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(57) ABSTRACT 

The invention provides a pharmaceutical composition that 
can be used for efficient administration of low-molecular 
weight drugs and polymeric compounds such as peptides and 
proteins by methods other than injection, as well as a method 
for producing the composition. The pharmaceutical compo 
sition is for transmucosal administration and comprises (a) a 
drug having a positive or negative charge at a predetermined 
pH, (b) a pharmaceutically acceptable Small particle and (c) a 
pharmaceutically acceptable Surface-coating polymer 
capable of being electrically charged at the pH, wherein the 
Surface of the Small particle is coated by the Surface-coating 
polymer, the drug is immobilized on the surface of the small 
particle via the Surface-coating polymer, and a complex is 
formed by a noncovalent interaction between the small par 
ticle and the Surface-coating polymer and a concurrent elec 
trostatic interaction between the Surface-coating polymer and 
the drug. 
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PHARMACEUTICAL COMPOSITION 
CONTAINING SURFACE-COATED 

MICROPARTICLES 

TECHNICAL FIELD 

0001. The present invention relates to a pharmaceutical 
composition for transmucosal administration and a produc 
tion method thereof. More specifically, the present invention 
relates to a novel pharmaceutical composition for transmu 
cosal administration, comprising a complex consisting of a 
drug, a small particle and a Surface-coating polymer, wherein 
the surface of the small particle is coated by the surface 
coating polymer, the drug is immobilized on the Surface of the 
Small particle via the Surface-coating polymer, and the com 
plex is formed by a noncovalent interaction between the small 
particle and the Surface-coating polymer and a concurrent 
electrostatic interaction between the Surface-coating polymer 
and the drug; and a production method thereof. 

BACKGROUND ART 

0002 The advances of biotechnology have resulted in the 
discovery of a large number of therapeutic compounds Such 
as peptides, proteins, polysaccharides, polynucleic acids, 
siRNAs, RNAs, antibodies, antigens, low-molecular weight 
drugs and the like. However, many of these compounds are 
difficult to administer into the body by methods other than 
injection due to their physicochemical characteristics (e.g., 
large molecular weight, hydrophilicity, instability and the 
like). For some of these compounds, a multiple daily dosing 
by injection is necessary. A particular problem, however, is 
that younger patients do not necessarily comply with this 
regime of dosing of the compounds (non-patent documents 1 
and 2). 
0003. When administered via the oral route or via other 
mucosal routes of delivery across the mucosa Such as that in 
lung, mouth cavity, vagina, nose and the like, these drugs are 
not easily absorbed due to their physical size and hydrophi 
licity. Furthermore, these drugs are prone to degradation by 
enzymes Such as peptidases and proteases, which are espe 
cially a problem in the gastrointestinal tract. In order to 
improve the transport of these drugs across mucosal Surfaces, 
formulations containing absorption enhancers have been 
used with some success especially in delivery by the transna 
sal route and by the pulmonary route. However, there is a 
demand for the development of effective methods and com 
positions to achieve the transport of compounds having a 
higher molecular weight across mucosal Surfaces. 
0004 Systems using Small particles such as nanoparticles 
have been widely studied as means for transport of polymeric 
drugs such as peptides and proteins across mucosal Surfaces 
(non-patent documents 3-5). In the case of peptide and pro 
tein drugs, it has been Suggested that their stability is low 
unless the drug is encapsulated into the matrix of a nanopar 
ticle. However, encapsulation of these compounds into nano 
particles is difficult due to the large size of these compounds 
and the normally hydrophobic environment in the matrix of a 
nanoparticle and this generally results in a very low loading 
capacity and hence the need for administration of large quan 
tities of nanoparticles to the mucosal Surface. Furthermore, it 
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has been clarified in a publication that transport of nanopar 
ticles across the mucosa is not easily achievable (non-patent 
document 6). 

PRIOR ART REFERENCES 

Non-Patent Documents 

0005 non-patent document 1: Drug Discovery Today, Vol. 
7, pp. 1184-1189 (2002) 

0006 non-patent document 2: J. Control. Rel. Vol. 87, pp. 
187-198 (2003) 

0007 non-patent document 3: J. Pharm. Sci., Vol. 96, pp. 
473-483 (2007) 

0008 non-patent document 4: Biomaterials, Vol. 23, pp. 
3193-3201 (2002) 

0009 non-patent document 5: Int. J. Pharm. Vol. 342, pp. 
240-249 (2007) 

0010 non-patent document 6: J. Pharm. Sci., Vol. 96, pp. 
473-483 (2007) 

SUMMARY OF THE INVENTION 

Problems to be Solved by the Invention 

0011. It is an objective of the present invention to provide 
a pharmaceutical composition that can be used for an efficient 
administration of low-molecular weight drugs and polymeric 
compounds such as peptides and proteins by methods other 
than injection. More specifically, it is an objective of the 
present invention to provide a pharmaceutical composition 
comprising Small particles for the efficient administration of 
low-molecular weight drugs and polymeric drugs such as 
peptides and proteins by a route across the mucosa Such as 
that in nose and the like, wherein the composition has Supe 
rior drug loading efficiency and loading capacity compared to 
conventional Small particle preparations for transmucosal 
administration, and has achieved improved drug stability. It is 
also an objective of the present invention to provide a method 
for the production of the pharmaceutical composition. 

Means of Solving the Problems 

0012. The present inventors focused on transmucosal 
administration using a small particle system such as nanopar 
ticle as a method for efficiently administering drugs (e.g., 
peptide, protein, DNA, RNA, siRNA, polysaccharide, anti 
body, antigen, low-molecular weight compound and the like) 
by methods other than injection, and conducted diligent 
investigations. As a result, the present inventors found that 
drug stability was markedly improved compared to Solution 
preparations of the same drug by preparing a composition 
comprising a complex wherein a drug-surface-coating poly 
mer complex, which was formed by an electrostatic interac 
tion between a drug and a Surface-coating polymer (i.e., a 
polymer that attaches to the Surface of Small particles), was 
immobilized on the Surface of a Small particle by a noncova 
lent interaction between the small particle and the surface 
coating polymer. Furthermore, the present inventors found 
that the composition had a Superior drug loading capacity 
compared to Small particle preparations of the type wherein a 
drug is encapsulated. Based on these findings, the present 
inventors found that a drug delivery system Superior to con 
ventional methods can be achieved by using the composition, 
which resulted in the completion of the present invention. 
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0013. Accordingly, the present invention is as follows. 
1 A pharmaceutical composition for transmucosal adminis 

tration, comprising (a) a drug having a positive or negative 
charge at a predetermined pH, (b) a pharmaceutically accept 
able Small particle and (c) a pharmaceutically acceptable 
Surface-coating polymer capable of being electrically 
charged at the pH, wherein the surface of the small particle is 
coated by the Surface-coating polymer, the drug is immobi 
lized on the surface of the small particle via the surface 
coating polymer, and a complex is formed by a noncovalent 
interaction between the Small particle and the Surface-coating 
polymer and a concurrent electrostatic interaction between 
the Surface-coating polymer and the drug. 
2 The composition of 1 above, wherein the noncovalent 
interaction between the Small particle and the Surface-coating 
polymer is electrostatic interaction. 
3 The composition of 1 or 2 above, wherein the prede 
termined pH is the physiological pH of an administration site. 
4 The composition of any one of 1 to 3 above, wherein 
the drug is selected from the group consisting of peptide, 
protein, DNA, RNA, siRNA, polysaccharide, antigen and 
low-molecular weight drug. 
5. The composition of any one of 1 to 4 above, wherein 
the drug is a drug capable of producing medicinal or vaccine 
effect. 
6The composition of 4 above, wherein the drug is insulin. 
7. The composition of 4 above, wherein the drug is at least 
one drug selected from the group consisting of bromhexine, 
Zolmitriptan and salts thereof. 
8. The composition of any one of 1 to 7 above, wherein 
the surface-coating polymer is by itself slightly water-soluble 
at the predetermined pH. 
9. The composition of any one of 1 to 8 above, wherein 
the Surface-coating polymer is at least one polymer selected 
from the group consisting of chitosan, polyarginine, poly 
acrylic acid, poly-gamma-glutamic acid and salts thereof. 
10. The composition of any one of 1 to 9 above, wherein 
the Surface-coating polymer is mucoadhesive and/or acts as a 
transmucosal absorption promoter. 
11 The composition of any one of 1 to 10 above, wherein 
the Small particle comprises a polymer having a carboxylic 
group or an amino group. 
12. The composition of any one of 1 to 11 above, wherein 
the Small particle is comprised of a polylactic acid-glycol 
acid) copolymer. 
13. The composition of any one of 1 to 12 above, wherein 
the mean particle size of the complex at the predetermined pH 
is not less than 10 nm and not more than 50 lum. 
14. A production method of the composition of 8 above, 
comprising 
(a) mixing the drug, the Small particle and the Surface-coating 
polymer at a pH at which the Surface-coating polymer is 
readily water-soluble, and 
(b) adjusting the pH of the mixture to the predetermined pH. 
15. A production method of the composition of any one of 
1 to 13 above, comprising 
(a) mixing the drug, the Surface-coating polymer and the 
Small particle under a pH condition under which the drug and 
the Surface-coating polymer have the same sign of the charge, 
and then 
(b) adjusting the pH of the mixture to a pH at which the sign 
of the charge of the drug changes to the opposite sign, and 
wherein the drug is an amphoteric drug. 
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16. The production method of 15 above, wherein the small 
particle has a charge of the sign opposite to that of the charge 
of the drug and the charge of the Surface-coating polymer 
under the pH condition of step (a). 
17. A production method of the composition of any one of 
1 to 13 above, comprising 
(a) adding dropwise an organic solvent solution of a material 
of the Small particle into an aqueous solution of the Surface 
coating polymer, 
(b) evaporating the organic solvent, 
(c) adding the drug and stirring the mixture, and 
(d) adjusting the pH of the mixture to the predetermined pH. 

Effect of the Invention 

0014. The use of the composition of the present invention 
enables an efficient transmucosal administration of low-mo 
lecular weight drugs and polymeric drugs such as peptides 
and proteins, which have so far been difficult to administer by 
a method other than injection. The drug contained in the 
composition of the present invention forms a complex with a 
Surface-coating polymer of opposite charge and a small par 
ticle and thereby has higher stability (e.g., stability against 
enzymes, preservation stability) than when contained in a 
Solution preparation, as well as higher drug loading capacity 
compared to Small particle preparations wherein a drug is 
encapsulated in a matrix of the Small particle. Furthermore, it 
is possible to achieve Sustained release or immediate release 
of the drug and to control transmucosal absorbability of the 
drug dependent on the type of surface-coating polymer that 
forms a complex with the drug on the surface of the small 
particle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 FIG. 1 explains the mechanism of the production of 
Surface-coated Small particles (Surface carrier system) com 
prising PLGA core particles Surface-coated with an insulin 
chitosan complex. 
0016 FIG. 2 shows the results of formation of an insulin 
chitosan complex on the surface of PLGA small particles, 
wherein the left histogram shows release of insulin in a buffer 
having pH 6.0, the right histogram shows release of insulin in 
a buffer having pH 4.5, and the vertical axis shows the amount 
(ug) of released insulin. 
(0017 FIG.3 shows results from Time of Flight Secondary 
Ion Mass Spectrometry (ToF-SIMS) analysis of PLGA core 
particles Surface-coated with an insulin-chitosan complex, 
wherein the upper panel shows detection results of the 
m/Z 33 peak in each sample (PLGA, chitosan (Chitosan), 
insulin (Insulin) and Surface-coated Small particles (Carrier 
System)) (horizontal axis: m/z. Vertical axis: detection inten 
sity), and the lower panel shows a distribution image (left) of 
the m/z 33 peak of surface-coated small particles and a total 
ion distribution image (right) in the observation field. 
0018 FIG. 4 shows the proportion (%) of non-degraded 
insulin left in the chymotrypsin solution after culture, where 
the upper bar shows the free insulin solution and the lowerbar 
corresponds to PLGA/chitosan/insulin surface-coated small 
particles. 
0019 FIG. 5 is a schematic diagram that explains the 
method used for the insulin transport study through a porcine 
nasal mucous membrane. 
0020 FIG. 6 shows the results of an insulin transport study 
for porcine nasal mucous membrane, wherein the horizontal 



US 2011/O 189299 A1 

axis shows the time (min) after the start of the transport study, 
and the vertical axis shows the insulin amount (ng/cm) that 
was transported across the porcine nasal mucous membrane 
in a given time. 
0021 FIG. 7 shows the results of particle size measure 
ment of Surface-coated Small particles or chitosan/insulin 
mixture, wherein (a) shows particle size distribution of Sur 
face-coated small particles (having core particles; PLGA100/ 
chitosan/insulin=1250/900/200 g/ml), (b) shows particle 
size distribution of a chitosan/insulin mixture (free of core 
particles; chitosan/insulin=900/200 ug/ml), the horizontal 
axis shows particles radius (nm) and the vertical axis shows 
intensity. 
0022 FIG. 8 shows the results of particle size measure 
ment of surface-coated small particles (PLGA100/chitosan/ 
insulin-250/180/40 g/ml) before freeze-drying and after 
freeze-drying and resuspending wherein (a) shows particle 
size distribution of surface-coated small particles before 
freeze-drying and (b) shows particle size distribution of sur 
face-coated Small particles after freeze-drying and resus 
pending, the horizontal axis shows particles radius (nm) and 
the vertical axis shows intensity. 
0023 FIG.9 shows blood glucose level after nasal admin 
istration of the sample from Example 7 or a control sample to 
rats, wherein the results show a relative decrease in the glu 
cose level (%) to that before administration of the sample as 
100%, mean value:Estandard error. 
0024 FIG. 10 shows the results of an in vitro release test 
using the sample from Example 8 (N–3) (5 mMMES isotonic 
buffer (pH 6), 37° C.). 

