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Description

Technical Field of the Invention

[0001] The present invention relates to a preparation for administration through mucosa, containing a medicine of
high molecular weight as an active ingredient. More particularly, the invention relates to a preparation in powder form
for administration through mucosa, comprising a medicine of high molecular weight and a cationic polymer. In particular,
the invention relates to a preparation in a powder form for administration through nasal mucosa.

Background Art

[0002] Currently, high molecular weight medicines are administered to patients by intravenous or subcutaneous in-
jection. However, since the administration by injection is difficult to be performed by patients themselves and is accom-
panied with pain, administration through mucosa is desired as a simpler method than injection. Specific examples of
administration through mucosa include administration through nasal mucosa, ocular mucosa, oral mucosa, pulmonary
mucosa or vaginal mucosa; or through the mucosa of digestive tract such as gastric mucosa, small intestinal mucosa,
large intestinal mucosa or rectal mucosa. Among all, administration through nasal mucosa is attracting attention as a
relatively simple administration method by which rapid absorption of medicines and positive effect can be achieved.
However, the absorbability depends on the molecular weight of the medicine used. Although medicines with a molecular
weight of 1,000 or less are absorbed relatively effectively, effective absorption of those medicines of larger molecular
weights is difficult to achieve without some contrivance (C. McMartin et al., J. Pharm. Sci., 76 (7):535-540 (1987)). Thus,
it has been difficult to achieve therapeutic effect by administration of high molecular weight medicines through nasal
mucosa.

[0003] Document WO 90 09780 A1 discloses a powder for administration of insulin or calcitonin to the mucosa.
[0004] Means to improve the low absorbability of high molecular weight medicines include, methods in which a sur-
factant or a salt of bile acid is jointly used as an absorption promoting agent (S. Hirai et al., Int. J. Pharm., 9:173-184
(1981); Y. Maitani et al., Drug Design and Delivery, 1:65-70 (1986)); and methods in which cyclodextrin is jointly used
as an absorption promoting agent (N.G.M. Schipper et al., J. Control Release, 21 (1):173-185 (1992); T. Irie et al., J.
Inter. Pharm., 84:129-139 (1992)). However, it is apprehended that these absorption promoting agents may be harmful
to nasal mucosa. Also known are methods in which a high molecular weight substance such as albumin, dextran or
sodium hyaluronate is jointly used as an absorption promoting agent (T. Igawa et al., Chem. Pharm. Bull. 36(8):3055-3059
(1988); Japanese Unexamined Patent Publication No. 6-65090; Japanese Unexamined Patent Publication No.
8-198772). However, these methods still cannot achieve sufficient absorption promoting effect and have difficulty in
industrial production of such compositions. Thus, none of the above-mentioned methods has been put to practical use.
[0005] Japanese Unexamined Patent Publication No. 1.0-95738 discloses a preparation using fluorescein thiocyanate
dextran (hereinafter referred to as "FITC-dextran"; molecular weight: 4,400) as a model drug (substance) of low absorb-
ability. This preparation was obtained by adding FITC-dextran to physiological saline in which arginine, poly-arginine or
a salt of poly-arginine was dissolved. When this preparation was administered to the nasal cavity mucosa of Wistar rats,
higher FITC-dextran levels in blood were retained.

[0006] Japanese Unexamined Patent Publication No. 4-503508 discloses the administration into rat’'s nostrils of a
preparation obtained by adding DEAE-dextran or chitosan to an insulin solution.

[0007] Although various methods as described above have been developed, a more effective and practical method
is still required as a means to improve the low absorbability of high molecular weight medicines.

[0008] Under such circumstances, it is an object of the present invention to provide a preparation for administration
through mucosa, in particular through nasal mucosa, which enables safe and effective absorption of a high molecular
weight medicine through mucosa. It is another object of the invention to provide a pharmaceutical composition in powder
form which enables safe and effective absorption of a high molecular weight medicine by living bodies.

Disclosure of the Invention

[0009] As aresult of intensive and extensive researches toward the development of those preparations which enable
safe and effective absorption of a high molecular weight medicine through mucosa, the present inventors have found
1) that a copolymer of aminoalkylmethacrylate or polyvinyl acetal diethylaminoacetate promotes the absorption of a high
molecular weight medicine through mucosa by expanding tight junctions of mucosal tissues; and 2) that combined use
of one of said cationic polymers with a viscous polymer further enhances the absorption since the viscous polymer
extends the residence time of the relevant preparation in mucosa. Thus, the present invention has been achieved. The
present inventors have found that a copolymer of aminoalkylmethacrylate or polyvinyl acetal diethylaminoacetate is
superior to poly-L-arginine (which is also a cationic polymer) in absorption promoting effect.
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[0010] The present invention provides a preparation in powder form for administration through mucosa, in particular
for pernasal administration, comprising a medicine of high molecular weight and as a cationic polymer, a copolymer of
aminoalkylmethacrylate or polyvinylacetal diethylaminoacetate. It is preferred that the powder form preparation of the
invention for administration through mucosa further comprise a viscous polymer. As a viscous polymer, hydroxypropyl-
methyl cellulose may be mentioned. A medicine of high molecular weight is selected from the group consisting of bioactive
peptides and proteins, antibodies, vaccines, and antigens. The preparation of the invention is especially effective for the
administration of granulocyte colony-stimulating factor, insulin, erythropoietin, growth hormone or influenza antigens
through mucosa, in particular through nasal mucosa.

[0011] The present invention also provides a pharmaceutical composition in powder form, comprising a medicine of
high molecular weight as mentioned above and a cationic polymer as mentioned above.

[0012] Hereinbelow, the present invention will be described in detail.

[0013] In one embodiment of the invention, the powder form preparation of the invention for administration through
mucosa is obtained by adding to a medicine of high molecular weight, as mentioned above, an excipient (e.g. saccharides)
and one of the cationic polymer, as mentioned above, and optionally a viscous polymer and, if necessary, appropriate
additives and then freeze-drying or spray-drying the resultant mixture.

[0014] "A medicine of high molecular weight" used in the invention refers to a bioactive peptide or protein; antibody,
vaccine, antigen or the like. Specific examples include the following substances, which are not intended to limit the
present invention: calcitonin, insulin, proinsulin, vasopressin, desmopressin, luteinizing hormone, luteinizing hormone-
releasing hormone, somatostatin, prolactin, glucagon, gastrin, secretin, kallikrein, urokinase, neurotensin, enkephalin,
kyotorphin, endorphin, endothelin, angiotensin, transferrin, atrial natriuretic polypeptide, epithelial cell growth factor,
growth hormone, parathyroid hormone, interferons, interleukins, tumor necrosis factor, leukemia inhibitory factor, he-
matopoietic stem cell growth factor, erythropoietin, granulocyte colony-stimulating factor (G-CSF), granulocyte macro-
phage-stimulating factor, macrophage colony-stimulating factor, thrombopoietin, superoxide dismutase, tissue plasmino-
gen activator, antithrombin, blood coagulation factors, anti-IgE antibodies, anti-IgA antibodies, anti-tumor antibodies,
antibodies to tumor necrosis factor, anti-interleukin antibodies, HIV-neutralizing antibodies, anti-platelet antibodies, anti-
hepatitis virus antibodies, hepatitis vaccines, influenza vaccines (influenza antigens), pertussis vaccine, diphtheria vac-
cine, tetanus toxoids vaccine, peptides or proteins such as pollen from Japanese cedar or ragweed which may act as
antigen, such peptides or proteins conjugated to haptens, and mixtures of such peptides, proteins or conjugates with
adjuvants. Itis easily presumed that the present invention will also improve the absorbability through mucosa, in particular
through nasal mucosa, of medicines which have smaller molecular weights than the above enumerated high molecular
weight medicines. Thus, it is believed that the application of the present invention to them will be also useful.

[0015] Examples of G-CSF which is one of the high molecular weight medicines that can be used in the present
invention include a polypeptide with human G-CSF activity represented by the amino acid sequence of SEQ ID NO: 1,
2 or 3; and a glycoprotein composed of the above polypeptide and sugar chains added thereto. Further, G-CSF derivatives
with G-CSF activity represented by the above-mentioned amino acid sequence which is partially modified (i.e. has
substitution, deletion, insertion and/or addition) are also included in the G-CSF of the invention.

