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Abstract Periodontal disease affects tooth-support-

ing structures and nanoparticles (NPs) have been a

promising approach for its treatment. The purpose of

the study was to develop triclosan-loaded poly-e-

caprolactone (PCL) NPs for the treatment of peri-

odontal infections. Solvent displacement method was

used to prepare NPs following Box–Behnken design.

The NPs were evaluated with respect to particle size,

polydispersity index, surface morphology, zeta poten-

tial, thermal properties, in vitro drug release, and cell

viability assay. The optimized NPs were in the size

range of 180–230 nm with a mean size of

205.61 ± 10.4 nm. Entrapment efficiency (EE) of

91.02 ± 2.4 % was obtained with a drug loading of

21.71 ± 1.3 %. About 97 % of drug was released

in vitro after 3 h. NPs demonstrated almost 100 % cell

viability in L929 cell lines. Shelf life of the

nanoparticles was 17.07 months. PCL affected parti-

cle size whereas triclosan affected loading and EE.

The optimized NPs were spherical with smooth

surface and exhibited biphasic in vitro release pattern.

NPs had optimum zeta potential and PDI and were

stable on storage. Absence of cytotoxicity of NPs to

L929 cells indicated its safety. Triclosan-loaded PCL

nanoparticles could thus serve as a novel colloidal

drug delivery system against periodontal infections.
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Introduction

Periodontal disease is a localized pathological condi-

tion affecting the tooth-supporting structures which

include the gingiva, periodontal ligament, cementum,

and alveolar bone (Southard and Godowski 1998;

Schwach-Abdellaoui et al. 2000; Pihlstrom et al.

2005). The main area involved in periodontal disease

is the gingival sulcus, which is a pocket between the

teeth and the gums and is called as periodontal pocket

(Schroeder 1976). This pocket occurs as a result of

localized Gram-negative anaerobic pathogenic bacte-

rial infection below the gum line. If left untreated,
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these conditions results in the destruction of the

periodontal ligament, resorption of the alveolar bone

and the migration of the junctional epithelium along

the tooth surface. This in turn, leads to loosening and

subsequent loss of teeth (Ozmeric 2004). However,

host defense mechanisms have been reported to play a

role in the destruction process, which is triggered by

numerous inflammatory and immune mediators of

bacterial and host origin (Jain et al. 2008).

The modern periodontal therapy involves the

removal of bacterial deposits (plaque and calculus)

from the tooth surface (Schwach-Abdellaoui et al.

2000; Ozmeric 2004). This is accomplished by

mechanical scaling and root planning. But this

procedure alone does not always eliminate the

pathogenic bacteria due to their presence within

periodontal tissues, or in case of deeper pockets,

their inaccessibility to the instrumentation (Slots and

Rams 1990). Therefore, systemic or local treatment

with antimicrobial agents has to be supplemented.

However, systemic antibiotic therapy, especially

over a long period of time raises the risk of

undesirable side effects such as nausea, diarrhea,

fever, abdominal pain, pseudomembranous colitis

(Southard and Godowski 1998), hypersensitivity,

and the development of bacterial resistance (Bollen

and Quirynen 1996). These obvious drawbacks made

the use of systemic antibiotic therapy increasingly

unpopular.

To date, a significant number of approaches for the

management of periodontal disease have been pro-

posed. But unfortunately, the difficulty in accessing

the periodontal pocket due to the complexity in

anatomy of the root and the contours of the lesion,

which leads to poor penetration of junctional epithe-

lium by some of these systems has rendered most of it

only partially successful (Medlicott et al. 1994;

Schwach-Abdellaoui et al. 2000; Piñón-Segundo

et al. 2005). This uncertainty of the conventional

delivery system on periodontal disease treatment has

significantly increased the interest of researchers to

focus on nanotechnology-based approaches, i.e., col-

loidal drug carriers, and it has proved to be promising.

Among these carriers, NPs, niosomes and liposomes

have been most extensively investigated.

The advantages of NPs which includes smaller size,

ability of site specificity, stability during storage as

compared with liposomes, improved dissolution and

bioavailability makes it a suitable delivery system for

the treatment of periodontal disease. In addition,

studies on the transport of NPs through the junctional

epithelium have revealed that NPs can provide a

potential intrapocket carrier system for the delivery of

active substances to the periodontal pocket (Piñón-

Segundo et al. 2005).

