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製剤機械技術学会のロゴについて

Japan  Society  of  Pharmaceutical

Machinery  and  Engineering

の各語のイニシャルをとって組合せたものです。

ただし、Pharmaceutical の代りにギリシャ語の

Φαρμακον（ファルマコン、薬、薬学）のΦを

用いております。

　全体の形を（Φを中心とした）ピラミッド型に

して、会の発展を表象しています。



講演要旨

最近の製剤開発に関して、そのコンセプトを概観する。その中で、特に

研究室の研究テーマともなっている「人に優しい製剤」を取り上げ、

リポソーム、口腔内崩壊錠等の研究事例を示す。一方、プロセスに関し

ては、打錠に関する話題、プロセスの工夫によって製剤特性を制御する

試み、最近話題となっている連続生産（Continuous Manufacturing）

について紹介する予定である。

講演要旨

平成 27 年度の国民一人あたりの年間医療費は 33 万 3 千円に上っており、

そのうちの 40％は公費で賄われている。このため政府はジェネリック医

薬品の普及を進めており、2020 年の 9 月までにその数量シェアを 80％超

とすることを目標としている。これを受けてジェネリック医薬品メーカー

は数量の確保を目指すべく対応する一方、高品質ならびに付加価値の高

い医薬品の開発に努力を傾けている。たとえば調剤しやすい、服用しや

すい、識別性が高い、安定性が優れるなどであるが、これらの具体的な

事例を紹介しながら、ジェネリック医薬品メーカーの製剤開発のコンセ

プトの現状と今後について若干の説明をしてみたい。

14：50 〜 15：45　特別講演 1 　　　座長　板井 茂 （元静岡県立大学　教授）

演　題：『最近の製剤及びプロセス開発』

岐阜薬科大学　　竹内 洋文

14：45 〜 14：50　開会の辞　　　製剤機械技術学会 会長　草井 章

15：50 〜 16：45　特別講演 2 　　　座長　杉原 昭夫 （アステラスファーマテック株式会社）

演　題：『ジェネリック医薬品における高品質、

高付加価値製剤の開発の現状と展望』

沢井製薬株式会社　　谷野 忠嗣

日時：　2018 年 6 月 26 日（火）　14：45 〜 16：45

場所：　日本橋ライフサイエンスハブ 8F　（東京都中央区）

一般社団法人製剤機械技術学会
2018 年度　特別講演会プログラム
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Polymer-coated liposomes

positively charged polymer

negatively charged liposomal surface
Ion complex formation

Anchoring of hydrophobic moiety of polymer 

hydrophilic part

hydrophobic part

Gifu Pharm. Univ.
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Chitosan

H.Tekeuchi, H.Yamamoto, T.Toyoda, H.Toyobuku, T.Hino 
Y.Kawashima, Physical stability of size controlled small 
unilamellar liposomes coated with a modified polyvinyl alcohol, 
Int.J.Pharm., 164, 103-111 (1998) 

H.Takeuchi, H.Yamamoto, T.Niwa, T.Hino and Y.Kawashima, 
Mucoadhesion of polymer-coated liposomes to rat intestine in 
vitro,Chem.Pharm.Bull.,42, 54-1956 (1994)

Gifu Pharm. Univ.

Oral administration of peptide drugs with polymer-
coated liposomes having muco-adhesive and -
penetrative functions
Pulmonary administration for adsorption of  high 
molecular weight drugs such as peptide drugs by 
controlling liposomal behavior in lung
Non-invasive administration to posterior part of 
eye (retina) with liposomal eye drops

Recent advances in liposomal drug delivery systems: 
oral, pulmonary, and ophthalmic administrations
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1990

2000

1980

1970 Patel, H.M. and Ryman, B.E. (1976); Gregoriadis and Dapergolas
(1976): Rowland, R and Woodley J. (1980); Shenfield, M and Hill, J. 
(1982): Oral administration of liposomal insulin.
Damge, C. et al. (1988): New Approach for oral administration of insulin with 
polyalkylcyanoacrylate nanocapsules as drug carrier. Diabetes, 37, 246-251.

Jani. P. U. et al. (1990): Nanoparticle uptake by the rat gastrointestinal 
mucosa: Quantitation and particle size dependency. J. Pharm. Pharmcol, 42, 
821-826.
Leneaerts V. and Gurny R. (1990): “Bioadhesive Drug Delivery System”, 
CRC Press.