DESCRIPTION OF EMBODIMENTS 

0025. The present invention provides a pharmaceutical 
composition for transmucosal administration, comprising (a) 
a drug having a positive or negative charge at a predetermined 
pH, (b) a pharmaceutically acceptable Small particle and (c) a 
pharmaceutically acceptable Surface-coating polymer 
capable of being electrically charged at the pH. In the com 
position, the surface of the small particle is coated by the 
Surface-coating polymer, the drug is immobilized on the Sur 
face of the Small particle via the Surface-coating polymer, and 
a complex (hereinafter to be also referred to as a “surface 
coated Small particle') is formed by a noncovalent interaction 
between the Small particle and the Surface-coating polymer 
and a concurrent electrostatic interaction between the Sur 
face-coating polymer and the drug. 
0026. The “pharmaceutical composition for transmucosal 
administration” means a pharmaceutical composition that is 
administered to a mucosa of a subject in need of a treatment 
and/or a therapy by an appropriate method such as coating, 
spraying, nebulizing, applying and the like, wherein the drug 
can be delivered to a mucosal tissue or to the circulatory 
system or immune system across a mucosal tissue to produce 
a medicinal or vaccine effect. The pharmaceutical composi 
tion for transmucosal administration can be, for example, 
absorbed across the mucosa for systemic delivery. As 
examples of mucosa, mucosas Such as those in lung, mouth 
cavity, eye, vagina, gastrointestinal tract, nose and the like can 
be mentioned. From the point of view of convenience of 
administration, nasal mucosa is preferable as the mucosa. 
0027. The pharmaceutically acceptable surface-coating 
polymer of the above-mentioned (c), which constitutes the 
Surface-coated Small particle, covers the Surface of Small 
particles as mentioned above. The “coating here simply 
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means that the Surface-coating polymer is attached to the 
surface, rather than the inside, of the small particle by a 
noncovalent interaction between the small particle and the 
Surface-coating polymer, and does not necessarily mean that 
the entire surface of the small particle is coated with the 
Surface-coating polymer. 
0028. The surface-coating polymer is preferably biocom 
patible. The term “biocompatibility” herein means that a sub 
stance and degradation products thereof have no toxic or 
hazardous effect on a body tissue or a body system (e.g., 
blood circulation system, nerve system, immunity system and 
the like). The biocompatible polymer is suitable for admin 
istration to human or other animals. In addition, the Surface 
coating polymer is more preferably biodegradable. The term 
“biodegradability” herein means that a substance is degraded 
within a living body by an enzymatic, chemical or physical 
process or the like within an acceptable period of time to form 
Smaller chemical species. Methods for examining biocom 
patibility and biodegradability of a substance are well known 
in the technical field of the invention. 

0029. The surface-coating polymer may be a natural poly 
mer or a synthetic polymer. Since the Surface-coating poly 
merionically bonds with the drug on the surface of the small 
particle at the predetermined pH, it needs to be a polymer 
having a charge of the sign opposite to that of the drug at the 
predetermined pH. Where necessary, more than one surface 
coating polymer can be used in combination for the Surface 
coating polymeras long as they are capable of having charges 
of the same sign at the predetermined pH. 
0030 The pharmaceutical composition of the present 
invention can be produced, for example, by the below-men 
tioned production method; when the composition is produced 
by the production method, even if the Surface-coating poly 
mer is by itself slightly water-soluble at the predetermined 
pH, the composition can be produced by mixing the Surface 
coating polymer with the drug and the Small particles at a pH 
where the Surface-coating polymer is readily water-soluble, 
and then adjusting the pH of the mixture to the predetermined 
pH. Therefore, for the Surface-coating polymer, not only 
polymers that are readily water-soluble at the predetermined 
pH, but also polymers that are slightly water-soluble at the 
predetermined pH can be used. 
0031 Polymers that can be used for the surface-coating 
polymer, can be selected from but are not limited to polyan 
ionic or polycationic polysaccharides, polyamino acids and 
other charged polymers. The polymer is appropriately 
selected based on the type of the drug used, the charge of the 
Surface-coating polymer and of the drug and the like. 
0032 Polyanionic polysaccharides that can be used in the 
present invention means a polysaccharide that has one or 
more acidic polar groups such as a carboxyl group, a Sulfuric 
acid group or a phosphoric acid group in the constitutional 
unit. Examples of such polyanionic polysaccharides include, 
but are not limited to, chondroitin sulfuric acid, dextransul 
furic acid, carboxymethylcellulose, alginic acid, pectin, 
hyaluronic acid, derivatives and salts thereof and the like. 
0033 Polycationic polysaccharides that can be used in the 
present invention means a polysaccharide that has one or 
more basic polar group Such as an amino group in the consti 
tutional unit. Examples of such polycationic polysaccharides 
include, but are not limited to, chitin, chitosan, derivatives 
and salts thereof and the like. The chitosan and the chitosan 
derivatives can be selected from those having a various 
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molecular weights, degrees of deacetylation and, for the chi 
tosan derivatives, degrees of Substitution. 
0034. The polyanionic polyamino acid that can be used in 
the present invention means a polyamino acid whose isoelec 
tric point is on the acidic side of the physiological pH: 
examples thereof include, but are not limited to, polyglutamic 
acid, polyaspartic acid, derivatives and salts thereof and the 
like. 

0035. The polycationic polyamino acid that can be used in 
the present invention means a polyamino acid whose isoelec 
tric point is on the basic side of the physiological pH: 
examples thereof include, but are not limited to, polylysine, 
polyarginine, derivatives and salts thereof and the like. 
0036) Examples of the polymer that can be used for the 
Surface-coating polymer other than the above-mentioned 
polysaccharides and polyamino acids, include polyethylen 
imine, polyacrylic acid, derivatives and salts thereof and the 
like. 
0037. The surface-coating polymer may be polyethylene 
glycolated (PEGylated) and/or glycosylated. 
0038. The surface-coating polymer may further be 
mucoadhesive and/or act as a transmucosal absorption pro 
moter. Examples of mucoadhesive polymers include chito 
san, polyacrylic acid, sodium alginate, carboxymethylcellu 
lose and the like as well as PEGylated polymers thereof and 
the like. Examples of the polymer that acts as a transmucosal 
absorption promoter include chitosan, polyacrylic acid, pol 
yarginine, salts and derivatives thereof and the like. 
0039 Those ordinarily skilled in the art can determine the 
molecular weight of a Surface-coating polymer in consider 
ation of factors such as degradation rate, mechanical strength, 
solubility, which kind of drug would form the complex with 
the Surface-coating polymer, and the like. Typically, the 
weight average molecular weight of the Surface-coating poly 
mer should preferably be not less than 1,000 Da, and more 
preferably not less than 2,000 Da; preferably not more than 
1,000,000 Da, and more preferably not more than 500,000 
Da, as measured by gel permeation chromatography. Accord 
ingly, typically, the weight average molecular weight of the 
surface-coating polymer is preferably between 1,000-1,000, 
000 Da, and more preferably between 2,000-500,000 Da. For 
example, the weight average molecular weight of chitin or 
chitosan may be between 1,000-1,000,000 Da. and the degree 
of deacetylation of chitin or chitosan may be between 
20-100%. 

0040. The composition of the present invention enables 
control of the rate of release of the drug as a Sustained-release 
or immediate-release composition and the regulation of trans 
mucosal absorbability of the drug based on the selection of 
the Surface-coating polymer. Those ordinarily skilled in the 
art can appropriately select the Surface-coating polymer So as 
to afford the desired pharmacokinetic property of the compo 
sition. 

0041. The drug used for the composition of the present 
invention is selected according to the intended use. In the 
composition of the present invention, since the drug ionically 
binds with an appropriate surface-coating polymer on the 
Surface of the Small particle, a drug that can be used in this 
composition needs to be charged positively or negatively (i.e., 
having a charge of the sign opposite to that of the Surface 
coating polymer) at the predetermined pH. As long as this 
condition is met, any drug can be used for the composition of 
the present invention. Where necessary, more than one drug 
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can be used in combination as long as they are capable of 
having charges of the same sign at the predetermined pH. 
0042. The drug can be, without limitation, a peptide, a 
protein, a DNA, an RNA, an siRNA, a polysaccharide, an 
antibody, an antigen, a low-molecular weight compound and 
the like. The pharmaceutical composition of the present 
invention can be produced, for example, by the below-men 
tioned production method. When the composition is pro 
duced by the below-mentioned production method, a drug, 
permitting variation of charge (sign and intensity) based on a 
pH change during the preparation process, can be particularly 
preferable, because it is possible to sufficiently mix the drug 
and the Surface-coating polymer under charge conditions free 
of an electrostatic interaction between the drug and the Sur 
face-coating polymer, and then form an ion bond between 
them by changing the pH. Examples of Such drugs include 
amphoteric drugs such as peptides and proteins, which can be 
positively or negatively charged depending on the pH, drugs 
having Such acid dissociation constant (pKa) or base disso 
ciation constant (pKb) as changes the charge intensity mark 
edly between in the preparation process and in the composi 
tion, and low-molecular weight drugs in the form of salts such 
as hydrochloride, sulfate, acetate and the like, which are 
capable of dissolving in water and having a charge that is less 
dependent on pH. 
0043. Examples of drugs include, but are not limited to, 
antihypertensive agent, antihypotensive agent, analgesic, 
antipsychotic agent, antidepressant, antimanic, antianxiety 
agent, sedative, hypnotic, antiepileptic, opioidagonist, thera 
peutic agent for asthma, anesthetic, antiarrhythmic agent, 
therapeutic agent for arthritis, anticonvulsant, ACE inhibitor, 
decongestant; antibiotic, antianginal agent, diuretic, antipar 
kinson agent, bronchodilator, oxytocic, antidiuretic, antil 
ipemic agent, immunosuppressant, immunity regulator, anti 
emetic, antiinfective agent, antineoplastic, antifungal agent, 
antivirus agent, antidiabetic agent, antiallergic agent, fever 
reducer, antitumor agent, antigout agent, antihistamine agent, 
antipruritic agent, bone regulator, cardiovascular agent, 
hypocholesterolemic agent, antimalarial agent, pharmaceuti 
cal agent for ceasing Smoking, antitussive agent, expectorant, 
mucolytic agent, nasal decongestant, dopamine agonist, 
pharmaceutical agent for digestive tract, muscle relaxant, 
neuromuscular blocker, parasympatholytic, prostaglandin, 
stimulant drug, anorectic agent, thyroid agent or antithyroid 
agent, hormone, antimigraine agent, antiobesitic agent, anti 
inflammatory agent and the like. The drug may also be 
selected from a variety of peptides, proteins, polysaccharides, 
antigens, antibodies, DNAs, RNAs, siRNAs, low-molecular 
weight drugs and the like, which are intended for prophylactic 
vaccination, immunotherapy, antibody therapy, genetherapy, 
Suppression of gene expression and the like. 
0044 Specific examples of the drug include, but are not 
limited to, insulin, glucagon, leuprolide, growth hormones, 
parathyroid hormones, calcitonin, vascular endothelial 
growth factor, erythropoietin, heparin, cyclosporin, oxytocin, 
tyrosine, enkephalin, tyrotropin releasing hormone, follicle 
stimulating hormone, leuteinising hormone, Vasopressin, 
vasopressin analogs, catalase, Superoxide dismutase, inter 
leukin II, interferons, colony stimulating factor, tumor necro 
sis factor, melanocyte stimulating hormone, glucagon-like 
peptide-1, glucagon-like peptide-2, katacalcin, cholecysteki 
nin-12, cholecystekinin-8, exendin, gonadoliberin-related 
peptide, insulin-like protein, leucine-enkephalin, methion 
ine-enkephalin, leumorphine, neurophysin, copeptin, neu 
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ropeptide Y, neuropeptide AF, PACAP-related peptide, pan 
creatic hormone, peptide YY. urotensin, intestinal peptide, 
adrenocorticotropic peptide, epidermal growth factor, prolac 
tin, luteinising hormone releasing hormone (LHRH), LHRH 
agonist, growth hormone releasing factor, Somatostatin, gas 
trin, tetragastrin, pentagastrin, endorphins, angiotensins, 
tyrotropin releasing hormone, granulocyte-colony stimulat 
ing factor, granulocyte-macrophage-colony stimulating fac 
tor, heparinase, antigens for influenza vaccine, tetanus toxins, 
peptides for cancer vaccine, B-amyloid, immunoglobulins, 
siRNAs for treatment of cirrhosis, siRNAs for treatment of 
cancer, low-molecular weight drugs such as bromhexine, gra 
nisetron, Zolmitriptan, Sumatriptan and the like, and pharma 
ceutically acceptable salts thereof, and the like. 
0045. As mentioned above, the drug and the surface-coat 
ing polymer bind to each other by an electrostatic interaction 
on the Surface of the Small particle to form a drug-surface 
coating polymer complex. Regarding the combination of the 
drug and the Surface-coating polymer forming the complex, it 
may be a combination where the drug is positively charged 
and the Surface-coating polymer is negatively charged at the 
predetermined pH, or a combination where the drug is nega 
tively charged and the Surface-coating polymer is positively 
charged at the predetermined pH. 
0046. The above-mentioned pharmaceutically acceptable 
small particle (while the term “small particle' in the present 
specification means the above-mentioned Small particle (b). 
the small particle may sometimes be referred to as a “small 
core particle” so as to clearly distinguish this term from a 
“surface-coated small particle') is preferably composed of 
biocompatible polymer(s). The polymer may be biodegrad 
able or non-biodegradable; from the viewpoint of safety to a 
living body, a biodegradable one is preferable. The polymer 
may be a natural polymer or a synthetic polymer. 
0047. Examples of the biocompatible and biodegradable 
polymer that can be used for the small particle include, but are 
not limited to, polyethylene glycol (PEG), polylactic acid 
(PLA), poly(glycolic acid) (PGA), poly(lactic acid-glycol 
acid) copolymer (PLGA), block copolymers of PEG and 
PLGA (PEG-PLGA), polyanhydrides, poly(e-caprolactone), 
polyhydroxybutyrate, polyamino acids, polyortho esters, 
polyphospho esters, polydiaxanone, polyester amides, poly 
phosphagen, polycyano acrylate, chitosan, chitosan deriva 
tives, starch, starch derivatives, albumin, fibrin, fibrinogen, 
cellulose, collagen, hyaluronic acid, mixtures and copoly 
mers of these Substances, and the like. 
0048 Examples of the biocompatible and non-biodegrad 
able polymer that can be used for the small particle include, 
but are not limited to, polyacrylate, polyacrylate esters, 
poloxamer, tetronics, polyethylene, polymethyl methacry 
late, polymethyl methacrylate esters, polystyrene, ethylene 
vinyl acetate, acylated cellulose acetate, polyurethane, poly 
vinyl chloride, mixtures and copolymers of these Substances, 
and the like. 
0049. The small particle may be hydrophilic or hydropho 

