlcropartlcle

' contalnlng an antlgen havzng a partlcle size of 5 um or less

can be ea51ly'phagocytoslzed.by a phagocyte It therefore,

. is expected that an antigen can be targeted to a specific

location in the body, e.qg., Payer 8 patches of small
intestine. '~ ' '

chever, 1t is d1ff1cult for'M cells of Payer's patches
' to absorb an antlgen due to its hydrophlllclty and high -

molecular weight. To enhance the absorptlon of an antlgen3
by M cells, an absorptlon enhan01ng agent such as a mixed

. bile salt-fatty acid micelle, chelatcr,f fatty -aecid,

phospholipid, acrylcarnitine, surfactant, medium chain

glycerldes has been.employed(Lee, V. H. L., Crit. Rev. Ther.
Drug Carrier sttems, 5, 69-97 (1988), Yoshloka, S. et al.,

J. Pharm. Sci., 71, 593- 597 (1982), Scott-Moncrleff J. C.

et al., J. Phgrm Sci., 83, 1465-1469 (1994), Muranishi, S.:
et al., Chem, Pharm Bgll., 2__, 1159 1163 (1977); Fix, J. A.

et al., Am. J Phygiol., 251 G332 G340 (1986), Shao, 2. et
al., Pharm. Res., 10, 143- 250 (1993); Constantlnldes, P. P.
et al., Proc. Int. Symp Control Release Biocactive Mater.,

20, 184-185 (1993); and Bjork, E. et al., J. Drug Targeting,
2, 501-507 (1995)). Further, it has been reported that when
a microparticle preparedc by encapeulating bovine serum
albumin in lecithin-cholesterol liposome is orally
administered to an animal,'ah IgA reeponee'in the glandulae
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salivares is increased(Genco, R. et al., Ann. N. Y. Acad.
Sci., 409, 650-667(1983)).

However, the only effective oral vaccine formulation
that has been successfuliy developed is a polio vaccine for
which an intestine receptor exists, and the liposome
microparticle has the problem of structural instability.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention
to provide a microparticle having an improved stability and
effective delivety of a protein drug or an antigen.

It is another object of the present invention to
provide a sustained-release formulation comprising said
microparticle. |

In accordance with one aspect of the present invention,
there is provided a lipophilic microparticle having an
average particle size ranging from 0.1 to 200 gm, comprising
a lipophilic substance and an active ingredient selected
frem_the group consisting of a protein-or peptide drug -and
an antigen.

BRIEF DESCRIPTION OF THE DRAWINGS

'~The above objects and feetures of the present invention

will become apparent' from the following description of

preferred embodiments taken in conjunction with the
accompanying drawings, in which: _ _

 Fig. 1 shows in witro release profiles of
Microparticles 11, 12 and 13;

o Figs. 2A and 2B reproduce RP HPLC scans of the
Microparticle 12 extract solution obtained in Test Example
3 and a standard hGH equeous solution, respectively; and
. Figs. 3A and 3B illustrate SEC scans of the
Microparticle 12 extract solution obtained in Test Example

3 and a standard hGH agueous solution, respectively.

This Sheet Has Been Replaced

P
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DETAILED DESCRIPTION OF THE INVENTION

The sblid 11poph111c mlcropartlcle of the present
invention compr:.ses a 11poph111c substance and an active
ingredient. ’ '

The active ingredient which may be used in the present
invention is a protein drug, pept:Lde drug or antigen.
Representative protein or pept ide drugs include human growth
hormone,  bovine growth hormone, porcine growth hormone,
growth hormone releasing horr'aone,' growth hormone releasing
peptide, granulocyte- colony stlmulatlng factor, granulocyte
macrophage- colony stlmulatlng factor, macrophage-colony

. stimulating factor, erythropoletln, bone morphogenic
- . protein, interferon, insulin, atrlopept:i'.n—_III,' monoclonal”

antibody, tumor necrosis factor, -macrophage ~activating
factor, interleukin, tumor degeneratn.ng factor, insulin-like
growth factor, epldermal growth factor, tissue plasminogen
activator and urokinase, but these do not limit the protein -

- . or peptide drugs which may _be_-us'éd in thé_.pfesent invention.
20

Representative antigens include those obtained from:
one or more pathogens selected from the group consisting of

. adenovirus type 4&7, hepatitis A virus, hepatitis B virus,

hepatitis C wvirus, influenza A & B virus, Japanese B
encephalitis virus, measles virus, epidemic parotitis virus,

‘rubella virus, polio virus, hydrophobia virus, chickenpox

virus, yellow fever virus and human immunodeficiency virus;

-one or more pathogens selected from the group consisting of

Bordetella pertussis, Borrelia gufgdorfe'ri_, enterotoxigenic
Escherichia coli, Haemophilus ~ influenza type b,

Mycobacterium leprae, chobacterium 't:'uberculogis, Neigseria

meningitidis A & C, Neissgeria megingit'idis B, Pseudomonas
aeruginosa, Pseudomonas ¢ cepacia, _g_]ﬁge_llg_m Shigella
spp., Streptococcus pneumoniae and Vibrlo cholerae; one or

more pathogens selected from the: group consisting of
' Coccidiodes jmmitis, Leishwania sp. and Plasmodium sp.; one

or more pathdgéns responsible for the disease selected from
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the group consisting of bovine blackleg, bovine epidemic
fever, bovine ahthrax, bovine Akabane's disease, bovine
foot-and-mouth disease, bovine mammitis, bovine infectiocus
nasotracheal inflammation, bovine viral diarrhea, bovine

‘infectious gastroenteritis, porcine cholera, porcine

epidemic diarrhea, porcine atrophic gastritis, porcine

- disease caused by pavovirus, porcine enteritis caused by

rotavirus, chicken Newcastle disease, chicken Marek’s
disease, chicken encephalomyelitis, rabies, dog distemper,
dog enteritis caused by parvovirus and dog infectious

‘hepatitis, the antigen being an attenuated, killed or

recombinant antigen; or DNA, RNA, plasmid, CpG DNA or
oligonucleotide extracted from the pathogen, but these do
not limit the antigen which may be used in the present
invention. . ,

‘The lipophilic substance which may be . used in the
present invention includes a lipid and its derivatives, a
fatty acid and its derivatives, a wax and a mixture thereof.
Representative lipids include lecithin, phosphatidylcholine,
phosphatidylehanolamine, phosphatidylserine and
phosphatidylinositol. Representative derivatives of lipid
include érachidoyl phosphatidylcholine and stearoyl
phosphatidylcholine. Representative fatty acids include
myristic acid, .palmitic_;agidl_ stearic. acid, and salts
théfeof.' Representétive derivatives of fatty acid include
glyceryl stearate, sorbitan palmitate, sorbitan stearate,
sorbitan monooleate and polysorbate. Representative waxes
include an anionic emulsifying wax, carnauba wax and
microcrystallihe wax. Among those, preferred are surface-
active lipophilic substances such as lecithin,

‘phosphatidylcholine and phosphatidylehanolamine.

The lipophilic microparticle of the. present invention
may comprise 0.001 to 99 % by weight, preferably 0.1 to 10
¥ by weight, of an active ingredient and 1 to 99.999 % by
weight, preferably 5 to 50 % by weight, of an lipophilic
substance, based on the weight of the microparticle.
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In.addltion to the actlve lngredlent the microparticle
of the present 1nwentlon may further comprlse hyaluronic
acid or an 1norgan1c salt thereof : Representatlve inorganic

" salts of hyaluronlc ac1d 1nc1ude sodium hyaluronate,

potassium hyaluronate, ammonlum hyaluronate,_ calcium
hyaluronate, magne51um hyaluronate, zinc hyaluronate and
cobalt hyaluronate. Hyaluronlc ac1d or 1ts inorganic salt
may be used 1n an amount ‘ranging from 0.1 to 99 % by welght

‘based on the welght of the m1cropart1c1e

The mlcropartlcle of the present 1nvent10n may further

comprise a water-soluble excipient _for the purpose of "
 stabilizing the active ingredient. The water-soluble -

excipient which may be used in’ the present . invention
includes a carbohydrate such as hydroxypropyl cellulcse,

carboxymethyl cellulose, sodium carboxymethyl cellulose, -
chitosan, alginate, glucose, xyloee, ‘galactose, fructose,
.maltose, sadcharbse, dextran and chondroitln sulfate; a
protein such .as albﬁmln and gelatln, an amino acid such as

glycine, alanlne, glutamlc acld arglnlne, lys1ne and a salt
thereof; a fatty acid such as stearic acid; .an inorganic
salt such as phosphate, a surfactant such as Tween®(ICI)
poly(ethylene glycol) and a mlxture thereof. The water-

‘'soluble exc1p1ent may be used in an amount ranging from
' 0.001 to 99 % by welght, preferably from O. 1 to 50 % by

weight based on the amount of the mlcropartlcle.