[0016] These G-CSFs may be extracted/separated/purified from natural products, or they may be produced by trans-
formants obtained by recombinant techniques and then isolated/purified. Examples of host cells for such transformation
include E. coli and mammal cells (e.g. C127, CHO cells). Detailed methods for producing these G-CSFs are disclosed,
for example, in Japanese Unexamined Patent Publication/PCT No. 63-500636 and Japanese Unexamined Patent Pub-
lication Nos. 62-236497, 62-236488 and 63-267292.

[0017] The content of a medicine of high molecular weight in the powder form preparation of the invention is usually
0.01 to 90% (w/w), preferably 0.1 to 50% (w/w).

[0018] "The cationic polymer" used in the invention refers to a copolymer of aminoalkylmethacrylate or polyvinyl acetal
diethylaminoacetate A copolymer of aminoalkylmethacrylate is available from, for example, Rohm Pharma under the
trade name Eudragit E or Eudragit RS. Eudragit E is a copolymer of methyl methacrylate, butyl methacrylate and
dimethylaminoethyl methacrylate with an average molecular weight of 150,000. Polyvinyl acetal diethylaminoacetate is
available from, for example, Sankyo Co., Ltd. under the trade name AEA. This is a polymer with an average molecular
weight of 65,000 which is obtained by dehydrating polyvinyl alcohol and acetaldehyde to generate acetal and hydroxyl,
and then attaching diethyl aminoacetate to a part of the acetal and hydroxyl by ester linkage. Poly-L-arginine used for
comparative purposes, is a polymer of L-arginine. lts average molecular weight is 1000 to 1,000,000. Preferably, this
polymer has an average molecular weight of 12,100 to 92,000, more preferably 92,000. Poly-L-arginine is available from
Sigma. The content of said cationic polymers in the powder form preparation of the invention for administration through
mucosa is usually 0.1 to 90% (w/w), preferably 1 to 50% (w/w).

[0019] "Aviscous polymer" used in the invention refers to a polymer which becomes viscous when dissolved or swollen.
The viscous polymer used in the invention may be any viscous polymer as long as it increases the absorption of a
medicine of high molecular weight when used in combination with a cationic polymer, as compared to the case when
the cationic polymer is used alone. Specific examples of such viscous polymers include hydroxypropylmethyl cellulose,
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hydroxypropy! cellulose, carboxyvinyl polymer, agar powder and gum arabic powder. The content of a viscous polymer
in the powder form preparation of the invention for administration through mucosa is usually 0.1 to 90% (w/w), preferably
1 to 50% (w/w).

[0020] An excipient used in the invention is, typically, a saccharide.

Specific examples of saccharides include xylitol, fructose, sorbitol, lactose, inositol, sucrose and mannitol. Other examples
of excipients include starches, inorganic substances, organic acids and amino acids. As starches, corn starch, wheat
starch, potato starch and the like may be enumerated. As inorganic substances, calcium phosphate, calcium hydrogen-
phosphate, disodium hydrogenphosphate, sodium dihydrogenphosphate, magnesium carbonate, sodium chloride, cal-
cium sulfate and the like may be enumerated. As organic substances, succinic acid, tartaric acid, citric acid, fumaric
acid, malic acid, gluconic acid, glucuronic acid, salts thereof, and the like may be enumerated. As amino acids, L-arginine,
D,L-methionine, L-phenylalanine, L-glutamic acid and the like may be enumerated. The content of the excipient in the
powder form preparation of the invention for administration through mucosa is usually 1 to 90% (w/w), preferably 5 to
80% (w/w).

[0021] If necessary, additives such as a lubricant may be used in the present invention. Specific examples of lubricants
include magnesium stearate, stearic acid and talc. The content of the additives in the powder form preparation of the
invention for administration through mucosa is usually 0.01 to 90% (w/w), preferably 0.05 to 50% (w/w).

[0022] Hereinbelow, a exemplary method for producing the powder form preparation of the invention for administration
through mucosa will be described briefly.

[0023] A buffer solution containing G-CSF is mixed with a buffer solution in which a cationic polymer, an excipient
such as sucrose or mannitol and, optionally, a viscous polymer have been dissolved in advance. The resultant mixture
is spray-dried to obtain a powder.

[0024] Necessary amounts of the resultant powder are weighed out and packed in capsules to obtain a preparation
in powder form for administration through mucosa.

[0025] The thus prepared powder of the preparation for administration through mucosa is usually 0.1 to 500 um,
preferably 5 to 100 wm in particle size.

[0026] The powder of the preparation for administration through mucosa is easy to handle whenitis packed in capsules.
As a material for the capsule base, gelatin, hydroxypropylmethyl cellulose, methyl cellulose, starch or the like may be
used. Glycerol, sorbitol, carrageenan, polyethylene glycol, gum arabic or the like may be added to the above material
to increase plasticity.

[0027] Additionally, potassium chloride, sucrose, a coloring agent and titanium oxide may also be added.

[0028] The preparation of the invention in powder form for administration through mucosa may be applied to the
mucous membrane of patients at the time of need or at an appropriate frequency. Specific examples of mucosa include
nasal mucosa, ocular mucosa, oral mucosa, pulmonary mucosa, vaginal mucosa and mucous membranes of digestive
tract such as gastric mucosa, small intestinal mucosa, large intestinal mucosa and rectal mucosa. For example, when
the preparation of the invention is administered through nasal mucosa, a capsule containing the powder form preparation
is set in a small-sized sprayer (Publizer™). After a hole is made in the capsule, the nozzle of the sprayer is inserted into
one of the nostrils of the patient. While he is breathing in through the nose, the patient presses the rubber ball of the
sprayer to thereby spray the powder form preparation into the nasal cavity. A preparation of the invention containing
granulocyte colony-stimulating factor as an active ingredient may be administered to patients 1 to 4 times a day such
that the dose of the active ingredient is 1-500 p. g/kg/day, preferably 5-100 wg/kg/day. A preparation of the invention
containing insulin as an active ingredient may be administered to patients 1 to 4 times a day such that the dose of the
active ingredientis 0.1-100 U/kg/day, preferably 0.5-20 U/kg/day. A preparation of the invention containing erythropoietin
as an active ingredient may be administered to patients 1 to 4 times a day such that the dose of the active ingredient is
50-50,000 1U/kg/day, preferably 200-8,000 1U/kg/day. A preparation of the invention containing growth hormone as an
active ingredient may be administered to patients 1 to 4 times a day such that the dose of the active ingredient is 0.1-50
IU/kg/day, preferably 0.4-15 IU/kg/day. A preparation of the invention containing an influenza antigen as an active
ingredient may be administered to persons in need of such a preparation 1 to 4 times a day with an interval of 2-6 weeks
such that the dose of the active ingredient is 0.5-200 CCA/kg/day, preferably 20-40 CCA/kg/day.

Best Modes for Carrying Out the Invention

[0029] Hereinbelow, the present invention will be described specifically with reference to the following Examples.
[0030] The cationic polymers, sucrose, D-mannitol, hydroxypropylmethyl cellulose, sodium hyaluronate and compo-
nents of buffer solutions dissolving them (buffer components) used in the following Examples and Comparative Examples
are as described below.
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Cationic polymers
[0031]

Poly-L-arginine (Sigma)

Aminoalkylmethacrylate copolymer E (Rohm Pharma; Trade Name: Eud ragit E100)
Polyvinyl acetal diethylaminoacetate (Sankyo Co., Ltd.; Trade Na me: AEA)
Diethylaminoethyl (DEAE)-dextran (Fluka)

Chitosan (Chitosan 8B; manufactured by Katokichi Co., Ltd. and s old by Funakoshi)
Sucrose (Kosakai Pharmaceutical; saccharose prepared according to the Japanese Pharmacopoeia)
D-mannitol (Kao Corp.; Trade Name: Nikkyoku Mannitol Kao).

Hydroxypropylmethyl cellulose (Shin-Etsu Chemical; Trade Name: Metholo se 60SH4000)
Sodium hyaluronate (Tokyo Kasei Organic Chemicals) Buffer components

Citric acid (Oriental Pharmaceutical & Synthetic Chemical)

Phosphoric acid (Kokusan Kagaku)

[0032] The medicines of high molecular weight used in the following Examples are as described below.

[0033] The granulocyte colony-stimulating factor (G-CSF) used is a polypeptide having the amino acid sequence
shown in SEQ ID NO: 1, produced by a transformed E. coli (see Japanese Unexamined Patent Publication/PCT No.
63-500636). The thus obtained G-CSF was concentrated, followed by buffer replacement to prepare a buffer solution
ontaining G-CSF.