Takeuchi et al. (1994):Mucoadhesion of polymer-coated liposomes 
to rat intestine in vitro, Chem.Pharm.Bull.,42, 54-1956 
Takeuchi et al. (1996): Enteral absorption of insulin in rats from 
mucoadhesive chitosan coated liposomes, Pharm.Research, 13, 896-
901 

Gifu Pharm. Univ.

Takeuchi et al.(2001); Mucoadhesive Nanoparticulate Systems for 
Peptide Drug Delivery, Advanced Drug Deliv.Reviews, 47, 39-54, (240)

DSPC:DCP:Chol.=8:2:1 Chitosan;CS-15(0.3%) (n=3)      * p<0.05, ** p<0.01, 
*** p<0.001: significantly different from the level for calcitonin soln. † p<0.05, †† 
p<0.01 : significantly different  from the level for non-coated SUVs.
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Gifu Pharm. Univ.

H.Takeuchi et al., Effectiveness of Submicron-sized, Chitosan-
coated Liposomes in Oral Administration of Peptide Drugs, 
Int.J.Pharm., 303, 160-170, 2005. (52)

Fig. Profile of plasma calcium level after intragastrical 
administration of sub-micronized liposomes.

Mucoadhesive nano particles (polymer-coated liposomes)

Fig. Change in serum glucose level (%) after oral administration 
of insulin (24IU/rat) with the non-coated and polymer coated 
liposomes

Each value represents the mean.SE of four or five rats.; * : 
p<0.05, ** : P<0.01. Lipid composition : PPC:DCP=8:2 
Polymer concentration : 0.75%

H.Takeuchi et al., :  Mucoadhesive properties of Carbopol or chitosan-
coated liposomes and their effectiveness in the oral administration of 
calcitonin to rats, J Control Release 86:235-242, 2003. (97)

Takeuchi et al.(2001); Mucoadhesive Nanoparticulate
Systems for Peptide Drug Delivery, Advanced Drug 
Deliv.Reviews, 47, 39-54, 2001.  (240)
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Confocal laser scanning micrographs of various parts of intestinal tract at 2 
hr after intragastrical administration of noncoated-liposome (Lip)

Particle size---7.56μm DSPC:DCP:Chol.=8:2:1 

Duodenum Jejunum upper Jejunum lower Ileum upper Ileum lower

Mucus layer side

Basolateral side

Confocal laser scanning microscopic photographs of Lip (MLV) in intestines
Gifu Pharm. Univ.

Duodenum Jejunum upper Jejunum lower Ileum upper Ileum lower

Mucus layer side

Basolateral side

Confocal laser scanning microscopic photographs of various parts of 
intestinal tract of rat at 2 hr after intragastrical administration of ssCS-Lip.

The particle size of ssCS-Lip is 281nm.

Confocal laser scanning microscopic photographs of ssCS-Lip in intestines
Gifu Pharm. Univ.
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Novel methods to evaluate mucoadhesive properties

Functions of polymer-coated liposome in oral administration 

Novel designs for polymers to improve mucoadhiseive functions

J. Thongborisute and H. Takeuchi: Evaluation of mucoadhesiveness of polymers by BIACORE method and 
mucin-particle method, Int. J. Pharmaceutics, 354:204-209, 2008.  (17)

H.Takeuchi et al., Novel Mucoadhesion Tests for Polymers and Polymer-coated Particles to Design Optimal 
Mucoadhesive Drug Delivery Systems, Adv. Drug Deliv. Rev., 57, 1583-1594, 2005.  (83)

J. Thongborisute et al., Visualization of the penetrative and mucoadhesive properties of chitosan and chitosan-
coated liposomes through the rat intestine. J. Liposome Research, 16, 127-141, 2006.  (13)

M. Werle, et al., Carbopol-lectin conjugate coated liposomes for oral peptide delivery. Chem. Pharm. Bull., 58, 432-
434, 2010. (7)
A. Makhlof et al., A pH-Sensitive Chitosan Nanoparticulate System for the Peroral Delivery of Insulin, Euro. J. 
Pharm. Sci., 42, 445-451, 2011.  (18) 
A. Makhlof et al., In vitro and in vivo Evaluation of WGA-Carbopol Modified Liposomes as Carriers for Oral 
Peptide Delivery, Euro J. Pharm. Biopharm., 77, 216-224, 2011. (8)
A.Makhlof et al., Mucoadhesive Nanoparticles for the Simultaneous Delivery of Macromolecules and Permeation 
Enhancers to the Intestinal Mucosa: In vitro and In vivo Evaluation, J. Control. Release, 149, 81-88, 2011. (14) 

N. Thirawong, J. Thongborisute, H. Takeuchi, P. Sriamornsak Improved intestinal absorption of calcitonin by 
mucoadhesive delivery of novel pectin-liposome nanocomplexes, J. Controlled Release, 125(3): 236-245 (2008).

