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Abstract

An RF plasma discharge was employed to deposit thin polymeric films on drug particles. This study utilized acetylsalicylic
acid (aspirin) crystals and allyl alcohol as polymerizable monomer for this new approach to controlling drug release rates. Release
rates of coated and uncoated particles were measured in aqueous solution at a pH of 1.0. The drug release rates could be varied
over wide ranges by appropriate control of the polymeric films. These controls included film composition, extent of polymer
cross-linking and film thickness. A 360◦ rotating plasma reactor was employed to provide effective agitation and mixing of the
drug particles during the coating operation. The plasma discharge was operated in a pulsed mode to provide improved control
of the polymer film compositions and, at the same time, minimize undesirable decomposition of drug molecules. Overall, the
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esults obtained clearly indicate that the pulsed RF plasma coating process developed represents a viable, one-step
oute to controlled drug release.
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. Introduction

Development of controlled release systems to im-
rove the effectiveness of drug delivery is an extremely
ctive area of research at the present time. The objec-

ives of these studies include not only enhancing the
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therapeutic activity of a drug relative to the intensity
side effects but also reducing the number of drug
ministrations and/or eliminating the need for spec
ized drug administration (Uhrich et al., 1999). In light
of the importance of these objectives, there have
many approaches reported in recent years centeri
new methods for controlled drug release. As ex
ples, these approaches include layer-by-layer asse
of polyelectrolytes, formation of hydrogel films, s
tems based on thiolated polymers, various granula
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techniques, emulsion-solvent evaporation processes
and sol-gel carrier systems (Rango Rao and Devi, 1988;
Bottcher et al., 1998; Sukhorukov et al., 1998;
Tamilvanan and Sa, 1999; Bernkop-Schnürch et al.,
2000; Luo et al., 2000; Tamilvanan and Sa, 2000;
Qiu et al., 2001; Railkar and Schwartz, 2001; Valenti
and Fabiani, 2001). Substantial advances have been
achieved in terms of improving drug release rates using
these techniques.

As an alternate approach to controlled drug release,
the present investigation centers on examination of the
utility of employing plasma enhanced chemical vapor
depositions (PECVD) to encapsulate drug molecules
inside thin polymeric films. From the operational stand-
point, PECVD offers a simplified approach in that it
represents a single-step, solventless process producing
pin-hole free and conformable films. This single step
approach can be contrasted with the multi-step pro-
cesses noted above frequently involving rather com-
plex procedures. Additionally, it is relatively easy to
control both polymer film thickness and film com-
position, including the extent of cross-linking, dur-
ing PECVD coating. These considerations are of ob-
vious importance in terms of controlling drug release
rates.

In the present study, pulsed plasmas were utilized
in lieu of the conventional continuous-wave (CW) ap-
proach. Prior work from this laboratory has shown
that the pulsed plasma approach provides excellent
film chemistry control during polymer formation, as
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lective chemistry is observed in that significant poly-
mer film formation is known to occur during plasma
off periods. During plasma off periods, the photon flux
is not present and ion-radicals are far less prominent
than under CW conditions. Further contrasts of pulsed
to CW PECVD are provided in Section4.

The main objective of the present study was to de-
termine if the pulsed PECVD approach could be suc-
cessfully applied to control drug release rates. In this
initial study, common aspirin was used as a model drug.
Aspirin, acetylsalicylic acid, is an antipyretic, anti-
inflammatory analgesic with a carboxylic acid back-
bone group rendering the molecule soluble in various
solvents and making its detection by UV–vis spec-
troscopy possible. Allyl alcohol was the monomer used
to encapsulate the drug crystals by plasma polymer-
ization. This monomer is a polar molecule relatively
soluble in aqueous solutions at pHs ranging from 1 to
10. Films obtained by the plasma polymerization of al-
lyl alcohol tend to be hydrophilic. Previous work from
this laboratory demonstrated excellent control of the
density of hydroxyl groups in these films and thus the
hydrophilicity of the polyallyl alcohol films (Rinsch
et al., 1996). In general, as the plasma duty cycle is
decreased, increased retention of the –OH group of the
starting monomer is observed generating increasingly
hydrophilic films. In the present study, micron-size as-
pirin crystals were encapsulated in polyallyl alcohol
films under pulsed plasma conditions. Subsequently,
the release rate of aspirin molecules from the coated
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ell as improved film thickness controllability (Rinsch
t al., 1996; Beyer et al., 1997; Han et al., 19
998; Han and Timmons, 1998). Additionally, for the
resent application, the use of the pulsed versu
ontinuous- wave plasma approach is attractive
ause it should limit undesirable plasma induced ch
cal changes to drug molecules. Under continu
ave conditions, the reactor contains high conce