[0034] The insulin used is a commercial product (Boehringer Mannheim; recombinant human insulin; Mw = ca. 5700).
[0035] The erythropoietin used is a commercial product (Kirin Brewery; recombinant human erythropoietin; Mw = ca.
30,000).

[0036] The growth hormone used is a commercial product (Chemicon; recombinant human growth hormone; Mw =
ca. 22, 000).

[0037] The influenza A antigen used is a commercial product (Chemicon).

<Comparative EXAMPLE 1>
[0038] To a buffer solution containing G-CSF, a buffer solution containing sucrose and poly-L-arginine was added.

The resultant mixture was spray-dried to thereby obtain a powder form preparation for pernasal administration having
the following formula.

G-CSF 20% (w/w)
Poly-L-arginine 20% (w/w)

Sucrose 26% (w/w)

Buffer components  appropriate amounts
Total 100% (w/w)

<EXAMPLE 1>

[0039] To a buffer solution containing G-CSF, a buffer solution containing sucrose and polyvinyl acetal diethylami-
noacetate (AEA) was added. The resultant mixture was spray-dried to thereby obtain a powder form preparation for
pernasal administration having he following formula.

G.CSF 20% (w/w)

AEA 20% (w/w)

Sucrose 26% (w/w)

Buffer components  appropriate amounts
Total 100% (w/w)

<EXAMPLE 2>

[0040] To a buffer solution containing G-CSF, a buffer solution containing sucrose and aminoalkylmethacrylate co-
polymer E (Eudragit E100) was added. The resultant mixture was spray-dried to thereby obtain a powder form preparation
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for pernasal administration having the following formula.

G-CSF
Eudragit E100
Sucrose
Buffer components
Total

<EXAMPLE 3>

[0041]

20% (w/w)

20% (w/w)

26% (w/w)
appropriate amounts
100% (w/w)

To a buffer solution containing G-CSF, a buffer solution containing sucrose and aminoalkylmethacrylate co-

polymer E (Eudragit E100) was added. The resultant mixture was spray-dried to thereby obtain a powder form preparation

for pernasal administration having the following formula.

G-CSF
Eudragit E100
Sucrose
Buffer components
Total

<EXAMPLE 4>

[0042]

20% (w/w)

10% (w/w)

63% (w/w)
appropriate amounts
100% (w/w)

To a buffer solution containing G-CSF, a buffer solution containing sucrose and aminoalkylmethacrylate co-

polymer E (Eudragit E100) was added. The resultant mixture was spray-dried to thereby obtain a powder form preparation

for pernasal administration having the following formula.

G-CSF

Eudragit E100
Sucrose

Buffer components
Total

<EXAMPLE 5>

[0043]

20% (w/w)

20% (w/w)

53% (w/w)
appropriate amounts
100% (w/w)

To a buffer solution containing G-CSF, a buffer solution containing sucrose and aminoalkylmethacrylate co-

polymer E (Eudragit E100) was added. The resultant mixture was spray-dried to thereby obtain a powder form preparation

for pernasal administration having the following formula.

G-CSF

Eudragit E100
Sucrose

Buffer components
Total

<EXAMPLE 6>

[0044]

20% (w/w)

30% (w/w)

43% (wiw)
appropriate amounts
100% (w/w)

To a buffer solution containing G-CSF, a buffer solution containing sucrose and aminoalkylmethacrylate co-

polymer E (Eudragit E100) was added. The resultant mixture was spray-dried to thereby obtain a powder form preparation

for pernasal administration having the following formula.

G-CSF

Eudragit E100
Buffer components
Total

20% (wiw)

57% (wiw)
appropriate amounts
100% (w/w)
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<EXAMPLE 7>

[0045]

To a buffer solution containing G-CSF, a buffer solution containing sucrose and aminoalkylmethacrylate co-

polymer E (Eudragit E100) was added. The resultant mixture was spray-dried to thereby obtain a powder form preparation

for pernasal administration having the following formula.

G-CSF

Eudragit E100
Sucrose

Buffer components
Total

<EXAMPLE 8>

[0046]

20% (w/w)

20% (w/w)

47% (wiw)
appropriate amounts
100% (w/w)

To a buffer solution containing G.CSF, a buffer solution containing sucrose, aminoalkylmethacrylate copolymer

E (Eudragit E100) and hydroxypropylmethyl cellulose (HPMC) was added. The resultant mixture was spray-dried to
thereby obtain a powder form preparation for pernasal administration having the following formula.

G-CSF

Eudragit E100
HPMC

Sucrose

Buffer components
Total

<EXAMPLE 9>

[0047]

20% (w/w)

20% (w/w)

10% (w/w)

37% (wiw)
appropriate amounts
100% (w/w)

To a buffer solution containing G-CSF, a buffer solution containing sucrose, aminoalkylmethacrylate copolymer

E (Eudragit E100) and hydroxypropylmethyl cellulose (HPMC) was added. The resultant mixture was spray-dried to
thereby obtain a powder form preparation for pernasal administration having the following formula.

G-CSF

Eudragit E100
HPMC

Sucrose

Buffer components
Total

<COMPARATIVE EXAMPLE 2>

[0048]

20% (w/w)

20% (w/w)

20% (w/w)

27% (wiw)
appropriate amounts
100% (w/w)

To a buffer solution containing G-CSF, a buffer solution containing sucrose was added. The resultant mixture

was spray-dried to thereby obtain a powder form preparation for pernasal administration having the following formula.

G-CSF

Sucrose

Buffer components
Total

<COMPARATIVE EXAMPLE 3>

[0049]

20% (w/w)

46% (wiw)
appropriate amounts
100% (w/w)

To a buffer solution containing G-CSF, a buffer solution containing sucrose and sodium hyaluronate was added.

The resultant mixture was spray-dried to thereby obtain a powder form preparation for pernasal administration having

the following formula.
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G-CSF 20% (w/w)

Sodium hyaluronate  20% (w/w)

Sucrose 26% (wiw)

Buffer components appropriate amounts
Total 100% (w/w)

<COMPARATIVE EXPERIMENTAL EXAMPLE 1>

[0050] Male beagles were used in this experiment. The preparations from Comparative Example 1 and 2 were sep-
arately packed in gelatin capsules such that each capsule would give the dog 100 ug of G-CSF per kg of body weight.
The gelatin capsule was mounted in Publizer™ (Ishikawa seisakusho) having a silicone tube about 2.5 cm in length
bonded to its tip. Then, the silicone tube portion was inserted into the nasal cavity of the dog through one of its nostrils,
followed by pressing the rubber ball portion of the Publizer™ to administer the preparation. After the administration,
blood samples were taken from the forearm vein at regular intervals. Blood G-CSF levels were determined by ELISA
(T. Ichikawa et al., Experimental Hematology 23: 192-195 (1955)). Table 1 shows the value of area under the blood G-
CSF level vs time curve (AUCg) for each preparation. The preparation of Comparative Example 1 containing poly-L-
arginine as a cation polymer exhibited a higher AUCg value than the preparation of Comparative Example 2 containing
no high molecular weight substances. Thus, it was found that the addition of poly-L-arginine promotes the absorption
of G-CSF through nasal mucosa.

Table 1.

Preparation administered = Comparative Ex.2  Comparative Example 1

AUC;0— 32 hr 5.3 10.3
(- hr - ml1)

<COMPARATIVE EXPERIMENTAL EXAMPLE 2>

[0051] Male beagles were used in this experiment. The preparations from Comparative Examples 2 and 3 were
separately packed in gelatin capsules such that each capsule would give the dog 100 p.g of G-CSF per kg of body weight.
The gelatin capsule was mounted in Publizer™ (Ishikawa Seisakusho) having a silicone tube about 2.5 cm in length
bonded to its tip. Then, the silicone tube portion was inserted into the nasal cavity of each dog through one of the nostrils,
followed by pressing the rubber ball portion of the Publizer™ to administer the preparation. After the administration,
blood samples were taken from the forearm vein at regular intervals. Blood G-CSF levels were determined by ELISA.
Table 2 shows the value of area under the blood G-CSF level vs time curve (AUC) for each preparation. The preparation
of Comparative Example 3 containing sodium hyaluronate (a non-cationic polymer) exhibited substantially the same
AUC value as the preparation of Comparative Example 2 containing no high molecular weight substances. Thus, the
addition of sodium hyaluronate showed little promotive effect on G-CSF absorption.

