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Design of Biodegradable Microparticulate Dosage Forms
for Mucosal Peptide Delivery

Hiromitsu Yamamoto

Abstract: In this review, the recent topics of mucosal peptide delivery systems are overviewed. Furthermore, biodegradable
microparticulate dosage forms developed by us are introduced. Phospholipid liposomes and nanospheres of biodegradable polymer
were designed. Mucoadhesive microparticulate dosage forms were prepared by the surface modification of these drug carriers with a
mucoadhesive polymer to prolong their residence time at the absorption site. Oral and pulmonary delivery systems with insulin or a
calcitonin loaded microparticulate system were devised. Oral administration of peptide encapsulated microparticulate systems
modified with chitosan to a rat significantly prolonged the pharmacological effects due to their mucoadhesive properties when
compared with drug solution and non-modified microparticulate systems. After pulmonary administration of aerosolized nanosphere
with a nebulizer to a guinea pig, the biological effects were more prolonged than with a drug solution due to the deep and
homogenous deposition of nanospheres into the lung. These findings suggested the possibilities of mucosal delivery of peptide which
is poorly absorbed via mucosa, by using biodegradable microparticulate dosage forms developed by us.

Keyphrases: mucoadhesive dosageform, liposome, nanosphere, chitosan, peptide, emulsion solvent diffuston method,
pulmonaryly delivery, nebulizer
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Drug absorption

Fig. 1 Schematic image of mucoadhesive drug delivery system
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Table 1 Properties of polymers used for liposome coating

Polymer Structure Note

Degree of deacetylation = 85 %
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Molecuiar weight = ca. 150,000
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Table 2 Effects of preparation method on nanosphere recovery, drug
content and drug recovery

WSD 0osD PS

TRH Calcitonin  TRH Caicitonin  TRH Calcitonin
Nanosphere recovery (%) 85.7 926 747 777 545 66.9
Drug content (%) 0.0594 0.208 1.99 0.567 0663 0.0303
Drug recovery (%) 1.07 19.5 31.2 44.5 7.59 2.05
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WSD : emuision solvent diffusion method in water
OSD : emuision solvent diffusion method in oil
PS : phase separation method
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Fig. 2 The scanning electron microphotograph of
PLGA nanospheres prepared by the
emulsion solvent diffusion method in water
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b) Solvent diffusion
method in water or oil

a) Phase separation
method

Fig. 3 Structure of nanospheres proposed based on their
preparation mechanisms and drug release

behaviors
@®: drug, meshed area : polymer matrix
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Fig. 4 Adhesive % of liposomes coated with various

polymers to the rat intestine

Lipid composition ; DPPC:DCP = 8:2

Dispersion medium; phosphate buffer solution (pH 7.4)
These results are expressed as mean = S.D. Significantly
different from the value for non-coated liposomes at p<0.01
(**) and p<0.5(*)
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Fig. 5 Relationship between the coating amount of
chitosan on liposomal surface and adhesive
percentage to isolated rat intestine
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Fig. 6 Effect of the type of coating polymer on mucoadhesive
percentage of PLGA nanospheres
[ Control (PVA), [: PAA, @: NaAlg, BR: Chitosan
Medium: saline
These results are expressed as mean = S.D. of three experiments.
Significantly different from the value for control at p<0.01 (**).
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Fig. 7 Change in serum glucose level (%) after oral administration of
insulin (241U/rat)
@: Chitosan-coated liposome, O: Non-coated liposorne,
A Insulin solution, l: Contro}
Each value represents the mean.SE of four or five rats.; * : p<0.05, ¥* : P<0.01.
Lipid composition : DPPC:DCP=8:2
Polymer concentration : 0.75%
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Calcemia (% of the initial value)
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Fig. 8 Profiles of calcemia (percentage of the initial value) after
intragastric administration
[O: Calcitonin solution, A : Non-coated nanospheres,
O: Chitosan-coated nanospheres
Dose : 500 IU/kg
These results are expressed as mean == S.D. of three experiments.
Significantly different from the value for calcitonin solution at p<0.05 (*).
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Fig. 9 Effect of feed on calcemia after intragastric administration of
calcitonin loaded PLGA nanospheres

O: Calcitonin solution, A: Non coated nanospheres,

QO : Chitosan-coated nanospheres

Dose : 500 IU/kg

These results are expressed as mean = S.D. of three experiments
Significantly different from the value for calcitonin solution at p<0.05 (*).
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Fig. 10 Evaluation of deposition patterns with cascade impactor
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Fig. 11 Effect of nebulization from insulin solution or nanosphere
suspension on deposition patterns in cascade impactor

- insulin solution (air-jet nebu.),

: NS suspension (air-jet nebu.),

- insulin solution (sieve type ultrasonic nebu.),

: NS suspension (sieve type ultrasonic nebu.)
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Fig. 12 Pulmonary administration system for animal studies

Drug solution : Evans blue solution (6mg/mL)
Insulin solution (0.15mg/ml.)

Nanosphere suspension (4.4 mg/mlL)

Guinea pig : male, 9 weeks(400~ 500 g)

Nebulization time : 20 min
Nebulization volume : 3mL
Nebulization rate : 0.15ml/min

* Nebulizer: sieve type ultrasonic nebulizer [NE-03(mesh 6.7um), OMRON]

**Respirator : Volume controlled rodent respirator [Model 683, Harvard apparatus, Inc.]
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Fig. 13 Profiles of blood glucose level after pulmonary administration of
insulin nanosphere suspension
(A): control (blank NS), (M): insulin solution, (@) insulin loaded
nanosphere suspension
Dose : 3.91U/kg
These data are expressed as mean £ S.D. of two experiments. Significantly
different from the control at p<0.001 (***), p<0.01 (**) and p=0 05 (*).
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