ions of many reactive species including radical io
he radical species are relatively indiscriminate in t
eactivities which, in the present case, could lead to
esirable degradation of drug molecules. Addition

t is well documented that high photon fluxes, hav
hort wavelengths which extend well into the vacu
V are present in typical plasma discharges (Fozza
t al., 2000). These photons are sufficiently energ

o initiate photochemical dissociation of typical dr
olecules. Under pulsed plasma conditions a mor
articles immersed in aqueous solution were comp
ith those obtained with the uncoated control partic

t was discovered that the release rates are control
ver relatively wide ranges, by this pulsed PECVD
roach.

. Materials and methods

.1. Materials

Acetylsalicylic acid crystals (99%) and allyl alcoh
>99%) were obtained from Aldrich Chemical Co
any. Dichloromethane, chloroform and acetone

he TLC experiments, were purchased from EM
nce. Silica gel (20× 20) polyester backed TLC plat
f thickness 250�m (Whatman Ltd.) were utilized

he TLC experiments. The pictures of the TLC pla
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were taken by using a MultiImage Light Cabinet (Al-
pha Innotech Corporation).

2.2. Encapsulation of acetylsalicylic acid crystals

The apparatus and general procedures employed in
operation of the 13.56 MHz RF pulsed-plasma reactor
have been described previously (Panchalingam et al.,
1993). In the present study, a 360◦ rotatable version
of the plasma reactor was employed to help achieve
uniform and complete coating of drug particles. The
reactor was patterned after that described by Denes
and co-workers (Martin et al., 2002). A cylindrical
Pyrex glass reactor of 5 cm internal diameter and
45 cm in length was used as the plasma chamber.
Complete rotation of the reactor chamber under
vacuum conditions was achieved by ferrofluidic
vacuum rotary feed through valves (Schoonover, Inc.)
inserted at both ends of the reactor tube. Rotation
of the particles provided agitation and continuous
exposure of the crystal surfaces to the plasma gases
thus helping to promote encapsulation of the crystals
in polymeric films. The reactor chamber rotation rate
was controlled with a variable speed motor (Dayton
Model 4Z827D) connected by a pulley to the reactor.

Films were deposited onto acetylsalicylic acid par-
ticles. Each end of the reactor chamber was stoppered
with glass wool in order to ensure that crystals remain in
the chamber during coating. Acetylsalicylic acid crys-
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erage power employed during film formation can be
much lower than the power employed under con-
tinuous wave conditions in view of the relatively
longer plasma off times compared to plasma on
times.

The present study included the evaluation of various
plasma deposition conditions for use in achieving
controlled drug release rates with the drug substrates.
Plasma deposition variables examined were the duty
cycle, the peak power input and the coating time
period. Plasma on/off times were in the milli-second
range and two different plasma on/off times were
employed, namely: 1/3 and 1/5 ms. The peak powers
examined were 25, 50 and 100 W. The coating period
was varied between 30 min and 1 h. The allyl alcohol
flow rate and the pressure of the reactor were kept
constant at 1.5 cm3 (STP)/min and 160 mTorr, re-
spectively. The approach employed was to investigate
different combinations of the reaction variables and
study the effect of these changes on the release rates.

2.3. Characterization of plasma polymerized allyl
alcohol

In order to measure film deposition rates and char-
acterize film compositions spectroscopically, replicates
of the polyallyl alcohol coatings performed with drug
substrates were created using silicon wafers (thickness
measurements) and KBr (infrared studies) substrates.
These experiments were carried out in the same plasma
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als were ground, sieved and vacuum dried overn
efore coating. The particle size distribution cove
range of values, extending from 1 to 100 micro
ith mean size of∼30�m, as shown by light sca

ering measurements. Optical microscopy reveal
ather uniform needle-like structure for these crys
he rotation rate was kept at 4 rev/min. The quan
f acetylsalicylic acid particles placed in the reac
hamber was 4 g in each run.

