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Polymer-coated liposomes

Gifu Pharm. Univ. s

{ CHLH

o
Chitosan:  H(OH %
™ NH, |
positively charged polymer

lon complex formation
negatively charged liposomal surface

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)

NSV PVA-R: Cif ssITmz‘ﬁ H
/ oH n

hydrophilic part

Anchoring of hydrophobic moiety of polymer

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)

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

= 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

Gifu Pharmaceutical University
Pharmaceutical Engineering




Oral administration of peptide drug with colloidal drug carriers

Gifu Pharm. Uniy. e
1970 Patel, H.M. and Ryman, B.E. (1976); Gregoriadis and Dapergolas
(1976): Rowland, R and Woodley J. (1980); Shenfield, M and Hill, J.
1

930 (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.
2000

Mucoadhesive nano particles (polymer-coated liposomes)

Gifu Pharm. Univ. sy

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

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

H.Takeuchi et al. Enteral absorption of insulin in rats from H.Takeuchi et al., : Mucoadhesive properties of Carbopol or chitosan-
mucoadhesive chitosan-coated liposomes, Pharm.Research, coated liposomes and their effectiveness in the oral administration of
13, 896-901 (1996) (230) calcitonin to rats, J Control Release 86:235-242, 2003. (97)
Takeuchi et al.(2001); Mucoadhesive Nanoparticulate H.Takeuchi et al., Effectiveness of Submicron-sized, Chitosan-
Systems for Peptide Drug Delivery, Advanced Drug coated Liposomes in Oral Administration of Peptide Drugs,
Deliv.Reviews, 47, 39-54, 2001. (240) Int.J.Pharm., 303, 160-170, 2005. (52)
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liposomes administration of sub-micronized liposomes.
Each value represents the mean.SE of four or five rats.; * : [DSPC:DCP:Chol.=8:2:1 Chitosan;CS-15(0.3%)]) (n=3)  * p<0.05, ** p<0.01,
p<0.05, ** : P<0.01. Lipid composition : PPC:DCP=8:2 *** p<0.001: significantly different from the level for calcitonin soln. 1 p<0.05, 1t
Polymer concentration : 0.75% p<0.01 : significantly different from the level for non-coated SUVs.




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

Duodenum Jejunum upper Jejunum lower lleum upper lleum lower

Mucus layer side

Basolateral side

Confocal laser scanning micrographs of various parts of intestinal tract at 2

hr after intragastrical administration of noncoated-liposome (Lip)
Particle size---7.56um , DSPC:DCP:Chol.=8:2:1

Confocal laser scanning microscopic photographs of ssCS-Lip in intestines
Gifu Pharm. Univ. s

Duodenum Jejunum upper Jejunum lower lleum upper lleum lower

T il
i il

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.




OJ. 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)

OJ. 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)

ON. 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).

O 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.

OH.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)

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

OM. Werle, et al., Carbopol-lectin conjugate coated liposomes for oral peptide delivery. Chem. Pharm. Bull., 58, 432-
434, 2010. (7)

OA. Makhlof et al., A pH-Sensitive Chitosan Nanoparticulate System for the Peroral Delivery of Insulin, Euro. J.
Pharm. Sci., 42, 445-451, 2011. (18)

OA. 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)

OA.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)

Improve the mucoadhesive function of polymers

Gifu Pharm. Uniy.

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

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

COOH CONH — WGA
H, =CH—J— + HNN-WGA ——> —CH,—CH -

cp WGA CP-WGA

*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)




Oral delivery of cacitonin with CP-lecctin coated liposomes

—lfh Phar'n. Unl’U. —
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70
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12

Time (h)

Calcemia (% of the initial value)

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

Co-formulation of permeation enhancer (spermine)

into the polymer-coated liposome
Gifu Pharm. Univ.

Spermine (SPM); poly amine
AAC

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

|
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Sample AAC (hr+pg/mL)
61.83 + 15.6
Suv 7435 + 33.1
-®-Non coated SPM-Lip 143.6 35.1
) Non coated SPM-Lip  250.0 63.2
0 4 8 12 16 20 24 28 32 36 40 44 48 6656 * 87.5%
Time (h)O
Blood calcium concentration profiles of samples during * p<0.05 compared with GCS-Lip.
48 hours after intragastric administration

| eCT solution
-8-SuvV

Plasma calcium concentration (%)
=+

]

80

+ + H+ H+ H

* 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)
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Fig.3 Schematical illustration of processes that take place during compression
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m Sorbitol: Hygroscopic
Highly water soluble
Good compactability

cf. Maltose, Trehalose

m Mannitol: Nonhygroscopic
Relatively lower solubility
Low comactability

cf. Lactose, Glucose, Sucrose, Erythritol, Xylitol




F1BEE I RIFTHEREFNDEE: sorbitol or mannitol
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Mannit Q Parteck M200 PEARLITOL 200SD
(Dsp: 36 pm) (Dso: 242 pm) (Dsp: 136 pm)
I FE
Unsieved 36 um
Sieved S| 28 um Parteck M100 50 uym PEARLITOL 100SD 92 um
iev
L | 93um Parteck M200 | 242 pm PEARLITOL 200SD 136 um
(Mitsubishi Shoji Foodtech) (MERCK) (ROQUETTE)
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ERRERET L a—IL D EMEIER RER LT H5F &
W7 La—L—SUHE R TIC R BRI