Table 2.

Preparation administered = Comparative Ex.2  Comparative Ex. 3

AUC; 0 — 32 hr 4.8 4.6
(ng - hr-ml")

<EXPERIMENTAL EXAMPLE 1>

[0052] Male beagles were used in this experiment. The preparations from Examples 1, 2 and Comparative Example
1 were separately packed in gelatin capsules such that each capsule would give the dog 100 ug of G-CSF per kg of
body weight. The gelatin capsule was mounted in Publizer™ (Ishikawa Seisakusho) having a silicone tube about 5.0
cm in length bonded to its tip. Then, the silicone tube portion was inserted into the nasal cavity of each dog through one
of the nostrils, followed by pressing the rubber ball portion of the Publizer™ to administer the preparation. After the
administration, blood samples were taken from the forearm vein at regular intervals. Leukocyte counts in blood samples
were determined with a micro-cell counter. Blood G-CSF levels were determined by ELISA. Table 3 shows the values
of area under the increased leukocyte count vs time curve (AUC,,) and of area under the blood G-CSF level vs time
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curve (AUC) for the preparations tested. As a result, it was found that AEA and Eudragit E100 have a better absorption-
promoting effect than poly-L-arginine.

Table 3.
Procuration administered Comparative Example 1 Example 1 Example 2
AUC,, 0—72hr(count-hr-ml-') 3083 5095 5707
AUGG 0 — 31 hr (ng-hr-mI’) 13 .4 73.0 44 .4

<EXPERIMENTAL EXAMPLE 2>

[0053] Male beagles were used in this experiment. The preparations from Examples 3, 4, 5 and 6 were separately
packed in gelatin capsules such that each capsule would give the dog 100 xg of G-CSF per kg of body weight. The
gelatin capsule was mounted in Publizer™ (Ishikawa Seisakusho) having a silicone tube about 5.0 cm in length bonded
to its tip.. Then, the silicone tube portion was inserted into the nasal cavity of each dog through one of the nostrils,
followed by pressing the rubber ball portion of the Publizer™ to administer the preparation. After the administration,
blood samples were taken from the forearm vein at regular intervals. Leukocyte counts in blood samples were determined
with a micro-cell counter. Blood G-CSP levels were determined by ELISA. Table 4 shows the values of area under the
increased leukocyte count vs time curve (AUC,y) and of area under the blood G-CSF level vs time curve (AUCg) for the
preparations tested. The effect of Eudragit E100 was retained in spite of various changes in its content.

Table 4.

Preparation Administered Example3 Example4 Example5 Example6

AUC,, 0 =72 hr 3475 4053 4138 4562
(count - hr - mI1)

AUCg 0 —31 hr 25.6 27.1 16.8 11.1
(ng - hr - mI-")

<EXPERIMENTAL EXAMPLE 3>

[0054] Male beagles were used in this experiment. The preparations from Examples 7, 8 and 9 were separately packed
in gelatin capsules such that each capsule would give the dog 100 ug of G-CSF per kg of body weight. The gelatine
capsule was mounted in Publizer™ (Ishikawa Seisakusho) having a silicone tube about 5.0 cm in length bonded to its
tip. Then, the silicone tube portion was inserted into the nasal cavity of each dog through one of the nostrils, followed
by pressing the rubber ball portion of the Publizer™ to administer the preparation. After the administration, blood samples
were taken from the forearm vein at regular intervals. Leukocyte counts in blood samples were determined with a micro-
cell counter. Blood G-CSF levels were determined by ELISA. Table 4 shows the values of area under the increased
leukocyte count vs time curve (AUC,y) and of area under the blood G-CSF level vs time curve (AUC) for the preparations
tested. As a result, it became evident that the addition of HPMC together with Eudragit E100 enhances the absorption
promoting effect as compared to the addition of Eudragit alone.

Table 5.
Preparation administered Example7 Example8 Example9
AUCy, 0 -»72 hr 3988 5482 5618
(count “hr - mI1)
AUCg 0 —31 hr 19.9 54.5 76.7
(ng - hr - mI1)

<EXAMPLE 10>
[0055] To a buffer solution containing G-CSF, a buffer solution containing D-mannitol and aminoalkylmethacrylate

copolymer E (Eudragit E100) was added. The resultant mixture was spray-dried to thereby obtain a powder form prep-
aration for pernasal administration having the following formula.

10
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G-CSF 10.0% (w/w)
Eudragit E100 7.5% (wiw)
D-mannitol 75.0% (w/w)

Buffer components  appropriate amounts
Total 100 % (w/w)

<COMPARATIVE EXAMPLE 4>

[0056]

To a buffer solution containing G-CSF, a buffer solution containing D-mannitol was added. The resultant mixture

was spray-dried to thereby obtain a powder form preparation for pernasal administration having the following formula.

G-CSF 10.0% (w/w)
D-mannitol 81.8% (w/w)
Buffer components  appropriate amounts
Total 100 % (w/w)

<EXPERIMENTAL EXAMPLE 4>

[0057]

Male beagles were used in this experiment. The preparations from Example 10 and Comparative Example 4

were separately packed in gelatin capsules such that each capsule would give the dog 50 ug of G-CSF per kg of body
weight. The gelatin capsule was mounted in Publizer™ (Ishikawa Seisakusho) having a silicone tube about 5.0 cm in
length bonded to its tip. Then, the silicone tube portion was inserted into the nasal cavity of each dog through one of the
nostrils, followed by pressing the rubber ball portion of the Publizer™ to administer the preparation. After the adminis-
tration, blood samples were taken from the forearm vein at regular intervals. Blood G-CSF levels were determined by
ELISA. Table 6 shows the values of area under the blood G-CSF level us time curve (AUCg) for the preparations tested.
As a result, it was found that Eudragit E100 remarkably promotes the adsorption of G-CSF through nasal mucosa.

Table 6.

Preparation administered

Example 10 Comparative Ex. 4

AUCg 0 —31 hr(ng: hr-mI")

67.1 16.4

<EXAMPLE 11>

[0058]

To a buffer solution containing insulin, a buffer solution containing sucrose, aminoalkylmethacrylate copolymer

E (Eudragit E100) and hydroxypropylmethyl cellulose (HPMC) was added. The resultant mixture was spray-dried to
thereby obtain a powder form preparation for pernasal administration having the following formula.

Insulin

Eudragit E100
HPMC

Sucrose

Buffer components
Total

<COMPARATIVE EXAMPLE 5>

[0059]

18% (wiw)

27% (w/w)

9% (w/w)

32% (w/w)
appropriate amounts
100% (w/w)

To a buffer solution containing insulin, a buffer solution containing sucrose, poly-L-arginine and hydroxypro-

pylmethyl cellulose (HPMC) was added. The resultant mixture was spray-dried to thereby obtain a powder form prepa-
ration for pernasal administration having the following formula.

Insulin
Poly-L-arginine

18% (w/w)
27% (w/w)

11
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(continued)

HPMC

Sucrose

Buffer components
Total

<COMPARATIVE EXAMPLE 6>

[0060]

9% (w/w)

32% (w/w)
appropriate amounts
100% (w/w)

To a buffer solution containing insulin, a buffer solution containing sucrose, diethylaminoethyl (DEAE)-dextran

and hydroxypropylmethyl cellulose (HPMC) was added. The resultant mixture was spray-dried to thereby obtain a powder
form preparation for pernasal administration having the following formula.

Insulin
DEAE-dextran
HPMC

Sucrose

Buffer components
Total

<COMPARATIVE EXAMPLE 7>

[0061]

18% (w/w)

27% (w/w)

9% (w/w)

32% (w/w)
appropriate amounts
100% (w/w)

To a buffer solution containing insulin, a buffer solution containing sucrose, chitosan and hydroxypropylmethyl

cellulose (HPMC) was added. The resultant mixture was spray-dried to thereby obtain a powder form preparation for

pernasal administration having the following formula.

Insulin

Chitosan

HPMC

Sucrose

Buffer components
Total

<COMPARATIVE EXAMPLE 8>

[0062]

18% (w/w)

27% (w/w)

9% (w/w)

32% (w/w)
appropriate amounts
100% (w/w)

To a buffer solution containing insulin, a buffer solution containing sucrose and hydroxypropylmethyl cellulose

(HPMC) was added. The resultant mixture was spray-dried to thereby obtain a powder form preparation for pernasal

administration having the following formula.