bic. Since the shape and size of the small particle can be easily 
maintained in the preparation process of the Small particle 
and the preparation process of the Surface-coated Small par 
ticle in a water system, a hydrophobic Small particle is pre 
ferred. As preferable examples, hydrophobic polymers hav 
ing a carboxyl group, or a primary, secondary or tertiary 
amino group can be used for the Small particle. 
0050 Those ordinarily skilled in the art can determine the 
molecular weight of the polymer for the small particle by 
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considering the factors such as degradation rate, mechanical 
strength and solubility. Typically, the weight average molecu 
lar weight of the polymer as measured by gel permeation 
chromatography is preferably not less than 1,000 Da (Dal 
ton), and more preferably not less than 2,000 Da; preferably 
not more than 1,000,000 Da, and more preferably not more 
than 500,000 Da. Accordingly, typically, the weight average 
molecular weight of the polymer is preferably between 1,000 
1,000,000 Da, and more preferably between 2,000-500,000 
Da 
0051 Regarding the size of the small core particle, a par 
ticle having an average particle size of not less than 1 nm, 
preferably not less than 5 nm, and more preferably not less 
than 10 nm, and one having an average particle size of not 
more than 50 um, preferably not more than 20 um, and more 
preferably not more than 10 um, can be mentioned. 
0.052 The particle size here refers to a value obtained by 
measuring Small particles dispersed in an aqueous solution at 
the aforementioned “predetermined pH. The particle size is 
a diameter measured by a particle size measuring apparatus 
and calculated on the assumption that the particles have a 
spherical shape. The particle size measuring apparatus and 
the calculation method of the average particle size are appro 
priately changed according to the particle size. To be specific, 
in the case of a particle size measurable by a dynamic light 
scattering measuring apparatus (generally not more than 7 
um), the size is measured by a dynamic light scattering mea 
Suring apparatus, and an average of the hydrodynamic diam 
eter determined from the scattering intensity distribution is 
employed as an average particle size. In the case of a large 
particle size immeasurable by a dynamic light scattering mea 
Suring apparatus (generally greater than 7 um), the size is 
measured by a laser diffraction system particle size distribu 
tion measuring apparatus, and an average diameter obtained 
by arithmetically averaging the frequency distribution is 
employed as an average particle size. 
0053 Here, an average particle size of small core particles 
of for example, not less than 10 nm means that not less than 
10%, preferably not less than 20%, more preferably not less 
than 30%, still more preferably not less than 40%, particu 
larly preferably not less than 50% of the average particle size 
of a particle size peak, is not less than 10 nm in the proportion 
of each particle size peak in the above-mentioned scattering 
intensity distribution by the dynamic light scattering measur 
ing apparatus (proportion of cumulative scattering intensity 
for each particle size peak to cumulative scattering intensity 
for all peaks), or the proportion of each particle size peak in 
the above-mentioned frequency distribution by the laser dif 
fraction system particle size distribution measuring apparatus 
(proportion of cumulative frequency for each particle size 
peak to cumulative frequency for all peaks). 
0054 When the composition of the present invention is 
administered to the mucosa, the Surface-coated Small particle 
reaches the mucosal Surface or may get taken up into the 
mucosal tissue and releases the drugs there. Then the drug is 
transported into the bloodstream. When the small particle is 
Sufficiently Small (e.g., particle size of the Small particle of 
not more than 20 nm), it may pass through the intercellular 
gap to reach the bloodstream. Alternatively, the Small particle 
may be ingested by a M-cell or M-like cell in some mucosa 
Such as the nasal or the intestinal and transported into the 
immune system or lymphatic system. 
0055. The above-mentioned small particle can be pro 
duced by various methods described in the literature. 
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Examples of the literature include Champion JA. et al., Proc. 
Natl. Acad. Sci. USA, Vol. 104, pp. 11901-4 (2007); Chatto 
padhyay P. et al., Adv. Drug Deliv. Rev. Vol. 59, pp. 443-53 
(2007); Zhou WY et al., J. Mater. Sci. Mater. Med., Vol. 19, 
pp. 103-110 (2008); Schaffazick S R et al., Pharmazie, Vol. 
62, pp. 354-60 (2007); Almeida AJ et al., Adv. Drug Deliv. 
Rev. Vol. 59, pp. 478-90 (2007); Muller, R. H., “Colloidal 
Carriers for Controlled Drug Delivery and Targeting: Modi 
fication, Characterization and In vivo Distribution’, CRC 
Press (1991); Jorg Kreuter (ed.), Colloidal Drug Delivery 
Systems, Marcel Dekker (1994) and the like. Examples of the 
methods that can be used for the production of the small 
particle include nanoprecipitation, phase separation, emul 
Sion, self assembly, high-pressure homogenization, complex 
ation, ionic gelation and the like. 
0056. As mentioned above, the small particle needs to 
noncovalently interact with the Surface-coating polymer to 
create the Surface-coated Small particle. Here, the noncova 
lent interaction means interactions not based on covalent 
bond, such as electrostatic interaction, hydrophobic interac 
tion, Van der Waals interaction, hydrogen bonding and the 
like. Among them, for example, when electrostatic interac 
tion is utilized, the Small particle needs to be a polymer having 
a charge of the sign opposite to that of the Surface-coating 
polymer at a predetermined pH in order to allow electrostatic 
interaction. Accordingly, the combination of the drug, the 
Surface-coating polymer and the polymer for the Small par 
ticle, which are to be used for the composition, is a combina 
tion of a positively-charged drug, a negatively-charged Sur 
face-coating polymer, and a positively-charged polymer for 
the small particles, all of which at a predetermined pH, or a 
combination of a negatively-charged drug, a positively 
charged surface-coating polymer, and a negatively-charged 
polymer for the small particles, all of which at a predeter 
mined pH. Requirements of the isoelectric point (pl), acid 
dissociation constant (pKa) and base dissociation constant 
(pKb) that are to be satisfied by the drug, the Surface-coating 
polymer and the polymer for Small particles So as to achieve 
such combination are as follows: the value of p or pKa or 
(14-pKb) of the drug and the polymer for small particles is 
higher than the pH of the composition after production, and 
the value of p or pKa or (14-pKb) of the surface-coating 
polymer is lower than the pH of the composition after pro 
duction; or the value of porpKa or (14-pKb) of the drug and 
the polymer for small particles is lower than the pH of the 
composition after production, and the value of p or pKa or 
(14-pKb) of the surface-coating polymer is higher than the pH 
of the composition after production. Determination of the 
isoelectric point and/or acid dissociation constant for each 
compound is within the general technical scope of those 
ordinarily skilled in the art. Alternatively, in case of low 
molecular weight drugs in the form of salts such as hydro 
chloride, sulfate, acetate and the like, which are capable of 
dissolving in water and having a charge, the composition can 
be prepared by combining a charged drug with a surface 
coating polymer having a charge of the sign opposite to that of 
the drug in water and a small particle having a charge of the 
sign same as that of the drug in water. 
0057 The predetermined pH, i.e., the pH of the composi 
tion after production, is desirably set to the physiological pH 
of the administration site to avoid topical irritation. As men 
tioned above, the composition of the present invention can be 
administered to mucosa Such as that in the lung, mouth cavity, 
eye, vagina, intestine, nose and the like, where the physiologi 
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cal pH varies in these various mucosas. For example, the 
physiological pH of the gastrointestinal tract increases along 
the length thereof from about pH 1 in the stomach to pH 8 in 
the colon; the mouth cavity has a pH around 6.8; the pH of 
nasal fluid is within the range of about pH 5.5 to 6.5; the pH 
of vagina is around 4.5. For example, when the composition 
of the present invention is to be administered to the nasal 
mucosa, preferable pH value of the composition is, for 
example, about 6.0. 
0.058 As mentioned above, insulin can be used as the drug 
in the composition of the present invention. When the pH of 
the composition is 6.0, insulin is negatively charged in the 
composition since the isoelectric point of insulin is about pH 
5.3. Hence, the Surface-coating polymer has to be a polymer 
having a positive charge at pH 6.0. When electrostatic inter 
action is utilized as the noncovalent interaction to make the 
Surface-coating polymer and the Small particle interact with 
each other, the Small particle composed of a polymer having 
a negative charge at pH 6.0 can be used as a preferable Small 
particle. Such surface-coating polymer may be chitosan, and 
the polymer for the Small particle may be a poly(lactic acid 
glycol acid) copolymer (PLGA). 
0059. As mentioned above, bromhexine, Zolmitriptan and 
salts thereof can be used as the drug in the composition of the 
present invention. When the pH of the composition is 6.0 to 
7.0, the Surface-coating polymer has to be a polymer having a 
negatively charge at said pH, since the drug is positively 
charged in water. When electrostatic interaction is utilized as 
the noncovalent interaction to make the surface-coating poly 
mer and the Small particle interact with each other, a small 
particle composed of a polymer having a positive charge at 
said pH can be used as a preferable Small particle. Examples 
of Such surface-coating polymer include polyacrylic acid, 
poly-gamma-glutamic acid and salts thereof, and examples of 
the Small particle include chitosan Small particle and amino 
modified polystyrene particle. 
0060 Regarding the size of the surface-coated small par 

