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Abstract The application of polymers as the drug

delivery systems for treating oral infections is a relatively

new area of research. The present study was to test the

release of the antibacterial drug chlorhexidine diacetate

(CHDA), the antifungal drug Nystatin (NYS) and the

antiviral drug acyclovir (ACY) from polymer blends of

poly(ethyl methacrylate) and poly(n-hexyl methacrylate) of

different compositions. The effects of polymer blend

composition, drug loading and solubilizing surfactants on

the release of the drugs have been studied. Measurements

of the in vitro rate of drug release showed a sustained

release of drug over extended periods of time. Drug release

rates decreased with increasing PEMA content in polymer

blends. CHDA release rates increased steadily with

increasing drug load. The drug release rates increased with

the addition of surfactants. This study demonstrates that the

three therapeutic agents show a sustained rate of drug

release from polymer blends of PEMA and PHMA over

extended periods of time. By varying polymer blend

compositions as well as the drug concentration (loading), it

is possible to control the drug release rates to a desired

value. The drug release rate is enhanced by addition of

surfactants that solubilize drugs in the polymer blends.

1 Introduction

The application of polymers as the new drug delivery

systems for the release of antibacterial, antifungal and

antiviral drugs for treating oral infections is an ongoing

area of translational research. Certain types of composite

filling materials, the so-called ‘compomers’ [1, 2], some

orthodontic adhesive resins [3], and methacrylate-based

copolymers have been reported as matrices for the release

of fluoride ions [4].

In dentistry, drug loaded polymeric materials are being

used in the control of candida albicans to avoid repeated

mouth washes [5, 6]. The sustaining effect of poly(lactide-

co-glycolide) and PMMA to control the release of chlorh-

exidine digluconate for the treatment of oral canal

disinfection [7] and an implantable copolymer of lactic and

glycolic acid as an antimicrobial delivery device for the

treatment of periodontal disease [8] have also been reported.

Drug carriers using methacrylate-based systems for

intra-oral drug release have also been studied. It was

reported that tetrahydrofurfuryl methacrylate/poly(ethyl

methacrylate) (THFMA/PEM), a cold cure polymer sys-

tem, was used as a delivery vehicle for chlorhexidine

diacetate (CHDA) and other drugs for the treatment of

chronic candidal infections in immune suppressed or pal-

liative care patients [9–11]. A copolymer of methyl

methacrylate and 2-hydroxy ethyl methacrylate (HEMA)

has been studied as an intra-oral device for releasing drugs

[12, 13]. In another study, chlorhexidine-releasing HEMA

based composites were produced through addition of

hydrophobic dimethacrylates and the factors affecting
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chlorhexidine release rates are discussed [14]. The use of

HEMA in biomedical applications is reported in the liter-

ature [15–18].

Nystatin (NYS) is an antifungal drug that is widely used

for treating oral infections. It has low solubility in water

and saliva [19]. Studies have shown that the solubility of

sparingly water-soluble drugs can be increased through the

addition of surfactants [20–23]. The addition of surfactants

promoted a much higher release of NYS from a chewing

gum formulation used as a drug delivery device [24]. The

surfactants used in this study were non-ionic surfactants

Tween 60 (polyoxyethylene sorbitan mono stearate),

Cremophor RH 40 (polyoxyl 40 hydrogenated castor oil)

and Panodan AB 90 (diacetyl tartaric acid esters of mono

and diglycerides of vegetable fats). The effect of surfactant

on the release of certain drugs was also demonstrated

recently by the research from our group [25]. There are

other reports of enhanced drug release due to the addition

of surfactants [26–29].

Polymer blending is a simple yet attractive method to

combine and optimize physical and mechanical properties of

polymers. One advantage of using polymer blends over the

synthesis of new polymers is that the composition of the

polymer blend is easy to control and change according to

the experimental requirements. Polymer blends can also

provide effective control of release kinetics for pharmaceu-

ticals and offer significant advantages over traditional drug

delivery methods. For example, by altering the composition

of the polymer blend, one can effectively ‘‘customize’’ the

release profiles to meet the desired delivery needs.

