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An investigation was carried out into the 
release of chlorhexidine acetate, predniso- 
lone sodium phosphate, and prednisolone 
alcohol from a cold cured acrylic denture 
base material. The drugs were added at 10% 
w/w with the powder phase of the material. 
Water, at the concentrations of 1010, 20%, 
and 30% of the monomer phase of the ma- 
terial was added to chlorhexidine-contain- 
ing and chlorhexidine-free samples. 
Spectrophotometric and bioassay measure- 
ments of the release of chlorhexidine dem- 
onstrated protracted delivery to 140 days. 
The daily release rate was increased by the 
addition of water to the material and at 30% 
water incorporation the release was greater 
and increased up to 190 days. The release 
pattern of prednisolone sodium phosphate 
was similar to that of chlorhexidine without 
the addition of water. Prednisolone alcohol 
was released for a much shorter period and 

at lower levels. Scanning electron micro- 
scopic examination of the polished, etched, 
and fractured surfaces of the material dem- 
onstrated that chlorhexidine acetate and 
prednisolone sodium phosphate were in- 
corporated into the interbead matrix areas 
of the material, The irregularities in the 
material increased with the addition of 
water. Prednisolone alcohol produced 
minimal changes in the specimens except 
after soaking in water for 140 days when 
numerous small defects could be seen in the 
matrix zones at high magnification. The 
use of materials such as water to increase 
porosity appears a simple method of im- 
proving the release pattern of drugs from 
acrylic. However, the strength of the re- 
sulting material would require support from 
an existing intraoral prosthesis or ap- 
pliance. 

INTRODUCTION 

The clinical effectiveness of any drug employed topically in the oral cavity 
is dependent upon its delivery and retention at a specific site. However, most 
of the topical oral formulations have limited delivery times measured in only 
minutes and even with oral ointments, retention may be less than one hour 
at some sites.' The possibility of extending the delivery times for drugs in 
the mouth by employing dental materials as vehicles has been discussed.2 
Thus antimicrobial agents have been carried for protracted periods in perio- 
dontal dressings and soft  liner^.^-^ 

More recently, and following the encouraging findings for acrylic bone 
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cements and contact lenses9-13 in uitro studies were carried out of prolonged 
drug delivery from heat and cold cured acrylic denture base materials.14 The 
release of an incorporated drug was concentration dependent with high 
concentrations released initially followed by a progressive fall in daily con- 
centrations over the variable but extended periods of measurement. Most 
studies indicated that the proportion of the incorporated drugs eventually 
released from plasticized and polymerized acrylics, was ~ r n a l l , ' ~ , ~ ~  observations 
which would not support the suggestion that polymerized acrylic acts as a 
capillary sponge.17 Thus the possibility of increasing the porosity of these 
materials to permit a greater loss of the total drug incorporated and in a more 
uniform daily pattern, would seem worthy of investigation. Although the 
strength of the resultant materials would be reduced18 this would not limit 
oral application since they may be employed within existing prostheses or 
appliances. 

The purpose of this investigation was to determine the effects of incorpo- 
rating water on the release of an antiseptic from a denture base material. 
Furthermore, since related drugs appear to confer variable activity to carrier 
materials8J9 the release pattern of a water insoluble and a water soluble salt 
of the same steroid was measured. 

MATERIALS AND METHODS 

The material chosen for this study was a cold cured methyl methacrylate 
denture material (Croform)* with a calculated powder/liquid mixing ratio 
of 2.5:l by weight. The drugs added together with the water solubility were 
prednisolone sodium phosphatet (333 mg/mL), prednisolone alcoholt (0.77 
mg/mL) and chlorhexidine acetate* (18.2 mg/mL). Drug-containing and 
drug-free specimens prepared were termed test and control, respectively. The 
three drugs for investigation were all incorporated at 10% wlw of the powder 
phase of the material (equivalent to 7.1% of the polymerized material) and 
thoroughly mixed by prolonged shaking. Test chlorhexidine and control 
specimens were also prepared with the addition of water at lo%, 20%, and 30% 
by weight of the monomer phase of the material (equivalent to 2.9%, 5.1%, and 
8.6%, respectively, of the polymerized material.) 

The specimens were prepared in dental stone molds producing disks mea- 
suring 25 X -3 mm. The specimens were allowed to cure at room temperature 
for 24 h. To standardize specimen thickness the surfaces were rubbed down 
on silicone carbide paper to 600 grit using an Engiss polishing machine to a 
mean thickness of 2 f 0.2 mm. Such polishing also simulates the treatment 
of the material as used clinically and facilitated the study of the surface detail 
of the material. 

