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[0005]  The present invention features a new pharmaceutical preparation in a
powder-like form, comprising a human Factor IX encapsulated by a lipophilic
biodegradable polymer or copolymer to form a microsphere, which provides a

prolonged release of human Factor IX, and is free of any remnant organic solution




[0007] I n the other aspect, the present invention provides a nethod
for manufacturing the pharmaceutical preparation of the present
I nvention conpri sing: a) mxing a therapeutically effective
anount of a human Factor I X (hFIX) in an aqueous solution with a
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whi ch wer e deternined by an aPTT assay at different times for the
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(PLGABS/ 1%an‘1}1fe§:tdrwg‘mé pharmaceutical preparation of the present invention comprising:
a) mixing a therapeutically effective amount of a human Factor IX (hFiX) in an
aqueous solution with a lipophilic biodegradable polymer or copolymer in an organic
solution to obtain a primary emulsion;
b) mixing the primary emulsion with a surfactant solution to obtain a secondary
emulsion; and
¢) evaporating the organic solvent, and then filtrating, washing, and lyophilizing
the secondary emulsion to obtain a powder-like pharmaceutical preparation;
whereby in the power-like pharmaceutical preparation, the hFIX is encapsulated
by the lipophilic biodegradable polymer or copolymer to form a microsphere, which
has an efficacy of sustained release of hFIX and prolonged biological activity.
10008]  The details of one or more embodiments of the invention are set forth in the
description below. Other features or advantages of the present invention will be
apparent from the following drawings and detailed description of several

embodiments, and also from the appending claims.

DESCRIPTION OF THE DRAWINGS
[0009] The above aspects and advantages of the present invention will become
more readily apparent in view of the drawings.
[0010]  In the drawings:
[0011]  Fig. 1 is a diagram showing the hFIX activities of the pharmaceutical
preparation according to the present invention, which were determined by an aPTT
assay at different times for the preparations of Batch 3 (PLGA75/25, 4.6 IU/mg) and
Batch 4 (PLGA85/15, 4.6 IU/mg).



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0012] The detai |l ed descri ption
of the present invention is as follows. In the present invention,
references are cited in Exanples. For better understanding of the
present invention, technical terns used herein are described in
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pol yner or copol yner" as used herein refers to a pol ymer or
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meliorating a bleeding disorder of the subject.
[0017]  The term “microsphere” as used herein refers to a small spherical particle
with diameters in the micrometer range. In one embodiment of the invention, the
microsphere has a diameter of 0.1 to 100 um. The microspheres of the present
invention may be further lyophilized to a powder-like form for easy transportation,
manipulation, and administration.
[0018]  The term “biodegradable polymer or copolymer” as used herein refers to a
polymer or copolymer, which may be degraded or eroded in vivo by enzymatic,
chemical and/or physical processes, to form smaller chemical species.
[0019]  The term “lipophilic” as used herein refers to a biodegradable polymer or
copolymer being dissolvable in fats, oils, lipids, and organic solvents. In the present
invention, the lipophilic biodegradable polymer or copolymer is selected from the
group consisting of a phospholipid, a lecithin, a polyglycolic acid (PGA}), a
poly(lactic-co-glycolic acid) (PLGA), a poly(y-glutamic acid), a polyvinylic acid
(PVA), a y-polyglutamic acid, a polycaprolactone, a polyanhydrides, a polyamino
acid, a polydioxanone, a polyhydroxybutyrate, a polyphosphazenes, a
polyesterurethane, a polycarboxsyphenoxypropane-cosebacic acid, a polyorthoester,
and a combination thereof. In one example of the invention, the lipophilic
biodegradable polymer or copolymer is PLGA, for example in a concentration of
approximately 1 mg/ml to 1000 mg/ml, preferably 90 mg/ml.
[0020] Depending on the ratio of lactide to glycolide used for the polymerization,
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secondary enmy §i:BfatiRE the organic solvent, then filtrating, washing, and lyophilizing the

secondary emulsion to obtain a powder-like pharmaceutical preparation;
whereby in the powder-like pharmaceutical preparation, the hFIX is encapsulated