ticles, a particle having an average particle size of not less 
than 10 nm, preferably not less than 20 nm, more preferably 
not less than 40 nm, and one having an average particle size of 
not more than 50 lum, preferably 20 um, more preferably not 
more than 10 um can be mentioned. 
0061 The particle size here refers to a value obtained by 
measuring Surface-coated Small particles dispersed in an 
aqueous solution at the aforementioned “predetermined pH. 
To be specific, when the Surface-coated Small particles are in 
the form of a Suspension, the size is measured after diluting 
the Suspension to a concentration Suitable for the measure 
ment with an aqueous solution having the same pH (the 
aforementioned predetermined pH) as the pH of the suspen 
sion. When the surface-coated small particles are in the dos 
age form other than Suspension, such as dry powder, sheet and 
the like, which prevents direct measurement of the particle 
size, water or a suitable pH buffer is added to prepare a 
suspension having the aforementioned “predetermined pH 
and then the particle size is measured. The particle size is a 
diameter measured by a particle size measuringapparatus and 
calculated on the assumption that the particles have a spheri 
cal shape. The particle size measuring apparatus and the 
calculation method of the average particle size are appropri 
ately changed according to the particle size. To be specific, in 
the case of a particle size measurable by a dynamic light 
scattering measuring apparatus (generally not more than 7 
um), the size is measured by a dynamic light scattering mea 
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Suring apparatus, and an average of the hydrodynamic diam 
eter determined from the scattering intensity distribution is 
employed as an average particle size. In the case of a large 
particle size immeasurable by a dynamic light scattering mea 
Suring apparatus (generally greater than 7 um), the size is 
measured by a laser diffraction system particle size distribu 
tion measuring apparatus, and an average diameter obtained 
by arithmetically averaging the frequency distribution is 
employed as an average particle size. 
0062 Here, an average particle size of surface-coated 
Small particles of for example, not less than 10 nm means that 
not less than 10%, preferably not less than 20%, more pref 
erably not less than 30%, still more preferably not less than 
40%, particularly preferably not less than 50% of the average 
particle size of a particle size peak, is not less than 10 nm in 
the proportion of each particle size peak in the above-men 
tioned scattering intensity distribution by the dynamic light 
scattering measuring apparatus (proportion of cumulative 
scattering intensity for each particle size peak to cumulative 
scattering intensity for all peaks), or the proportion of each 
particle size peak in the above-mentioned frequency distribu 
tion by the laser diffraction system particle size distribution 
measuring apparatus (proportion of cumulative frequency for 
each particle size peak to cumulative frequency for all peaks). 
0063. Owing to the presence of the small particle as the 
core, the Surface-coated Small particle in the composition of 
the present invention has a monodispersed particle size com 
pared to a complex formed by simply mixing a surface 
coating polymer and a drug. Accordingly, the constitution of 
the surface-coated Small particle as in the present invention 
makes it easy to prepare a preparation with a uniform prop 
erty. This characteristic is also an advantage of the present 
invention. 
0064. The composition of the present invention needs to 
be delivered as a preparation permitting the Surface-coated 
Small particle to directly reach the target mucosal site. 
Examples thereof include pulmonary agent, oral agent, buc 
cal agent, intraocular agent, Vaginal agent, intranasal agent, 
Suppository and the like. 
0065. As the pulmonary agent, an inhalant which is deliv 
ered to alveoli by a pulmonary inhaler device is preferred. 
0066. As the oral agent, usual oral preparations, for 
example, tablet, granule, fine granule, capsule and the like can 
be mentioned. Dosage forms designed to release the drug in 
the Small intestine, for example, enteric coated tablet, enteric 
coated granule, enteric coated capsule and enteric coated fine 
granule are preferred. 
0067. As the buccal agent, the intraocular agent and the 
intranasal agent, buccal tablet, buccal spray, eye drop, nose 
drop, aerosol, ointment, gel, cream, liquid, Suspension, 
lotion, dry powder, sheet, patch and the like can be men 
tioned. 
0068. As the vaginal agent and Suppository, ointment, gel. 
cream, liquid, Suspension, lotion, dry powder, sheet, capsule 
and the like can be mentioned. 
0069. As methods for preparing the above-mentioned dos 
age forms, known production methods generally used in the 
field can be applied. Where necessary, when preparing the 
above-mentioned dosage forms, carriers such as excipient, 
binder, disintegrant and lubricant, and various preparation 
additives such as Sweetening agents, Surfactants, Suspending 
agents, emulsifiers, colorants, preservatives and Stabilizers, 
which are generally used for preparing the particular dosage 
form can be appropriately added in an appropriate quantity to 
produce the dosage forms. Also, the composition of the 
present invention can be preserved in the form of a dry powder 
prepared by lyophilizing the Suspension, and the like, and 
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resuspended by adding water to the dry powder when in use. 
Employing this method, hydrolysis of the drug, the polymer 
for the Small particle and/or the Surface-coating polymer can 
be avoided in order to improve the preservation stability of the 
composition. 
0070 The preferable relative proportions of the polymer 
for the Small particle, the Surface-coating polymer and the 
drug in the composition of the present invention vary depend 
ing on the Small particle, the Surface-coating polymer and the 
drug to be used and hence cannot be stated in general. For 
example, when a poly(lactic acid-glycol acid) copolymer 
(PLGA) is used as the polymer for the small particle, chitosan 
is used as the Surface-coating polymer, and insulin is used as 
the drug, the weight ratio thereof in the composition can be 
PLGA:chitosan:insulin=1:0.1-100:0.01-100. 
0071. The pharmaceutical composition of the present 
invention is stable and of low toxicity, and can be used safely. 
The administration frequency and single dose vary dependent 
on the drug used, condition and body weight of patient, 
administration route, therapeutic strategy and the like and 
hence cannot be stated in general. For example, when the 
composition of the present invention in which insulin is used 
as the drug, is transnasally administered to a patient with 
diabetes and the like, as one therapeutic strategy, about 2 mg 
to about 6 mg of the active ingredient (insulin) can be admin 
istered to an adult (about 60 kg in body weight) before each 
meal. 
0072 The present invention also provides a production 
method of the aforementioned pharmaceutical composition. 
The method of the present invention comprises mixing the 
drug, the surface-coating polymer and the small particles in a 
Solution with a suitable pH, optionally changing the pH to 
induce an electrostatic interaction between the drug and the 
Surface-coating polymer and a noncovalent interaction 
between the Surface-coating polymer and the Small particle. 
The method needs no heating treatment and the like and 
therefore is convenient. 
0073. In the method, the combination of the drug, the 
Surface-coating polymer and the Small particles and the pH of 
the composition of the present invention (the predetermined 
pH) are determined in advance. These factors can be deter 
mined as mentioned above in the explanation on the compo 
sition of the present invention. The Small particles are gener 
ally prepared by the aforementioned method prior to mixing 
the drug, the Surface-coating polymer and the Small particles. 
Then, the drug, the Surface-coating polymer and the Small 
particles are mixed, and optionally the pH is adjusted, 
whereby the surface-coated small particle of the present 
invention is produced. The mixture and the optional pH 
adjustment comprise any one selected from the group con 
sisting of the following a) to c): 
0074 a) mixing the drug and the Surface-coating polymer 
in a solution with a pH at which the complex thereof is not 
formed, adding the Small particle into the solution, and 
changing the pH of the solution to promote formation of the 
complex of the drug and the Surface-coating polymer and 
immobilization of the drug-surface-coating polymer complex 
on the surface of the small particle: 
0075 b) mixing the drug and the surface-coating polymer 
in a solution with a pH at which the complex thereof is 
formed, and adding the Small particles into the solution to 
make the drug-surface-coating polymer complex immobi 
lized on the surface of the small particles: 
0076 c) mixing the small particle and the surface-coating 
polymer in a solution to make the Surface-coating polymer 
immobilized on the surface of the small particle, adding the 
drug into the Solution, and adjusting the pH of the Solution to 
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promote formation of the complex of the drug and the Sur 
face-coating polymer immobilized on the Surface of the Small 
particle. 
0077 Particularly, when the surface-coating polymer is by 
itself slightly water-soluble at the predetermined pH, it is 
desirable first (a) to mix the drug, the small particle and the 
Surface-coating polymer at a pH at which the Surface-coating 
polymer is readily water-soluble, then (b) to adjust the pH of 
the mixture to the predetermined pH. 
0078. When a drug that changes the sign of the charge 
depending on pH, i.e., an amphoteric drug, is used as the drug 
for the pharmaceutical composition of the present invention, 
the following method can be utilized for the production 
method of the pharmaceutical composition of the present 
invention. That is, as the first step, the drug, the Surface 
coating polymer and the Small particle are mixed under a pH 
condition under which the charge of the drug and the charge 
of the Surface-coating polymer are of the same sign, thereby 
allowing both the drug and the Surface-coating polymer to be 
drawn toward the surface of the small particle due to a non 
covalent interaction Such as an electrostatic interaction. Addi 
tionally, as the second step, the pH of the mixture is adjusted 
to a pH at which the charge of the drug changes to the opposite 
sign, thus efficiently forming a bond between the drug and the 
Surface-coating polymer assembled on the Surface of the 
small particle by an electrostatic interaction, whereby the 
pharmaceutical composition of the present invention can be 
produced efficiently. This production method is useful since it 
can suppress generation of a free drug-surface-coating poly 
mer complex (not immobilized on the surface of the small 
particle) as a by-product. 
0079 Explaining this method with insulin (drug; isoelec 

tric point: about 5.3), chitosan (Surface-coating polymer) and 
PLGA small particle (small particle) for example, insulin, 
chitosan and PLGA small particle are mixed at “a pH less than 
the isoelectric point where insulin is positively charged (e.g., 
pH 4.5 and the like), then the pH is adjusted to “a pH higher 
than the isoelectric point at which insulin is negatively 
charged (pH 6.0 and the like). While chitosan has a positive 
charge and PLGA particle has a negative charge at both pH 
4.5 and pH 6.0, insulin is positively charged at pH 4.5 and 
negatively charged at pH 6.0. Hence, one of the compositions 
of the present invention can be produced wherein mutually 
ionically-bonded chitosan and insulin are immobilized on the 
surface of the PLGA small particle at pH 6.0. FIG. 1 explains 
this embodiment. 
0080 Accordingly, the present invention provides a pro 
duction method of the composition of the present invention, 
comprising 
(a) mixing the drug, the Surface-coating polymer and the 
Small particle under a pH condition under which the drug and 
the Surface-coating polymer have the same sign of the charge, 
and then 
(b) adjusting the pH of the mixture to a pH at which the sign 
of the charge of the drug changes to the opposite sign, wherein 
the drug is an amphoteric drug. 
0081 Alternatively, as a still another production method 
especially useful for minimizing the particle size of the Sur 
face-coated Small particle as a product by reducing the par 
ticle size of the core particle, the following method can be 
utilized. In this method, preparation of the small particle and 
an electrostatic interaction between the small particle and the 
Surface-coating polymer are simultaneously started, rather 
than preparing the Small particle in advance. Specifically, in 
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this method, a Suitable organic solvent (e.g., acetone solution 
and the like) containing the material of the Small particle as 
mentioned above is added dropwise into an aqueous solution 
of the Surface-coating polymer, and the organic solvent is 
evaporated from the solution by agitation and the like, 
whereby formation of small particle as the core particle and 
coating of the Small particle with the Surface-coating polymer 
are started; after which the drug is added and mixed, the pH is 
optionally changed to promote an electrostatic interaction 
between the drug and the Surface-coating polymer and 
between the Surface-coating polymer and the Small particle, 
whereby the surface-coated small particle is produced. 
I0082. Accordingly, the present invention provides a pro 
duction method of the composition of the present invention, 
comprising 
(a) adding dropwise an organic solvent solution of a material 
of the Small particle into an aqueous solution of the Surface 
coating polymer, 
(b) evaporating the organic solvent, 
(c) adding the drug and stirring the mixture, and 
(d) adjusting the pH of the mixture to the predetermined pH. 
I0083. While the present invention is hereinafter further 
explained in detail by referring to Examples and Experimen 
tal Examples, the present invention is not limited by the 
following Examples and the like. 

EXAMPLES 

Preparation Example 1 

Preparation of poly(lactic-co-glycolic acid) (PLGA) 
Small Particles of Various Particle Sizes 

I0084 PLGA small particles were produced using a PLGA 
with a lactide:glycolideratio of 50:50 (RESOMERRG502H, 
Bohringer Ingelheim). The PLGA was dissolved in HPLC 
grade acetone at the required concentration. The PLGA/ac 
etone solution was added dropwise to purified water in a ratio 
of 1:3 under constant stirring. The mixture was stirred until 
the acetone had fully evaporated (approximately 4 hours). 
I0085. The particle size distribution of resultant small par 
ticles was measured by a dynamic light scattering measuring 
apparatus (DLS 802, Viscotek). Table 1 shows the relation 
ship between the PLGA concentration and the diameter of 
obtained particle. It is evident that by reducing the polymer 
concentration in the initial organic solvent Solution, Smaller 
particles can be easily and reproducibly obtained. 