The measurement of drug release into water was determined spectropho- 
tometrically. Thus, three each of the test and control specimen disks described 

* Detrays Amalgamated Dental International, London, Zurich. 
t Glaxo Laboratories Ltd., Greenford, Middlesex, England. * Imperial Chemical Industries Ltd., Macclesfield, Cheshire, England 
8 Engis Ltd., Maidstone, Kent, England. 
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were placed separately into glass jars containing 10 mL of distilled water and 
maintained at 37°C. The specimens were removed each day to a new jar 
containing a further 10 mL of distilled water. Each day in the morning ab- 
sorbance readings were taken of the water into which the specimens had been 
placed using a Beckmann* series double beam spectrophotometer. Readings 
were recorded at 247 mp for both the prednisolone phosphate and predniso- 
lone alcohol containing specimens and 251 mp for the chlorhexidine con- 
taining specimens. The spectrophotometer was zeroed using the pooled 
distilled water into which the equivalent control specimens had been placed. 
The experiment was continued and samples read every day until a zero ab- 
sorbance reading was observed. Calibration curves for the three drugs were 
used to calculate the concentration of each released into water. 

For chlorhexidine an in nitro bioassay was carried out. Thus, once each week 
150 p L  samples from the distilled water containing the chlorhexidine acetate 
specimens wre pipetted into 11 mm diam wells in nutrient agar inoculated 
with Oxford staphyfococus NCTC 6571. The petri dishes were incubated for 
24 h at 37°C and the diameter of any zone of inhibition was measured in mil- 
limeters. This was repeated until no zone of inhibition was observed for each 
specimen sample. The well diffusion plates were prepared by inoculating 
an overnight culture of Oxford staphylococcus into nutrient agar. Each petri 
dish contained 40 mL of agar producing a standard depth of 4 mm. A cali- 
bration curve for the diameter of the zone of inhibition against concentrations 
ranging from 1-20 pg/mL of chlorhexidine acetate was used to determine the 
concentration of chlorhexidine. 

Scanning electron microscopic studies 

Test and control disks previously described were prepared for scanning 
electron microscopy. One surface of each specimen was rubbed down to 1200 
grit with white aloxite powder in distilled water on a glass slab. Specimens 
were ultrasonicated in distilled water for 5 min to remove the loose debris. 
One half of the polished surface of the specimen was etched in 70% nitric acid 
for 5 s and washed immediately. The specimens were then reduced in size 
by fracturing along surface scratches made with scalpel blades. Samples were 
mounted on metal studs with either the polished, etched, or fracture surfaces 
uppermost. These were then sputter coated with gold in a scanning electron 
microscope coating unitt and viewed and photographed in an IS1 Super I11 
A* scanning electron microscope. Specimens prior to and after soaking in 
distilled water were studied. 

* Beckmann Ltd., Turnpike Road, Bucks, England. 
t E.5000, Polaron Equipment Ltd., Watford, Hertfordshire, England 

I.S.I. 1400 Stierlin Road, Mount V, England. 
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RESULTS 

ADDY AND THAW 

The weight range of the steroid containing specimens was 0.865-0.928 g and 
of the chlorhexidine specimens was 0.975-1.053 g. 

Drug release from cold cured acrylic denture base material 

The mean prednisolone content by weight in the acrylic specimen was 
calculated as 64 mg and chlorhexidine, 72 mg. The mean daily release of 
prednisolone sodium phosphate and prednisolone alcohol into water was 
determined from the three test specimens of each material and this is expressed 
graphically (Fig. 1). The concentration and duration of prednisolone alcohol 
released from the cold cured acrylic specimens was low and occurred for a 
considerably shorter period than prednisolone sodium phosphate. Day 1 
release for prednisolone alcohol was 40 yg/mL compared with an excess of 
1000 pg/mL for prednisolone phosphate. On subsequent days the amounts 
released for both salts fell progressively and ceased on day 15 for prednisolone 
alcohol, and day 140 for prednisolone sodium phosphate. The total amount 
of prednisolone alcohol released was calculated as only 0.95% of the drug dose 
incorporated in the specimens, whereas for prednisolone phosphate this was 
33.6%. 

The mean concentrations of chlorhexidine acetate released daily from the 
three test specimens of each admixture are expressed graphically (Fig. 2). For 
comparison purposes the concentrations released are only given to 155 days, 

ism 

im 

- Prednirolone Sodium Phosphate 

Prednisolone Alcohol _.._. 