Blending concepts have been used for a long time in drug

delivery [30–37]. It was reported that release rates of several

hydrophilic compounds and proteins were proportional to

the water content in hydrated blends of poly(vinyl alcohol)/

poly(glycolic acid-co-lactic acid) (PVA/PGLA) [30]. Park

et al. [31] obtained controlled release of bovine serum

albumin from blends composed of poly(lactic acid)/

poly(ethylene oxide-co-propylene oxide-co-ethylene oxide)

(PLA/PEO-PPO-PEO). The authors explained their results

in terms of entanglement of the triblock copolymer surfac-

tant with the PLA amorphous phase. Another report showed

examples of well controlled drug release with a miscible

blend composed of poly(D,L-lactic acid) (PDLLA) and

poly(1,5-dioxepan-2-one) (PDXO) [32]. Uniform adjust-

ment of release rates was also obtained in other polymer

blends [36, 37]. However, complicated release has been

reported in some papers by changing the experimental con-

ditions [33–35].

Obviously, more systematic studies would be necessary

to fully understand the relationships between the misci-

bility, morphology, and controlled release behavior of

polymer blends. The use of methacrylate materials in

dentistry is well established and it would be of interest

to study the drug release properties from polymer blend sys-

tem of poly(ethyl methacrylate) (PEMA) and poly(n-hexyl

methacrylate) (PHMA).

In this report, polymer blends of poly(ethyl methacry-

late) and poly(n-hexyl methacrylate) of different compo-

sitions were used to study the release of the antimicrobial

agent CHDA, the antifungal agent NYS and the antiviral

agent acyclovir (ACY). The effects of blend composition,

surfactants and drug loading on drug release have been

investigated.

2 Materials and methods

The materials used in this study are detailed in Table 1.

2.1 Preparation of drug loaded films

Drug loaded films were prepared as previously reported

[25, 38, 39]. Polymer blend casting solutions were prepared

by dissolving the polymers in different composition with

the drug in dichloromethane stirring in a stoppered conical

flask for 24 h at room temperature. The 10 and 20% con-

tent of PEMA in polymer blends were chosen due to the

thermomechanical requirements of the drug-loaded films.

For the experiment studying the effect of the composi-

tion of the polymer blends, the concentration of the drug

was 2.5 wt%. Polymer blends with 10% PEMA were used

in the studies involving the effect of drug loading and

surfactant concentrations on the drug release. Drug con-

centrations of 1.0, 2.5, 5.0 and 7.5 wt% were used in the

study of drug loading effect. Drug loaded samples with

surfactants Tween and Cremophor were prepared similarly

in drug to surfactant ratios of (1:1), (1:2) and (1:3). For the

experiments involving the effect of surfactants on drug

release, 2.5 wt% drug loaded polymer films were used.

Table 1 Materials and suppliers

Material Supplier

Chlorhexidine diacetate Sigma–Aldricha

Nystatin Sigma–Aldrich

Acyclovir Sigma–Aldrich

PEMA (Mw = 515, 000) Sigma–Aldrich

PHMA (Mw = 400, 000) Scientific Polymer Products, Inc.b

Dichloromethane Mallinckrodt Baker Inc.c

Tween 60 (Tween) Sigma–Aldrich

Cremophor RH 40 (Cremophor) Sigma–Aldrich

a St. Louis, MO, USA
b Ontario, NY, USA
c Phillipsburg, NJ, USA
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2.2 Determination of release rate

Three drug loaded polymer square films (2 cm 9 2 cm 9

0.07 cm) were cut from each dry film to follow the kinetics of

drug release at 37�C. 10 ml of distilled water was used as the

extracting medium. Fresh 10 ml samples of the media were

used daily for 12–15 days and the extracts were analyzed

monitoring the drug concentration by measuring the optical

density (OD) spectrophotometrically (Hitachi U-2810

Spectrophotometer) at wavelengths (kmax) where the maxi-

mum absorption occurred. The kmax values were 257.5, 253

and 306 nm for CHDA, ACY and NYS, respectively. Using

standard plots of OD versus concentration, the drug con-

centration was determined each day. Average drug release

rate was determined by the accumulative drug release divi-

ded by the time (in days).