J. Thongborisute et al., The effect of particle structure of chitosan-coated liposomes and type of chitosan on 
oral delivery of calcitonin, J. Drug Targeting, 14, 147-154, 2006.  (26) 

Sriamornsak, P.; Wattanakorn, N.; Takeuchi, H. Study on the mucoadhesion mechanism of pectin by atomic 
force microscopy and mucin-particle method. Carbohydrate polymers 2010, 79, 54-59.

• Carbopol-lectin conjugate coated liposomes are expected to 
have synergetic effect of carbopol and lectin in mucoadhesion. 

•Werle, M. et al. ;Carbopol-lectin conjugate coated liposomes for oral peptide delivery. Chem. 
Pharm. Bull., 58, 432-434, 2010. 
•Makhlof A.et al.; In vitro and in vivo Evaluation of WGA-Carbopol Modified Liposomes as 
Carriers for Oral Peptide Delivery, Euro J. Pharm. Biopharm., 77, 216-224, 2011. (8)

Gifu Pharm. Univ.

Lectin: wheat  germ agglutinin (WGA); interaction with mucosa

CH2 CH n

CONH WGA
CH2 CH

COOH

n

CP CP-WGA

H2N WGA

WGA

+

Improve the mucoadhesive function of polymers 
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n=3-4, elcatonin dose: 500 IU/kg rat
Fig. Oral administration of CP-WGA coated liposomes containing calcitonin in rats

Gifu Pharm. Univ.

Oral delivery of cacitonin with CP-lecctin coated liposomes
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GCS-Lip 
Non coated SPM-Lip 
GCS coated SPM-Lip 

Blood calcium concentration profiles of samples during
48 hours after intragastric administration

Area above the blood plasma
calcium concentration-time curves
(AAC), n=3-5

(AAC)

* p<0.05 compared with GCS-Lip.

Sample
eCT solution 61.83 ± 15.6

SUV 74.35 ± 33.1
GCS-Lip 143.6 ± 35.1

Non coated SPM-Lip 250.0 ± 63.2
GCS coated SPM-Lip 665.6 ± 87.5

AAC (hr μg/mL)

*

Co-formulation of permeation enhancer (spermine) 

into the polymer-coated liposome

• M.;Tanaka, S.; Onodera, R.; Tahara, K.; Takeuchi, H., Particle design of polymer-coated liposome 
for oral administration of peptide containing spermine as permeation enhancer. (2014) 

Spermine (SPM); poly amine
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Gifu Pharm. Univ.

Sorbitol:

Mannitol

Hygroscopic
Highly water soluble
Good compactability

Nonhygroscopic
Relatively lower solubility
Low comactability

cf. Lactose, Glucose, Sucrose, Erythritol, Xylitol

cf. Maltose, Trehalose

Gifu Pharm. Univ.
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Gifu Pharm. Univ.

OD

HP

Ludiflash CL- SF SR30D
SmartEx L-HPC PVA
GRANFILLER-D (GNF-D211,GNF-D215)

MCC 

Gifu Pharm. Univ.
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(ROQUETTE)(Mitsubishi Shoji Foodtech) (MERCK)

10 μm

Mannit Q

(D50: 36 μm)

50 μm

PEARLITOL 200SD

(D50: 136 μm)

50 μm

Parteck M200

(D50: 242 μm)

Parteck M100 50 μm
Parteck M200 242 μm

PEARLITOL 100SD 92 μm
PEARLITOL 200SD 136 μm

10 μ 50 μ 50 μ

Unsieved 36 μm

Sieved
S 28 μm
L 93 μm

Gifu Pharm. Univ.
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Gifu Pharm. Univ.
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Gifu Pharm. Univ.