The pulsed plasma approach was used in al
oatings. The average power employed under pu
lasma conditions is calculated according to the
ula:

average= τon

τon + τoff
× Ppeak (1)

hereτon and τoff are the plasma on and off tim
ndPpeak is the peak power. A major advantage
ulsed plasma polymerization is the fact that the
eactor and under the same plasma deposition
itions as employed in the drug encapsulation r
he FT-IR spectra were collected with a Bruker Ve
2 spectrophotometer using 4 cm−1 resolution. Spectr
ere recorded in absorption mode on films depos
n KBr discs. The thickness of the films deposited
ilicon wafers was measured using a Tencor Alpha
00 profilometer.

.4. Release experiments

The drug release measurements were carried o
ng a V-530 model UV–vis spectrophotometer (Ja
t an absorption wavelength of 276 nm. The rele
xperiments with acetyl salicylic acid were perform

n pH 1 HCl solution (a simulated gastric fluid). T
bsorbance versus time measurements were take
iodically using 1 cm quartz cuvettes. A stock solut
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prepared with 25 mg of acetylsalicylic acid crystals
in 100 ml of solution, was employed to generate a
Beer’s law calibration curve. This solution, along
with subsequent dilutions, were at a pH of 1.0. The
Beer’s Law plot of absorbance versus concentration
was linear over an aspirin concentration range of
0–13 mg/100 mL. Slight negative deviation was ob-
served over the 13–25 mg/100 mL range. All drug re-
lease measurements involved aspirin concentrations
in which the linear Beer’s Law plot was applicable.
The encapsulated drug crystals, sample size 10 mg,
were stirred constantly in a 100 ml volumetric flask
during the release rate measurements. Periodically, an
aliquot was transferred into the cuvette and the liq-
uid was returned to the volumetric flask as soon as
the absorbance data were taken. All release exper-
iments were conducted at room temperature (about
25◦C).

2.5. Kinetic study of release characteristics

All model fitting was performed using Microsoft
Excel.

2.6. Thin-layer chromatography (TLC)
experiments

TLC experiments were carried out to determine if
aspirin molecules were converted to other products dur-
ing the plasma encapsulation process. Solutions con-
t drug
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drug were compared to literature values (Stead et al.,
1982).

3. Results

Previous work from this laboratory showed that very
good film chemistry controllability was obtained in the
films produced by pulsed plasma polymerization of al-
lyl alcohol (Chen, 1995; Rinsch et al., 1996). In this
prior work, XPS analysis and FT-IR analysis revealed
that, as the RF duty cycle decreased, the retention of the
monomer’s oxygen content increased thus leading to an
increase in the hydrophilicity of the coating. Among
the findings of this work was also the fact that signifi-
cant film growth occurred during the plasma off times.
Deposition per pulse cycle was shown to increase at
constant on time and power as the off time increased.

In the present study, FT-IR analysis of plasma poly-
merized allyl alcohol films was performed as a function
of peak power. The results are displayed inFig. 1. As
can be observed fromFig. 1, there is an increase in the
retention of the monomer’s oxygen content from 100
to 25 W. This increase is easily detected by comparing
the relative intensities of the OH (∼3400 cm−1) and
C H (∼2900 cm−1) stretching vibrations as the peak
power changes. These findings suggest an increase in
the wettability of the films produced as the peak power
decreases. Additionally, the presence of the CO group
(∼1700 cm−1) is observed in the product films. Al-
t e
s
a
f m,
d
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aining the free drug and selected encapsulated
ere prepared by dissolving 10 mg of the compo

n 1 ml of dichloromethane. All drug solutions we
reshly made and 5�l aliquots were applied appro
mately 1 cm apart unto 5 cm× 17 cm silica gel TLC
lates. Before use, the TLC plates were dried in
ven for 1 hour at 110◦C in order to remove any atm
pheric moisture adsorbed. Each TLC plate conta
ne spot for the free drug and two spots correspon

o encapsulated drug substrates coated using diff
lasma variables. Chloroform–acetone (4 + 1) sol
ystem was placed into the TLC jars along with a
er paper, the jars were then sealed and the solu
ere equilibrated for 30 min. The systems were run
bout 15 cm from the base line, the solvent level
arked and the plates were air-dried. The dried p
ere then subjected to iodine vapor and their pict
ere taken. The retention factors calculated for e
hough there is a small CO containing impurity in th
tarting monomer, it is seen that additional CO is cre-
ted at high peak power. Clearly, the extent of CO

ormation, relative to OH incorporation, in the fil
ecreases with decreasing peak power.