UV spectral measurements were made for the two sur-

factants Tween and Cremophor. The surfactants did not

exhibit any absorbance in the region 200–400 nm and did

not interfere with the determination of absorbance values

for NYS. Additionally, the standard plots of NYS were

similar with and without the addition of surfactants. Similar

observation was made with reference to our previous study

involving the same two surfactants incorporated into EVA

(ethylene vinyl acetate) copolymers [25].

2.3 Statistical analysis

For each study, one-way analysis of variance was applied

to the drug release rates transformed to a log scale to

achieve approximate normality and variance homogeneity.

3 Results

3.1 Effect of polymer blend composition

on the drug release

The release of ACY and CHDA from the polymer blends

are presented in Figs. 1 and 2. As the PEMA content of the

blend increased from 10 to 20%, the release rate of ACY

decreased from 3.19 to 2.82 lg/cm2 day (t test P

value = 0.031) while the release rate of CHDA decreased

from 2.56 to 2.08 lg/cm2 day (t test P value = 0.002), as

shown in Table 2. All release studies exhibited an initial

burst effect followed by a slow release.

3.2 Effect of drug loading on drug release

Figure 3 shows the CHDA release from polymer blends with

10% PEMA with increasing drug loads in water at 37�C.

Table 3 summarizes the data on the effect of loading of

CHDA ranging from 1.0 to 7.5 wt% in polymer blends on

the release rate of the drugs. The release rate increased as

the drug load increased (overall and pair wise ANOVA,

P \ 0.0001).

3.3 Effect of surfactant on drug release

Table 4 shows the release rates of NYS alone and with

surfactants in water at 37�C. The effect of surfactant content

on NYS release was studied in water (Figs. 4, 5). Analysis

of the data shows that the release rate of NYS alone is

0.62 lg/cm2 day. Generally, addition of surfactants resul-

ted in an increase in the release rate of NYS. The increase

in surfactant content resulted in a 1.2–3.1 times higher

NYS release rate with the addition of Tween (ANOVA,

P\ 0.0001) and a 2.1–3.0 times higher release rate with the
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Fig. 1 Effect of blend composition on the release of ACY from

polymer blend with 10 or 20% PEMA at 37�C

Fig. 2 Effect of blend composition on the release of CHDA from

polymer blend with 10 or 20% PEMA at 37�C

Table 2 Release rate (standard deviation) of ACY and CHDA from

polymer blends of different composition

ACY (lg/cm2 day) CHDA (lg/cm2 day)

10% PEMA 3.19 (0.19) 2.56 (0.02)

20% PEMA 2.82 (0.05) 2.08 (0.11)
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addition of Cremophor (ANOVA, P \ 0.0001). At com-

parable ratios, addition of Tween did not result in a sig-

nificantly different release rate than addition of Cremophor

for ratios of 1:2 and 1:3 after adjustment for multiple

pairwise comparisons (P values [ 0.05/21 = 0.0024), but

Tween did result in a significantly lower rate than Cremo-

phor for the 1:1 ratio (P value \ 0.0001).

4 Discussion

The two polymers used, PEMA and PHMA, are thermo-

dynamically miscible. Their solubility parameters are very

close: 17.7 and 17.0 (MPa)1/2, respectively [40]. That

means that there are no phase separated regions (micro- or

macro) and the polymers are ‘‘mutually soluble’’.

The 10 and 20% content of PEMA in polymer blends

were chosen because this range was found to have optimal

thermomechanical characteristics suitable for the prepara-

tion of drug-loaded films that can be potentially used as the

form of mouth guard to deliver drugs in dentistry, which is

one objective of this study. With higher PEMA content,

polymer blends were unsuitably brittle and would not allow

this kind of application. The glass transition temperature

(Tg) of PEMA is 47–70�C and that of PHMA is -5�C [41].