1

CP)

0.0
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1.0
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Mannitol

Erythritol

Original : Sugar alcohol + 1% Mg-st
CP : Sugar alcohol + 20% Sugar alcohol-CP +  1% Mg-st
PM-1 : Sugar alcohol + 10% spray-dried Sugar alcohol + 

10% silica + 1% Mg-st
PM-2 : Sugar alcohol + 10% silica + 1% Mg-st

H.Takeuchi et al. , Solid Dispersion Particles of Amorphous Indomethacin with Fine Porous Silica Particles by Using Spray-
drying Method, Int.J.Pharm., 293, 155-164, 2005. 69
H.Takeuchi et al. Tabletting of Solid Dispersion Particles Consisting of Indomethacin and Porous Silica Particles, 
Chem.Pharm.Bull., 53, 5, 487-491, 2005. 13

Gifu Pharm. Univ.
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C-PVP : 
CCS : 
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CMC : 
CMC-Ca : 

+ 10% (CP-2) + 2 ~ 10% + 0.2% 
< >

D10 D50 D90 (mL/g) (m2/g) (nm)
GS 14.7 33.9 58.3 0.7500 0.727 4126.9

GSH 47 78 123.7 1.2293 38.226 128.6
FF-100 38 171 245.1 0.8494 2.737 1241.4

 (μm)

Gifu Pharm. Univ.

GS GSH FF-100 )

GS GSH FF-100

50 μm

( 300)

50 μm 50 μm
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NBD-022 Kollidon CL-F Ac-Di-Sol
DCP 95 95 95

NBD-022 5 - -
Kollidon CL-F - 5 -

Ac-Di-Sol - - 5
Mg-st 0.5 0.5 0.5

Total (%) 100.5 100.5 100.5

Gifu Pharm. Univ.

1
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)

Kollidon CL-F (%)

GS
GSH
FF-100

0 1 2 3 4 5 10
DCP 100 99 98 97 96 95 90

Kollidon CL-F 0 1 2 3 4 5 10
Mg-st

Total (%)

Kollidon CL-F  (%)

0.5
100.5

Gifu Pharm. Univ.
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GS GSH
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3

Table Spray-dried HPC-L particles for direct compression

SD-1 4.8 0.1 10.5 0.6 20.8 1.3

SD-2 14.1 0.5 27.1 1.6 47.8 4.3

SD-3 30.9 1.4 55.1 3.0 114.3 25.6

HPC-L SD-4 55.3 3.7 121.5 15.0 197.4 14.4

FG 7.5 0.9 20.3 2.5 43.0 5.9

C-f 21.7 1.0 54.1 1.7 93.3 15.9

C-s 41.0 2.4 103.6 6.7 192.9 14.7

9.1 0.5 24.1 2.7 61.0 9.3

7.5 0.3 20.7 1.2 49.8 2.1

Particle size (μm)

D
16

D
50

D
84

Erythritol
Ascorbic acid

Sample
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HPC-L
Gifu Pharm. Univ.

Fig.1 The hardness of tablet containing erythritol and HPC-L
Formulations : Erythritol +10% HPC-L + 1% Mg-st + 0.5% silica

15

0

5

10

10.5 27.1 54.1 121.5 20.3 55.1 103.6

Ta
bl

et
 h

ar
dn

es
s 

(k
gf

)

Mean particle diameter of HPC-L (μm)

Spray-dried
Freeze-ground
Commercial

SD1 SD2 SD3 SD4

S. Tanimura, H. Kawazoe, H. Yamamoto, H. Takeuchi: Direct Compacton of Poorly Comactable Pharmaceutical 
Powders with Spray-dried HPC-L, J. Powder Technol. Japan, 43, 648-652 (2006).
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4

L (10 %) 6.1 0.1 11.6 0.7 23.6 1.5
L (20 %) 7.1 0.2 13.9 1.3 26.6 4.9
SSL (20 %) 5.9 0.6 13.3 1.9 26.2 6.3
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Gifu Pharm. Univ.

HPC-SSL

2009-266821,2010-135622 PCT2010/070867
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27

( )

423,644 100.0 3.8

300,461 70.9 2.7

28,294 6.7 1.4

79,831 18.8 9.6

8,014 1.9 0.1

1,485 0.4 18.2

5,558 1.3 0.3

38.9
25.7
13.2

48.8
20.6
28.2

12.3(11.6)
100.0

28

27 42 3,644 3.9
33 3,300

2

→2020 9

9

3
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Bothrops Jararaca
2

10mg
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50mg

100mg

Cephalosporium acremonium 1948
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34

No.

1 H GI0030612

2 J SGFMB01
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