TABLE 1 

Effect of PLGA concentration on particle size 

LGA PLGA small 
concentration in particle diameter (nn 

acetone (% (w/v)) (8. standard deviation 

3.00 177 50 
1.00 111 27 
O.30 78 26 
O.10 46 11 
O.OS 36 15 
O.O1 2O 6 
O.OOS 16 4 
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Example 1 

Preparation of Small Particle System Surface-Coated 
with Drug-Surface-Coating Polymer Complex in 

Two Different Buffer Systems 

I0086 Insulin (pl. about 5.3) was used as a protein drug, and 
chitosan was used as a positively charged surface-coating 
polymer. 
0087 1.5 ml of bovine insulin (Sigma, 160 lug/ml) in 0.5 
mM citric acid solution (pH 4.5) was added to 1.5 ml of 
chitosan (Bioneer 143 kDa, 0.72 mg/ml) in 0.5 mM citric acid 
solution (pH 4.5) and the mixture was left at room tempera 
ture for at least 30 min. Three ml of PLGA small particles 
(about 100 nm in diameter; hereinafter, also to be referred as 
“PLGA 100) suspension in 0.5 mM citric acid solution (pH 
4.5; concentration of PLGA small particle: 500 ug/ml) pre 
pared as described in Preparation Example 1 was added to the 
chitosan/insulin Solution and the mixture was left at room 
temperature for at least 1 hour. The pH was increased to 6.0 
with NaOH (0.1-2.5N), and salts and supplements were 
added thereto to afford the same solvent compositions of the 
suspension as that of the buffers described in Table 2 or Table 
3. 

TABLE 2 

Composition of 0.5 nM citric acid isotonic buffer (pH 6.0 

concentration ion intensity 
MW g/L (mM) (mM) 

D-glucose 18O16 18O 10 
MgCl2 95.21 O.0468 O492 1476 
KC 74.55 O.340 4.56 4.56 
CaCl2.H2O 147.02 O.176 1.2 3.6 
citric 192.1 O.096 O.S O.8 
acid 
NaCl 58.44 8.01S 137.15 137.15 

TABLE 3 

Composition of 50 mMMES 0.5 mM citric acid isotonic buffer (pH 
6.O 

concentration ion intensity 
MW g/L (mM) (mM) 

D-glucose 18O16 18O 10 
MgCl2 95.21 O.0468 O492 1476 
KC 74.55 O.340 4.56 4.56 
CaCl2.H2O 147.02 O.176 1.2 3.6 
citric 192.1 O.096 O.S O.8 
acid 
MES 195.2 9.76 50 2O 
NaCl 58.44 7.22 123.56 123.56 

0088. The particle size and the Zeta potential of the sur 
face-coated small particles were measured by DLS 802 (Vis 
cotek) and Zeta sizer 2000 (Malvern), respectively (Table 4). 
0089. As can be seen from Table 4, similar and preferable 
particle sizes and Zeta potentials were obtained for the two 
different buffer systems. The two kinds of surface-coated 
small particles each had a particle size about two-fold of that 
of the uncoated Small particles, and a highly positive Zeta 
potential. Both of the surface-coated small particles were 
found to be stable as colloidal Suspensions. 
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TABLE 4 

Surface-coated PLGA small particles in two different buffer 
Systems (PLGA 100/CS Ins 

diameter (nm) Zeta potential (mV) 

uncoated PLGA small 125.633.0 -64.6 14** 
particle 
PLGA 
100/CS/Ins = 250/180/40 g/ml: 

in the buffer of Table 2 1956 - 32.8 +33.3 1.3 
in the buffer of Table 3 179.035.9 --29.O. 1.3 

measured in water 

** measured in 0.5 mM citric acid solution (pH 6.0) 
CS: chitosan, Ins: insulin 

Example 2 
Preparation of a Small Particle System Surface 

Coated with Drug-Surface-Coating Polymer Com 
plex in a 20 mMMES Buffer System with Two Dif 

ferent Concentration of Insulin 

0090. Insulin (plabout 5.3) was used as a protein drug, and 
chitosan was used as a positively charged Surface-coating 
polymer. 
0091. Two ml of bovine insulin (Sigma, 160 lug/ml or 800 
ug/ml) in 0.5 mM citric acid solution (pH 4.5) was added to 2 
ml of chitosan (Bioneer 143 kDa, 0.72 mg/ml or 3.6 mg/ml) 
in 0.5 mM citric acid solution (pH 4.5) and the mixture was 
left at room temperature for at least about 30 min. Four ml of 
PLGA small particles (about 100 nm in diameter) suspension 
in 0.5 mM citric acid solution (pH 4.5; concentration of 
PLGA small particle: 0.5 mg/ml or 2.5 mg/ml) prepared as 
described in Preparation Example 1 was added to the chito 
san/insulin solution and the mixture was left at room tempera 
ture for at least 1 hour. The pH was increased to 6.0 by adding 
NaOH (0.1-2.5N), and salts and supplements were added 
thereto to afford the same solvent composition of the suspen 
sion as that of the buffer described in Table 5. 

TABLE 5 

Composition of 20 mMMES 0.5 mM citric acid isotonic buffer (pH 
6.O 

concentration ion intensity 
MW g/L (mM) (mM) 

D-glucose 180.16 18O 10 
MgCl2 95.21 O.O468 O492 1476 
KCI 74.55 O.340 4.56 4.56 
CaCl2.H2O 147.02 O.176 1.2 3.6 
citric 192.1 O.096 O.S O.8 
acid 
MES 195.2 3.90 2O 8 
NaCl 58.44 7.92 135.56 135.56 

0092. The particle size and the Zeta potential of the sur 
face-coated small particles were measured by DLS 802 (Vis 
cotek) and Zeta sizer 2000 (Malvern), respectively. The both 
Surface-coated Small particle samples showed a preferable 
particle size and Zeta potential (Table 6); the particle size was 
about two-fold of that of the uncoated particles (Table 4) and 
the Zeta potential was a highly positive potential. The both 
surface-coated small particles were found to be stable as 
colloidal Suspensions. 
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TABLE 6 

Surface-coated PLGA small particles at two different insulin 
concentrations 

diameter (nm) Zeta potential (mV) 

PLGA 100CS, Ins= 221.8 77.9 +30 22.5 
250/180/40 g/ml 
PLGA 100CS, Ins= 1896 - 36.8 +30.23.0 
1250/900/200 g/ml 

CS: chitosan, 
Ins: insulin 

Example 3 

Preparation of a Surface-Coated PLGA Small Par 
ticle System Using poly-L-arginine as the Surface 

Coating Polymer 

0093. Insulin (about 5.3 in pl) was used as a protein drug, 
and poly-L-arginine was used as a positively charged surface 
coating polymer. 
0094) 3 ml of bovine insulin (Sigma, 40 g/ml) in 0.5 mM 

citric acid solution (pH 6.0) was added to 3 ml of poly-L- 
arginine (MW 125kDa, Sigma; 2.88 mg/ml) in 0.5 mM citric 
acid solution (pH 6.0) and the mixture was left at room 
temperature for at least about 30 min. 6 ml of PLGA small 
particles (about 100 nm in diameter) suspension in 0.5 mM 
citric acid solution (pH 6.0; concentration of PLGA small 
particle: 250 ug/ml) prepared as described in Preparation 
Example 1 was added to the poly-L-arginine/insulin Solution 
and the mixture was left at room temperature for at least 1 
hour. Salts and supplements were added thereto to afford the 
same solvent composition of the Suspension as that of the 
buffer described in Table 5. The particle size and the Zeta 
potential of the Surface-coated Small particles were measured 
by DLS 802 (Viscotek) and Zeta sizer 2000 (Malvern), 
respectively. The mean diameter of the particles was found to 
be 285.9-90.6 nm, and the Zeta potential was found to be 
+48.30.9 mV. 

Example 4 

Preparation of a Surface-Coated PLGA Small Par 
ticle System Using Chitosan and poly-L-arginine as 

the Surface-Coating Polymers 

0095 Insulin (pl. about 5.3) was used as a protein drug, and 
chitosan and poly-L-arginine were used as a positively 
charged surface-coating polymer. 
0096] 2 ml of bovine insulin (Sigma, 800 ug/ml) in 0.5 mM 

citric acid solution (pH 4.5) was added to 2 ml of a mixture of 
chitosan (MW 143 kDa, 0.36 mg/ml) and poly-L-arginine 
(MW 125 kDa, Sigma; 1.8 mg/ml) in 0.5 mM citric acid 
solution (pH 4.5) and the mixture was left at room tempera 
ture for at least about 30 min. 4 ml of PLGA small particles 
(about 100 nm in diameter) suspension in 0.5 mM citric acid 
solution (pH 4.5; concentration of PLGA small particle: 2.5 
mg/ml) prepared as described in Preparation Example 1 was 
added to the chitosan/poly-L-arginine/insulin Solution and 
the mixture was left at room temperature for at least 1 hour. 
Salts and supplements were added thereto to afford the same 
solvent composition of the suspension as that of the buffer 
described in Table 7. The particle size and the Zeta potential of 
the surface-coated small particles were measured by DLS802 
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(Viscotek) and Zeta sizer 2000 (Malvern), respectively. The 
mean diameter of the particles was found to be 336.1+20.8 
nm, and the Zeta potential was found to be +40.3+3.4 mV. 

TABLE 7 

Composition of 5 mMMES 0.5 mM citric acid isotonic buffer (pH 
6.O 

ion intensity 
MW g/L concentration (mM) (mM) 

D-glucose 18O16 18O 10 
MgCl2 95.21 O.O468 O492 1476 
KCI 74.55 O.340 4.56 4.56 
CaCl2.H2O 147.02 O.176 1.2 3.6 
citric 1921 O.096 O.S O.8 
acid 
MES 1952 O.98 5 2 
NaCl 58.44 8.27 141.56 141.56 

Example 5 
Preparation of an Insulin/Chitosan Surface-Coated 
PLGA Small Particle System Using Another Produc 

tion Method 

(0097 3 ml of 0.1% w/v polystyrene small particles (Mo 
lecularProbe, carboxylated FluoSpheres) in a 0.5 mM citric 
acid solution (pH 4.5) was added to 3 ml of chitosan (Bioneer 
143 kDa, 180 ug/ml) in 0.5 mM citric acid solution (pH 4.5) 
and the mixture was left at room temperature for at least 1 
hour. 6 ml of bovine insulin (Sigma, 20 g/ml) in 0.5 mM 
citric acid solution (pH 4.5) was added to the above-men 
tioned mixture of polystyrene and chitosan and the mixture 
was left at room temperature for at least 1 hour. The pH was 
increased to 6.0 by adding NaOH (0.1-2.5N), and salts and 
supplements were added thereto to afford the same solvent 
composition of the suspension as that of the buffer described 
in Table 5. 
0098. The particle size and the Zeta potential of the sur 
face-coated small particles were measured by DLS 802 (Vis 
cotek) and Zetasizer 2000 (Malvern), respectively. The mean 
diameter of the particles was found to be 302.0+68.6 nm, and 
the Zeta potential was found to be +27.9-1.7 mV. The diam 
eter of the polystyrene core particles was 196.7+27.5 nm, 
showing the presence of a layer with a thickness of about 50 
nm around the periphery of the polystyrene core particles. 

Example 6 

Preparation of an Insulin/Chitosan Surface-Coated 
PLGA Small Particle System Using Another Produc 

tion Method 

(0099) 1.8 ml of PLGA with a lactide:glycolide ratio of 
50:50 (RESOMER RG 502H, Bohringer Ingelheim) in 
acetone solution (PLGA 0.01% (w/v): a concentration 
wherein PLGA particles of about 20 nm can be prepared) was 
added to 6 ml of chitosan (Bioneer 73 kDa, 0.25 mg/ml) in 0.5 
mM citric acid solution (pH 4.5) and the mixture was left at 
room temperature until the acetone had fully evaporated. 
Three ml of bovine insulin (Sigma, 160 lug/ml) in 0.5 mM 
citric acid solution (pH 4.5) was added to 3 ml of the PLGA/ 
chitosan Suspension and the mixture was left at room tem 
perature for at least 1 hour. The pH was increased to 6.0 by 
adding NaOH (0.1-2.5N), and salts and supplements were 
added to create the solvent composition of the Suspension 
same as that of the buffer described in Table 2. The particle 
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size of the Surface-coated Small particles was measured by 
DLS 802 (Viscotek). The mean diameter of the particles was 
found to be 146.1+35.8 nm. The particles were stable as a 
colloidal Suspension. 