by the lipophilic biodegradable polymer or copolymer to form a microsphere which
has an efficacy of sustained release of hFIX and prolonged biological activity.
[0025]  According to the invention, the microsphere is prepared in the form of
water-in-oil-in-water (W/O/W) emulsion. The hFIX is dissolved in the first aqueous
solution at the concentration of 0.001% to 90% by mass based on that of the first
aqueous solution. In one embodiment of the present invention, the weight of the

hFIX js 20 mg.  The first aqueous solution containing hFIX is then mixed with an
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[ 0029] According to the present invention, the secondary enulsion is

obtained fromthe surfactant solution and the primary enulsion in a

ratio of 1:1 to 1000:1. In one exanple of the present invention, the
ratio is 30:1. After evaporating t he organic solvent fromthe
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Encapsul ated rhFI X by an in vitro Sinul ated Physi ol ogi cal Test

for 10 minutes. The whey fraction was further concentrated by ultrafiltration using a

polysulfone membrane (TAMI) with a molecular cutoff of 30 kD.  The rhI'IX was
subsequently captured and purified by Q Sepharose fast flow chromatography
(Amersham Pharmacia Biotech) and Heparin-Sepharose column (Amersham
Pharmacia Biotech). Nanofiltration was performed as the step of viral removal.
[0033]  The thFIX dissolved in distilled water and 90 mg/ml polylacto-glycolic acid
(PLGA) dissolved in dichloromethane were mixed in a ratio of 1:10 (v:v), and then

the mixture was ultrasonicated at 75 W for 2-3 min to obtain a primary emulsion.
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Chapel H blg:]}he Ahe TR %ﬁ%d\éﬁ&%at 1??13111%' %taecro%gr 150 W kg rhFl X for

t esting. encapsu a reparation according to the
present i r[i)@lﬁi i off hweP"éT &abirisre @@t@ng&meﬁ@&’caz«deduaybgd foh deiaghintrigd 1Xai |

vein and s gng)é nafe Y akpid aﬁgg@%&a{t@%@ %B%%%r?’l}‘ﬁl\fyaSéﬁ?irom
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was deternm’ assay as nentToned above. | ot
time which exceeds 120 seconds was deenmed as weak or no actl vity of

rhFl X The,defiald &% gl@%é’m}')‘@%o %Hﬁ@&ﬂezeﬁlghﬁs& WaRh s performed at 37°C for 4

min, under 660 nm by an automated blood clot coagulation analyzer (TECO Coatron
M4), whose principle is to measure the change of light scattered from the sample as it
clots. The results of the in vitro test are shown in Fig 1.

[0037] Asshownin Fig. 1, the thFIX released from the preparations according to
the present invention tested in vitro retained its activities, and the rhFIX gradually
released from the preparations of PLGA85/15 (Batch 4) and PLGA 75/25 (Batch 3)
for up to four days.

{0038] Example 3: An in vivo Test on The Bioactivity of The rhFIX Released
From The Micmsphére

[0039] A hemophilia B mice model was used to determine the prolonged release of
thIFIX from the preparation according to the present invention, compared o
unencapsulated thFIX. Six hemophilia B mice (R333Q-hFIX mice, gifts from
Darrel W. Stafford, Department of Biology, UNC Chapel Hill, Chapel Hill) for each
group were administered 50 1U/kg rhFIX for testing. Unencapsulated rhFIX and the
preparation according to the present invention were administered intravenously

through the tail vein and subcutaneously at the abdominal site, respectively. At



|. Data are presented as nmean standard deviation, and statistical

eval uati on was perforned by independent! test (SPSS version 12.0,

Claritas Inc.). Value ofp<0.05 was considered as statistically

significant. [0040] As shown in Table |, the effects of rhFI X on

shor t eni nglifidreadinceadic! aikiadmitibeicnablood oras 48| demdrsong 2adhaysyscand

