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Design of a Nanocomposite Particulate Drug Delivery 'System .

Yoshiaki KAWASHIMA

Abstract: Improving the function of a drug delivery system (DDS) with a micronized (nanosized) drug carrier and the
composition of DDS required for developing them to a practical dosage form are explained. Physicochemical and chemical
preparation methods of biodegradable polymeric nanospheres are described as a micronized particulate DDS. The principle of the
polymeric spherical crystallization ‘technique developed by us and their applications to prepare DL-lactide/glycolide copolymer
(PLGA) nanosphere are introduced. Physicochemical methods for the preparation of a particulate composite are overviewed and the
spray drying method developed by us is referred as a practical example. Development of a dry powder inhalation system with
nanocomposite particulate DDS is described. The pharmacological action of a poorly soluble anti-asthmatic drug via pulmonary
administration to guinea pig was improved with nanocomposite DPI prepared by nanocrystallization and freeze drying method. -
Insulin encapsulated PLGA nanosphere composite was prepared by a spray drying fluidized bed system and a dry powder composing
(ordered mixing) system, which reduced significantly the blood glucose level with prolonged action administered intratrachealy to rat
compared to intravenous injection. Various updated DDS have been developed by using nanotechnology to find an ideal therapeutic

system, which requires a novel composite system to develop them as practical dosage form.

Keyphrases: nanocomoposite particulate system, PLGA nanosphere, polymeric spherical crys[ailization method, insulin
inhalation DDS, spray drying fluidized bed method, dry powder composing system
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Fig.1 Preparation mechanism and structure of PACA
nanocapsule.
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Fig.3 Yield and mean diameter of PLGA nanoparticles.
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A : modified-SESD method (ethanol/acetone)
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Fig. 5 Profiles of the blood calcium level after pulmonary
administration of the elcatonin -loaded nanosphere
suspension (100 IU/kg) to male guinea pigs (6
weeks). . .

M : elcatonin solution; A: non-coated PLGA nanospheres;
o: chitosa_h-coated PLGA nanospheres. Data are presented as
the means £ SD (n=5). ***p<0.001, *p<0.05 compared with
elcatonin solution.
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Fig. 6 Effect of dispersibility of sodium alginate chitosan
complex in the matrix on prolongation of lag time.
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FARIER%E Fig. 7177,

particle diameter of

Table 1 Drug content and

nanocomposite system.

Particle size (nm)

Drug content(%) Before F.D. After F.D.*
PVA205(1%) 89.9 293.0 515.8
PVA405(1%) 82.7 270.5 799.1
PVAL-8(1%) 77.5 252.2 974.5
HPC-L(1%) 76.9 . 405.8 573.9
Pluronic(1%) 93.9 401.5 N.D.
Dextran(0.2%) 97.1 328.2 512.6

* : Redispersed in water after freeze-dry
N.D. : Not dispersible in water '

16 - —o- Original
—m- FD-NP(PVA205 1%)
—0O- FD-NP(PVA405 1%)
—&— FD-NP(PVAL-8 1%)

E 10
o
= 8
2
3 6
4
2
0 .
0 6 12 18 24
Time (hr)
16 - —O— Original
14 - —O— FD-NP(PF-68 1%)
12 - ~3¢- FD-NP(HPC-L 1%)
0 —e— FD-NP(Dextran 0.2%)

Conc.(ug/ml)

12
Time (hr)

Fig. 7 Dissolution property of NP prepared with various
soluble polymer.
Medium: JPXIV No.2 solution with 0.05% Tween80,
Test solution volume: 20mL, Powder amount: 4mg,
Temperature: 37°C, Stroke speed: 60 times/min
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Fig. 8 Evaluation of pharmacological effect against
histamine after administration via intratracheal
route.

Administration amount (drug amount): 0.5mg, Ground:
composite prepared by Theta-Composer (325M/ground=
20/6), PM-NP: 325M/FD-NP (PVA205 1%) = 10/1, Only
lactose and original: n=3, Ground: n=4, PM-NP: n=2
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SERLF ORI FRIE. £260nm T, Y oFAieF s R
T TRNEREESNS D EN RSN, ORI, B
PUZIRA S IILE Lo = WYy ML Iffask s o)

ROVWKFICES>THF ) A7 =T 2FEL . EYnt /) 2
7T hbRHENERENE DL BDIE, ;) AT
T DEFERN 0% LT3 L, T/ A7 cTREN
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FNIRT ) AT 2T HEBEINRL R ERHBAL
o R :
FEDFETHBM LU PLGA F/ A7 2T ERART L
— FOILFE (325M. DMV) # 1 :4 OMEREIETRIA
Ry F—EEERB, AH /) T2—3 W (Fig 9 2
CRY HEADI YT T RE0—F —OEEREE, L8
BETa Ry MR L, 22T, IR,
Fr)T7—¢LTHaryRyy MEFIE LTHE<. 7 U
T AERLS, a—¥ —OREHEES | LEFH LR
<34 BL. PLGA 7/ A7 = 7 OETEEIERD L3553,
PLGA 73 L., JLEERE T 4 L LRICRDEDH 7,
FDH, aRYy MLFEAKPICHSBRIED L &,
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CTEBETDHIENTEL,

Powder materials

Press head /

Temperature sensor

Rotor (Chamber inside wall)

Rotational

direction Centrifugal f0| ce

Clearance: 3-5mm
View of upper side of fixed press head and rotor

Fig. 9 Rotating chamber structure and basic principle of
Mechanofusion system.
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EARBEZ%THY, 0.5~7.0um D AT — I ~DEEY%
EEDT,

powders (device) OE (%) RF (%)
[0 freeze-dried NS (Spinhaler) 508 = 7.1 7.7 = 0.9
[0 nanocomposite particles (Spinhaler) 70.4 + 5.9 16.3 £ 1.1
nanocomposite particles (Ehaler) 74.7 £ 6.9 401 * 3.6
nanocomposite particles (Jethaler) 848 = 86 42.0 &£ 3.9

Distribution (%)

PLGA
nanocomposite particle prepared by Agglomaster®.

Fig.10 In vitro inhalation behavior of
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Fig. 11 Deposition distribution of composite particles in
lung.

Blood glucose level(%)

Time(hr)

Fig. 12 Pharmacological effect of composite particles with
insulin loaded PLGA nanosphere administered
intratrachealy.

: Composite particles with insulin loaded PLGA nanosphere

: intravenous administered insulin solution

: intratrachealy administered insulin solution

: intratracheally administered saline solution as control group

Dose of insulin: 3.0IU/rat. n=3, significantly different from

control group (*P<0.05 , **P<0.01 , ***P<0.001, student

t-test)
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