Example 7 
Preparation of an Insulin/Chitosan Surface-Coated 
PLGA Small Particle System for Animal Testing 

0100 Insulin (about 5.3 in pl) was used as a protein drug, 
and chitosan was used as a positively charged surface-coating 
polymer. The sample was prepared to have a high concentra 
tion (insulin concentration 6 mg/mL) for an animal test. 
0101 Bovine aqueous insulin solution (15 ml, Sigma, 320 
ug/ml, pH 4.5) and 0.02 ml of 50 mM aqueous citric acid 
Solution were added to 15 ml of aqueous chitosan Solution 
(manufactured by Koyo Chemical, Koyo Chitosan FL-80, 
1.44 mg/mL, pH 4.5), the pH was adjusted to 4.5+0.1, and the 
mixture was left standing for about 1 hour. Then 30 ml of 
PLGA small particle (particle size about 100 nm, PLGA 
Small particle concentration 1 mg/mL, pH 4.5) suspension 
and 0.02 ml of 50 mM aqueous citric acid solution were 
added, and the pH was adjusted to 4.5. The resultant solution 
was left standing for 1 hour, the pH was adjusted to 6.0, 
maltose (0.421 g) was dissolved therein, and the pH was 
confirmed to be 6. The thus-prepared solution was frozen 
with liquid nitrogen, and then freeze-dried. The freeze-dried 
product was dispersed again in distilled water in a Volume 
equivalent to /15 of the solution before the freeze-drying. The 
re-suspension was centrifuged (19400xG, 3 hours. 4°C.) and 
% volume of the supernatant was removed, whereby the 
particle fraction was concentrated to give a sample for an 
animal test (insulin concentration 6 mg/mL). 
0102 The particle size and the Zeta potential of the sur 
face-coated small particles were measured by Zetasizer Nano 
(Malvern). The mean diameter of the particles was found to 
be 252 nm, and the Zeta potential was found to be +10.6 mV. 
The particles were found to be stable as colloidal suspensions. 
Additionally, the ratio of insulin bound to the surface-coated 
small particles in this Example was measured by the method 
described below to find a loading efficiency of 93%. 

Example 8 
Preparation of an Insulin/Chitosan Surface-Coated 
PLGA Small Particle System for Release Testing 

0103 Insulin (pl. about 5.3) was used as a protein drug, and 
chitosan was used as a positively charged surface-coating 
polymer. 
0104. A bovine aqueous insulin solution (15 ml, Sigma, 
320 g/ml, pH 4.5) and 0.02 ml of 50 mMaqueous citric acid 
Solution were added to 15 ml of aqueous chitosan Solution 
(manufactured by Koyo Chemical, Koyo Chitosan FL-80, 
1.44 mg/mL, pH 4.5), the pH was adjusted to 4.5+0.1, and the 
mixture was left standing for about 1 hour. Then 30 ml of 
PLGA small particle (particle size about 100 nm, PLGA 
Small particle concentration 1 mg/mL, pH 4.5) suspension 
and 0.02 ml of 50 mM aqueous citric acid solution were 
added, and the pH was adjusted to 4.5. The resultant solution 
was left standing for 1 hour, the pH was adjusted to 6.0, 
maltose (0.421 g) was dissolved therein, and the pH was 
confirmed to be 6. 

Example 9 
Preparation of a Surface-Coated PLGA Small Par 

ticle System (pH 8) Using Cationic Chitosan Deriva 
tive as the Surface-Coating Polymer 

0105. Insulin (about 5.3 in pl) was used as a protein drug, 
and a cationic chitosan derivative was used as a positively 
charged surface-coating polymer. 
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0106 Two ml of bovine insulin (Sigma, 0.32 mg/ml) in 0.5 
mM citric acid solution (pH 4.5) was added to 2 ml of cationic 
chitosan derivative (manufactured by Dainichiseika, cationic 
chitosan derivative solution, 1.44 mg/ml) in 0.5 mM citric 
acid solution (pH 4.5), and the mixture was left standing at 
room temperature for at least 30 minutes. Four ml of a sus 
pension of PLGA small particle (about 100 nm in diameter), 
which were prepared as mentioned in Preparation Example 1, 
in 0.5 mM citric acid (pH 4.5; PLGA small particle concen 
tration: 1.0 mg/ml) was added to the cationic chitosan deriva 
tive/insulin solution, and the mixture was left standing at 
room temperature for at least 1 hour. Maltose was added 
thereto to 10% w/v. and the pH was adjusted to 8 by adding 
NaOH. 
0107 The particle size of the surface-coated small par 
ticles was measured by Zetasizer Nano (Malvern). The mean 
diameter of the particles was found to be 230 nm. The par 
ticles were found to be stable as colloidal suspensions. Addi 
tionally, the ratio of insulin bound to the surface-coated small 
particles in this Example was measured by the method 
described below to find a loading efficiency of 74% w/w. 

Example 10 

Preparation of a Surface-Coated PLGA Small Par 
ticle System (pH 7) Using Cationic Chitosan Deriva 

tive as the Surface-Coating Polymer 
0108. Insulin (plabout 5.3) was used as a protein drug, and 
a cationic chitosan derivative was used as a positively charged 
Surface-coating polymer. 
0109. Two ml of bovine insulin (Sigma, 0.32 mg/ml) in 0.5 
mM citric acid solution (pH 7.0) was added to 2 ml of cationic 
chitosan derivative (manufactured by Dainichiseika, cationic 
chitosan derivative solution, 1.44 mg/ml) in 0.5 mM citric 
acid solution (pH 7.0), and the mixture was left at room 
temperature for at least 30 minutes. Four ml of a suspension 
of PLGA small particles (about 100 nm in diameter), which 
were prepared as mentioned in Preparation Example 1, in 0.5 
mM citric acid (pH 7.0: PLGA small particle concentration: 
1.0 mg/ml) was added to the cationic chitosan derivative/ 
insulin solution, and the mixture was left standing at room 
temperature for at least 1 hour. Maltose was added thereto to 
10% w/v. and the pH was confirmed to be 7. 
0110. The particle size and the Zeta potential of the sur 
face-coated small particles were measured by Zetasizer Nano 
(Malvern). The mean diameter of the particles was found to 
be 234 nm, and the Zeta potential was found to be +11.3 mV. 
The particles were found to be stable as colloidal suspensions. 
Additionally, the amount of insulin bound to the surface 
coated Small particles in this Example was measured by the 
method described below to find a loading efficiency was 
found to be 65% w/w. 

Example 11 

Preparation of a Surface-Coated Small Particle Sys 
tem. Using a Positively Charged Drug and a Nega 

tively Charged Surface-Coating Polymer 

0111. Zolmitriptan (pKa=9.5) was used as a positively 
charged low-molecular weight drug, and polyacrylic acid was 
used as a negatively charged surface-coating polymer. 
0112 Four ml of an aqueous suspension of trimethy 
lamine-modified polystyrene particles (1 mg/ml, micromer 
NR3+ 100 nm, Corefront Corporation) was added to 2 ml of 
aqueous polyacrylic solution (manufactured by Wako Pure 
Chemical Industries, average molecular weight 250,000, 1.44 
mg/ml), and the mixture was gently stirred. About 1 hour 
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later, 2 ml of aqueous Zolmitriptan Solution (640 g/ml) was 
added thereto, the mixture was gently stirred, and the pH was 
adjusted to 6.0. 
0113. The particle size and the Zeta potential of the sur 
face-coated small particles were measured by Zetasizer Nano 
(Malvern). The mean diameter of the particles was found to 
be 330 nm, and the Zeta potential was found to be -75 mV. The 
particles were found to be stable as colloidal suspensions. 
Additionally, the amount of drug bound to the Surface-coated 
Small particles in this Example was measured according to the 
method described below (under different HPLC conditions) 
to find a loading efficiency of 14% w/w. 

Example 12 

Preparation of a Surface-Coated Small Particle Sys 
tem. Using a Positively Charged Drug and a Nega 

tively Charged Surface-Coating Polymer 

0114 Bromhexin hydrochloride was used as a positively 
charged low-molecular weight drug, and sodium polyacrylate 
was used as a negatively charged Surface-coating polymer. 
0115 One ml of aqueous bromhexin hydrochloride solu 
tion (640 g/ml) and 1 ml of distilled water were added to 2 ml 
of aqueous sodium polyacrylate solution (degree of polymer 
ization 2,700-7,500, manufactured by Wako Pure Chemical 
Industries, 1.44 mg/ml), and the mixture was gently stirred. 
About one hour later, 4 ml of an aqueous Suspension of 
trimethylamine-modified polystyrene particles (1 mg/ml. 
micromer NR3+ 100 nm, Corefront Corporation) was added 
thereto, the mixture was gently stirred, and the pH was 
adjusted to 6. 
0116. The particle size and the Zeta potential of the sur 
face-coated small particles were measured by Zetasizer Nano 
(Malvern). The mean diameter of the particles was found to 
be 160 nm, and the Zeta potential was found to be -57 mV. The 
particles were found to be stable as colloidal suspensions. 
Additionally, the amount of drug bound to the Surface-coated 
Small particles in this Example was measured according to the 
method described below (under different HPLC conditions) 
to find a loading efficiency of 88% w/w. 

Example 13 

Preparation of a Surface-Coated Small Particle Sys 
tem. Using a Positively Charged Drug and a Nega 

tively Charged Surface-Coating Polymer 

0117 Bromhexin hydrochloride was used as a positively 
charged low-molecular weight drug, and Sodium poly 
gamma-glutamate was used as a negatively charged surface 
coating polymer. 
0118. One ml of aqueous bromhexin hydrochloride solu 
tion (640 g/ml) and 1 ml of distilled water were added to 2 ml 
of sodium poly-gamma-glutamate Solution (average molecu 
lar weight 200,000-500,000, manufactured by Wako Pure 
Chemical Industries, 1.44 mg/ml), and the mixture was gently 
stirred. About one hour later, 4 ml aqueous Suspension of 
trimethylamine-modified polystyrene particles (1 mg/ml. 
micromer NR3+ 100 nm, Corefront Corporation) was added 
thereto, the mixture was gently stirred, and the pH was 
adjusted to 6. 
0119 The particle size and the Zeta potential of the sur 
face-coated small particles were measured by Zetasizer Nano 
(Malvern). The mean diameter of the particles was found to 
be 203 nm, and the Zeta potential was found to be -63 mV. The 
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particles were found to be stable as colloidal suspensions. 
Additionally, the amount of drug bound to the Surface-coated 
Small particles in this Example was measured according to the 
method described below (under different HPLC conditions) 
to find a loading efficiency of 32% w/w. 

Experimental Example 1 

Evaluation of Interaction of Drug and Surface-Coat 
ing Polymer on the Surface of Small Particles 

0.120. One ml suspension of PLGA small particles sur 
face-coated with insulin/chitosan (PLGA 100/chitosan/insu 
lin=500/360/80 ug/ml) in the buffer described in Table 5 was 
added to a microtube and centrifuged at 18000 rpm (23900x 
g) for 60 min. The precipitate was rinsed with the buffer 
described in Table 5. After adding pH 4.5 or pH 6.0 release 
buffers to the precipitate, each tube was shaken at room 
temperature for 2 hour. The Suspension was centrifuged again 
for 15 min under the same conditions and the Supernatant 
collected. Then the insulin concentration in each Supernatant 
buffer was quantified by ELISA. 
I0121. It was shown that with the pH 4.5 buffer in which 
both chitosan and insulin carried positive charge and hence 
their attractive interaction due to electrostatic forces were 
low, the amount of insulin was remarkably higher than at ph 
6.0 where the two were oppositely charged and hence the 
electrostatic attractive forces became greater (FIG. 2). It 
should be noted that free insulinandchitosan was removed by 
the above-mentioned wash operation prior to the release test. 
These results show the existence of a chitosan/insulin com 
plex on the surface of the small particles. 
0.122 One ml suspension of PLGA small particles sur 
face-coated with insulin/chitosan (PLGA 100/chitosan/insu 
lin=250/180/40 g/ml) in the buffer described in Table 2 
prepared by the method described in Example 1 was added to 
a microtube and centrifuged at 18000 rpm (23900xg) for 60 
min. The precipitate was rinsed with the buffer described in 
Table 2. The precipitate after washing was resuspended in the 
buffer, spread on a glass plate and inartificially dried for about 
48 hr to give a TOF-SIMS sample. As a control for compari 
son, glass plate samples with insulin, chitosan, or PLGA 100 
prepared by the method of Preparation Example 1 spread 
thereon were also prepared. 
(0123. These samples were each measured by a TOF-SIMS 
IV apparatus (ION-TOF GmbH) for the presence or absence 
of a peak (m/z 33) corresponding to SH of cysteine residue of 
insulin. As a result, a significant level of m/z 33 peak was not 
detected in PLGA and chitosan. However, a strong peak was 
detected in the above-mentioned Surface-coated Small par 
ticle sample after washing and in the insulin Sample. The 
results of the measurement for each sample are shown in the 
upper panel of FIG. 3. 
0.124. In addition, m/z 33 distribution (lower left panel in 
FIG. 3) and total ion distribution (lower right panel in FIG. 3) 
in the observation field were also confirmed for the above 
mentioned Surface-coated Small particles after washing, and 
it was also confirmed that the distribution patterns of both 
matched, namely, detection of m/z 33 from the particles. 
0.125. The above-mentioned measurement results relating 
to the specificity and the results of particle distribution images 
indicate the presence of insulin on the surface of the surface 
coated Small particles after washing. 
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Experimental Example 2 