ig. 1. FT-IR absorption spectra obtained for pulsed plasma
erization of allyl alcohol at 1/5 ms and peak powers of 100
5 W.
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Table 1
Conditions used in the different coatings of acetylsalicylic acid with allyl alcohol and the corresponding film thickness and film formation energy
efficiency values

Coating Monomer flowrate
(cm3(STP)/min)

Peak power
(Watts)

RF duty cycle
on/off (ms/ms)

Coating time
(min)

Film thickness
(kÅ)

Energy efficiency
(mÅ/J)

1 1.5 100 1/5 30 4.9 160
2 1.5 50 1/5 30 5.9 390
3 1.5 25 1/5 30 4.0 530
4 1.5 25 1/5 60 7.4 500
5 1.5 25 1/3 60 4.0 180

The experimental conditions sued in the different
coatings of acetylsalicylic acid with allyl alcohol and
the corresponding film thickness and deposition rate
values are displayed inTable 1. The film thicknesses
and energy efficiencies of plasma polymerized allyl
alcohol films were investigated as a function of peak
power, coating time and duty cycle.

As theTable 1film thickness data reveal, the en-
ergy efficiency of film formation (m̊A/J) increases with
decreasing power input (samples 1, 2 and 3). This re-
sult indicates that ablation reactions may be significant
at higher power inputs. Changing the coating time,
with the other variables held constant, has a signifi-
cant effect on the film thicknesses. When the coating
time is doubled, the film thickness increases approx-
imately by a factor of 2, indicating a linear relation-
ship between deposition time and film thickness under
the pulsed plasma conditions employed. This can be
contrasted with continuous wave depositions in which
non-linearity between deposition time and film thick-
ness is frequently observed (Yasuda, 1985). Decreasing
the duty cycle increases the energy efficiency of film
formation, correlating with the previous findings that
significant film growth occurs during plasma off peri-
ods (Rinsch et al., 1996).

In the present study, the effect of variations in three
of the plasma variables used in the coatings was exam-
ined, namely: power, coating time and RF duty cycle.
The results obtained are shown inFig. 2in terms of per-
cent drug release versus immersion time. Also included
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the film thickness varies slightly for this sequence (see
Table 1), the variation in coating thickness (from 4.0
to 5.9Å) is relatively small compared to the magnitude
of the drug release rates. Doubling the power input

F ylic
acid crystals as a function of (A) peak power input (B) coating time
(C) plasma duty cycle. Each variable was varied one at a time, with
other variables held constant (as indicated above).
n these and subsequent figures are the release ra
he uncoated crystals used as controls. All three pla
ariables were found to affect the release rates o
rug molecules.

In Fig. 2(A), the release rates are shown as a func
f the peak power employed during coating. The p
owers employed were 25, 50 and 100 W. Altho
r

ig. 2. Release profiles of polyallylalcohol coated acetylsalic
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during coating results in an approximate two-fold in-
crease in the time required for the completion of the
drug release. These values are approximately 80 min
for (25 W, 1/5 ms, 30 min), 220 min for (50 W, 1/5 ms,
30 min) and 400 min for (100 W, 1/5 ms, 30 min). A
reasonable explanation for this result is that the extent
of polymer cross-linking increases with increased peak
power. This increased cross-linking would provide a
less porous barrier to water permeation thus reducing
the release rate. Increased cross-linking of the film at
higher peak powers is consistent with FT-IR and XPS
analysis of these films from allyl alcohol as well as
results with numerous other monomers (Rinsch et al.,
1996; Beyer et al., 1997; Han et al., 1997, 1998; Han
and Timmons, 1998). Based on release rates during the
first 20 min, the slopes of the initial rates for (25 W,
1/5 ms, 30 min); (50 W, 1/5 ms, 30 min) and (100 W,
1/5 ms, 30 min) are calculated to be 2.58, 0.866 and
0.616% release/min, respectively. Thus, changing the
power from 100 to 50 W increases the slope of the ini-
tial rate by a factor of 1.4 whereas decreasing the power
by the same ratio to 25 W results in a three-fold increase
in the slope of the initial rate data.