The llpophlllc mlcropartlcle of the present invention
may be prepared by coatlng a solld particle containing an
active 1ngredient with ‘a llpophlllc substance accordlng to
any one of follow1ng methods._

The llpophlllc mlcropartlcle of the present invention
may be prepared by dlssolv1ng an actlve ingredient in an
agueous solutlon contalnlng other optlonal components such
as hyaluronlc ac1d and a water- soluble excipient; spray- or
freeze-drying  the resultlng solutlon to obtain solid
particles contalnlng the actlve 1ngred1ent, digpersing the
solid partlcles 1n' an organlc solvent containing a
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lipophilic hf.éubstance; and then di‘y ng the dispersion to
obtain solid, lipophilic microparticles. The organic
solvent which may' be used in the above procedure includes
ethanol, methylene chloride and isopropyl alcohol.
Alternatively, the lipophilic microparticle of the
preséni: invention may be prepared by dissolving an active
ingredient in an agqueous solution containing other optional
components such as hyaluronic acid and a water-soluble
excipient, adding a surface-active lipophilic substance such
as lecithin thereto td_ allow the' surface-active lipophilic
substance to hydraf:e, - and spray drying the resulting
golution. In the 's_p'ray-drying step, the surface-active’
lipophilic substance migrates to the surface of the droplets

‘and coats the particles containing the active ingredient.

The inventive microparticle thus prepared has an
average particle size ranging from 0.1 to 200 gm, preferably"
from 1 to 50 um, more preferably 1 to 10 pum.

The inventive microparticle containing an active
ingredient has sev_éral a_dvantages: (1) the_aétive ingredient
is not denatured and retains its full activity; (2) it
releases the active ingr_edient fully over a prolonged time; -
(3) it is easily dispersed in a lipophilic medium such as an
o0il, and the dispersion 'thus obtained has a low viscosity
and retains the full ac_tiyity of t__he_adtive ingredient; (4)
it is 'eé’sily fué_édl.f wi'th_. the phosphol_ipid membrane - of the
body to effectively transport the active ingredient into the
bddy; (5) when it is orally administered, it can be

translocated into M cells of Payers'’s patches located in the

small intestine. _ _
The microparticle of present invention may be
formulated in the forms of dispersion, emulsion and aerosol.
Therefore, the present invention further provides a

dispersion fdrmui_at'iqn'prepared by dispersing the inventive

lipophilic microparticles in a lipophilic medium. The
lipophilic medium which may be used in the present invention
inclu_des_ an edible oil, m_ineral oil, squalene, squalane, cod



10

15

20

25

30

35

. WO 00/41682 PCT/KR00/00025

- 10 -

liver oil, mono-, di- or triglyceride, and a mixture

~ thereof. Répreseni:ati\}é edible ©ils include corn oil, olive
‘0il, soybean oil, safflowe;* oil, cotton seed oil, peanut

0il, sesame oil, 'su_nﬁlow'e':lf: 0il and @ mixture thereof. The
lipophilic medium may further 'comprise a dispersing agent or
a preservative. The diépers"ion_ formulation may be used for
injection or oral a‘&rﬁin'_:i.s'tra_i:ion. |

~ The present 1nventlon also provides an oil-in-water
emulsion formulation ¢dmprising_ an aqueous injection medium

and the di_slpersjant__ 'fo"fi:‘muiat::_i'on. The aqueous injection

- medium 'inclugies 'dist_illed_ :'wat,'_e__r_land_'a buffered -8olution. 1In

the. emulsidh""foi'mulat'ion, _thq lipophilic microparticles are
coated with an oil and’ re:ma_.'in'.:'in the oil phase while
enhancing the f-drtﬁatigh_ éf;d' .__étabil:_‘._zétion of the water-in-
oil -'emulsiéi_i. " The emulsion formulation may be used for
injection. .’ T R , N . B
The emulsion fo;_;m\'._tlét_ic'm, _whéh'its active ingredient is

. an antigen, ‘may fui_‘f_:hez_‘ comprise another antigen in the

aqueous inj ection.medii;m,. the_réby- providing a mixed vaccine

~formulation. | For 'eJ_c"ar:np.le,_ a'disp'er_si'on- formulation which

comprises ‘microparticles ' of - hepatitis B  gurface
antigen (HBsAg) dispersed in an edible oil, may be mixed with
a DTP vaccine "contai_fiing_ DTP antigen adsorbed to alum in an

‘aqueous solution, to obtain an  oil-in-water emulsion

formulation. ' The emulsion formulation thus obtained is
composed of an aqueous phase containing DTP ar;tigen adsorbed
to alum and an oil phi':}s_e contai_ninﬁ solid microparticles of
HBsAg. In this emulsion formulation, HBsAg and DTP antigen

are present separately ‘in the aquéo_ué phase and oil phase,

. Yespectively, :'thereby. pPreventing undesirable interactions

between HBsAg and DTP "an_ti'.geri'. In contrast, a mixed vaccine
formulation :Srépared by ::ilcllsorbin_g= several antigens to alum
in "an aqueous s’olut.{oi; 'is known to suffer from a low
vaccination effect due to hndeéifable__interactions between

‘the antigens.

The present invention further provides an aerosol
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formulatioﬁwébmprising the inventi%@?nﬁcroparticle. The
aerosol formulation may be prepared according to a
conventional method using a conveﬁtional excipient. The
aerosol formulation may be administered via nasal or
bronchial mucous membrane. _

The following Examples are intended to further
illustrate the present invention without limiting its scope.

Further, pefcentages given below for solid in solid
mixture, liquid in liquid, and solid in liquid are on a
wt/wt, vol/vol and wt/vol basis, respectively, unless
specifically indicated otherwise.

Example 1: Preparation of Lipophilic Microparticles
Lecithin was added to 10 mM phosphate buffered

solution(PBS) at a concentration of 2 %(w/v) and hydrated

thoroughly. A recombinant  hepatitis B surface

~antigen(HBsAg, LG chemical Ltd.) was added thereto to a

concentration of 0.5 mg/mf and the resulting solution was

‘provided to a spray dryer(Buchi 191) at a flow rate of 0.55

mé/minute to obtain solid microparticles (Microparticle 1).
In this step, the inflow air temperature was 70 °C and the
outflow air temperature, 50 °C. The particle size of the
microparticles thus obtained was in the range of 0.1 to 5
pm.

Example 2: Prepafation of Lipophilic Microparticles

Recombinant HBsAg was dissolved in 10 mM PBS to a
concentration of 0.5 mg/m{ and carboxymethylcellulose was
added thereto to a concentration of 3 %(w/v). The resulting
solution was provided to a spray dryer (Buchi 191) at a flow
rate of 0.55 mf{/minute to obtain primary particles. In this
step, the inflow air temperature was 70 °C and the outflow
air temperature, 50 °C.

A solution of S $(w/v) lecithin in ethanol was prepared
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and the primary 'particles were dis_persed_ therein at a
concentration of 5 %(w/v). The resulting dispersion was
provided té a spray dryer (Buchi 191) at a flow rate of 1.0
m!/minute to obtain solid miéroparticles(Microparticle 2).

In this step, the 1nflow alr temperature was 85 °C and the
outflow air temperature, 50 °C. The partlcle size of the

'mlcropartlcles thus obtalned was in the range of 0.1 to 5

pm.

- Example 3: Preparation'Of Lipophilic Microparticles

Carboxymethylcellulose was dissolved in 10 mM PBS to a
concentration of 3 % (w/v). Lecithin was added thereto to a

- concentration of 2 %(w/v) ‘and . hydrated thoroughly.
15 .