Figure 1. Spectrophotometrically measured mean concentration of prednis- 
olone sodium phosphate and prednisolone alcohol released per day from 
cold cured acrylic (Croform) specimens into water measured each day for 140 
days bg/mL) .  
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Figure 2. Spectrophotometrically measured mean concentration of 
chlorhexidine acetate released per day from cold cured acrylic (Croform) 
specimens into water measured each day for 155 days (pg/mL). 

however, specimens containing chlorhexidine acetate with 30% water con- 
tinued to release approximately 1-2 p g  per mL per day up to 190 days. 

The pattern of chlorhexidine release from the test specimens with and 
without water incorporation, was essentially similar. Thus high concentra- 
tions were recorded on day 1 of the experiment; this was followed by a marked 
fall by day 2. The amounts released then progressively fell towards zero 
throughout the measurement periods. It is apparent from the graphical rep- 
resentation that the addition of water increased the daily levels of chlorhexi- 
dine released such that at 30% water incorporation these levels were signifi- 
cantly higher throughout the measurement period ( p  = <O.OOl). At 20% water 
incorporation the levels released were significantly greater than the 10% water 
and water-free specimens up to day 60 ( p  = <0.02). Whereas the 10% water 
containing specimens only demonstrated significantly greater release than 
water free specimens to day 18 (p = <0.01). Calculating the total amount of 
chlorhexidine leached from the specimens during the measurement periods 
as a percentage of the incorporated dose showed 6.1%, 7%, 9.9%, and 33.6% lost 
from water free, lo%, 2070, and 30% water incorporated test specimens, re- 
spectively. 

The pattern of release of chlorhexidine from acrylic determined by the well 
diffusion method (Fig. 3 )  was essentially similar and indicated that the 
chlorhexidine was active against bacteria. Comparing the two measurement 
methods (Table I) at levels below 14 pglmL there was considerable agreement. 
However, the limitations of the bioassay for direct measurement above this 
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Figure 3. Agar well diffusion calculated mean concentration of chlorhexi- 
dine acetate released per day from cold cured acrylic specimens into water re- 
corded each seventh consecutive day of the experiment (pg/mL). 

concentration was apparent. Again, the marked difference between the 30% 
water containing specimens can be seen, with the daily amounts released 
considerably greater and the total duration of release longer when compared 
with all the other specimens. The variation in release from specimens was 
small and ranged from f O  to 10% of the mean results expressed graphically 
(Figs. 1 and 2). 

Scanning electron microscopic appearance of cold cured acrylic 
specimens containing drugs and water 

The appearance of the polished and acid etched surfaces of the cold cured 
acrylic were essentially similar to those previously reportedI4 (Fig. 4). The 
etched surfaces of the standard specimens after soaking in water for 140 days 
demonstrated a slight roughening of the matrix but were otherwise unre- 
markable in their differences. Water containing specimens revealed the 
presence of surface defects which appeared to increase in size and number with 
increasing water content. The etched surfaces of 10% chlorhexidine acetate 
without water specimens had surface defects which were particularly apparent 
after soaking in water for 140 days (Fig. 5). The acid etched surfaces of water 
and chlorhexidine acetate containing specimens demonstrated numerous 
surface defects, some of which were comparatively large with polymer beads 
exposed at the base (Fig. 6 ) .  

Specimens containing prednisolone sodium phosphate demonstrated 
crystalline structures of variable size and shape in the matrix areas. After 
soaking in water for 140 days, surface defects were more apparent with loss 
of the crystalline structures (Fig. 7). For 10% prednisolone alcohol containing 
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TABLE I 
A Comparison of the Mean Concentrations of Chlorhexidine Acetate Released from Cold 

Cured Acrylic Specimens Determined Spectrophotometrically and by Agar Well 
Diffusion (pg/mL) 

10% CAa 10% CA + 10% H20 10% CA + 20% H20 10% CA + 30% H20 
Days Sb AC S A S A S A 

7 6.3 6.2 7.2 6.9 10.6 9.4 24 >I8  
14 4.8 5.1 3.4 5.8 7.2 6.1 21 12 
21 3.3 5.4 3.2 3.6 5.7 7.8 19.2 12 
28 3.2 5.0 2.1 5.0 5.3 5.8 17.9 14.2 
35 2.6 2.9 2.0 2.9 3.8 5.8 14.0 14.2 
42 2.4 3.1 2.6 3.6 3.2 4.5 14.0 12 
49 2.7 3.6 2.4 3.2 2.2 4.9 11.9 10.6 
56 2.4 2.3 2.3 3.9 1.9 3.3 12.5 12.2 
63 1.9 2.9 2.8 3.2 1.4 3.6 11.7 12.2 
70 1.9 2.1 2.3 3.1 1.2 3.0 10.8 12.8 
77 1.2 2.2 2.1 3.1 1.1 2.6 10.9 12.8 
84 1.5 1.7 1.8 2.7 1.5 2.2 8.3 8.4 
91 1.3 1.6 1.5 1.7 1.4 2.5 7.6 6.6 
98 1.1 2.0 1.2 2.8 1.3 2.7 7.1 6.9 