The duration of the plasma coating time also affects
the drug release rates. Two different coating times were
used, namely 30 and 60 min. As shown in Fig 2(B),
doubling the coating time increases the time required
for the completion of the drug release by a factor of 2;
from 80 min for (30 min, 25 W, 1/5 ms) to 160 min for
(60 min, 25 W, 1/5 ms). The slopes of the initial rates
f s)
u e, i.e.
f

g
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4 ck-
n rate
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t /3 ms
d ss-
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4. Discussion

Overall the data presented inFig. 2are clearly sup-
portive of using plasma generated polymer coatings to
control the release rates of drug molecules from mi-
cron sized particles. Furthermore, as also shown by
these experiments, the drug release rates can be mod-
ulated by changes in several, easily accessible, plasma
parameters, namely: coating times, peak power inputs
and pulsed plasma duty cycles. Specifically, the acetyl-
salicylic acid release rates decrease as the power input,
the coating time and plasma duty cycles are increased.
The plasma generated polymer film coatings on the
drug crystals function as separation (i.e. permeation)
barrier between the drug molecules and the solvent.
Plasma polymer films are known to be porous in nature,
thus permitting diffusion of solvent water molecules
through these barriers with eventual dissolution of the
drug molecules. The variations in drug release rates
with plasma variable changes are in accord with this
simple model. For example, increasing the plasma coat-
ing time will increase the thickness of the barrier layer
thus reducing the drug release rates, as noted in these
experiments. Also, it is speculated that increasing the
power input or the plasma duty cycle during coating
will reduce the porosity of the films. Certainly, it is
well known from the plasma polymer literature that
both of these variations increase the extent of cross-
linking in plasma polymer films. The increased cross-
linking has been shown to reduce moisture-penetration
o
T e con-
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ted
a cted
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o rox-
i ki-
n rms
o r
e 001;
A s,
t ter
i nd
m liq-
u On
t the
or (30 min, 25 W, 1/5 ms) and (60 min, 25 W, 1/5 m
ndergo a change of approximately a 0.7 decreas

rom 2.58 to 1.8% release/min.
Finally, the effect of duty cycle variation durin

lasma polymerization on drug release rates are
rated inFig. 2(C). Two different plasma duty cycl
ere employed, namely, 1/3 and 1/5 ms. Although b
oating runs were of 60 min duration, the lower duty
le film (1/5 ms) was significantly thicker, 7.45 vers
.00 kÅ for the 1/3 ms run. Despite this greater thi
ess, it is interesting to note that the drug release
f the 1/5 ms coating is approximately 1.4 times fa

han that observed for samples coated during the 1
epositions. The higher duty cycle film is more cro

inked and this presumably accounts for the slowe
ease rate (Rinsch et al., 1996). This observation is i
ccord with the peak power effects noted earlier
hown inFig. 2.
f plasma synthesized barrier films (Yasuda, 1985).
hus, it seems reasonable to assume that the sam
ideration is applicable in the variation in drug rele
ates observed in the present study.

In the present study, the polyallyl alcohol coa
cetylsalicylic acid release rates were further subje

o kinetic analysis. The kinetic analysis was carried
ver time periods corresponding to release of app

mately the first 60% of the drug molecules. The
etics of drug release is frequently analyzed in te
f either zero-order or first-order kinetics (Korsmeye
t al., 1983; Ritger and Peppas, 1987; Yang et al., 2
grawal et al., 2003). In terms of zero-order kinetic

he proposed model involves initial diffusion of wa
nto the drug containing capsule with formation a

aintenance of a saturated solution in which both
id and undissolved solid remain in equilibrium.

he other hand, first-order kinetics is interpreted as
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result of an initial, rapid solution process inside the
capsule in which the drug molecules are solubilized,
followed by slower diffusion of drug molecules out of
the capsule thus generating a progressively less con-
centrated solution inside the capsule with time.

The release of acetylsalicylic acid molecules was
examined in terms of both zero order and first order
kinetics. A zero order process would obey the equation:

Mr

M0
= k0t (2)

whereMr amount of drug released at timet, M0 to-
tal amount of drug before dissolution,k0 zero-order
release constant andt time. The experimental data
obtained with polyallyl alcohol coated acetylsalicylic
acid crystals treated in terms of zero order kinetics are
shown inFig. 3. TheR2 (coefficient of determination)
factors for these various plots were relatively poor rang-
ing from a high of 0.977 to a low of 0.946.