Recombinant HBsAg was then added thereto to a concentration
of 0.5 mg/mlé. The resulting solution was provided to a

'__spray'dryér(Buchi-lSi) at a flow rate of 0.55 mf /minute to
~obtain 901idﬂmicrdparticieé(Microparticle 3). In this step,

- ‘the inflow air temperature was 70 °C and the outflow air
.temperature,. 50 °C. -The particle size of the mlcropartlcles

thus obtained was in the range of 0. l to 5 um._

.Examples 4 to 9: Preparation of Lipophilic Microparticles.

The procedure of Example 3 was repeated using various

ingredients listed in Table I to obtain various solid
.mlcropartlcles(Mlcropartlcles 4 to 9).




© Table I
Microparticle | Active Water-soluble Lipophilic | Particle Size
No. Ingredient | Excipient Substance (pm)

1 0.5 mg/m¢ |- | 2 %(w/v) 0.1 - 5
HBsAg Lecithin .

2 0.5 mg/m{ 3 %(w/v) 5 %(w/v) 0.1 -5
HBsAg Carboxymethylcellulose | Lecithin

3 0.5 mg/mf 3 $(w/v) o 2 % (w/v) 0.1 -5
HBsAg Carboxymethylcellulose | Lecithin

2 0.5 mg/m¢ . |3 %(w/v) 1 %$(w/v) 0.1 - 5
HBsAg Carboxymethylcellulose | Lecithin

5 0.5 mg/mf |3 %(w/v) | 0.5 %$(w/v) |0.1 -5
HBsAg Carboxymethylcellulose | Lecithin

6 0.5 mg/mf |3 s(w/v) . 2 %(w/v) 0.1 -5
HBsAg ' Hydroxypropylcellulose | Lecithin

7 0.5 mg/m{ |3 %(w/v) gelatin 2 %(w/v) 0.1 - 5
HBsAg _ Lecithin

8 0.5 mg/mf 3 $(w/v) 2 $(w/v) 0.1 - 5
HBpreS2Ag" | Carboxymethylcellulose | Lecithin

9 2,16 mg/ml |3 %(w/v) 2 %(w/v) 0.1 -5
SEC-SER® Carboxymethylcellulose | Lecithin

1
2)

Hepatitis B preS2 Antigen
Staphylococcal Enterotoxi

n C1 mutant protein (LG Chemical Ltd.) (used in a

quantity that the concentration of the protein becomes 6 wt% based on the
total weight of ingredients)

- €T -~

Z891P00 0M "

ST000/00M/LOd
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Example 10: Preparation of Lipophilic Microparticles

Car'bok?ihethylcellulose was dissolved in 10 mM PBS to a

_concentratlon of 3 %(w/v), the re_sulting solution was

filtered and sterlllzed Lecithin was added thereto to a

-concentratlon of 2 %(w/v) and hydrated thoroughly. A DNA

extract of E col:L was dissolved in 10 mM PBS in an amount
of 1 mg/mé and this- solutJ.on was added to the above mixture
to a concentratlon of 6 wt based on the total weight of the
mixture, followed by mlxlng using a. magnetlc stirrer. The
resulting suspens:.on was provided to a spray dryer (Buchi

191) at a. flow rate of 0.55 mt’/m:.nute to obtain solid

mn.cropart:.cles (Mzcropart:.cle 10) In this step, the inflow
air temperature was 70 °C and the outflow air temperature,
50 e°cC. Th_e. particle . si_ze. of the microparticles thus

. obtained was in.the range of 0.2 to 3 pm. .

Exa_mple 11: '-.’]_?reparation of Lipophili_c Microparticles
Human growth hormone (hGH) was dlssolved in 5 mM PBS to

thereto in an amount of 0.01 wt% based on the weight of PBS.

Sod:Lum hyaluronate hav:.ng a molecular ~weight of 1, 000 000
was dlssolved there:m to a concentrat:.on of 0.2 $(w/v). The
resulting solutlon was prov:.ded to a spray dryer(Buch1 190)
at a flow rate_. of 3 mf/minute to obtain primary particles.
In this step-._-""the in_floW‘ air temperature was 85 °C. The
average 'partifc,l'e size of the primary particles thus obtained

was 3 pm.

Lecithin was d:.ssolved in ethanol to a concentration of
1 %(w/v} and then _th_e primary particles were suspended

therein at a concentration of 1 %(w/v). The resulting
suspension was provided to a spray dryer (Buchi 190) to
obtain mlcropartlcles (M:.cropart:.cle 11). The average

particle size of the microparticles thus obtained was 7 um,
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Examples 1288 24: Preparation of Lliﬁﬁphlllc Microparticles

The procedure of Example 11 was repeated using various
ingredients listed in Table II to obtain various solid
5 microparticles(Microparticles 12 to 24).



Table II

icroparticle Primary Particle . . Microparticle
No. Active luater-soluble |Sodium - - |inflow Air |[Average [Primary {Lipophilic Solvent |Average
Ingredient Excipient Hyaluronate TemperaturelParticle |Particle|substance Particle
fC%Cusvy 7 M) [C°C) Size (am) [CUC(w/v)) Size (zm)
1 2 ma/mt hGH 0.01 wt% Tween 80 0.2 %({w/v) 8 3 1 1 %(w/v) Lecithin IEthanol. 7
/_ Mz 1,000,000
12 1 ma/m¢ hGH 0.01 wt% Tween 80 0.1 %(u/v) - 85 2 1 1 %(w/v) Lecithin [Ethanol 5
— / MWz 2,000,000 -

13 0.1 mg/mt hG6H  [0.01 wt¥ Tueen 80 0. 9 x(ulv) 85 2 1 1 !(ulv) Lecitlnn IEthlnol Lt .8
s 146 ﬁ.—_nglmc-bSTa’ . ‘0.01_utX'Tueen'80 e |042 %(Hlv) 00 - 85 R R - I 1 %(wlv) Lecithm IEthanol K 7 -
15 2 mg/me pST / J0.01 wt? Tween 80 0.2 %(u/v) 85 1 1 %(w/v) Lecithin [Ethanol 7

/ W4z 2,000,000 - _
16 4 g9/mt G - [0.01 wik Tween 80 0.6 %(w/v) .- 8 3 1 |1 %w/v) Lecithin |Ethanol 7
- CSF . / MW: Z 000,000] -
7 H /000 TU/me -.ln.m Wt¥ Tween B0, & ]0.25 % Z(ulv) 1. & 3.5 1 |1 %Zw/v) Lecithin |[Ethanol 7
EPO 0.5 mg/mt Serum / Md: 2,000,000f :
AlbuniL —
18 200,000 1U/me - [0.01 Wt% Tween 80, 0.2 |0.25 %( “w/v) 105 3.5 1. 11 %w/v) Lecithin jEthanot .7
Interferon-a mg/me D-mannitol, & / MW: 2,000,000
0.2 mg/m¢ Serum
Albumin : _
0.25 X(w/v) - 105 3.5 1 T %(W/v) Lecithin IEthanol T
Interferon-r / MW: 2,000,000
20 20 1U/me 0 85 -3 1 [t %w/v) Lecithin thaml -7 -
Insulin / ' ) .
21 . |2 mg/me JGF-1~7: : 85 3 1 1 Z(u/v) Lecithin [Ethanol 7
/
22 7 mg/mt hGH 0.07 wt% Tween 80 0 8 2 1 [0.5 %(w/v) thylene 3
/ [Stearic Acid Chloride ‘
23 1 mg/m& hGH 0.01 wt% Tween 80 0 ) 2 1 0.5 %Cw/v) Isopropyl 7
/ Sorbi tan Atcohot
- {Monostearate
24 1 mg/m2 hGH 0.01 ut¥ Tween 80 0.1 Z(w/v) . 85 2 1 0.5 X(w/v) ethylene 7
/ M¥: 2,000,000 . Glyceryl Chloride
Monosearate

a)
b)
c)
d)
e)

bovine somatotropin
porcine somatotropin

granulocyte macrophage-cotony stimulating factor

erythropoietin

insulin-like growth factor-1

9T

7891H/00 OM *

S2000/00WM/LDd
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Example 25: *B¥eparation of Cotton §&&d 0il Dispersion
Formulations of Microparticle 3

Microparticle 3 prepared in Example 3 was added to
cotton seed oil and dispersed using a magnetic stirrer to
obtain five cottbn seed oil dispersions containing 20, 50,
100, 200 an 500 mg/mf of Microparticle 3, respectively.