Insulin

HPMC

Sucrose

Buffer components
Total

<COMPARATIVE EXAMPLE 9>

[0063]

18% (w/w)

9% (w/w)

60% (w/w)
appropriate amounts
100% (w/w)

The insulin (as described above) was dissolved in a buffer solution to prepare a liquid preparation for subcu-

taneous administration having the following concentration.

Insulin

1.0 mg/ml

12



10

15

20

25

30

35

40

45

50

55

EP 1093 818 B9
<EXPERIMENTAL EXAMPLE 5>

[0064] The preparations from Example 11 and Comparative Examples 5 to 8 were administered to male beagles
through the nose; and the preparation from Comparative Example 9 was administered to male beagles subcutaneously.
For the pernasal administration group, individual preparations were packed in gelatin capsules such that each capsule
would give the dog 70 ug of insulin per kg of body weight. The gelatine capsule was mounted in Publizer™ (Ishikawa
Seisakusho) having a silicone tube about 5.0 cm in length bonded to its tip. Then, the silicone tube portion was inserted
into the nasal cavity of each dog through one of the nostrils, followed by pressing the rubber ball portion of the Publizer™
to administer the preparation. In the subcutaneous administration group, the preparation from Comparative Example 9
was administered subcutaneously to the back of each dog such that 25 ug of insulin was administered per kg of body
weight. After the administration, blood samples were taken from the forearm vein at regular intervals. Blood insulin levels
were determined by ELISA. Table 7 shows the value of area under the blood insulin level vs time curve (AUC) for each
preparation. As a result, it was found that Eudragit E100 remarkably promotes the pernasal absorption of insulin. Further,
its absorption promoting effect was superior to the effect of poly-L-arginine, DEAE-dextran and chitosan. The bioavail-
ability of the insulin in the preparation of Example 11 was 27% as for the subcutaneous administration of insulin.

Table 7.
Preparation administered  Example 11 Comparative Example 8  Comparative Example 9
AUCO —>7hr 29.0 2.6 38.8
(ng - hr - ml1)
Preparation administered = Comparative Example 5 Comparative Example 6  Comparative Example 7
AUCO — 7 hr 29 25 23.6
(ng - hr - mI1)

<EXAMPLE 12>

[0065] To a buffer solution containing G-CSF, a buffer solution containing D-mannitol and aminoalkylmethacrylate
copolymer E (Eudragit E100) was added. The resultant mixture was spray-dried to thereby obtain a powder form prep-
aration for pernasal administration having the following formula.

G-CSF 10.0% (w/w)
Eudragit E100 7.5% (w/w)
D-mannitol 75.2% (w/w)

Buffer components  appropriate amounts
Total 100% (w/w)

<COMPARATIVE EXAMPLE 10>

[0066] To a buffer solution containing G-CSF, a buffer solution containing D-mannitol and poly-L-arginine was added.
The resultant mixture was spray-dried to thereby obtain a powder form preparation for pernasal administration having
the following formula.

G-CSF 10.0% (w/w)
Poly-L-arginine 7.5% (wiw)
D-mannitol 75.2% (w/w)

Buffer components  appropriate amounts
Total 100% (w/w)

<COMPARATIVE EXAMPLE 11>

[0067]

To a buffer solution containing G-CSF, a buffer solution containing D-mannitol and diethylaminoethyl (DE-

AE)-dextran was added. The resultant mixture was spray-dried to thereby obtain a powder form preparation for pernasal

administration having the following formula.
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G-CSF
DEAE-dextran
D-mannitol

Buffer components
Total

<COMPARATIVE EXAMPLE 12>

[0068]

10.0% (w/w)

7.5% (wiw)

75.2% (w/w)
appropriate amounts
100% (w/w)

To a buffer solution containing G-CSF, a buffer solution containing D-mannitol and chitosan was added. The

resultant mixture was spray-dried to thereby obtain a powder form preparation for pernasal administration having the

following formula.

G-CSF

Chitosan
D-mannitol

Buffer components
Total

<EXPERIMENTAL EXAMPLE 6>

[0069]

10.0% (w/w)

7.5% (wiw)

75.2% (w/w)
appropriate amounts
100 % (w/w).

Male beagles were used in this experiment. The preparations from Examples 12 and comparative Examples

10-12 were separately packed in gelatin capsules such that each capsule would give the dog 50 ug of G-CSF per kg of
body weight. The gelatin capsule was mounted in Publizer™ (Ishikawa Seisakusho) having a silicone tube about 5.0
cm in length bonded to its tip. Then, the silicone tube portion was inserted into the nasal cavity of each dog through one
of the nostrils, followed by pressing the rubber ball portion of the Publizer™ to administer the preparation. After the
administration, blood samples were taken from the forearm vein at regular intervals. Blood G-CSF levels were determined
by ELISA. Table 8 shows the values of area under the blood G-CSF level vs time curve (AUCg) for the preparations
tested. As a result, it was found that the powder preparation containing Eudragit E100 exhibits the highest AUCg value.
From the above, it became evident that the absorption promoting effect of Eudragit E100 is superior to that of the other
polycations, i.e. poly-L-arginine, DEAE-dextran and chitosan.

Table 8.
Preparation administered = Example 12 Comparative Example 10
AUCg 0 — 31hr 46.4 35.7

(ng - hr - mI")

Comparative Example 12

42.8

Preparation administered

AUCg 0 — 31 hr
(ng- hr - mI-)

Comparative Example 11

22.9

<EXAMPLE 13>

[0070] To a buffer solution containing erythropoietin, a buffer solution containing sucrose, aminoalkylmethacrylate
copolymer E (Eudragit E100) and hydroxypropylmethyl cellulose (HPMC) was added. The resultant mixture was spray-
dried to thereby obtain a powder form preparation for pernasal administration having the following formula.

Erythropoietin 30% (w/w)

Eudragit E100 30% (w/w)

HPMC 10% (w/w)

Sucrose 15% (w/w)

Buffer components  appropriate amounts
Total 100% (w/w)
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<COMPARATIVE EXAMPLE 13>

[0071]

To a buffer solution containing erythropoietin, a buffer solution containing sucrose and hydroxypropylmethyl

cellulose (HPMC) was added. The resultant mixture was spray-dried to thereby obtain a powder form preparation for

pernasal administration having the following formula.

Erythropoietin
HPMC

Sucrose

Buffer components
Total

<COMPARATIVE EXAMPLE 14>

[0072]

30% (w/w)

10% (w/w)

45% (w/w)
appropriate amounts
100% (w/w)

To a buffer solution containing erythropoietin, a buffer solution containing sucrose, poly-L-arginine and hydrox-

ypropylmethyl cellulose (HPMC) was added. The resultant mixture was spray-dried to thereby obtain a powder form
preparation for pernasal administration having the following formula.

Erythropoietin
Poly-L-arginine
HPMC

Sucrose

Buffer components
Total

<COMPARATIVE EXAMPLE 15>

[0073]

30% (w/w)

30% (w/w)

10% (w/w)

15% (w/w)
appropriate amounts
100% (w/w)

To a buffer solution containing erythropoietin, a buffer solution containing sucrose, diethylaminoethyl (DE-

AE)-dextran and hydroxypropylmethyl cellulose (HPMC) was added. The resultant mixture was spray-dried to thereby
obtain a powder form preparation for pernasal administration having the following formula.

Erythropoietin
DEAE-dextran
HPMC

Sucrose

Buffer components
Total

<COMPARATIVE EXAMPLE 16>

[0074]

30% (w/w)

30% (w/w)

10% (w/w)

15% (w/w)
appropriate amounts
100% (w/w)

To a buffer solution containing erythropoietin, a buffer solution containing sucrose, chitosan and hydroxypro-

pylmethyl cellulose (HPMC) was added. The resultant mixture was spray-dried to thereby obtain a powder form prepa-
ration for pernasal administration having the following formula.

Erythropoietin
Chitosan

HPMC

Sucrose

Buffer components
Total

<COMPARATIVE EXAMPLE 17>

[0075]

30% (w/w)

30% (w/w)

10% (w/w)

15% (w/w)
appropriate amounts
100% (w/w)

Erythropoietin was dissolved in a buffer solution to prepare a liquid preparation for subcutaneous administration

15
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having the following concentration.

