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Summary

Chlorhexidine release from poly(e-caprolactone) films was zero-order after an initial period. Significant burst effects were
observed with chlorhexidine base (5, 10% w/w) but not diacetate loaded films (10, 15, 20, 30% w/w). These differences may be

due to the physicochemical state of chlorhexidine within the films.

Periodontal diseases, e.g., gingivitis and peri-
odontitis, are a group of conditions which affect
the supportive structures of the teeth. The devel-
opment of periodontitis involves a breakdown of
the periodontal tissues, probably due to both a
direct effect of bacteria on the tissue and also to
the associated inflammatory response, and the
formation of a space (the periodontal pocket)
between the surface of the tooth and the soft
tissues (Listgarten, 1987). The periodontal pocket
provides a protected environment in which bacte-
ria, e.g., Bacteroides spp., Capnocytophaga spp.
and Actinobacillus actinomycetemcomitans flour-
ish (Slots and Genco, 1984). If untreated, in-
creased tooth mobility and possibly tooth loss
result.

Correspondence: D.S. Jones, School of Pharmacy, University
of Otago, P.O. Box 913, Dunedin, New Zealand.

Treatment usually involves mechanical re-
moval of the plaque, sometimes in conjunction
with the use of antimicrobial agents, e.g., chlor-
hexidine, tetracycline or metronidazole. Mouth-
washes may be used to control supragingival
plaque but are ineffective against subgingival bac-
teria due to an inability to penetrate to subgingi-
val areas (Pitchner et al., 1980). Irrigation devices
are frequently employed to deliver antimicrobial
agents directly to the subgingival regions, how-
ever, due to the short duration of action, frequent
applications are required (Joyston-Bechal, 1987).
Subsequently, there has arisen an interest in poly-
meric devices which, when inserted into the peri-
odontal pocket, release antimicrobial agents over
a sustained period. Examples of polymeric mate-
rials examined include ethylcellulose (Friedman
and Golomb, 1982), ethylene vinyl acetate,
polyethylene, polyurethane, polypropylene, cellu-
lose acetate propionate (Goodson et al., 1983),
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cellulose-based dialysis tubing (Coventry and
Newman, 1982), acrylic strips (Addy et al., 1985)
and polyhydroxybutyrate (Deasy et al., 1989).

Poly(e-caprolactone) is a biodegradable, ali-
phatic polyester which has been used as a bioma-
terial (Woodward et al., 1985) and in the con-
trolled delivery of drugs (Wang, 1989), and there-
fore, may be of use as a polymeric carrier for the
delivery of antimicrobial agents within the peri-
odontal pocket. This communication reports pre-
liminary observations concerning the in vitro re-
lease of chlorhexidine, as the diacetate and free
base, from poly(e-caprolactone) films prepared by
solvent evaporation.

Chlorhexidine diacetate was purchased from
ICI (NZ) Ltd, Wellington. Poly(e-caprolactone),
Mol. Wt 35000-45 000, was purchased from Poly-
sciences Ltd, Warrington, PA, U.S.A. Chlorhexi-
dine base was prepared from chlorhexidine diac-
etate by precipitation following the addition of
sodium hydroxide (5 M) and recrystallisation from
methanol. The purity was confirmed by melting
point (134-135°C) and infrared spectroscopy. All
other chemicals were AnalaR or equivalent qual-
ity.

Films were prepared as follows. Poly(e-capro-
lactone) was dissolved in dichloromethane with
stirring. Chlorhexidine diacetate (particle size <
63 uM) was dispersed in dichloromethane and
sonicated (continuously, 100 W, 55000 Hz) for 2
min prior to addition to the polymer solution.
Chlorhexidine base was added directly to the
polymer solution. The total concentration of drug
and polymer within the casting solution was 10%
w/w. Films were cast onto glass petri dishes and
the solvent evaporated at room temperature in a
vacuum oven. The chlorhexidine contents of the
films were, 10, 15, 20 and 30% w/w as the
diacetate, and 5 and 10% w/w as the base.