4.1 Effect of polymer blend composition

The polymer blends of different compositions incorporated

with CHDA and ACY have shown some interesting drug

release profiles. It is known that an increase in overall

rigidity of the polymer reduces the diffusivity of the
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Fig. 3 Effect of drug load on the release of CHDA from polymer

blend with 10% PEMA at 37�C

Table 3 Release rate (standard deviation) of CHDA with increase in

drug load in water

Drug loading

(wt%)

Rate of drug release

in water (lg/cm2 day)

1.0 1.19 (0.11)

2.5 2.56 (0.15)

5.0 4.96 (0.05)

7.5 8.19 (0.06)

Table 4 Release rate (standard deviation) of NYS and NYS with

addition of surfactants in water

Drug with/without surfactant Release rate in water

(lg/cm2 day)

NYS alone 0.62 (0.04)

NYS ? Tween (1:1) 0.72 (0.07)

NYS ? Tween (1:2) 1.52 (0.06)

NYS ? Tween (1:3) 1.94 (0.04)

NYS ? Cremophor (1:1) 1.31 (0.03)

NYS ? Cremophor (1:2) 1.66 (0.03)

NYS ? Cremophor (1:3) 1.83 (0.06)
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Fig. 4 Effect of increase in concentration of Cremophor on the

release of NYS from polymer blend with 10% PEMA at 37�C
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NYS from polymer blend with 10% PEMA at 37�C
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polymer [42]. As the content of PEMA decreases, the

polymer blend becomes more rubbery and permeable. This

permits an enhanced diffusion of drug molecules through

the polymer matrix resulting in an increased drug release.

Varying the composition of the polymer blend for drug

delivery thus appears to offer an effective means of con-

trolling the drug release rate.

4.2 Effect of drug loading

The significance of drug loading dose on drug release from

polymer blend systems was investigated. The release rate

of CHDA increased with increasing drug proportions in the

polymer matrix as shown in Table 3. Increase in loading of

the drug affecting the release kinetics has been reported

earlier [43]. Water diffuses into the matrix through the

dispersed phase to dissolve the drug upon contact. The drug

particles, once dissolved, leave behind pores in the polymer

matrix. The drug molecules can then diffuse out through

the interconnecting pores [38, 43]. As the drug loading

increases, the pores created by occupied drug molecules

would be larger and/or greater in number and the release

rate of the drug would be faster.

4.3 Effect of solubilizing agents on the rate

of NYS release

The study showed very clearly that the addition of sur-

factant will increase the release rate of NYS.

When surfactant molecules are dissolved in water at

concentrations above the critical micelle concentrations

(CMC), they form aggregates known as micelles. The

formation of micelles can increase the solubility of spar-

ingly soluble substances in water. Release rate of NYS

increased with addition of surfactants owing to the micellar

formation by surfactants that solubilize the poorly soluble

NYS in aqueous environments. Also, it is possible that the

surfactant lowers the interfacial tension between the poly-

mer matrix and the dissolution medium; hence it will

increase the dispersability of the polymer matrix containing

the drug and will also increase the release rate. Perhaps the

surfactant acts as a wicking agent, causing the fluid to enter

the matrix, the surfactant may then aid in dissolving the

drug and forming channels from which the drug may be

released [25, 28].

As the concentration of surfactant was increased, the

release rate of NYS increased. This may be explained due

to the increase of micelle numbers, as a result of the

increased surfactant proportion. The increase in micelle

numbers enhances the solubilization of the drug. We also

speculate that increasing amounts of surfactants in the

polymer blend system together with the drug increase

the porosity facilitating the enhanced diffusion of drug

molecules through the channels present in the matrix

(polymer blend matrix), leading to an increase in the rate of

drug release.

5 Conclusions

Polymer blends of poly(ethyl methacrylate) and poly

(n-hexyl methacrylate) of different compositions incorpo-

rated with CHDA, NYS and ACY were prepared. In vitro

rate measurements showed sustained release rates over

extended periods of time. Blend composition has a sig-

nificant influence on the release rates of CHDA and ACY.

Drug release rate decreases with increase in PEMA con-

tent. Also the increase in drug concentration in polymer

blend was studied. Drug release rates increased steadily

with increase in drug load. The release rate of NYS in

water increased with the addition of surfactants. Further-

more, increasing surfactant concentrations resulted in

increased drug release rates. Thus, the release rates of

drugs from the polymer blends can be altered by varying

the blend composition, by changing the drug concentration

and by the addition of surfactants.
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