Erythropoietin 250 ug/ml

<EXPERIMENTAL EXAMPLE 7>

[0076] The preparations from Example 13 and Comparative Examples 13-16 were administered to male beagles
through the nose; and the preparation from Comparative Example 17 was administered to male beagles subcutaneously.
For the pernasal administration group, individual preparations were packed in gelatin capsules such that each capsule
would give the dog 120 ug of erythropoietin per kg of body weight. The gelatin capsule was mounted in Publizer™
(Ishikawa Seisakusho) having a silicone tube about 5.0 cm in length bonded to its tip. Then, the silicone tube portion
was inserted into the nasal cavity of each dog through one of the nostrils, followed by pressing the rubber ball portion
of the Publizer™ to administer the preparation. In the subcutaneous administration group, the preparation from Com-
parative Example 17 was administered subcutaneously to the back of each dog such that 5 ug of erythropoietin was
administered per kg of body weight. After the administration, blood samples were taken from the forearm vein at regular
intervals. Blood erythropoietin levels were determined by ELISA. Table 9 shows the value of area under the blood
erythropoietin level vs time curve (AUC) for each preparation. As a result, it was found that Eudragit E100 remarkably
promotes the pernasal absorption of erythropoietin. Further, its absorption promoting effect was superior to the effect
of poly-L-arginine, DEAE-dextran and chitosan. The bioavailability of the erythropoietin in the preparation of Example
13 was 15% relative as for the subcutaneous administration of erythropoietin.

Table 9.
Preparation administered = Example 13 Comparative Example 13 ~ Comparative Example 14
AUCO0 — 11 hr 29.1 1.5 19.1
(U - hr-ml"
Preparation administered = Comparative Example 15  Comparative Example 16 ~ Comparative Example 17
AUCO0 — 11 hr 6.6 20.2 7.9
(U -hr - mI1)

(1 pg of erythropoietin is equivalent to 130 U.)

<EXAMPLE 14>

[0077] To a buffer solution containing growth hormone, a buffer solution containing D-mannitol and aminoalkylmeth-
acrylate copolymer E (Eudragit E100) was added. The resultant mixture was spray-dried to thereby obtain a powder
form preparation for pernasal administration having the following formula.

Growth hormone 10.0% (w/w)
Eudragit E100 7.5% (wiw)
D-mannitol 75.2% (w/w)

Buffer components  appropriate amounts
Total 100% (w/w)

<COMPARATIVE EXAMPLE 18>

[0078] Toabuffersolution containing growth hormone, a buffer solution containing D-mannitol was added. The resultant
mixture was spray-dried to thereby obtain a powder form preparation for pernasal administration having the following
formula.

Growth hormone 10.0% (w/w)
D-mannitol 82.7% (wlw)
Buffer components  appropriate amounts
Total 100% (w/w)
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<EXPERIMENTAL EXAMPLE 8>

[0079] Male beagles were used in this experiment. The preparations from Example 14 and Comparative Example 18
were separately packed in gelatin capsules such that each capsule would give the dog 50 wg of growth hormone per
kg of body weight. The gelatin capsule was mounted in Publizer™ (Ishikawa Seisakusho) having a silicone tube about
5.0 cm in length bonded to its tip. Then, the silicone tube portion was inserted into the nasal cavity of each dog through
one of the nostrils, followed by pressing the rubber ball portion of the Publizer™ to administer the preparation. After the
administration, blood samples were taken from the forearm vein at regular intervals. Blood growth hormone levels were
determined by ELISA. Table 10 shows the values of area under the blood growth hormone level vs time curve (AUC)
for the preparations tested. As a result, it was found that Eudragit E100 remarkably promotes the pernasal absorption
of growth hormone. The absorption ratio for the case where Eudragit E100 was added was 10 times higher than the
ratio for the absence of Eudragit E100.

Table 10 .

Preparation administered  Example 14  Comparative Ex. 18

AUCO0 — 11 hr 13.0 1.3
(ng - hr - ml1)

<EXAMPLE 15>

[0080] To a buffer solution containing influenza A antigen, a buffer solution containing D-mannitol and aminoalkyl-
methacrylate copolymer E (Eudragit E100) was added. The resultant mixture was spray-dried to thereby obtain a powder
form preparation for pernasal administration having the formula below. It should be noted here that the percent by weight
of influenza A antigen mentioned below is a value including the buffer components contained in the relevant reagent.

Influenza A antigen  4.0% (w/w)

Eudragit E100 7.5% (wiw)
D-mannitol 81.2% (w/w)

Buffer components  appropriate amounts
Total 100% (w/w)

<COMPARATIVE EXAMPLE 19>

[0081] To a buffer solution containing influenza A antigen, a buffer solution containing D-mannitol was added. The
resultant mixture was spray-dried to thereby obtain a powder form preparation for pernasal administration having the
formula below. It should be noted here that the percent by weight of influenza A antigen mentioned below is a value
including the buffer components contained in the relevant reagent.

Influenza A antigen  4.0% (w/w)

D-mannitol 88.7% (w/w)
Buffer components  appropriate amounts
Total 100% (w/w)

<COMPARATIVE EXAMPLE 20>

[0082] To a buffer solution containing influenza A antigen, a buffer solution containing D-mannitol and poly-L-arginine
was added. The resultant mixture was spray-dried to thereby obtain a powder form preparation for pernasal administration
having the formula below. It should be noted here that the percent by weight of influenza A antigen mentioned below is
a value including the buffer components contained in the relevant reagent.

Influenza A antigen  4.0% (w/w)
Poly-L-arginine 7.5% (wiw)
D-mannitol 81.2% (w/w)

Buffer components  appropriate amounts
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(continued)
Total 100% (w/w)
<COMPARATIVE EXAMPLE 21>
[0083] Toabuffersolution containinginfluenza A antigen, a buffer solution containing D-mannitol and diethylaminoethyl
(DEAE) -dextran was added. The resultant mixture was spray-dried to thereby obtain a powder form preparation for
pernasal administration having the formula below. It should be noted here that the percent by weight of influenza A

antigen mentioned below is a value including the buffer components contained in the relevant reagent.

Influenza A antigen  4.0% (w/w)

DEAE-dextran 7.5% (wiw)
D-mannitol 81.2% (w/w)

Buffer components  appropriate amounts
Total 100% (w/w)

<COMPARATIVE EXAMPLE 22>

[0084] To a buffer solution containing influenza A antigen, a buffer solution containing D-mannitol and chitosan was
added. The resultant mixture was spray-dried to thereby obtain a powder form preparation for pernasal administration
having the formula below. It should be noted here that the percent by weight of influenza A antigen mentioned below is
a value including the buffer components contained in the relevant reagent.

Influenza A antigen  4.0% (w/w)

Chitosan 7.5% (wiw)
D-mannitol 81.2% (w/w)

Buffer components  appropriate amounts
Total 100% (w/w)

<EXPERIMENTAL EXAMPLE 9>

<<Day 1 of the Experiment (1st Administration)>>

[0085] Blood samples were taken from the forearm vein of beagles to be used in the experiment. The preparations
from Example 15 and Comparative Examples 19-22 were packed separately in gelatin capsules such that 24 ul of
influenza A antigen would be administered per one capsule. The gelatin capsule was mounted in Publizer™ (Ishikawa
Seisakusho) having a silicone tube about 5.0 cm in length bonded to its tip. Then, the silicone tube portion was inserted
into the nasal cavity of each dog through one of the nostrils, followed by pressing the rubber ball portion of the Publizer™
to administer the preparation.

<<Day 15 of the Experiment (2nd Administration)>>

[0086] The preparations from Example 15 and Comparative Examples 19-22 were administered to the beagles through
the nose. The grouping of the dogs, the dose and the method of administration were the same as for day 1 of the
experiment.

<<Day 29 of the Experiment>>

[0087] Blood samples were taken from the forearm vein of the beagles administered with influenza A antigen.
<<Determination of the Amounts of Antibodies>>

[0088] The amounts of anti-influenza A antibodies in the sera collected on days 1 and 29 were determined by ELISA.

The amounts of antibodies of the two subclasses, IgG1 and IgG2, were determined. Changes in the amounts of anti-
influenza A antibodies based on their amounts on day 1 were compared. The amounts of anti-influenza A antibodies
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were compared as difference in absorbance between wells immobilizing the relevant antigen and wells not immobilizing
the antigen. Tables 11 and 12 show the ratios of those individuals on day 29 in which anti-influenza A antibodies were
induced (number of dogs: 4 in each group). As a result, it was found that both anti-influenza A-IgG1 and anti-influenza
A-lgG2 are most frequently induced in the Eudragit E100-added group. From the above, it became evident that Eudragit
E100 is useful as an adjuvant for pernasal vaccines and that the effect thereof is superior to the effect of the other
polycations, i.e. poly-L-arginine, DEAE-dextran and chitosan.