105 0.9 1.9 1.4 2.1 1.6 2.5 6.9 8.4 
112 0.5 1.7 1.5 2.5 1.2 2.1 5.8 7.1 
119 0.9 1.2 1.1 1.4 1.1 1.4 5.6 5.4 
126 0.5 NZ 1.1 1.3 0.9 1.1 4.2 4.4 
133 0.4 NZ 0.9 NZ 0.9 NZ 3.8 4.8 
140 0.2 NZ 0.5 NZ 0.5 NZ 3.8 3.7 

a 10% CA = 10% chlorhexidine acetate. 
S = Spectrophotometric measurements. 
A = Agar well diffusion measurements. 

specimens the polished and acid etched surfaces showed no apparent differ- 
ences when compared with standard specimens. However, the specimens 
soaked in water for 140 days demonstrated many small surface holes in the 
matrix when observed under high magnification (Fig. 8). 

The fracture surface of standard specimens were similar to those previously 
reported with some exposed polymer beads along the fracture line.14 In water 
containing specimens holes with clearly defined margins were apparent and 
fracture appeared largely to occur around the beads. Fracture surfaces of 10% 
chlorhexidine acetate containing specimens demonstrated particulate matter 
on the fracture surface with some adhering to the exposed polymer beads. The 
fracture surface of chlorhexidine and water containing specimens were ir- 
regular showing many defects of various shapes and sizes together with par- 
ticulate material within the matrix. In the chlorhexidine acetate and 30% water 
containing specimens the fracture surface showed large defects, often con- 
tinuous with each other (Fig. 9). After soaking in water little change occurred 
in the water only containing specimens, however, for the water and drug 
containing specimens the surface was irregular with loss of the particulate 
matter. After soaking in water the prednisolone alcohol containing specimens 
demonstrated numerous small holes along the fracture surface. 
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Figure 4. 
men. Etched 70% nitric acid (X300). 

SEM appearance of the surface of control cold cured acrylic speci- 

DISCUSSION 

The results of the in vifro studies into the drug release from the cold cured 
acrylic specimens demonstrated that chlorhexidine acetate and prednisolone 
sodium phosphate when incorporated into cold cured acrylic were released 
for prolonged periods. This protracted delivery of chlorhexidine acetate and 
prednisolone sodium phosphate would be consistent with previous results 

Figure 5. SEM appearance of the surface of cold cured acrylic specimen con- 
taining 10% chlorhexidine acetate after soaking in water for 140 days. 
Etched 70% nitric acid (X700). 
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Figure 6. SEM appearance of the surface of a cold cured acrylic specimen 
containing 10% chlorhexidine acetate and 30% water after soaking in water 
for 140 days. Etched 70% nitric acid (X75). 

for the release of antimicrobial agents from heat and cold cured acrylics, 
denture liners and bone However, the modification of the 
structure of the cold cured acrylic by the incorporation of water into the ma- 
terials significantly increased the daily release rate of chlorhexidine. Fur- 
thermore, at higher levels of water incorporation, both the daily quantity and 
duration of release was significantly increased. 

Figure 7. SEM appearance of the surface of a cold cured acrylic specimen 
containing 10% prednisolone sodium phosphate after soaking in water for 
140 days. Etched 70% nitric acid (X100). 
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Figure 8. SEM appearance of the surface of a cold cured acrylic specimen 
containing 10% prednisolone alcohol after soaking in water for 140 days. 
Etched 70% nitric acid (X1000). 

The pattern of drug release from the cold cured acrylic specimens for 
chlorhexidine acetate and prednisolone sodium phosphate was comparable. 
The highest levels of drug release occurred during the first 24-48 h after in- 
cubation in distilled water. A rapid reduction in release rate then followed 
leveling to a more constant rate for many weeks, finally falling to zero. The 
initially high concentrations released from all drug containing specimens may 
have been due to early loss from the surface of the specimens as was suggested 

Figure 9. 
men containing 10% chlorhexidine acetate and 30% water (X500). 