Evaluation of Drug Loading Efficiency and Loading 
Capacity 

0126 Samples to be subjected to the experiments were 
prepared as follows. 
PLGA/Chitosan/Insulin (1000/720/160 g/ml) Surface 
Coated Small Particle (in a Buffer Described in Table 8) 
0127. Insulin (pl. about 5.3) was used as a protein drug, and 
chitosan was used as a positively charged surface-coating 
polymer. 
0128 4.5 ml of bovine insulin (Sigma, 0.64 mg/ml) in 0.5 
mM citric acid solution (pH 4.5) was added to 4.5 ml of 
chitosan (Bioneer 143 kDa, 2.88 mg/ml) in 0.5 mM citric acid 
solution (pH 4.5) and the mixture was left at room tempera 
ture for at least about 30 min. Nine ml of PLGA small par 
ticles (about 100 nm in diameter) suspension in 0.5 mM citric 
acid solution (pH 4.5; concentration of PLGA small particle: 
2.0 mg/ml) prepared as described in Preparation Example 1 
was added to the chitosan/insulin solution and the mixture 
was left at room temperature for at least 1 hour. The pH was 
increased to 6.0 by adding NaOH (0.1-2.5N), and glucose was 
added thereto to afford the same solvent composition of the 
suspension as that of the buffer described in Table 8. 

TABLE 8 

Composition of 100 mM glucose 0.5 mM citrate buffer (pH 6.0; non 
isotonic 

ion 
MW g/L concentration (mM) intensity (mM) 

D-glucose 18O16 18.0 1OO 
citric acid 1921 O.096 O.S O.8 

0129. The particle size and the Zeta potential of the sur 
face-coated small particles were measured by DLS 802 (Vis 
cotek) and Zetasizer 2000 (Malvern), respectively. The mean 
diameter of the particles was found to be 248.8+94.2 nm, and 
the Zeta potential was found to be +8.7+0.5 mV. 
PLGA/Chitosan/Insulin (250/90/40 g/ml) Surface Coated 
Small Particles (in the Buffer Described in Table 8) 
0130 Insulin (pl. about 5.3) was used as a protein drug, and 
chitosan was used as a positively charged surface-coating 
polymer. 
0131 Three ml of bovine insulin (Sigma, 160 ug/ml) in 0.5 
mM citric acid solution (pH 4.5) was added to 3 ml of chitosan 
(Bioneer 143 kDa, 0.36 mg/ml) in 0.5 mM citric acid solution 
(pH 4.5) and the mixture was left at room temperature for at 
least about 30 min. Six ml of PLGA small particles (about 100 
nm in diameter) suspension in 0.5 mM citric acid solution (pH 
4.5; concentration of PLGA small particle: 500 ug/ml) pre 
pared as described in Preparation Example 1 was added to the 
chitosan/insulin Solution and the mixture was left at room 
temperature for at least 1 hour. The pH was increased to 6.0 by 
adding NaOH (0.1-2.5N), and glucose was added thereto to 
afford the same solvent composition of the Suspension as that 
of the buffer described in Table 8. 

0132) The particle size and the Zeta potential of the sur 
face-coated small particles were measured by DLS 802 (Vis 
cotek) and Zetasizer 2000 (Malvern), respectively. The mean 
diameter of the particles was found to be 253.7+31.3 nm, and 
the Zeta potential was found to be +6.4+1.8mV. 
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PLGA/poly-L-arginine/Insulin (125/720/40 ug/ml) Surface 
Coated Small Particle (in the Buffer Described in Table 5) 
0.133 Insulin (plabout 5.3) was used as a protein drug, and 
poly-L-arginine was used as a positively charged surface 
coating polymer. 
I0134. Three ml of bovine insulin (Sigma, 160 ug/ml) in 0.5 
mM citric acid solution (pH 6.0) was added to 3 ml of poly 
L-arginine (MW 125 kDa, Sigma; 2.88 mg/ml) in 0.5 mM 
citric acid solution (pH 6.0) and the mixture was left at room 
temperature for at least about 30 min. Six ml of PLGA small 
particles (about 100 nm in diameter) suspension in 0.5 mM 
citric acid solution (pH 6.0; concentration of PLGA small 
particle: 250 ug/ml) prepared as described in Preparation 
Example 1 was added to the poly-L-arginine/insulin Solution 
and the mixture was left at room temperature for at least 1 
hour. Salts and supplements were added thereto to afford the 
same solvent composition of the Suspension as that of the 
buffer described in Table 5. The particle size and the Zeta 
potential of the Surface-coated Small particles were measured 
by DLS 802 (Viscotek) and Zeta sizer 2000 (Malvern), 
respectively. The mean diameter of the particles was found to 
be 497.4+141.9 nm, and the Zeta potential was found to be 
+44.3.2.1 mV. 

0.135 The loading efficiency and loading capacity of insu 
lin was measured by the method described below. 

Analytical Method of Bound Insulin 

0.136 0.5 ml or 1 ml of each of the above-mentioned 
samples was added into 1.5 ml microtube and centrifuged 
(15000 rpm (21900xg), 180 min, 4°C.). The supernatant was 
collected and the insulin concentration in the Supernatant was 
measured using an insulin ELISA kit (Mercodia Bovine insu 
lin ELISA) and a dilution buffer (Mercodia Diabetes sample 
buffer) or HPLC (the insulin concentration is taken as A). As 
a control, 0.5 ml or 1 ml of each of the above-mentioned 
samples in 1.5 ml microtube was kept in 4°C. for 180 min and 
the insulin concentration in all of the samples was measured 
in the same way (the insulin concentration is taken as B). 
0.137 Loading efficiency and loading capacity are calcu 
lated as follows: 

Loading efficiency(%)=100x(mean value of B)-A), 
(mean value of B)); 

Loading capacity(%)=mass of insulin bound to core 
particle total mass=100x((mean value of B)-A) ?core 
particle total mass (core particle total mass number of 
particlesx4/3x3.14x(core particle radius)xdensity). 

0.138. The analysis results of the insulin loading by the 
above-mentioned method are shown in Table 9. 

TABLE 9 

Insulin loading efficiency and insulin loading capacity of 
surface-coated Small particle 

a (%) b (%) 

PLGA/CS/Ins = 1000/720/160 g/ml 84.7 O.3 124 O1 
(in the buffer described in Table 8) 
PLGA/CS/Ins = 250/90/40 g/ml 44.O 2.9 6.4 + 0.4 
(in the buffer described in Table 8) 
PLGA/Poly-L-Arginine/Ins = 125/720/40 g/ml 57.2 + 1.0 17.7 + 0.3 
(in the buffer described in Table 5) 

a: loading efficiency 
b: loading capacity 
CS: chitosan, Ins: insulin 
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Experimental Example 3 
Evaluation of Stability of Insulin Complexed on Sur 

face of Small Particles 

0139 PLGA/chitosan/insulin (1000/720/160 g/ml) sur 
face coated small particles in the buffer described in Table 8. 
which were used in Experimental Example 2, were used as 
the sample in the present experiment. As a control, insulin 
Solution with the same solvent composition as that of the 
buffer described in Table 8 (pH 6: insulin concentration: 160 
ug/ml) was used. 
0140. The sample to be used for the enzymatic reaction 
was prepared as follows. 
0141 C.-chymotrypsin derived from bovine pancreas 
(Fluka Biochemika; code No. 27270) was dissolved in 5 mM 
MES buffer (pH 6.0) to a concentration of 40 g/ml. 1 ml of 
sample was warmed at 37°C. for 15 min, and 0.6 ml of 5 mM 
MES buffer (pH 6.0) pre-warmed in the same manner and 0.4 
ml of C-chymotrypsin in 5 mMMES buffer (pH 6.0; C-chy 
motrypsin concentration: 40 ug/ml) pre-warmed in the same 
manner were added. The mixture was incubated with shaking 
at 37°C. for 30 min. The enzymatic reaction was stopped by 
adding 1 ml of ice-cooled acetic acid glacial. The reaction 
mixture was stirred in a mixer for 1 min, left at room tem 
perature for not less than 1 hour, and passed through a filter 
with 0.1 um filter diameter to give sample for HPLC analysis. 
0142. The control sample containing no enzymes was pre 
pared as follows. 
0143) 1 ml of sample was mixed with 1 ml of 5 mMMES 
buffer (pH 6.0) and 1 ml of acetic acid glacial. Then the 
mixture was stirred in a mixer for 1 min, left at room tem 
perature for not less than 1 hour, and passed through a filter 
with 0.1 um filter diameter to give sample for HPLC analysis. 
0144. The standard sample for the calibration curve for the 
insulin quantitation was prepared as follows. 
0145 1 ml of insulin solution (40-160 g/ml) was mixed 
with 1 ml of 5 mMMES buffer (pH 6.0) and 1 ml of acetic 
acid glacial, and the mixture was stirred in a mixer. The 
mixture was used as standard sample for calibration curve of 
HPLC analysis. 
0146 HPLC analysis of the samples was performed under 
the following conditions: 
0147 C18 column (Inertsil ODS-2, 5 um, 250 mmx4.6 
mm); 
0148 mobile phase A: 0.1% TFA aqueous solution, 
mobile phase B: 0.1% TFACHCN solution: 
0149 gradient conditions (mobile phase B concentration): 
at 0 min: 30%, at 10 min: 40%, at 11 min: 30%, at 16 min: 
30%; 
0150 column oven temperature: 40° C., flow rate: 1.0 
ml/min, injection volume: 20 ul, detection: UV275 nm. 
0151. As a result of the analysis under the above-men 
tioned conditions, the proportion of insulin remaining after 
the enzymatic reaction was 83.9%+2.3% in PLGA/chitosan/ 
insulin and 61.8%+2.0% in the insulin solution. In other 
words, only 16.1% of the surface coated complexed insulin 
was degraded during the time of the experiment compared to 
38.2% for the free insulin solution (FIG. 4). 
0152 These results show marked improvement in the sta 

bility of insulin against the enzymatic reaction. 
Experimental Example 4 

Evaluation of Insulin Transport Across Porcine Nasal 
Mucosa Using Surface-Coated Small Particle 

0153. Insulin (pl. about 5.3) was used as a protein drug, and 
chitosan and poly-L-arginine were used as positively charged 
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Surface-coating polymers. The Surface-coated Small particles 
were prepared in the same manner as in Example 4. As a 
control, an insulin Solution with the same solvent composi 
tion as the buffer described in Table 7 (pH 6: insulin concen 
tration: 200 ug/ml) was used. Nasal respiratory mucosal tis 
Sue was isolated from the porcine nasal cavity (respiratory 
region). The isolated tissue was preserved in a buffer with the 
same composition as that of the buffer used in Example 4 
(oxygenated and cooled) before mounting on a horizontal 
diffusion chamber. The tissue was cut into a suitable size and 
mounted between the donor cell and the receptor cell in the 
horizontal diffusion chamber as shown in FIG. 5 (effective 
area of the mucosa: 0.79 cm). Fresh (above-mentioned) 
buffer (oxygenated and cooled) was injected into the donor 
cell and receptor cell, and the both cells were incubated in a 
circulation waterheated to 29+1° C. for 30 min. and the tissue 
was equilibrated. The buffer injected into the donor cell and 
receptor cell was treated with oxygen during the transport 
study, and the both cells were warmed with circulation water 
heated to 29+1 C. The viability of the tissue before and after 
the transport study and the absence of damage was confirmed 
by Alamar Blue Assay and the measurement of the TEER 
value of the tissue. 
0154 The transport study was started by replacing the 
whole buffer in the donor cell with the same amount of each 
sample. 200 ul of sample was taken from the receptor cell at 
selected time points and replaced with the same amount of 
fresh buffer (oxygenated and heated to 29+1 C.). Samples 
taken from the receptor cell were analyzed using an insulin 
ELISA kit and dilution buffer. The results of the analysis are 
shown in FIG. 6. FIG. 6 indicates that a greater amount of 
insulin was transported through isolated nasal respiratory 
mucosal tissue when chitosan/poly-L-arginine/insulin Sur 
face-coated PLGA small particles were added, compared to 
the addition of control insulin solution. 

