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Design and Development of New Drug Delivery System
Using Plasma-Irradiated Pharmaceutical Aids

Masanao ISHIKAWA

Abstract: A new controlled release drug delivery system (DDS) was established by oxygen plasma irradiation (radio-frequency
discharge at 13.56 MHz) on the outermost layer of a doubly compressed tablet consisting of drug as core material and various
polymers as wall material.  Polymers were selected on the basis of effects of plasma irradiation dependent on polymer structure
such as polyoxymethylene (POM), typically a plasma-degradable polymer, polystyrene (PST), a plasma-crosslinkable polymer,
polycarbonate (PC), a bifunctional polymer having plasma-degradable and crosslinkable positions in the molecular structure,
polybenzylmethacrylate (PBzMA) having a plasma-degradable main chain and plasma-crosslinkable functional group in the side
chain and copolymer of methylmethacrylate (MMA) and benzylmethacrylate (BzZMA).  To expand applications of this DDS in
various dosage forms, theophylline release was studied from plasma-irradiated polymer-coated granules.

The present approach is superior to other methods for producing DDS, such as avoidance of direct plasma-exposure to a drug,
being a totally dry process to eliminate any work up required in conventional wet processes, and a limited surface so that bulk
properties of polymeric pharmaceutical aids are not affected.

Keyphrases: low temperature plasma, drug delivery system, plasma-degradable polymer, plasma-crosslinkable polymer, double-
compressed tablet, plasma-irradiated polymer-coated granules
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irradiated tablet.
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Fig. 6. Effect of plasma-duration on dissolution property of
theophylline.

Outer layer: 80 mg (PST : POM = 1 : 1), PST (>200 mesh),
POM (60 - 80 mesh).

Plasma conditions: 50 W, 0.5 torr, O; 50 ml/min. The values
in parentheses show the tablet weight loss due to plasma
irradiation.
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Fig. 7. Effect of blending ratio between crosslinkable and
degradable polymers in the outer layer (80 mg) on dissolution
property of theophylline.

Plasma conditions: 10 min, 50 W, 0.5 torr, O, 50 ml/min.

The values in parentheses show the tablet weight loss due to
plasma irradiation.

Fig. 8. Scanning electron microscopy of double-compressed tablet before and after plasma-irradiation.

Outer layer: 80 mg (PST:POM=1:1), PST (> 200 mesh), POM (60-80 mesh).

a: blank (x 350), b: 6W, 50 ml/min, 0.5 torr, plasma duration for 3 h (x 100), c: 50 W, 50 ml/min, 0.5 torr, plasma duration for 10
min (x 100), d: 6 W, 50 ml/min, 0.5 torr, plasma duration for 3 h (x 500).
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Fig. 12. Effect of plasma-duration on dissolution properties of theophylline from the double-compressed tablets (100 mg of PC
powder < 200 mesh sieves) under plasma-supplied power of 40 W and 50 W.

Plasma operational conditions: pressure, 0.5 torr, flow rate of oxygen gas, 50 ml/min. The values in parentheses show the tablet
weight loss due to plasma trradiation.

Fig. 13. Scanmng electron microscopy of polycarbonate (PC) tablet before and after plasma-irradiation.

a: blank 100 kg/em?, 30 s (x 500), b: 40W, 0.5 torr, O, 50 ml/min, plasma duration for 10 min (x 500), c: 40 W, 0.5 torr, Oz 50
ml/min, plasma duration for 5 min (x 500), d: 50 W, 0.5 torr, O, 50 ml/mm plasma duration for 5 min (x 500).

PC in outer layer: 100 mg (< 200 mesh).



28 GNEE : 75 XA~BREFBTAFRL T v 7 FVNY —3 27 AORE & BI%

Weight loss (mg/cm?)

| 1 1

-
(=)

0 10 20 30
Oxygen plasma duration (min)

0 a ¥
2k
&
&
4l
E
9
g6}
E
ey
=8l
-10 1 ] i
(0 10 20 30

Argon plasma duration (min)

Fig. 14. Effect of plasma-irradiation on polymer degradation.
Plasma conditions: 50 W, 0.5 torr, Oz or Ar 50 ml/min.
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Fig. 16. ESR spectra of argon plasma-induced radicals of
PBzMA, PST, and PMMA of various plasma duration.
Plasma conditions: 40 W, 0.5 torr.
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Fig. 17. Effect of polymer structure on dissolution property
of theophylline from plasma-irradiated double-compressed
tablets.

Outer layer: 100 mg

Plasma conditions: 50 W, 0.5 torr, O; 50 ml.min, 5 min.
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Fig. 18. Effect of BzMA ratio on plasma-induced

degradation of MMA-BzMA copolymer.

Plasma conditions: 30 W, 0.5 torr, O 50 ml/min

O: PMMA;, ©: MMA:BzMA=9:1;, @: MMA:BzMA=4:1;
®: PBzMA
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Fig. 19. Effect of BZMA ratio in copolymer on dissolution
property of theophylline from plasma-irradiated double-
compressed tablets.
Outer layer: 100 mg
Plasma conditions: 30 W, 0.5 torr, O; 50 ml/min, 20 min
O: PMMA; &: MMA:BzMA=19:1; ©: MMA:BzMA=9:1;
@®: MMA BzMA=4:1
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Fig.21. Tilustration of the preparation of plasma-exposed sample.
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degradation of granules-outer layer.
Plasma conditions: 30 W, 0.5 torr.
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Fig. 23. Effect of argon plasma-duration on the dissolution
property of theophylline.
Outer layer: polymethacrylate (9.8%)
Plasma conditions: 30 W, 0.5 torr.
O, blank; @, 30s, ™ 3005, @,600s
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Fig. 24. Effect of argon plasma-duration on the dissolution
property of theophylline.

Outer layer: ethylcellulose (2.3%)

Plasma conditions: 30 W, 0.5 torr.

O, blank; P,30s, @™ 300s, @,600s
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