Example 26: Preparation of Edible 0il Dispersion
Formulations of Microparticle 3

The procedure of Example 25 was repeated using soybean
oil, corn oil and sesame oil, respectively, to obtain a
soybean oil, corn oil and sesame oil dispersions each
containing 100 mg/m{ of Microparticle 3.

Example 27: Preparation of Edibie O0il Dispersion
Formulations of Microparticle 8

The procedure of Example 25 was repeated using
Microparticle 8 to obtain cotton seed oil, soybean oil, corn

. 0il and sesame oil dispersions each containing 100 mg/m{ of

Microparticle 8.

Example 28: Preparation of Edible 0il Dispersion
' Formulations of Microparticle 9

The procedure of Exampie 25 was fepeated using
Microparticle 9 to obtain cotton seed 0il, soybean o0il, corn
oil and sesame oil dispersions_each containing 100 mg/mé of
Micropafticle 9.

' Example 29: Preparation of Edible 0il Dispersion

Formulations of Microparticle 10

The procedure of Example 25 was repeated using
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Microparticle 10 to obtain cotﬁoh_Seed oil, soybean oil,
corn oil and sesame oil dispersions each containing 100
mg/mé of Microparticle 10.

Example 30: Preparatlon of Cotton Seed 011 D1spers10n
' Formulatlons of Mlcropartlcle 12

The procedure of Example 25  was repeated using
Mlcropartlcle 12 to obtaln five cotton seed oil dispersions
each contalning 50, 100, 200, 360 and 500 mg/ml of
Microparticlezlz, respectively.

Example 31: Preparation of Edible Oillbiepersion
Formulations of Microparticle 12

The procedure of Example 25 was repeated using
Microparticle'lz to obtain'soybean oil, corn oil and sesame
oil dlsper51ons each contalnlng 100 mg/m{ of Microparticle
12. '

Examgle 32- Preparatlon of Edible 011 Dlsper51on
' Formulat1ons of Mlcropartlcle 14

The procedure of Example 25 was repeated using

Microparticlé 14 to obtain cotton seed 6il, soybean oil,
‘corn o0il and sesame o0il dlsper31ons each containing 360
mg/ml of Mlcropartlcle 14. '

Example 33: Preparatlon of Edible 011 Dlspers1on
‘ Formulatlons of Mlcropartlcle 15

The procedure of Example 25 was repeated using
Mlcropartlcle 15 to obtain cotton seed oil, soybean oil,
corn o0il and sesame oil dlspers1ons each containing 360
mg/m¢ of Microparticle 15.
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‘Dispersion
Formulations of Microparticle 18

The procedure of Example 25 was repeated using

Microparticle 18 to obtain cotton seed oil, soybean oil,

corn oil and sesame oil dispersions each containing 360
mg/mé of Microparticle 18.

Example 35: Preparation of Emulsion Formulations of
Microparticle 3

Each of the soybean o0il, corn oil and sesame o0il’
dispersions obtained in Example 26 was added to a 4-fold
volume of 0.9 % NaCl solution to obtain a mixture of oil and -
water(1l:4) containing 20 mg/m{ Microparticle 3. The
resulting mixture was mixed to obtain a homogeneous, white-
opaque oil-in-water emulsion.

Example 36: Preparation of Emulsion Formulations of
Microparticle 12

The procedure of Example 35 was repeated using the
cottoh seed dispersions obtained in Example 30 to obtain
five homogeneous wh:.te -opaque oil-in-water emulsions, which
respectlvely contalned 5, 20, 50, 120 and. 200 mg/m{ of
Mlcropartlcle 12, the oil to the water ratios thereof being
1:9, 1:4, 1:3} 1:2, and 2:3, respectively.

In these emulsion formulations, the solid
microparticles were dispersed in the oil phase and the oil
droplets containing the microparticles were stable due to
the lipophilic surface of the microparticles. The emulsions

were stable at an ambient temperature for a period of over
2 weeks.
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Examgle:37:'Preparetion'of Emulsion Formulations of
Microparticle 12

The procedure of Example 3S'was:repeated using the
soybean o0il, corn oil and sesame oil dlsper51ons obtained in
Example 31 to obtain homogeneous, white-opaque 011 -in-water
emulsion formulations.

Example 38: Preparation of Emulsion'Formulation of
Microparticle 22

The procedure of Example 25 was repeated using
Microparticle 22 and soybean oil to obtain a soybean oil
dispersion contalnlng 100 mg/m! of Mlcropartlcle 22. Using

- the resulting dlsper81on, the procedure -of Example 35 was

repeated to obtaln a homogeneous, whlte -opaque oil-in-water:
emulsion formulation.

Example 39: Preparation of Emulsion'Formulation of
Microparticle 23

The procedure of Example 25 was repeated using
Microparticle 23 and soybean oil to obtain a soybean oil
dispersion containing 100 mg/mf of Miéroparticle 23. Using -
the resulting dispersion, the procedure of Example 35 was
repeated to obtain a homogeneous, white- opaque 011 -in-water
emulsion formulatlon.

Example: 40: Preparation of Emulsion Formulation of
o Microparticle 24

The procedure of 'EXample 25 was repeated using
Microparticle 24 and soybean oil to obtain a soybean oil
dispersion containing 100 mg/mf{ of Microparticle 24. Using
the resulting dispersion, the procedure of Example 35 was
repeated to obtain a homogeneous, white-opaque oil-in-water
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emulsion formulation.

Example 41: Preparation.of Emulsion Formulations of
Microparticle 14

The procedﬁre of Example 35 was repeated using the
cotton seed o0il, soybean oil, corn seed oil and sesame oil
dispersions obtainea in Example 32 and 2-fold volumes of 0.9
$ NaCl solution to obtain four homogeneous, white-opaque
oil-in-water emulsion formulations. BEach of the
formulations thus obtained contained 120 mg/mf¢ of
Microparticle 14 in a mixture of oil and water(l:2).

Example 42: Preparation of Emulsion Formulations of
Microparticle 15

The procédure of Example 35 was repeated using the
cotton seed oil, soybean o0il, corn seed oil and sesame oil

dispersions obtained in Example 33 and 2-fold volumes of 0.9
% NaCl solution to obtain four homogeneous, white-opaque

oil-in-water emulsion formulations. Each of the
formulations thus obtained contained 120 mg/mf of
Microparticle 15 in a mixture of oil and water(l:2).

' Examplé”g : Preparétiéﬁ'of Emulsion Formulations of

'Microparticle 18

The procedure of Example 35 was repeated using the
cotton seed oil, soybean oil, cbrn seed o0il and sesame oil
dispersions obtained in Example 34 and 2-fold volumes of 0.9
$ NaCl solution to cbtain homogeneous, white-opaque oil-in-
water emulsion formulations of Microparticle 18. Each of
the formulations thus obtained contained 120 mg/mf of
Microparticle 18 in a mixture of oil and water (1:2).
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Example 44: Preparation of Emulsion Formhiatiohs of
Microparticle 3

~ The procedure of Example 35 was repeated except that
alum was used in place of 0.9 % NaCl, to obtain homogeneous,
white-opaque oil-in-water emulsion formulations.

Comgarative_gxamplg'l: Preparation of Comparative
' ' ' Microparticle 1

The procedure for Example 2 was repeated without the

use of lecithin to obtain comparative microparticles coated
. with no lipophilic substance (Comparative Microparticle 1). -

Comparative Example 2: Preparation of Dispersion Formulation
of Comparative Microparticle 1

The procedure of :Example 25 was repeated using
Comparative Microparticle 1 and soybeén 0il to obtain a
soybeah oil disPersibn éontaining 100 mg/ml of Comparative
Microparticlé'l(Compérative Dispersion 1), which contained
aggregated, non-homogeneously dispersed microparticles.