In contrast, analyses of these data in terms of first
order kinetics resulted in significantly better correlation
factors. For the first order plots, the data were analyzed
with respect to the equation:

ln

(
Mt

M0

)
= −k1t (3)

whereMt amount of drug remaining at timet,M0 total
amount of drug before dissolution,k1 first-order release
constant andt time. These first order plots are shown
in Fig. 4. TheR2 factors ranged from 0.9992 to 0.9788,
a ased
o ata
c sed
t this
a runs
w wed
a nal-
y ion
o tis-
t
e the
o rst
o

2 to
0 t-
i tion
o was
s he

Fig. 3. Zero-order release kinetics analysis of polyallyl alcohol
coated acetylsalicylic acid crystals as a function of (A) peak power
input at 1/5 ms and 30 min (B) coating time at 25 W and 1/5 ms and
(C) plasma duty cycle at 25 W and 60 min.

release rates with plasma deposited coatings, no em-
phasis was placed on extending the release times to
even longer durations. However, it seems reasonable
to project that simply coating the particles for longer
time periods, perhaps combined with higher power in-
puts, offers an opportunity to control release rates, in
continuous fashion, over extremely long time periods.
Such considerations would be of significant importance
in cases where drugs are implanted in specific organs
for desired release over extended periods of time.

In the present investigation, thin-layer chromatog-
raphy was used to determine if undesirable conversion
of some drug molecules to other compounds occurred
under plasma coating conditions. If appreciable conver-
sions do take place then additional compounds, having
RF values different from the drugs, were expected to
gain based on the first 60% drug release. Thus, b
n the relativeR2 values obtained, the release rate d
orrelate significantly better with 1st order as oppo
o zero order kinetics. However, in connection with
nalysis, it is important to note that, since replicate
ere not carried out, the above results must be vie
s being only qualitative in scope. A more detailed a
sis should involve replicate runs, as well as inclus
f an intercept since the origin (0,0) would be a sta

ically valid point and could have been included (Neter
t al., 1996). In the present case, the inclusion of
rigin would result in even better correlation with fi
rder kinetics.

The first order rate constants ranging from 0.1
.0054 min−1 for the various polyallyl alcohol coa

ngs, represent a factor in excess of 20 for varia
f release rates. Since the purpose of this study
imply to investigate the feasibility of modulating t
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Fig. 4. First-order release kinetics analysis of polyallyl alcohol
coated acetylsalicylic acid crystals as a function of (A) peak power
input at 1/5 ms and 30 min (B) coating time at 25 W and 1/5 ms and
(C) plasma duty cycle at 25 W and 60 min.

be detected under TLC analysis. For this purpose, a
chloroform–acetone (4:1) solution was chosen as the
mobile phase. With this choice of solvent and using
silica as the adsorbent, literature indicates the reten-
tion factor for acetylsalicylic acid as 0.18 and the re-
tention factor for ibuprofen as 0.46 (Stead et al., 1982).
Four reference compounds were used for this type of
system; methohexitone, quinalbarbitone, clonazepam
and paracetamol. Only spots having exactly the same
RF values were observed in comparing the TLC results
of coated and uncoated aspirin. The retention factor of
these was calculated to be 0.14 in good agreement with
literature results for acetylsalicylic acid for TLC plates
run under the same conditions. Thus the TLC results
suggest that negligible amounts of drug molecules are
converted to other compounds during the coating pro-

cess. For the moment, it is emphasized that the pulsed
plasma approach should be particularly useful in terms
of minimizing degradation of drug particles. The film
deposition rates are very high under pulsed conditions
and include significant film formation during plasma
off periods (Rinsch et al., 1996). During the plasma off
periods, the chemistry is more selective and minimizes
contributions from highly reactive species such as ion
radicals. These factors, coupled with the absence of
short wavelength photons during off times, help con-
tribute to retention of the integrity of the drug molecules
while promoting rapid coating of the particles.

5. Conclusions

Based on results of this initial investigation, the po-
tential use of plasma polymerization processing rep-
resents a promising new route to control drug release.
Key plasma deposition variables examined, specifically
power input, coating time and pulsed plasma duty cy-
cle, were found to be effective in providing control of
the drug release rates. The release rate of acetylsali-
cylic acid from polyallyl alcohol coatings decreases as
the peak power, coating time and plasma duty cycle
increase. These initial studies indicate that it should
be possible to prepare blends of coated drug particles
to provide relatively constant drug release rates. The
pulsed plasma approach employed helps minimize un-
d vid-
i ol-
l is
a ll as
o

R

A fine
and
ci. 5

B op-
poly-

B .B.,
ia di-
r. J.
esirable changes in drug compositions while pro
ng better film thickness and film chemistry contr
ability. Future studies will involve extension of th
pproach to include other drug molecules as we
ther polymer coatings.
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