Release studies were performed (in duplicate
or triplicate) by adhering discs (diameter 1.94 cm)
of the films onto microscope slides, immersing in
beakers containing 75 ml sodium citrate / sodium
hydroxide buffer (pH 6.6, 0.1 M) and placing in a
shaking water bath at 37°C and 100 oscillations /
min (Fig. 1). At selected time intervals, samples
were removed and assayed for drug content by
HPLC. The HPLC assay was as follows: mobile
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Fig. 1. Diagrammatic representations of the apparatus used to
examine the in vitro release of chlorhexidine (base and diac-
etate) from poly(e-caprolactone) films.

phase, 27% w /w acetonitrile, 0.15% w /w sodium
acetate, 0.5% w/w triethylamine, adjusted to pH
5.0 with glacial acetic acid; column 10 ¢m X 2.1
mm i.d. C-18 ODS Hypersil 5 um; detector, UV
Amax 254 nm; flow rate 0.5 ml/min, internal stan-
dard, chlorpheniramine maleate. The calibration
curve for chlorhexidine was linear over the range
0.1-1.0 ug/ml (r = 0.99 with zero intercept).

Statistical comparisons of release rates and
burst effects associated with these films was per-
formed by one-way ANOVA.

Chlorhexidine release from poly(e-caprolac-
tone) films is graphically illustrated in Figs 2
(base) and 3 (diacetate). Significant (p < 0.05)
burst effects were associated with films contain-
ing 5 and 10% w/w chlorhexidine base but the
magnitude was independent of drug loading (p <
0.05). Conversely, there were no burst effects
with poly(e-caprolactone) films containing chlor-
hexidine diacetate, regardless of loading, and in-
deed a significant lag time for release was ob-
served for 10% w/w loaded films (p < 0.05). As
the burst effect is due to the immediate release of
drug incorporated at the surface of the film,
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time (days) Fig. 3. Chlorhexidine release from poly(e-caprolactone) films.
Fig. 2. Chlorhexidine release from poly(e-caprolactone) films. Drug loadings: (0) 10% w/w; (0O) 15% w/w; (a) 20% w/w;
Drug loadings: (A) 5% w/w, (O) 10% w/w, chlorhexidine as (W) 30% w /w, chlorhexidine as the diacetate salt. Bars repre-
the free base. Bars represent standard errors of the mean. sent standard errors of the mean.
TABLE 1
Chlorhexidine release from poly(e-caprolactone) films containing chlorhexidine base (CH) or chlorhexidine diacetate (CHA)
Drug Concentration of Release rate Standard Correlation Mean percentage Standard
chlorhexidine in film constant (k) ? error coefficient released over error
(% w/w) (pgem~%day™ ) duration of study
CH 5 6.43 0.090 0.97 25.70 0.40
CH 10 10.85 0.700 0.99 19.80 0.30
CHA 10 1.12 0.004 0.98 0.78 0.30
CHA 15 3.84 0.240 0.96 2.82 0.26
CHA 20 5.26 0.600 0.86 3.73 0.63
CHA 30 26.00 1.000 0.93 12.90 0.50

2 Release rate constants (k) were determined from the linear portion of the cumulative amount released vs time graphs (Figs 2 and
3), i.e., from 1.5-24.5 days for 5 and 10% w/w chlorhexidine base and 20 and 30% w/w chlorhexidine diacetate; 4.5-24.5 days for
15% w/w chlorhexidine diacetate and 6.5-24.5 days for 10% w/w chlorhexidine diacetate loaded films.
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these observations indicate that the distribution
of chlorhexidine within poly(e-caprolactone) films
1s dependent on the salt used.