Table 11. Anti-Influenza A-IgG1 Antibody Induction Ratio

Preparation administered Example 15 Comparative Example 19  Comparative Example 20
Day 29 (after two 50% 0% 25%
sensitizations)

Preparation administered Comparative Example 21~ Comparative Example 22

Day 29 (after two 0% 50%

sensitizations)

Table 12. Anti-Influenza A-1IgG2 Antibody Induction Ratio

Preparation administered Example 15 Comparative Example 19  Comparative Example 20
Day 29 (after two 100% 25% 100%
sensitizations)

Preparation administered Comparative Example 21 Comparative Example 22

Day 29 (after two 25% 25%

sensitizations)

Industrial Applicability

[0089] By adding a copolymer of aminoalkylmethacrylate or polyvinyl acetal diethylaminoacetate or said cationic
polymers plus a viscous polymer to a medicine of high molecular weight for producing a preparation in powder form, it
is possible to achieve effective absorption of the medicine of high molecular weight through mucosa.
SEQUENCE LISTING
[0090]

<110> KIRIN-AMGEN INC.

<120> High molecular weight medicine-containing preparation in powder form for administration through mucosa

<130>

<140> PCT/JP99/03563
<141>1999-07-01

<150> JP 10-192722
<151>1998-07-08

<150> JP 11-81549
<151> 1999-03-25

<160> 3
<210> 1

<211>175
<212> PRT
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<400> 1
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<210>2

<211>174
<212> PRT
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100
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Tyr Arg
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Leu
Pro
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Leu
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Met
Mgt
Val
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Ala

-Ala

Ser



10

15

20

25

30

35

40

45

50

55

Thr Pro

1

Cys

Glu

Leu

Pro

65

Gly

Pro

Phe

Ala

Gln
145

Leu

Leu
Lys
Léu

50
Ser
Leu

Glu

Ala

Leu-

130
Arg

Glu

<210> 3

<211>175
<212> PRT

<400> 3

Leu

Glu
Leu
Gly
Gln
Phe
Leu
Thr
ll§
Gln

Arg

Val

Gly

Gln
.20
Cys

35

His
Ala
Leu
Gly
100
Thr
Pro
Ala

Ser

Pro

Val
Ala
Sef
Leu
Tyr

85
Pro
Ile
Thr

Gly

Tyr
165

Ala

Arg
Thr
Leu
Gln

70
Gln
Thr
Trp
QIn
Gly

150
Arg
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Ser Ser Leu Pro Gln Ser Phe Leu Leu Lys

Lys
Tyr
Giy

55
Leu
Gly
Leu
Gln
Gly
135

Val

Val

Ile

Lys

Gln
25

Leu

40"

Iie
Ala
Leu
Asp
Gln
120
Ala
Leu

Leu

Pro
Gly
Leu
Thr
105
Met
Met

Val

Arg

10

Gly
Cys
frp
Cys
Gln

90
Leu
Glu
Pro

Ala

His

170

Asp
His
Aia
Leu

75
Ala
Gln
Glu
Ala
Ser

155

Leu

Gly

Pro

Pro

60

Ser

Leu

Leu

Leu

-Phe

140
His

Ala

Ala

Glu

"~ 45

Léu
Gin
Glu
Asp
Gly
125
Ala

Leu

Gln

Ala
30
Glu

Ser

Leu

Gly

Val

110

Met

Ser

Gln

Pro

15

Leu Cln
Leu Val
Ser Cys
His Ser

80
Ile Ser

95

Ala Asp
Ala Pro

Ala Phe

Ser Phe
160

Met Ala Pro Thr Tyr Arg Ala Ser Ser Leu Pro Gln Ser Phe Leu Leu

-1

+1

5
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Lys Ser Leu Glu Gln Val Arg Lys Ile Gln Gly Asp Gly Ala Ala Leu
20 : 25 30

Gln Glu Lys Leu Cys Ala Thr Tyr Lys Leu Cys His Pro Glu Glu Leu
.35 ¢ | 40 45

Val Leu Leu Gly His.Ser Len Gly Ile Pro Trp Ala Pro Leu Seér Ser
50 55 60

Cys Pro Ser Gln Ala Leu Gln Leu Ala Gly Cys Leu Ser Glm Leu His

65 70 75

Ser Gly Leu Phe Leu Tyr Gln Gdy Leu Leu GIn Ala Leu Glu Giy lle

80 85 90 95

Ser Pro Glu Leu Gly Pro Thr Leu Asp Thr Leu Gln Leu Asp Val Ala

100 105 ‘ 110
Asp Phe Ala Thr Thr lle Trp Gin Gln Met Glu Glu Leu Gly Met Ala
115 . o120 . o 125

Pro Ala Leu Gln Pro Thr Gln Giy Ala Met Pro Ala Phe Ala Ser Ala
130 135 140

Phe Gln Arg Arg Ala Gly Gly Val Leu Val Ala Ser His Leu Gln Ser

145 150 155
Phe Leu Glu Val Ser Tyr Arg Val Leu Arg His Leu Ala Gln Pro
160 165 170

Claims

1.

A preparation in powder form for administration through mucosa, comprising a medicine of high molecular weight
selected from the group consisting of bioactive peptides and proteins, antibodies, vaccines, and antigens, and
aminoalkylmethacrylate copolymer or polyvinyl acetal diethylaminoacetate.

The preparation in powder form for administration through mucosa of claim 1, which comprises 0.1 to 90% (W/W)
of aminoalkylmethacrylate copolymer or polyvinyl acetal diethylaminoacetate.

The preparation in powder form for administration through mucosa of claim 1, which comprises 1 to 50% (W/W) of
aminoalkylmethacrylate copolymer or polyvinyl acetal diethylaminoacetate.

The preparation in powder form for administration through mucosa of any one of claims 1 to 3, which improves
absorption of the medicine of high molecular weight through mucosa.

The preparation in powder form for administration through mucosa of claim 1, further comprising a viscous polymer.

The preparation in powder form for administration through mucosa of claim 5, wherein the viscous polymer is
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hydroxypropylmethyl cellulose.

The preparation in powder form for administration through mucosa of claim 1, wherein the medicine of high molecular
weight is selected from the group consisting of calcitonin, insulin, proinsulin, vasopressin, desmopressin, luteinizing
hormone, luteinizing hormone-releasing hormone, somatostatin, prolactin, glucagon, gastrin, secretin, kallikrein,
urokinase, neurotensin, enkephalin, kyotorphin, endorphin, endothelin, angiotensin, transferring, atrial natriuretic
polypeptide, epithelial cell growth factor, growth hormone, parathyroid hormone, interferons, interleukins, tumor
necrosis factor, leukemia inhibitory factor, hematopoietic stem cell growth factor, erythropoietin, granulocyte colony-
stimulating factor, granulocyte macrophage-stimulating factor, macrophage colony-stimulating factor, thrombopoi-
etin, superoxide dismutase, tissue plasminogen activator, antithrombin, blood coagulation factors, anti-IgE antibod-
ies, anti-lgA antibodies, anti-tumor antibodies, antibodies to tumor necrosis factor, anti-interleukin antibodies, HIV-
neutralizing antibodies, anti-platelet antibodies, anti-hepatitis virus antibodies, hepatitis vaccines, influenza vaccines,
pertussis vaccine, diphtheria vaccine, tetanus toxoids vaccine.

The preparation in powder form for administration through mucosa of claim 1, wherein the antigen is a peptide or
protein which acts as an antigen, such peptide or protein conjugated to hapten, or mixture of such peptide, protein
or conjugate with adjuvant.

The preparation in powder form for administration through mucosa of any one of claims 1 to 8, which is a preparation
for pernasal administration.

Patentanspriiche

1.

Pulverférmige Zusammensetzung zur Verabreichung durch die Schleimhaut, enthaltend ein Medikament mit hohem
Molekulargewicht, ausgewahlt aus der Gruppe bestehend aus bioaktiven Peptiden und Proteinen, Antikérpern,
Vakzinen und Antigenen, und Aminoalkylmethacrylat-Copolymer oder Polyvinylacetaldiethylaminoacetat.

