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New Pharmaceutical Procedures using Hot-melt Kneading Technology and its Applications
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Hot-melt kneading technology, including the twin-screw extrusion, is widely used in the polymer and food
industries. We have used this technology for pharmaceutical applications. It was found that a poorly soluble
compound could be dispersed in an inert polymer using the twin-screw extruder to give a solid dispersion and
improve its dissolution in aqueous medium. Also, sustained release wax matrices and floating dosage forms could
be prepared using a twin-screw extruder.

During the development of a new drug, formulation studies have to be started as early as possible. However, in the
early stages very little new drug is available to allow research on pharmaceutical production. We present examples
of procedures used to decide the formulation with hot-melt kneading technology using a capillary rheometer and a

rotary disc extruder.
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Fig.1 Scheme of a twin-screw extruder

a. Hopper b. Barrel (second to fifth)

c. Plate barrel d. Screw

e. Kneading paddle elements f. Die g. Motor
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Fig.2 Powder X-ray diffraction patterns of extru-
dates composed of NP and HPMCP

a. Intact NP  b. Physical mixture (1 :5)

c. Solvent evaporate (1 :5)

d. Twin screw extrudate (1:1)

e. Twin screw extrudate (1 : 3)

f. Twin screw extrudate (1 :5)
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Fig.3 Dissolution profiles of NP from physical
mixture and NP-HPMCP (1 : 5) solid
dispersions in 900ml of JP 2nd fluid (pH 6.8)
at37C

@® , Twin screw extrudate; I, Solvent

evaporate ; &, Physical mixture
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Fig.4 Plasma concentrations of NP in beagle
dogs after oral administration of NP-
HPMCP (1 :5) solid dispersions Dose :
20mg/body, mean*S. E, (n=3)

@® , Twin screw extrudate; I, Solvent

evaporate ; &, Physical mixture

Fig.5 Chemical structure of SFP-279
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Fig.6 Scheme of a capillary rheometer
a. Piston b. Cylinder c. Heater
d. Die e. Sample

Table.1 Effects of mannitol added to polymer on
Tfb and viscosity with a capillary rheo-
meter Load weight : 100kg/cm®

HPMC (TC-5S)

SFP-279 - polymer - D-mannitol ~ Tfb  Viscosity '
(°C) (Pa-s)
1:8:0 196.4 -2
1:8:05 163.6 18,400
1:8:1 1604 2,308
1:8:2 1565.2 795
1:8:3 145.8 775

*1: Viscosity at 195 °C
*2 . not feasible because of high viscosity
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Fig.7 Dissolution profiles of SFP-279 from
pharmaceuticals containing the solid
dispersion in purified water at 37°C

@, fine granules ; O, effervescent tablet ;

A, conventional tablet containing 25% of

disintegrant
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Fig.8 Release profiles of Compound A from three
types of sustained release formulation in
purified water at 37C

<, IR 3 A, matrix - rapid ; O, matrix - middle ;

(], matrix - slow
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Fig.9 Scanning electron microphotograph of
puffed NH-HPMCAS
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Fig.10 Scheme of measuring buoyancy
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Fig.11 Buoyancy of puffed NH-HPMCAS contain-
ing 8% of dibasic calcium phosphate
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Fig.12 Crystallization profiles of NP from aqueous

solution containing each polymer at 37°C
X, without polymer ; &, PVP ; [], HPC (L) ;
@, HPMC (TC-5R) ; <, PVA
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Fig.14 Dissolution profiles of NP from NP-HPMC-
Erythritol in purified water at 37C
X, intact NP ; O, physical mixture ; &, Solvent
evaporate ; @, Twin screw extrudate ; [ ], Rotary
disc extrudate ; NP50mg corresponding amount
was tested.
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