Plots of chlorhexidine released over time were
linear for all films following an initial period.
This indicates that chlorhexidine release follows
zero-order kinetics and consequently, a release
rate constant may be calculated from the slopes
of these plots (Table 1). The greatest release rate
was observed for films containing 30% w/w
chlorhexidine diacetate (26 + 1.00 pg/cm? per
day), this rate being significantly greater than
observed for films containing 10, 15 and 20%
w/w of this salt ( p < 0.05). Similarly, films con-
taining 10% w/w chlorhexidine base exhibited a
significantly ( p < 0.05) greater release rate than
films containing 5% w/w base, the respective
release rate constants being 10.85 + 0.7 and 6.43
+ 0.09 wg/cm? per day. Interestingly, when com-
pared on a weight basis (10% w/w), the release
rate was significantly (p < 0.05) greater for
poly(e-caprolactone) films containing chlorhexi-
dine base than for those containing the diacetate
salt. Similar release rate constants were observed
for poly(e-caprolactone) films containing 5% w /w
chlorhexidine base and 20% w/w chlorhexidine
diacetate (p > 0.05).

The relationship between type of chlorhexi-
dine incorporated into poly(e-caprolactone) films
and subsequent release rate is an interesting ob-
servation which, to these authors’ knowledge, has
not been previously reported. A possible explana-
tion for these observations may involve the rela-
tive solubilities of chlorhexidine base and chlor-
hexidine diacetate in the casting solvent. In the
preparation of films containing 5% w/w chlor-
hexidine base, chlorhexidine was totally soluble in
dichloromethane and, therefore, following evapo-
ration of the casting solvent, may exist in a finely
divided uniform state within the film. These films
therefore represent a dispersion of chlorhexidine
base in poly(g-caprolactone) (Chiou and Riegel-
man, 1971). The uniformity of drug dispersion
would thus account for the presence of drug at
the surface of the film and hence the significant
burst effects noted for poly(e-caprolactone) films
containing chlorhexidine base. Conversely,
chlorhexidine diacetate is practically insoluble in

dichloromethane and, therefore, when combined
with poly(e-caprolactone), a suspension of chlor-
hexidine diacetate in an organic polymer solution
is produced. Given that the removal of the sol-
vent required 24 h and that the viscosity of the
poly(e-caprolactone) solution was low, it is likely
that the suspended particles of chlorhexidine di-
acetate sedimented to produce a layer of drug
particles on the surface of the glass petri dishes
onto which the films were cast. As all release
studies were carried out using the top surface,
the observed lag time for chlorhexidine release
and the comparatively (on a weight basis) lower
release rates associated with films containing
chlorhexidine diacetate may be due to an appar-
ent increase in molecular diffusional path length.
One interesting observation is the similarity of
the magnitudes of the burst effects associated
with poly(e-caprolactone) films containing 5 and
10% w /w chlorhexidine base. In the preparation
of films containing 10% w/w chlorhexidine base,
unlike the 5% w/w films, chlorhexidine did not
exhibit total solubility within the casting solution.
Therefore, the insoluble fraction will become sus-
pended within the organic polymeric solution in a
similar fashion to chlorhexidine diacetate. The
similarity of observed burst effects would there-
fore appear to be due to deposition of drug at the
surface of the film, following precipitation from
the evaporating organic solvent. At these drug
loadings, the suspended drug would therefore
contribute little to the burst effect.

In conclusion, this study has shown that
poly(e-caprolactone) may be used as a polymeric
carrier for the controlled release of chlorhexidine
(either as the base or diacetate). Differences in
the release rates, the presence or absence of
burst effects, and the presence of absence of lag
effects, between chlorhexidine base and chlorhex-
idine diacetate loaded poly(e-caprolactone) films
are suggested to be due to the physical state of
these agents within such films. Further studies
are at present underway to determine the rate of
water uptake of poly(e-caprolactone) films, either
containing or devoid of chlorhexidine base and
diacetate, and the release rate of chlorhexidine
from the underside of the film. In addition, the
effect of production and formulation variables on



the release rate of chlorhexidine from such films
will be investigated.
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