U B FEFIAZFE Vol. 52, 11-20 (2003) 11

KR 77 A= £H71Z & 5 DDS D FEWyhi il o
et & BAFICET ST

g Eh, B8 BZ®

BN 5B, EMREORBEEFBERLTRT v 75 Y RY —2 X7 A(DDS)OHENRZ HEIZ iz D IERICEBR I
TWS, 202 Th, BORANZ T 2 EBY R FIEERTIL, #EOMESPLEBGEOL S 2 X oms) b BEERMEMT
ELORHO—DTHD, SOIHKETH, LV ABEMAREROEEATARRICT A7 0B E L MR ICET 2 HEm%
PEATND, iz, BADHEETIRT I ARALBOSTFEBOMAL L bic, ZOEERFMISALER LML
ToTETEY, TOIEAMED—oL LTRLENTIA Tt AL BHH DDS IOV THE LTS, AR TH.
INODISHMIAED—RE LT LT A7 4V v EHV, ERCERLRMDZ EICBVORTWAESFEMBIC
RO ZEBER~DTNI T A2 BENZL D BN T T F A AOBERLMIED LRI T 5 BERFEKEL I LD &
T ok~ REMRHEE 2 RO ZEERIOBEICRII LTz, 2, 77 ABHICEAPRIIT S A-RIGEBRIILD
TR A T 7 AL VHEBERTI B EBALRATWS, £2T, 773 A<BHRHA )V F—ADRETSHINLD
ESR A7 MV K DEREFEN T 5 A BWEERT L., TORER. 77 X-BMED—2LLTHO “XE
YT a—7E OFMENERS N, '

FSIMEE: K7 v /7 U NY — 27 A(DDS), BAHEIE, —EER. T I0 75 X< BE EF A L HE(ESR),
75 XL

Design and Development of Controlled-Release
Using Plasma Technology

Kousuke ITO, Masayuki KUZUYA *

Abstract: For the most suitable therapy, a wide variety of approaches of a controlled-release system have been thus far
investigated for oral application. Of these approaches, preparations of controlled-release systems have been noted as orally
applicable delivery systems. On the basis of findings from a series of fundamental studies on elucidation of the structures of
plasma-induced radicals formed on a variety of polymers by electron spin resonance (ESR) with the aid of systematic computer
simulations, we have reported that sustained-release tablets applicable for drug delivery system (DDS) can be prepared by oxygen
plasma-irradiation on the outermost layer of a double-compressed tablet which consists of a drug as the core material and various
types of polymers as the wall material. In this contribution, we report on the study of the possibility of a rapid-release tablet being
converted into a time controlled-release tablet in an experiment using argon plasma-irradiation on multilayered tablets composed of
theophylline as the core model drug and various polymeric pharmaceutical aids as the wall material. We must consider various
operational and system-dependent parameters for plasma treatment. We examined developing a method to deduce the plasma
power useful for experimental and practical design of plasma treatment.

Keyphrases: drug delivery system (DDS), controlled-release, double-compressed tablet, argon plasma-irradiation, electron spin
resonance (ESR), plasma diagnosis
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Fig. 1. Conceptional illustration for preparation of
functionalized composed polymer.
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Fig. 2 . Structures of hydroxypropylmethylcellulose
(HPMC) and hydroxypropylmethylcellulose phthalate
(HPMCP).
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Fig. 3. ESR spectra of plasma-induced radical of HPMC
and HPMCP with various plasma duration together with
those of EC, HEC, PS and PET.
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Fig. 4. Effect of plasma-duration on release properties of theophylline from plasma-irradiated doublecompressed
tablets of HPMC in distilled water at plasma-supplied power of 30W, 50W and 70W.

Plasma conditions : 0.5 Torr , Ar 50 mL/min.
Outer layer HPMC (100 mg)
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Fig. 5. Effect of plasma-duration on release properties of theophylline from plasma-irradiated double-compressed
tablets of HPMCP in pH6.8 buffer solution at plasma supplied power of 30 W, 50 W and 70 W.
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Fig. 6. SEM photos of double-compressed tablet before
and after Argon plasma-irradiation for various duration.
Plasma conditions : 50 W, 0.5Torr, Ar SOmL/min.
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Fig. 7. SEM photos of double-compressed tablet before
and after Argon plasma-irradiation for various duration.
Plasma conditions : 50 W, 0.5Torr, Ar 50mL/min.
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Fig. 8. Structures of poly(styrene-maleic anhydride) and
poly(styrene-maleic acid).
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Fig. 9. Effect of plasma irradiation on polymer degradation.
Plasma conditions: 30 W, 0.5 Torr, O, 50 mL/min.
:30 W, 0.5 Torr, Ar 50 mL/min.
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Fig. 10. Effect of plasma duration on dissolution properties
of theophylline in pH 6.8 buffer solution from plasma-
irradiated double-compressed tablets using SMAn or SMA
as outer layer.

Plasma conditions: 30 W, 0.5 Torr, Ar 50 mL/min
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Fig. 11. SEM images of the double-compressed tablets
using SMAn as outer layer before and after plasma
irradiation.
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Fig. 12. SEM images of the double-compressed tablets
using SMA as outer layer before and after plasma
irradiation.
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Fig. 13. Structure of Eudragit L.100, S100 and L100-55
" and their dissolution pH values.
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Fig. 14. Effect of plasma-duration on theophylline
release properties in various buffer solution from
plasma-irradiated double-compressed tablet using
S100 as outer layer. Values shown in parentheses
present the weight loss of the tablet after plasma-
irradiation.

Plasma condition : 50 W, 0.5 Torr , Ar 50 mL/min.
Quter layer : S100 (100 mg)
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Fig. 15. Effect of plasma-duration on theophylline
release properties in pH 6.5 buffer solution from
plasma-irradiated double-compressed tablet using
L100-55 as outer layer with various output of plasma
powers. Values shown in parentheses present the
weight loss of the tablet after plasma-irradiation.
Plasma condition : 0.5 Torr , Ar 50 mL/min.

Outer layer : L100-55 (100 mg)
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Fig. 16. SEM photos of double-compressed tablet before
and after Argon plasma-irradiation for 3, 5, and 10 min
various plasma powers.

Plasma conditions : 0.5 Torr, Ar 50 mL/min.
SEM magnification : X 750.
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Fig. 17. Effect of heat treatment of double-compressed
tablet of L.100-55 on theophylline release, and SEM
photo of the tablet surface after heat-treatment at 150 °C
for 5 min.
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Fig. 18. XPS spectra of double-compressed tablet of
L100-55 before and after Argon plasma-irradiation.
Plasma condition: Ar 0.5Torr, 50mL/min, S0W, for
Smin.
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Fig. 19. Relationship between the minimum power to
sustain glow discharge (W,) and system pressure (p).
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Fig. 20. Plots of the radical concentration (R) of plasma-
irradiated myo-inositol against the plasma power (W/W,)
at a given plasma duration. W: actual power used in
plasma-irradiation, W,: minimum power required to
sustain a glow discharge at a given pressure. (@); 0.05,
(0); 0.1, (A); 0.3, (A); 0.5, (0); 1.0 Torr.
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Fig. 21. Plots of the slope (S) in each line of Fig. 20 as a
function of plasma duration (s).
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