SEM appearance of the fracture surface of acid cured acrylic speci- 
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for the antibiotic impregnated bone  cement^.^^.^^ The subsequent pattern 
of release suggested diffusion of the water soluble drugs from within the 
material and consistent with previous observations for drug release from 
poly(methy1 methacrylate) denture base materials and bone ~ e m e n t s . ~ ~ , ~ ~ , ~ ~ , ~ ~  
The total loss of chlorhexidine from the specimens was markedly increased 
with 30% water admixtures. Interestingly, however, the total percentage loss 
of prednisolone sodium phosphate was almost the same, yet these specimens 
did not contain water. This presumably reflects the very high water solubility 
of this steroid being approximately 18 times greater than chlorhexidine acetate. 
The effects of water incorporation on chlorhexidine release although pro- 
gressive, was not linear. The mechanism of this increased release from the 
material as a result of the incorporation of water, presumably arose from an 
increase in material porosity. Such porosity would encourage more rapid 
diffusion of the incorporated drug to the surface through defects created in 
the matrix, some of which may have been interconnected. Furthermore, the 
increased surface area of a porous specimen would similarly encourage drug 
release. 

The scanning electron microscopic studies supported an increased porosity 
of the material as a result of water and/or drug incorporation into the matrix. 
The scanning microscopic appearance of specimens incorporating chlorhex- 
idine acetate alone were similar to previous  observation^.^^ Moreover, the 
interruption to the matrix of the polymerized acrylic caused by drugs alone 
or with water, was cosistent with the findings of the incorporation of antibi- 
otics as powders or solutions into cold cured acrylic bone c e r n e n t ~ . ~ ~ , ~ ~  The 
hardness and modulus of elasticity of the acrylic was compromised by the 
addition of drugs and/or water.16Js Alone therefore, the material could not 
be employed to construct an intraoral appliance or prosthesis. It is envisaged 
that such a drug containing material would be employed as a reline or rebase 
within an appliance or prosthesis constructed of normal denture base acrylics. 
Such a delivery system has been reported for plasticized acrylics carrying 
nystatin for the treatment of denture stoma ti ti^.^,^ In the dynamic oral en- 
vironment the weakness of the drug containing material might be expected 
to facilitate drug release as a result of actual physical loss of acrylic. As with 
plasticized drug incorporated acrylic, the polymerized materials would only 
be employed for the duration of drug release. 

The results for drug containing specimens with 30% water incorporation 
were encouraging since the pattern of drug release was more regular on a daily 
basis. Moreover, considerably greater quantities of the incorporated drug 
were released daily and in total when compared with the equivalent water 
free specimens. 

The rate of drug release by elution from progressively deeper zones of the 
specimens would appear to depend primarily on the holes and cracks created 
in the material by the drug and in this study the nonmiscible additive, water. 
However, the solubility characteristics of the drug and the type of elution fluids 
appear importantz2 as observed for prednisolone sodium phosphate and 
chlorhexidine. This would be supported by the comparative results of 
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prednisolone sodium phosphate, and prednisolone alcohol. Prednisolone 
sodium phosphate, which is water soluble, was released at both significantly 
higher quantities and for markedly longer periods compared with predniso- 
lone alcohol which is almost insoluble in water.25 Furthermore, prednisolone 
alcohol was soluble in methyl methacrylate monomer and it may be expected 
that other drugs with similar solubility characteristics would demonstrate 
minimal release rates from polymerized acrylic. Such a method of delivery 
for these compounds therefore may be unsuitable. In this respect the failure 
of amphoteracin B to confer activity against candida albicans to a plasticized ethyl 
methacrylate denture soft liner8 is worthy of note. This latter observation 
may have reflected a solubility problem of the drug in the plasticized material 
with failure of release at antifungal levels or inactivation of the drug by the 
constituents of the liner. Certainly inactivation of incorporated drugs has 
to be considered and spectrophotometric measurements do not prove the drug 
released is necessarily active. For chlorhexidine acetate however, the in uitro 
bioassay employed was a useful method of demonstrating activity of the 
chlorhexidine acetate released. It was relevant to observe that the end point 
of release at antibacterial levels was measured spectrophotometrically at 1 
mg/mL. This level was consistent with the reported minimum inhibitory 
concentration value of chlorhexidine against Oxford staphyIococcus. 28 

In conclusion, the results of this study support the possibility of employing 
drug incorporated acrylics for the management or prevention of oral disease. 
It is apparent that a diverse range of drugs may be carried and released by the 
acrylics, including antiseptics, antibiotics, a n t i f ~ n g a l s ? , ~ J ~ J ~ - ~ ~  and now 
steroids. Moreover, the release of these compounds may be facilitated by the 
use of immiscible additives such as water. However, the resultant material 
would require support from a suitably constructed appliance. 
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