Comparative Example 3: Preparation of Emulsion Formulation
' ' - of Comparative Microparticle 1

The procedure of Example 35 was repeated using
Comparative - Dispersibn 1 and physiological ‘saline for
injection to obtainf'én.'emulsion 'fo:mulation(éomparative
Emulsion 1), which was not a homogeneous emulsion but showed
a separation with aggregated microparticles.

Comparative Example 4: Preparation of Comparative
o Microparticle 2

The procedure of Example 11 was repeated using 1 mg/mf
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i

hGH, 0.1 % (w.;v:')' sodium hyaluronate h“airing a molecular weight

of 2,000, 00_6 to obtain comparative microparticles having no
lipophilic coating(Comparative Microparticle 2).

Comparative Example 5: Preparation of Dispersion Formulation
' of Comparative Microparticle 2

The procedure of Example 25 was repeated using

' Comparative Microparticle 2 and cotton seed oil to obtain a

cotton seed o0il dispersion containing 100 wmg/mf{ of

Comparative Microparticie 2 (Comparative Dispersion 2).

Comparative Example 6: Preparation of Emulsion Formulation:
' of Comparative Microparticle 2

The procedure of Example 35 was repeated using
Comparative Dispersion 2. The resulting mixture (Comparative
Emulsion 2) did not form a homogeneous emulsion and but
exhibited a phase separation, with the microparticles
dispersed in both the o0il and water phasés.

Comparative Example 7: Preparation of Compérative
- Microparticle 3 |

" 'Thé"p'roéedu're' of "Example- 11 was repéated using 2x10°
IU/mé interfei‘on-d, 0.2 mg/m{ D-mannitol, 0.2 mg/m{ serum
albumin and 0.25 %(w/v) sodium hyaluronate having a
molecular weight of 2,000,000 at an inflow air temperature
of 105 °C to obtain a comparative microparticles having no
lipophilic coating (Co’mpa.ra_tiire Microparticle 3) which had an
average particle size of 3.5 um.
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Comparative Example 8: Preparation of Oil Dispersion
o 'qumulation of Comparative
Microparticle 3

The procedure of Example 25 was repeated using

' Comparatlve Mlcropartlcle 3 and cotton seed o0il to obtain a

cotton seed oil dispersion containing 100 wmg/mf of
Comparative Microparticle 3(Comparative Dispersion 3).

Comgaratlve Example 9 Preparatlon of Emuls;on Formulation
of Comparatlve Microparticle 3

The procedure of Example 35 was repeated using -
. c_oinp’ara'tive' Diépersion 3. The resulting mixture (Comparative -
.Emulsion 3) did not form a homogeneous emulsion but
. exhibited a phase Séparatipn, with the microparticles -

dispersed in both the oil and water phases.

- Test Example 1: Stability Test of Microparticles 1 and 3

To examine whether an antigen contained in a-

microparticle maintains its activity, each of Microparticles
1 and 3 was dissolved in water and diluted with 1,000- to
100,000-fold volume of water and the HBsAb antigenicity was
examined u51ng AUZYME klt(Abbott, USA) Results are shown
in Table III.

| Table III N
Microparticle No. Antigenicity §efore Antigenicity After
S ' Preparation (%) Preparation (%)
1 : 89.5 o 86.7
3 88.6 . 82.3

As can be seen from Table III, the antigenicity of
HBsAg contained in the inventive microparticles was largely
unchanged before and after the preparation. Therefore, the
antigen contained in the microparticle of the present
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TesE Example 2: In Vitro Release Test of Microparticles 11,
' 12 and 13

Bach of Microparticles 11, 12 and 13 was dispersed in
a buffered solution(150 mM NaCl, 10 mM phosphate, 0.05 %
sodium azide, pH 7.4) so that the hGH concentration was 1.0
mg/mf. An in vitro release test was conducted by stirring

the resulting dispersion at 37 °C and at a preset time, the

dispersion was centrifuged at 800 g for 10 minute and a
sample of the supernatant, taken in an amount of 1/10 volume
of the dispersion, was mixed with an equal volume of the
above buffered solution. hGH contained in the supernatant
was quantified using Lowry method with High Performance
Liquid Chromatography (HPLC) . '

Fig. 1 shows the release profiles of Microparticles 11,
12 and 13 thus determined. As can be seen from Fig. 1, as
the molecular weight of hyaluronic acid becomes higher, and
as the content of hGH decrease, the release rate of hGH
becomes slower. Thereforé,_the protein drug release rate
can'be controlled by adjusting the wmolecular. weight of
hyéluronic_aéid and the protein drug content. Further, in
vitro release test results. showed that an initial burst
release of the proteih drug does not occur and the release
rate is constant until 70 % of protein is released.

Test Example 3: Stability test of Microparticle 12

To examine whether hGH contained in Microparticle 12
maintains its activity, the procedure of Test Example 1 was
repeated and the amount of hGH released from Microparticle
12 in 48 hours was determined with both reversed phase (RP)
HPLC and size exclusion chromatography (SEC) . The RP HPLC
was used to aassess the extent of oxidative and deamidative
denaturation of the protein; and SEC, the denaturation of
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the protein by aggregation.

Figs. 2A and 2B represent RP HPLC results for the
Microparticle 12 extract solution and the hGH agqueous
gsolution used in preparation of Microparticle 12,
respectively. '

Figs. 3A and 39"provide SEC results for the

_Microparticle 12 extract solution and hGH aqueous solution
.used in the preparation of Microparticle 12, respectively.

As can be seen from Figs"z and 3, the amount of hGH
released from the inventive mlcropartlcle is 1dent1ca1 with
that of the original hGH aqueous solution according to the

'RP HPLC results; and the SEC results show the monomeric hGH

content is 95 % or more. These results suggest that hGH is

‘not denatured durlng the preparatlon of the inventive

microparticles.

Test Example 4: In Vitro Release Test of Mioroparticles 14
: | to 21 -

The procedure of Test Example 2 was repeated using each

of Microparticles 14 to 21, and the cumulatlve ‘amounts of
the drug released ‘in 10 and 72 hours as well as the
monomeric proteln content of the 72 hours sample were

determined. The_results are shown in Table IV.

Table IV
Eﬁcroparticle [Released eleased “[Monomer
o. " lamount (%) at mount (%) at (Content (%)
10 hours 72 hours
14 45 92 : 94
15 47 ' 87 89
16 44 B 89 - 97
17 32 76 . 95
18 54 92 94
19 . - 49 ' 88 : 95
20 - 60 , - 95 95
21 38 93 97

As can be seen from Table IV, the mioropafticles of the
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present invention release the protein drug over a period of
3 days, with no sign of denaturation of the protein drug.

Test Example 5: Injéctability Test 1

To examine whether the microparticles of the present
invention are homogeneously dispersed in an oil dispersion
or in an oil-water emulsion, injectability tests were
conducted. The injectability is defined as the force
required to push a syringe filled with a test sample at a

velocity of 80 mm/minute. A 23 gauge injection needle was

used. Samples used in these tests were an alum dispersion
prepared by diluting alum with 20-fold PBS; soybean oil; the
soybean o0il dispersion of Example 26; the emulsion of
Example 44, Comparative Dispersion 1 and Comparative
Emulsion 1, and the results are shown in Table V.

Table V

Formulation Conc. of Injectability
' : icroparticle (mg/méf) | (kg,)

Alum Dispersion 0 0.1

Soybean 0il - - 0 0.5

Dispersion Of Example - 50 0.1

26

Emulsion Of Example 44 20 0.5

Comparative Dispersion . .. 50 : - . { Not Injected

1 - - .