becane insjgni.ficant, 72 ho ays) (.. the adm nistration ip-the
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| nvent i on.ethes B QAR d oty SRR eeheRENRT QaurkRRSled 32 bl
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hours (5 ecane insignificant unti ours ays
after the. adp nistration, Table,l 0 Cl.otting. Ti aPTT. sec.)
Sanpl i ng. T moepTe pRuESs R PEl e Bk Rl iR R s
37.405. 41 pg:'r 01‘811%6% b7y4in£1gp_e%dgn7’s8t)tesg (ASPLES V%Zsjféﬂ Y24.0, Claritas Inc.). Value of p<0.05
was considered as statistically significant.
[0040]  As shown in Table I, the effects of thFIX on shortening blood coagulation

time last for 48 hours (2 days) and became insignificant 72 hours (3days) after the
administration in the group administered with the unencapsulated rh¥IX. On the
contrary, in the group administered with the preparation according to the present
invention, the bioactivity of thFIX was extended to at least 120 hours (5 days), and

became insignificant until 168 hours (7 days) after the administration.

Table 1
Blood Clotting Time (aPTT, sec.)
Sampling Time (hr.) Encapsulated thFIX Unencapsulated thFIX
0.25 37.4015.41 42.8242.74 (p=0.078)
24 41.87+14.74 74.58+8.29 (p< 0.01)
48 © o 51.40%7.39 81.3343.45 (p< 0.01)
72 58.6313.66 121.17+16.93 (p< 0.01)
96 68.37+2.90 >120 sec
120 63.70 £5.74 >120 sec
168 92.73+5.31 -

[0041]  Given the above, it was concluded that the pharmaceutical preparation of
the present invention provided a prolonged release of thFIX, and the bioactivity of
thFIX in vivo maintained for at least 5 days. Therefore, the frequency of the
injection may be decreased to 1 every 5 or 7 days, and it would significantly reduce
the hemophilia B patient’s burden. Furthermore, the preparation in a powder-like
form generally provides a better chemitcal stability and could be stored for a longer
period.

[0042]  While the invention has been described in terms of what is presently
considered to be the most practical and preferred embodiments, it is to be understood
that the invention needs not be limited to the disclosed embodiment. On the contrary,
it is intended to cover various modifications and similar arrangements included within

the spirit and scope of the appended claims which are to be accorded with the



74.588.29 (p< 0.01) 48 51.407.39 81.333.45 (p< 0.01) 72 58.633.66
121.1716.93 (p< 0.01) 96 68.372.90 >120 sec 120 63.705.74 >120 sec
168 92.735.31

broadest interpretation so as to encompass all such modifications and similar

structures.
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preparation of the present invention provided a prol onged rel ease of
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polyphosphazenes ure ane,
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featured in that the mcrosphere has a dianeter from0.1 to 100 p. m
4.  The pharmaceutical preparation of claim 1, which is featured in that the

microsphere has a diameter from 0.1 to 100 pm.

5. The pharmaceutical preparation of claim 1, which is featured in that the hFIX is
in an amount of 0.0005 U/mg to 25 U/mg.

6. A method for manufacturing the pharmaceutical preparation of claim 1, which is
featured in comprising:

a) mixing a therapeutically effective amount of a human Factor IX (hFIX) in an
aqueous solution with a lipophilic biodegradable polymer or copolymer in an organic
solution to obtain a primary emulsion;

b) mixing the primary emulsion with a surfactant solution to obtain a secondary
emulsion; and

¢) evaporating the organic solvent, then filtrating, washing, and lyophilizing the

secondary emulsion to obtain a powder-like pharmaceutical preparation;
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5. The pharmaceutical preparation of claiml, which is featured in
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200-800, a sodium lauryl sulfate, alcohol ethoxylates, alkylphenol ethoxylates, alkyl
polyglycosides, and a combination thereof.

11. The method of claim 6, which is featured in that the organic solvent is selected
from the group consisting of dicholoromethane, chloroform, ethy! acetate,
1.4-dioxane, dimethyl formamide (DMF), dimethy! sulfoxide (DMSQ), toluene,
tetrahydrofuran (THF), and a combination thereof.
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