Pulverférmige Zusammensetzung zur Verabreichung durch die Schleimhaut gemass Anspruch 1, die 0,1 bis 90 %
(G/G) Aminoalkylmethacrylat-Copolymer oder Polyvinylacetaldiethylaminoacetat enthalt.

Pulverférmige Zusammensetzung zur Verabreichung durch die Schleimhaut geméass Anspruch 1, die 1 bis 50 %
(G/G) Aminoalkylmethacrylat-Copolymer oder Polyvinylacetaldiethylaminoacetat enthalt.

Pulverférmige Zusammensetzung zur Verabreichung durch die Schleimhaut geméass einem der Anspriiche 1 bis 3,
die die Absorption des Medikaments mit hohem Molekulargewicht durch die Schleimhaut verbessert.

Pulverférmige Zusammensetzung zur Verabreichung durch die Schleimhaut gemass Anspruch 1, die des weiteren
ein viskoses Polymer umfasst.

Pulverférmige Zusammensetzung zur Verabreichung durch die Schleimhaut geméass Anspruch 5, worin das viskose
Polymer Hydroxypropylmethylcellulose ist.

Pulverférmige Zusammensetzung zur Verabreichung durch die Schleimhaut gemass Anspruch 1, worin das Medi-
kament mit hohem Molekulargewicht ausgewahlt ist aus der Gruppe bestehend aus Calcitonin, Insulin, Proinsulin,
Vasopressin, Desmopressin, luteinisierendem Hormon, luteinisierendem Hormon-Releasinghormon, Somatostatin,
Prolactin, Glucagon, Gastrin, Secretin, Kallikrein, Urokinase, Neurotensin, Encephalin, Kyotorphin, Endorphin, En-
dothelin, Angiotensin, Transferrin, atrialem natriuretischem Polypeptid, Epithelzellen-Wachstumsfaktor, Wachs-
tumshormon, Nebenschilddriisenhormon, Interferonen, Interleukinen, Tumornekrosefaktor, Leuk&mie-inhibitori-
schem Faktor, hdmatopoietischem Stammzellen-Wachstumsfaktor, Erythropoietin, Granulozytenkolonie-stimulie-
rendem Faktor, Granulozytenmacrophagen-stimulierendem Faktor, Macrophagenkolonie-stimulierendem Faktor,
Thrombopoietin, Superoxiddismutase, Gewebeplasminogenaktivator, Antithrombin, Blutgerinnungsfaktoren, Anti-
IgE-Antikdrpern, Anti-lgA-Antikérpern, Antitumor-Antikdrpern, Antikérpern gegen Tumornekrosefaktor, Anti-Inter-
leukin-Antikérpern, HIV-neutralisierenden Antikdrpern, Anti-Blutplattchen-Antikdrpern, Anti-Hepatitisvirus-Antikor-
pern, Hepatitisvakzinen, Influenzavakzinen, Pertussisvakzinen, Diphtherievakzinen und Tetanustoxoidvakzinen.

Pulverférmige Zusammensetzung zur Verabreichung durch die Schleimhaut geméass Anspruch 1, worin das Antigen
ein Peptid oder Protein ist, das als Antigen wirkt, wobei das besagte Peptid oder Protein mit einem Hapten konjugiert
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ist, oder Mischungen solcher Peptide, Proteine oder Konjugate mit einem Adjuvans.

9. Pulverférmige Zusammensetzung zur Verabreichung durch die Schleimhaut geméss einem der Anspriiche 1 bis 8,

die eine Zusammensetzung zur pernasalen Verabreichung ist.

Revendications

Préparation sous la forme d’une poudre pour une administration a travers une muqueuse, comprenant un médica-
ment de poids moléculaire élevé choisi dans le groupe constitué par les protéines et peptides bioactifs, les anticorps,
les vaccins, et les antigénes, et un copolymére de méthacrylate d’'aminoalkyle ou un diéthylaminoacétate de poly-
vinylacétal

Préparation sous la forme d’'une poudre pour une administration a travers une muqueuse de la revendication 1, qui
comprend 0,1 a 90 % (p/p) de copolymére de méthacrylate d’aminoalkyle ou de diéthylaminoacétate de polyviny-
lacétal.

Préparation sous la forme d’'une poudre pour une administration a travers une muqueuse de la revendication 1, qui
comprend 1 a 50 % (p/p) de copolymére de méthacrylate d’aminoalkyle ou de diéthylaminoacétate de polyvinylacétal

Préparation sous la forme d’une poudre pour une administration a travers une muqueuse de I'une quelconque des
revendications 1 a 3, qui améliore I'absorption du médicament de poids moléculaire élevé a travers une muqueuse.

Préparation sous la forme d’'une poudre pour une administration a travers une muqueuse de la revendication 1,
comprenant en outre un polymere visqueux.

Préparation sous la forme d’'une poudre pour une administration a travers une muqueuse de la revendication 5,
dans laquelle le polymere visqueux est une hydroxypropylméthylcellulose.

Préparation sous la forme d’'une poudre pour une administration a travers une muqueuse de la revendication 1,
dans laquelle le médicament de poids moléculaire élevé est choisi dans le groupe constitué par la calcitonine,
l'insuline, la proinsuline, la vasopressine, la desmopressine, I'hormone lutéinisante, 'hormone libérant ’hormone
lutéinisante, la somatostatine, la prolactine, le glucagon, la gastrine, la sécrétine, la kallikréine, I'urokinase, la neu-
rotensine, I'enképhaline, la kyotorphine, 'endorphine, I'endothéline, I'angiotensine, la tranferrine, le polypeptide
natriurétique atrial, le facteur de croissance des cellules épithéliales, 'hormone de croissance, 'hormone parathy-
roide, les interférons, les interleukines, le facteur de nécrose tumorale, le facteur inhibiteur de la leucémie, le facteur
de croissance des cellules souches hématopoiétiques, I'érythropoiétine, le facteur stimulant les colonies de granu-
locytes, le facteur stimulant les granulocytes et macrophages, le facteur stimulant les colonies de macrophages, la
thrombopoiétine, la superoxyde dismutase, I'activateur plasminogéne de tissus, I'antithrombine, les facteurs de
coagulation du sang, les anticorps anti-IgE, les anticorps anti-IgA, les anticorps antitumeurs, les anticorps du facteur
de nécrose tumorale, les anticorps anti-interleukine, les anticorps neutralisant le VIH, les anticorps anti-plaquettes,
les anticorps anti-virus de I'hépatite, les vaccins contre I'hépatite, les vaccines contre l'influenza, le vaccin contre
la coqueluche, le vaccin contre la diphtérie, 'anatoxine tétanique.

Préparation sous la forme d’'une poudre pour une administration a travers une muqueuse de la revendication 1,
dans laquelle I'antigéne est un peptide ou protéine qui agit en tant qu’antigéne, un tel peptide ou protéine conjugué

a un hapténe, ou un mélange d’'un tel peptide, protéine ou conjugué avec un adjuvant.

Préparation sous la forme d’une poudre pour une administration a travers une muqueuse de I'une quelconque des
revendications 1 a 8, qui est une préparation pour une administration pernasale.

24



EP 1 093 818 B9 (W1B1)

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be

excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

WO 9009780 A1 [0003]
JP 6065090 A [0004]
JP 8198772 A [0004]
JP 1095738 A [0005]
JP 4503508 A [0006]
JP 63500636 W [0016] [0033]

Non-patent literature cited in the description

C. MCMARTIN et al. J. Pharm. Sci., 1987, vol. 76
(7), 535-540 [0002]

S. HIRAI et al. Int. J. Pharm., 1981, vol. 9, 173-184
[0004]

Y. MAITANI et al. Drug Design and Delivery, 1986,
vol. 1, 65-70 [0004]

N.G.M. SCHIPPER et al. J. Control Release, 1992,
vol. 21 (1), 173-185 [0004]

25

JP 62236497 A [0016]
JP 62236488 A [0016]
JP 63267292 A [0016]
JP 11003563 W [0090]
JP 10192722 A [0090]
JP 11081549 A [0090]

T.IRIE et al. J. Inter. Pharm., 1992, vol. 84, 129-139
[0004]

T. IGAWA et al. Chem. Pharm. Bull., 1988, vol. 36
(8), 3055-3059 [0004]

T. ICHIKAWA et al. Experimental Hematology,
1955, vol. 23, 192-195 [0050]



	bibliography
	description
	claims