Comparative Emulsion 1 " 20 Not Injected

- As can be seen from Table V, the dispersion of Example
26 is easily injectable, showing that Microparticle 3 of the
present inventién'areZWell'dispersed in 0il as compared with
Comparative MicrdPérticle 1 having no 1lecithin coating.
Particularly, since the emulsion of the present invention
has a superior injectability, it can be used in preparing a
mixed formulation.
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Test Example 6: Injectability Test 2

The procedure of Test Example 5 was repeated for 0.9 %
NacCl aqueous3901ution,'cotton seed o0il, the cotton seed oil

dispersion of Example 30 ~ the emulsion of Example 36,

Comparatlve Dlspers1on 2, and Comparative Emulsion 2, using

a 26 gauge syrlnge needle.' Results are shown in Table VI,

; Table VI

Formulation lﬁonc of ' Injectability
: 1crqpartlcle(mg/mf)(hgd

0.9 % NaCl Aqueous SR 0 0.1

Solution :

:Cotton geed 0il IR 0 . 1.6
'[Dispersion Of Example o 100 1.7
30 S : :

- [Emulsion Of Example 36 - 120 0.8
Comparatlve Dlsper51on I 7 100 10.5

2
Comparative Emu181on52 R 20 23.3

As'can be'seen'froﬁ'Table.VI Microparticle 12 of the
present 1nvent10n.has good dlsper51b111ty'1n cotton seed oil
due to the 11poph111c 1ec1th1n coating, and the cotton seed

oil dispersion of the present 1nventlon has an injectability

equivalent to that of the cotton seed oil. 'Further, the

emulsion of Example 36 has a lower 1n3ectab111ty than cotton
seed oil in spite of the hlgh.ooncentratlon of Mlcropartlcle
12. A

iIn contrast, Comparatlve M1cropart1cle 2 has an

inferior dlsper31b111ty in cotton seed oil due to the
absence of a llpophlllc coatlng, caus1ng the poor
1n3ectab111ty of Comparatlve Dlsper51on 2. Further, when
the hydrophilic surface of Comparat1ve Microparticle 2
caused a phase’ separatlon 1n Comparative Emuls1on 2, with a
consequential leachlng of the sodium hyaluronate component
into the aqueous phase to raise the viscosity of water
layer. Therefore, Comparatlve Emulsion 2 has an even poorer
injectability than cOnparative Dispersion 2.
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rest Exampld'¥: Injectability Test 3

The procedure of the Test Example 5 was repeated for
the emulsions obtained in Examples 38 to 40, and soybean oil
as a control. The'injectébility of soybean oil was 1.4 kg,
and those of the emulsions obtained in Examples 38 to 40
were in the range of 0.3 to 0.5 kg, similar to that of 0.9
% NaCl aqueous solution. The lipophilic surface of the
microparticles of the present invention becomes coated with
soybean o0il, resulting in a homogeneous oil-in-water
emulsion which has an injectability equivalent to that of
water. '

Tegt Example 8: Injection of Formulation to Animal

To examine the biological activity of the formulation

_ of the present. invention on injection, Microparticle 3 was
added to soybean oil to prepare four dispersions having

recombinant HBsAg loadings of 0.5, 0.125, 0.03125 and 0.0078

. ug protein/m{, respectively. As a comparative formulation,

a hepatitis B vaccine(LG Chemical Ltd., Korea) containing
alum as an immune-adjuvant was diluted with PBS to prepare
samples having HBsAg loadings of 0.5, 0.125, 0.03125, and

- 0.0078 ug protein/mf, respectively.

Bach dispersion sample was injected intraperitoneally
to 4 weeks-old male Balb/C(H-2d) mice(10 mice) and blood
samples were taken therefrom 4 months after the injection.
Serums were obtained from the blood samples and titers of

antibody thereof and antibody formation(%) were determined

using AUSAB EIA kit(abbott, USA) and EDg(ug) of the
microparticle was calculated using a statistical
method (probit analysis). Results are shown in Table VII.



. ‘WO 00/41682

10

15

- 20

25

30

35

~of the present ) 1nventlon on oral

PCT/KRO0/00025

- 30 -
: ‘Table VII -
Dose (mIU/mf) 0.5 [0.125]0.0312]0.0078|EDg, (2g)
Formulation - N L _ g
_ 1cropart1c1e_ 3]106.35{38.,98]13.32 | 4.68 | 0.0121
Comparative 12.43 | 6.1 | 4.32 | 3.15 |0.1504 |
Formulatlon ' B B =

As can be seen from Table VII, the m:.cropart:.cle of the
present 1nvent:.on has .a’ smaller amount of ED;, than the
_ comparat:we formulat:.on and hJ.gher ‘titer of antibody than
ccmparatlve formulatlon when the same amount of antigen'is
_1n3ected T_herefqr_e, the mlcropartlcle of the present

invention functions as an adjuvant for superior antibody
formation.

Test Examgle 9: Oral Adminietration of Formulation to Animal

To examne the b1olog1ca1 actlv:.ty of the formulatmn

adm:.n:l.strat:l.on,
MJ.cropartJ.cle 3 was: added to loybean 0il to prepare a

'. dispersion hav1ng a recomblnant HBsAg loading of 5 ug

protein/mf.  As a comparatlve formulation, a hepatitis ‘B

. vacc:.ne(LG Chem1ca1 Ltd., Korea) was diluted with PBS to

obtain the same load:.ng of 5 yg prote:.n/m!

Each d:.spers:.on sample was orally administered to 4
weeks-old male’ Balb/C(H 2d) mice (10 mice), and administered
two more times, 2 and 4 weeks thereafter.

Blood samples
were taken from the mice a_f.ter 8 weeks.

‘Serums was obtained
from the blood samples and titers of antibody and antibody

formation (%) were determ::.ned using AUSAB EIA kit (Abbott,
USA) .. Results are shown in Table VIII

' ';‘ab_le VIII.

: Antibody Titer of
Formulation ' Formation (%) fAntibody (mIU/m?f)
icroparticle 3 L 10.1
Comparative - 0 0
Formulation
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As can-ffﬁé seen from Table VIIIjifhe mice administered
with the mit:ropérticle of the present invention had 80 %
antibody formation while the mice administered with the
comparative formulation did not form antibody. Therefore,
the miéroparticlé of the present invention has a superior
ability for forming antibody in vivo even when it is orally
administered. This suggests that the microparticle of the
present invention can be advantageously employed in a
formulation for oral administration.

Test Example 10: Cytotoxic Lymphocyte Test

To examine whether the microparticle of the present
invention induces a cell-mediated immune response,
Microparticle 3 was added to soybean o©0il to obtain a
dispersion having a loading of '10 H1g protein/m?. As a
comparative formulation, a hepatitis B vaccine (1LG Chemical
Ltd., Korea) was diluted with PBS to the same loading of 10
4g protein/mf. , :

Each dispersion formulation was subcutaneously
administered to 4 weeks-old male Balb/C (H~2d) mice (10 mice),
and administered two wmore times thereafter at 2 months
intervals. Two weeks after the last administration, pre
cytotoxic lymphocyte(CTL) cells were obtained from the
immunized mice and cultured to obtain effector (E) cells. E
cells were cultured together with target (T) cells varying
the E cell to T cell ratio, and then, the number of T cells

lysed by E cells(specific 1lysis(%)) was determined as
follow.

cp - cp
Specific Lys:.s (%) = -———fﬂls-'—-—-“-lnft-u:a-! i SR X100

CPM o simm retease ~ SPMnaturat release

A high specific ‘lysis value means that the cell-
mediated immune response is actively indué:ed. Results are
shown in Table IX.
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Comparative 1 "12.55212.667|2.466{2.322
Formulation : S B N 1
Microparticle 9 ' 1l ~ 14.47215.123§5.911 4 522}
- [Control | 1 [1.335/1.48612.0022.278
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2 | Table IX -
! E:T — 20:1 . 521, T:1
Formulation - | : '
icropartit:li 3 o 200°% 8 % 2 %
LComparative’-"Formulati_on 2% 1% 2 %

As can be seen from Table IX, the microparticle of the
present 1nvent10n 1nduced the cell-med:.ated immune response

- while the comparat:\.v_e formnlat_lon did not.

Test Example 11: Animal Test

~To examine the immune enhanc1ng
m:.cropartlcle of the present invention, M:Lcropartlcle 9 was
added to soybean 0il to obta:.n a dn.spers:.on having a SEC- 'SER
Ag a comparat:.ve formulation,

SEC-SER antlgen was m:l.xed w1th a commerc:.al adj uvant ISA -

according to the manufacturer s gu:.de and then, diluted to
the same loadlng of 4.0 mg proteln/mf ~ As a control,
microparticles prepared by repeat:.ng ‘the procedure - of
Example 9 except that the antlgen was omltted was dlspersed
:Ln soybean o:Ll._ B L ' '

fdrttiulation ‘was intramuscularly
1n3ected to 2nd or 3rd lactatlng period cows(5 cows) having

Each di spers:.on

. a large number of somatlc cells and 1n3 ected two more times,

2 and 4 weeks thereafter. Blood samples were taken from the
cows after 2, 6, 10 and 14 weeks and then the titer of
antibody was determ:.ned Results expressed in ELISA reader

‘are shown in Table X.