W7 La—1 SRESYS
©}0/@) 15
(166@ I Mannitol
o 7" = [ Enthriol
= I a3 51.0 -~~~ e i
s =3
o o O g £
o
i & 05 |
1 H
Ef ks
RO = iR REl B
o' Original CP PM-1 PM-2
3 é%gp SRR - IMPallE rona
FRRERR : 30s LA Original : Sugar alcohol + 1% Mg-st
CP : Sugar alcohol + 20% Sugar alcohol-CP + 1% Mg-st
HHI:> g gg”;%gggéﬁ% PM-1 : Sugar alcohol + 10% spray-dried Sugar alcohol +
. H 10% silica + 1% Mg-st
(HREF=2005-064247) PM-2  : Sugar alcohol + 10% silica + 1% Mg-st

O 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)

O 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)
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FBARO)UEIKEAILSY L
DEKMGS QE/KMGSH(ZFLEM) Q/KFMFF-100 (HFEFIE)

N, )

GS  (x300) ~ GSH U FF-100

ALFE (um) EHFAARE SHAREE FHHEALIERE
Dio Dso Dgo (mL/g) (m?/g) (nm)
GS 147 339 583  0.7500 0727 4126.9
GSH 47 78 123.7 <1.2293 38.226 128,
FF-100 38 171 2451 0.8494 2737 1241.4
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<> NBD-022 Kollidon CL-F Ac-Di-Sol
£ FEDCP 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
s AV N
_ 40 —
OGS EGSH mFF-100
T ~30 | oGS EGSH
s - =
=~ = BFF-100
e 20
g1 :
prs 10
| | 0 i="N=n ¥
NBD-022 Kollidon CL-F  Ac-Di-Sol NBD-022 | Kollidon CL-F | Ac-Di-Sol
\_ A J
AR RRIESEDOEARNL LA (2) : Kollidon CL-FiRMNE
Gifu Pharm. Univ. ===
<fLA> Kollidon CL-Fi&RINE (%)
0 1 2 3 4 5 10
&£ 7EDCP 100 99 98 97 96 95 90
Kollidon CL-F 0 1 2 3 4 5 10
Mg-st 0.5
Total (%) 100.5
s N ~N
150 . N.D.(>60%3):0%9F X TAHDCP
. &GS -4GSH -&FF-100 [ 1%GSH
]
o
=3 £100 + [ oGS
t = — g 9 -4 GSH
= -
i —# | #% 50 l #FF-100
= o | &
9
| © ? 9 \? ° 1 1 J 0
0 2 4 6 8 10 ) 4 6 _ 8 10
Kollidon CL-F3&INE (%) ollidon CL-Fi&MNE (%)
\_ A Y,
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<LA>
£%&DCP,DLS 95
Kollidon CL-F 5 [E4EE
Mg-st 0.5 100 MPa, 150 MPa, 200
Total (%) 100.5 MPa, 250 MPa
s sk Y oGS —4-GSH )
? - 40 [ _@FF100 -e-DLS +
-#-FF-100 --DLS U P S PR
@ 30 £.ocooerreeeenee §
o
i 20
i I >
1= 10 I ;
0 L 1 ]
100 150 200 250
[E#EE (MPa)
AN )

EETHREICF A TELSREF (EREZIEHPC—L) D&ET
BERFEETIILO—IILOEHREERRER LT S5FE

Table 1 Spray-dried HPC-L particles for direct compression

Particle size (um)

Sample 5 D 5
16 50 84

Erythritol 9.1 + 0.5 241 = 27 61.0 =+ 9.3
Ascorbic acid 7.5 + 0.3 20.7 =+ 1.2 498 =+ 21
SD-1 4.8 + 0.1 105 = 0.6 208 =+ 1.3
SD-2 141 =+ 0.5 271 = 1.6 478 =+ 43
SD-3 309 + 14 551 = 3.0 1143 + 256
HPC-L SD-4 55.3 =+ 3.7 121.5 =+ 15.0 1974 =+ 144
E| 7.5 + 09 203 =+ 25 430 =+ 59
C-f 217 = 1.0 541 == 1.7 93.3 =+ 159
C-s 41.0 =+ 24 103.6 =+ 6.7 1929 =+ 147
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157

S B Spray-dried

X

e I3 Freeze-ground

210 [ B Commercial

=

e

= 5T

K

o]

: alllla
0

105 271 541 1215 20.3 551 103.6
(SD1) (SD2) (SD3) (SD4)
Mean particle diameter of HPC-L (um)

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

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).

B HPC-SSLAT F 1= £ B 5t #1545

Gifu Pharm. Univ. ms

4 T FEHILF :

IYRJM—=IL +10% HPC
+1%Mg-st+05%1h

w

. 1)

#AHFEZL HPC-LIRX Spray-dried ,\fs8)La>
RERAT

RAID5IAEMEE (MPa)
Al D 5|5E4EE (MPa)
t::r

1
‘ H

Py 2 3l Y (kAvilel S
L (10 %) L (20 %) SSL (20 %)

- - *ﬁ?Di (um) - 16
61 05 48 ’512
L (10 %) 6.1 = 0.1 116 £ 07 236 = 15 é
L (20 %) 71 + 0.2 139 = 13 266 = 4.9 ~ 8
SSL (20 %) 59 + 06 133 + 19 262 + 63 e
i 4
$%FE2009-266821,2010-135622, PCT2010/070867 0 L (10 %) L(20%) SSL (20 %)
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