Experimental Example 5 

Measurement of Particle Size Distribution of Sur 
face-Coated Small Particles 

0155 Insulin (plabout 5.3) was used as a protein drug, and 
chitosan was used as a positively charged Surface-coating 
polymer. 
0156 1.5 ml of bovine insulin (Sigma, 0.8 mg/ml) in 0.5 
mM citric acid solution (pH 4.5) was added to 1.5 ml of 
chitosan (Bioneer 143 kDa, 3.6 mg/ml) in 0.5 mM citric acid 
solution (pH 4.5) and the mixture was left at room tempera 
ture for at least 30 min. 3 ml of PLGA small particles (about 
100 nm in diameter; hereinafter, also to be referred as "PLGA 
100) suspension in 0.5 mM citric acid solution (pH 4.5; 
concentration of PLGA small particle: 2.5 mg/ml) prepared 
as described in Preparation Example 1, or a simple 0.5 mM 
citric acid solution (pH 4.5) was added to the chitosan/insulin 
solution and the mixture was left at room temperature for at 
least 1 hour. The pH was increased to 6.0 by adding NaOH 
(0.1-2.5N), and salts and supplements were added thereto to 
afford the same solvent composition of the Suspension as that 
of the buffer described in Table 2. The particle size of the 
Surface-coated Small particles or chitosan/insulin mixture 
was measured by DLS 802 (Viscotek). 
(O157. The results are shown in FIG. 7. FIG. 7(a) shows 
particle size distribution of surface-coated Small particle, and 
FIG. 7(b) shows particle size distribution of chitosan/insulin 
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mixture. In addition, the intensity at peak region, percentage, 
particle size and standard deviation of each of them are shown 
in Tables 10 and 11. 

TABLE 10 

% in region diameter (nm) standard deviation 

O.2 O.1 
O.2 O.3 O.O 
O.3 2.0 O.1 

93.3 218.3 51.6 
6.O 9.6E--O6 5.3E--O6 

TABLE 11 

% in region diameter (nm) standard deviation 

1.4 17.1 1.1 
7.4 118.9 14.0 

37.8 345.9 S4.9 
5.8 2.6E--O3 1.9E--O2 

47.6 6.OE-04 7.6E--O3 

0158 When PLGA particles were added, a monodis 
persed particle size was obtained. When PLGA particles were 
not added, a multidispersed particle size distribution includ 
ing large particle size was obtained. The results reveal that the 
presence of core particles affords Surface-coated Small par 
ticles with uniform particle size. 

Experimental Example 6 

Confirmation of Possibility of Formulating a Sur 
face-Coated Small Particle Suspension as a Dry 

Powder 

0159 PLGA100/chitosan/insulin (250/180/40 g/ml) 
surface coated small particles (in the buffer described in Table 
2) were prepared by the method of Example 1. This suspen 
sion was freeze-dried and resuspended in an equal amount of 
water as before the freeze-drying. The particle size before the 
freeze-drying and the particle size after the freeze-drying and 
resuspension were measured using a DLS 802 (Viscotek). 
The results of particle size measurements are shown in FIG.8. 
FIG. 8(a) shows particle size distribution before freeze-dry 
ing and FIG. 8(b) shows particle size distribution after freeze 
drying and resuspending. In addition, the intensity at peak 
region, percentage, particle size and Standard deviation of 
each of them are shown Tables 12 and 13. 

TABLE 12 

% in region diameter (nm) standard deviation 

O.3 0.7 O.O 
O.3 4.9 O.O 

81.7 183.0 21.2 
17.6 118,000.0 40,000.0 

TABLE 13 

% in region diameter (nm) standard deviation 

0.4 O.O O.O 
0.4 O.3 O.O 
O.3 8.7 0.4 
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TABLE 13-continued 

% in region diameter (nm) standard deviation 

80.6 229.4 47.9 
2.3 5,325.6 669.2 

15.9 128,000.0 34,200.0 

0160 The particle size before freeze-drying was 
183.0+21.2 nm, and the particle size after freeze-drying and 
resuspending was 229.4+47.9 mm. The results show that the 
particle size of the main component did not change signifi 
cantly due to freeze-drying and resuspending, and conspicu 
ous aggregates were not produced. From Such results, it is 
clear that the surface-coated small particles of the present 
invention can be used not only as a suspension but also in 
other dosage forms such as dry powder and the like. 

Experimental Example 7 
Test of InVivo Administration of Surface-Coated 

Small Particles to the Rat Nasal Cavity 
0.161 Rats (lineage: SD rat, 7 weeks old, male, breeder: 
Japan SLC) were used for the test. The rats were fasted from 
the evening of one day before the test. The test was performed 
under anesthesia by intramuscular injection and abdominal 
infusion. After the blood glucose concentration became 
stable, the sample was administered into the nasal cavity, and 
the blood was sampled from the tail vein at 10, 20, 30, 60,90 
and 120 minutes later. The blood glucose level was measured 
using a blood glucose detection kit (manufactured by 
Terumo, Medisafe Mini). 
0162. As the sample, the surface-coated small particles 
described in Example 7 were administered into the nasal 
cavity of rats at 20 ul/300 g body weight (400 ug insulin/kg 
body weight). As a control, 10% w/v maltose solution in 0.5 
mM citric acid (pH 6) (buffer solution), insulin solution (pH 
6: insulin concentration: 6 mg/ml, 10% w/v maltose in 0.5 
mM citric acid), chitosan/insulin mixture (pH 6: chitosan 
concentration: 27 mg/ml, insulin concentration: 6 mg/ml. 
10% w/v maltose in 0.5 mM citric acid), each having the same 
Solvent composition as in Example 7, were also administered 
into the nasal cavity of rats. 
(0163 The test results are shown in FIG. 9. FIG.9 reveals 
that the blood glucose level decreased drastically as com 
pared to the administration of control buffer solution and 
insulin solution and the initial blood glucose level decreased 
rapidly even when compared to a chitosan/insulin mixture, 
and that the Examples of the present invention exhibit a 
Superior promoting effect on the transmucosal delivery of 
peptide drugs. 

Experimental Example 8 

In Vitro Release Test Using Surface-Coated Small 
Particles 

0164 0.5 mL of the sample from Example 8 was added 
into a 1.5 mL Eppendorf tube and centrifuged (13600 rpm 
(19400xG), 3 hr 4°C.) to give precipitates. As a liquid for the 
release test, 152 mM aqueous NaCl solution in 5 mM MES 
was prepared (pH 6.0, physiologically isotonic ionic strength 
154 mM). 
0.165 0.5 mL of the liquid for the release test was added to 
the precipitate, and the precipitate was redispersed by pipet 
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ting and in a mixer and the dispersion was placed in a 10 mL 
glass vial. The Eppendorf tube was washed with 0.5 mL of 
fresh liquid for the release test, and the washing solution was 
also placed in the above-mentioned glass vial (total Suspen 
sion 1 mL). The glass vial containing the Suspension was 
shaken at 37° C., 75 rpm to perform a release test. After a 
predetermined time (0, 0.5 and 3 hours), the suspension was 
passed through a 0.1 um filter (Sartorius) to give a filtrate. The 
filtrate was mixed with a /2 volume of 5% phosphoric acid in 
a mixer to give an HPLC sample for analysis of the amount of 
released insulin. 
0166 To quantify the insulin content before release, 1 mL 
of distilled water and 0.5 mL of 5% phosphoric acid were 
added to the precipitate, mixed in a mixer and left standing 
overnight at 4°C. The mixture was mixed again in a mixer and 
passed through a 0.1 um filter (Sartorius) to give an HPLC 
sample for quantifying insulin content in the precipitate. 
0167 Insulin was quantified using the aforementioned 
insulin HPLC analysis conditions. 

Release rate(%)=100x(insulin content of released liq 
uid insulin content of precipitate before release) 

(0168 The results of the release test are shown in FIG. 10, 
wherein almost all of insulin contained in the precipitate was 
released within 3 hours of the release test. 

INDUSTRIAL APPLICABILITY 

0169. The use of the composition of the present invention 
enables an efficient transmucosal administration of low-mo 
lecular weight drugs and polymeric drugs such as peptides 
and proteins, which have so far been difficult to administer by 
a method other than injection. The drug contained in the 
composition of the present invention forms a complex with a 
Surface-coating polymer and a small particle and thereby has 
higher stability (e.g., stability against enzymes, preservation 
stability) than when contained in a solution preparation, as 
well as a higher drug loading capacity compared to Small 
particle preparations wherein a drug is encapsulated in a 
matrix of the small particle. Furthermore, it is possible to 
create Surface-coated Small particles that show Sustained 
release or immediate release of the drug and control transmu 
cosal absorbability of the drug according to the kind of the 
Surface-coating polymer that forms a complex with the drug 
on the surface of the small particle. 
0170 This application is based on patent application No. 
2008-172669 (filing date: Jul. 1, 2008) filed in Japan, the 
contents of which are entirely incorporated herein. 

1. A pharmaceutical composition for transmucosal admin 
istration, comprising (a) a drug having a positive or negative 
charge at a predetermined pH, (b) a pharmaceutically accept 
able Small particle and (c) a pharmaceutically acceptable 
Surface-coating polymer capable of being electrically 
charged at the pH, wherein the surface of the small particle is 
coated by the Surface-coating polymer, the drug is immobi 
lized on the surface of the small particle via the surface 
coating polymer, and a complex is formed by a noncovalent 
interaction between the Small particle and the Surface-coating 
polymer and a concurrent electrostatic interaction between 
the Surface-coating polymer and the drug. 

2. The composition of claim 1, wherein the noncovalent 
interaction between the Small particle and the Surface-coating 
polymer is electrostatic interaction. 
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3. The composition of claim 1, wherein the predetermined 
pH is the physiological pH of an administration site. 

4. The composition of claim 1, wherein the drug is selected 
from the group consisting of peptide, protein, DNA, RNA, 
siRNA, polysaccharide, antigen and low-molecular weight 
drug. 

5. The composition of claim 1, wherein the drug is a drug 
capable of producing medicinal or vaccine effect. 

6. The composition of claim 4, wherein the drug is insulin. 
7. The composition of claim 4, wherein the drug is at least 

one drug selected from the group consisting of brom hexine, 
Zolmitriptan and salts thereof. 

8. The composition of claim 1, wherein the Surface-coating 
polymer is by itself slightly water-soluble at the predeter 
mined pH. 

9. The composition of claim 1, wherein the surface-coating 
polymer is at least one polymer selected from the group 
consisting of chitosan, polyarginine, polyacrylic acid, poly 
gamma-glutamic acid and salts thereof. 

10. The composition of claim 1, wherein the surface-coat 
ing polymer is mucoadhesive and/or acts as a transmucosal 
absorption promoter. 

11. The composition of claim 1, wherein the small particle 
comprises a polymer having a carboxylic oran amino group. 

12. The composition of claim 1, wherein the small particle 
is comprised of a poly(lactic acid-glycol acid) copolymer. 

13. The composition of claim 1, wherein the mean particle 
size of the complex at the predetermined pH is not less than 10 
nm and not more than 50 um. 

14. A production method of the composition of claim 8. 
comprising 

(a) mixing the drug, the Small particle and the Surface 
coating polymer at a pH at which the Surface-coating 
polymer is readily water-soluble, and 

(b) adjusting the pH of the mixture to the predetermined 
pH. 

15. A production method of the composition of claim 1, 
comprising 

(a) mixing the drug, the Surface-coating polymer and the 
small particle under a pH condition under which the 
drug and the Surface-coating polymer have the same sign 
of the charge, and then 

(b) adjusting the pH of the mixture to a pH at which the sign 
of the charge of the drug changes to the opposite sign, 
and 

wherein the drug is an amphoteric drug. 
16. The production method of claim 15, wherein the small 

particle has a charge of the sign opposite to that of the charge 
of the drug and the charge of the Surface-coating polymer 
under the pH condition of step (a). 

17. A production method of the composition of claim 1, 
comprising 

(a) adding dropwise an organic solvent solution of a mate 
rial of the Small particle into an aqueous Solution of the 
Surface-coating polymer, 

(b) evaporating the organic solvent, 
(c) adding the drug and stirring the mixture, and 
(d) adjusting the pH of the mixture to the predetermined 

pH. 