Table X

Pefore E’ 6 E;O 14
{Inj ect:.on eeks jweeks weeks jweeks

As can be seen from ,_Table X, the formulation of the

effect of the

H
i
i
{
|
i
i
|
A
i
i
i
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present invéifion induced the forma%%;h of a high level of
antibody which lasted for 14 weeks after the first
injection. ' Therefore, the formulation of the present
invention can be advantageously employed as an animal
vaccine.

Test Example 12: Animal Test

The effect administering of the inventive formulation
containihg hGH was examined using 7 weeks-old female dwarf
rats (body welght approximate 100g) which have the heredity
of low growth hormone secretion. '

The dispersion of Examples 30, the emulsion of Example
36, Comparative Dispersion 2, Comparative Emulsion 2, and
Utroprin® (LG Chemical Ltd., Korea), an aqueous formulation
were chosen for the test, and each'was administered to a
group'of 10 dwarf rats'at an hGH dose of 350 ug per rat and

‘then the weight gain was examined. As a control, .xats which

did not receive hGH were used. The average cumulative net
welght galns are shown in Table XI.

Table XI
(unit: g)
Day il 2 3 2 5 3

Control 0.9| 2.7 3.6 |4.7] 6.3 | 7.5 |
Utropin® 4.7 4.2 | 5.3 | 6.4 7.1 | 8.5 |
Comparative Dispersion 2} 5.0 5.7} 7.2 | 8.5} 10.2 | 11.5
Comparative Emulsion 2 | 4.3 | 4.9 | 3.6 | 5.4 | 6.7 | 7.8
Dispersion of Example 30| 5.5 | 6.6 | 7.3 (8.7 | 11.4 | 12.3
leulsion of Example 36 | 5.3 | 6.8 | 8.1 | 9.2 | 11.3 | 13.0

As can be seen from Table XI, the average weight of the
rats in the Utropin’l increased on the 1st day, but it
decreased on the'éndlday Theﬁweight increased thereafter
at a rate similar to that of the control group.

The average welght of the rats in the Comparative
Dispersion 2 group continuously increased while that of the
rats in the Comparative Emulsion 2 group decreased on the
3xd day. Because the microparticles in Comparative Emulsion
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2 have a hydrophil:.c surface, the' drug dissolves, and
therefore, lt has an we:.ght gain effect equal to that of the
aqueous formulatlon, Utropln .

In contrast, the average weight of - the rats
administered with the dispersion of Example 30 and the
emuls:.on of. Example 36 increased for 6 days at higher rates
than either Comparatlve Dlspers:.on 2 or Comparative Emulsion
2. The mlcropartlcles of the present invention having
1ec1th1n coatings are covered with cotton seed oil even
after 1n3ectlon, ‘and absorb water only slowly, thereby
‘releasing the drug at a constant rate.

" Test Exa‘x_npl__e'u: Aniinal' Test

The dlsperSJ.OH of Example 32 and the emulsion of
Examples 41 were each adm1n1stered to 7 weeks-old female-

~dwarf rats (body we1ght approxlmate 100 g) at a bST dosage

of 12.5 wmg- per rat and- then their welght ga:.ns were
examined. As a control rats which dld not rece:.ve bST were

~used. The average cumulatlve net welght gains are shown in

Table XII.
Table XII
. L _(unit: g)
[ Day] 1 | 2 3 4 5 6 - 8 10
[Control 1.4 2.9 |4.6 1- .5 7.2 .8 J10.4
2

-16. 6 |8
ispersion of|10.3 110.8 [14.9 [18.1 [19.4 [20.6 |22.2 [22.7

Emilsion of 9.7 [|11.5 [12.6 |17.7 [15.9 [20.8 [22.5 [22.9

As can be seen from Table XII, the a‘verage weight of
rats adm:.nlstered with e:Lther the dlsper51on of Example 32
or the emulsn,on of Example 41 :.ncreased cont:muously for 6
days and the rate of da:.ly wez.ght gain was higher than the
control group. After 8 days, the v;reight gain became
insignificant, suggest:.ng that the drug release time is
about 8 days in both case.
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Test Exampld’14: Cytopathic Effect Iffiibition Test

The emulsion of Example 43, Comparative Dispersion 3,

interferon-a agqueous formulation were each administered to

5 months-old rabbits(body weight: 2.5 kg) at an interferon-o
dosage of 300 ug.

The blood level of the drug was determined using a
cytopathic effect inhibition test, which was conducted by
treating cells with interferon-a, adding virus thereto and
then determining inhibition of the cell pathology. Male
calf kidney cell (MDBO CATCC CCF-22) and vesicular stomatitis
virus (ATCC VR 158) were used in the test. Titers of-
interferon-a in the blood were measured for 5 days and the

results are shown in Table XIiI.

Table XIII .
7 hours| day 1| day 2 |day 3 | day 4 | day 5 |
Aqueous ' .
Formulation |1.4x103{1.2x10 |ND IND JND
Comparative

Emulsion of
Example 43 1.7x10%[2.2x10%{1.1x103{4.6x10%[2.8x10%|8.7x10

Eispersionj 2.1x103|2.6x103[9.1x102{3 . 4x102 |1 .7x102[1.5x10

* not detected

As can be seen from Table XIII, the titers of
interferon-a for the rats administered with the dispersion
of Example 43 were high for the entire test period of 5
days, showing higher levels of interferon-a as compared with
the Comparative Dispersion 3 group from day 2. Therefore,
the dispersion of the present invention has prolonged
release characteristics dué to the lipophilic surface of the
microparticles.

Comparative Tes le 1

hGH was dissolved in 5mM PBS to a concentration of 2.3
mg/mf and then sodium hyalurocnate having a molecular weight
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of 2,000,000 was dis’sdlved therein to a concentration of 2
%(w/v) to obtain a hyaluronic acid gel formulation.
An in v1tro release test was conducted using the gel

formulation by repeat:mg the procedure of Test Example 2.
As a result, 100 % of hGH was released into the supernatant
within 1 hour. Therefore, this gel formulation has a drug
release time whlch is much shorter than the mz.cropartlcles
of the present 1nventlon

Comp aratiVe Test Examgie_ 2: Animal Test
The procedure for preparlng a hyaluronic acid gel

formulation in Comparatlve Test Example 1 was repeated using
1.5 mg/m¢ hGH to obtain a hyaluron:.c acid gel formulation

-having no fluidity.

The gel formulation thus obtained was administered to
dwarf rats at a hGH dosage of 150 ug per rat and then the
average weight gain was examined for 6 days. As a
comparative 'formulation, an aqueous solut:.on formulat:.on,

Utropin® was admlm.stered to rats at the same hGH dosage.

As a control, rats which  did not receive hGH were used.
Results expressed in cumulative welght gains -are shown in
Table XIV.

_ Table XIV

Day 11 2 3 4 5 6
Group 1 - . , _ :
Control 1.6 2.4 | 4.1 4.8 6.2 5.1
Gel 3.2 3.6 | 3.0 6.1 6.7 7.7 |
Formulation. . N I &
jOtropin® 3.3 2.6 4.2 6.4 7.8 8.3

As can be seen from Table XIV, the average weight gain
of the rats administered with the gel formulation is similar
to that of the Utropin® group. The rate of weight gain
after 2 days was not significantly different among the three

‘groups, suggesting that the drug release from the gel

formulation does not lasted more than 1 day.
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Comparative"ést Example 3

hGH was dissolved in SmM PBS to a concentration of 2
mg/mf and then Tween 80 was added thereto to a concentration
of 0.01 wt%. The resulting solution was provided to a spray
dryer (Buchi 190) at a flow rate of 3 mf/minute to obtain
microparticles. In this step, the inflow air temperature
was 85 °C. The average particle size of the microparticles
thus prepared was.2.5 pum. - _

Benzyl  hyaluronate. was dissolved in dimethyl
sulfoxide (DMSO) to a concentration of 6 % and then the
wmicroparticles were dispersed therein. The resulting
dispersion was added to a mineral oil containing  Aracel
A™(atlas Chemical Ind.). The mixture was homogenized to
obtain a microemulsion. The microemulsion was composed of
the mineral oil as a continuous phase and the benzyl
hyaluronate/DMSO solution as a dispersed phase.

Ethyl acetate was added to the_microemulsion while
stirring to extract DMSO from the dispersed phase, giving
benzyl hyaluronate microparticles containing hGH. The
average particle size of the microparticles was 5.5 um and
the content of hGH was 45 wt%.

An in vitro release test was conducted using the benzyl
hyaluronate formulation thus obtained by xrepeating the
procedure of Test Example 2 and the cumulative amounts of
hGH released are shown in Table XV.

~ Table XV

ours 0 [1 I3 |5 [7 |124148)72]144
eleasing Amount (%) [0 [15[21 |23 |25 |27 |28 |30 |30

Ae can be seen from Table XV, the benzyl hyaluronate
formulation released hGH only slightly after S hours and
only 30 % of the loaded hGH was released in 144 hours.
Thus, most of hGH in the benzyl hyaluronate formulation is
bound in the benzyl hyaluronate matrix and not released.

The above benzyl hyaluronate formulation was dispersed
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in cotton seed o:|.l and the resultlng dispersion was
administered to dwarf rats at a hGH dosage of 300 pg per
rat. The average welght gain was determlned and the results
expressed in cumulative weight gain are shown in Table XVI.

Table XVI
“Day |+ 2 B E B 6 7
Formulation o B Y B N
Control 11.2]2.3 3.6 5.7 (6.6 7.3 |8.2
J{Hyaluronic Ac1d-Benzyl 3.612.75.416.3|7.118.4 (8.0
'gster Formulation 5 j '

As ca_h be seen from Table XVI , i:‘lhe benzyl hyaluronate

formulation shows no significant effe_ct after day 1.

Wh:.le the :|.nvent.1.on has been descrlbed with’ respect to
the above specific embodlments, 1t should be recognized that

various modlflcatlons and changes way be made to the
"1nventlon by those sk:.lled in the art whn.ch also fall within
" the scope of the invention as- defined by the appended
_clalms.
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What is claifféd is:

1. & llpophlllc mlcropartlcle having an average
partlcle size ranging from 0.1 to 200 um, comprising a
lipophilic substance and an active ingredient selected from
the group'consisting of a protein or peptide drug and an
antigen.

2. The lipophilic microparticle of claim 1, wherein

the average particle size is in the range of 1 to 50 um.

3. The lipophilic micropértiole of claim 1, wherein
the drug is selected from the group consisting of human
growth hormone, bovine growth hormone, porcine growth
hormone, growth hormone releasing hormone, growth hormone
releasing peptide, granulocyte-colony stimulating factor,
granulocyte macrophage colony stimulating factor,
macrophage- colony stimulating factor, erythropoietin, bone
morphogenic protein, interferon, insulin, atriopeptin-III,
monoclonal antibody, tumor necrosis factor, wmacrophage
activating factor, interleukin, tumor degenerating factor,
insulin-like growth factor, epidermal growth factor, tissue
plasﬁinogen activator and urokinase.

4. The lipophilic microparticle of claim 1, wherein
the antigen is obtained from: one or more pathogens selected
from the group consisting of adenovirus type 4&7, hepatitis
A virus, hepatitis B virus, hepatitis C wvirus, influenza A
& B virus, Japanese B encephalitis virus, measles virus,
epidemic parotitis wvirus, zrubella virus, polio wvirus,
hydrophobia virus, chickenpox virus, yellow fever virus and
human immunodeficiency virus; one or more pathogens selected
from the group consisting of Bordetella pertussis, Borrelia
burgdorferi, enterotoxigenic Escherichia goli, Haemophilug
influenza type b, Mycobacterium leprae, Mycobacterium
tuberculosis, Neisseria meningitidis A & C, Neisseria

This Sheet Has Been Replaced
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menlngltldls B, Pgegdomonas ae ;gglnosa, Pseudomonas cepacia,

Salmonella .xph', Shigella spp., §trep;ogoccu§ pneumoniae
and'Vlbrlo cholerae, one or more pathogens selected from the

group cons:.stlng of Cocc1dlodes 1mm1tn.s, Leishmania sp. and
Plasmodium sp. ; or one or more pathogens responsible for the
disease selected from the group conszstlng of Dbovine
blackleg, bov1ne epidemic fever, bovine anthrax, bovine
Akabane'’s dlsease, bovine foot-andfmouth disease, bovine
mammltls, bovine infectious :nasotraoheal' inflammation,
bovine v1ra1 diarrhea, bovine infectious gastroenteritis,

. porcine cholera, porcine epidemic diarrhea, porcine atrophic

gastritis, porc1ne disease caused by pavovirus, porcine -

enteritis caused by rotavirus, chlcken Newcastle disease,

chicken Marek’s disease, chicken encephalomyelltls, rabies,

-dog dlstemper, dog enteritis caused by parvovirus and dog
infectious hepatltls, the antigen belng an attenuated, -

killed or recombinant antlgen, or DNA, RNA, plasmid CpG DNA

nor ollgonucleotlde extracted from the pathogen.

5. The lipophilic microparticlehof claim;l, wherein

" the llpophlllc substance is selected from the group

con81st1ng of a llpld a 11p1d derlvatlve, a fatty acid, a
fatty acid derlvatlve, a wax and a mlxture thereof.

6. The lipOphiiic'microparticle'of'claim 5, wherein
the lipid  is _1ec1th1n, phosphatldylchollne,

' phosphatldylehanolam:.ne or phosphat:.dylserlne, and the lipid

derivative is arachldoyl phosphatldylchollne or stearoyl

'phosphatidylchollne.

7. The lipophilic microparticle of claim 5, wherein
the fatty acid is myristic acid, palmitic acid or stearic
acid, and the fatty aoid derivative ié glyceryl stearate,

'sorbltan palmltate, sorbltan stearate, sorbltan monooleate

or polysorbate .
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8. TH& llpophlllc uucropartrc'e of claim 1, which

~ further comprlses hyaluronic acid or an inorganic salt

thereof.

9. The lipophilic'microparticle of claim 8, wherein
the inorganic salt of hyaluronic acid is sodiunlhyaluronate,
potassium hyaluronate, ammonium hyaluronate, calcium
hyaluronate, magnesium hyaluronate, zinc hyaluronate or
cobalt hyaluronate,

10. The lipophilic microparticle of any one of claims
1 and 8, which further comprises a water-soluble excipient.

11. The lipophilic microparticle of claim 10, wherein
the water-soluble excipient is selected from group
consisting of a carbohydrate, a protein, an amino acid, a
fatty acid. an inérganic salt, a Surfactant, poly(ethylene
glycol) and a mixture thereof.

12. A dispersion formulation prepared by dispersing
the lipophilic microparticle of any one of claims 1, 8 and
10 in a lipophilic medium.

13. The dispersion formulation of claim 12, wherein
the lipophilic medium is an edible oil, mineral oil,
squalene, squalane, c¢od 1liver oil, mono-, di- or
triglyceride, or a mixture thereof.

14. The dispersion formulation of claim 13, wherein
the edible o0il is corn o¢il, olive oil, soybean o0il,
safflower o©il, cotton seed o0il, peanut oil, sesame oil,
sunflower oil or a mixture thereof.

15. The dispersion formulation of claim 12, wherein
the lipophilic medium further comprises a dispersing agent
or a preservative.
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16. The dispersion formulation of any one of claims 12

and 15, which is used for injection or oral administration.

17. Anoil-in-water emulsion formulation comprising an

aqueous injection medium and the dispersant formulation of
claim 12.

'18. The oil-in-water emulsion formulation of claim 17,

wherein the aqueous injection medium is distilled water or

. a buffered solution.

19. The ocil-in-water emulsion formulation of claim 17,

~wherein the active ingredient is an antigen and the agueous

injection medium fu'rther.compr'ise_s a second antigen.

20. An aerosol formulatlon compr:.sing the 11poph111c

m:r.cropart:lcle of any one of cla:.ms 1 to 11.
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