In the present work, NPs were selected as a drug

delivery system due to its ability to penetrate

junctional epithelium and gingival sulcus (main area

involved in periodontal disease), and also as it has

been proved promising in providing and maintaining

an effective drug release rate in the periodontal

pocket. Triclosan was selected as the drug to be

incorporated into the NPs due to the following

reasons: Triclosan is a broad spectrum antimicrobial

agent that has a recognized efficacy against several

plaque-forming bacteria, the main causative of

periodontal infections (Rosling et al. 1997; Chiapp-

etta et al. 2008). PCL was selected as the polymer to

prepare NPs for the treatment of periodontal infec-

tions as it possesses several advantages that include:

biocompatibility, biodegradability, high encapsula-

tion capacity, non-toxicity, absence of generation of

an acidic environment during degradation as com-

pared to polylactides and glycolides and its slow

degradation as compared to PLGA and polyglycolic

acid-co-lactic acid, which makes it more suitable for

controlled drug delivery (Koleske 1978; Murthy

1997; Sinha et al. 2004).

The solvent displacement method (Espuelas et al.

1997; Quintanar-Guerrero et al. 1998) was used to

prepare NPs. Box–Behnken statistical design was

used to optimize NPs containing triclosan. This

design is suitable for exploring quadratic responses

and constructing second-order polynomial models.

The experimental design consists of a set of points

lying at the midpoint of each edge and the replicated

center point of the multidimensional cube that

defines the region of interest. The independent and

dependent variables are defined and listed in Table 1.

The polynomial equation generated by this experi-

mental design is as follows:

R ¼ N0 þ N1A�N2Bþ N3C�N4ABþ N5AC þ N6BC

þ N7A2�N8B2 þ N9C2;

where R is the dependent variable, N0 is the intercept,

N1–N9 are the regression coefficients, and A, B, and

C are the independent variables.
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Materials and methods

Triclosan was procured from Ajay Organics Pvt. Ltd.,

Gujarat, India. Poly-e-caprolactone (Mw 14,000) was

purchased from Sigma-Aldrich Co., MO, USA. Plu-

ronic F-68 was purchased from Sigma-Aldrich Che-

mie, Munich, Germany. Brij� 35 (Polyoxyethylene

lauryl ether) was obtained from Merck Specialities

Pvt. Ltd., Mumbai, India. Mouse fibroblast cells of the

permanent cell line L929 were procured from NCCS,

Pune, India. Acetone was purchased from SD Fine-

chemicals Limited, Mumbai, India. Box–Behnken

statistical design with three factors, three levels, and

17 runs was used for the optimization of nanoparticles

and Design-Expert� 8.0.0.6 (State-Ease Inc, Minne-

apolis, USA) software was used for statistical evalu-

ation of the design. All other chemicals used in this

study were of analytical grade and were used without

further purification.

Preparation of nanoparticles

The NPs were prepared by solvent displacement

method (Espuelas et al. 1997; Quintanar-Guerrero

et al. 1998). All the batches were prepared according

to the experimental design shown in Table 2. Accu-

rately weighed amounts of PCL and triclosan were

dissolved in acetone by mild heating and sonication.

The polymer–drug mixture solution was gently

injected drop wise into 30 ml of aqueous solution of

Pluronic� F-68 under magnetic stirring. Stirring was

continued until acetone was evaporated off com-

pletely. The resultant suspension of NPs was centri-

fuged at 13,000 rpm for 1 h. The supernatant was

discarded after determining the entrapment efficiency

Table 1 Variables and their constraints in Box–Behnken

design

Variables

Independent variables Constraints

Lower Upper

A = Amount of PCL (mg) 50 70

B = Amount of Pluronic F-68 (%) 0.2 1

C = Amount of triclosan (mg) 5 10

Dependent variables Goals

R1 = Particle size (nm) Minimize

R2 = entrapment efficiency (%) Maximize

R3 = drug loading (%) Maximize

Table 2 The Box–Behnken experimental design matrix for the formulation and optimization of NPs

Exp. Run Coded values Actual values

A: PCL (mg) B: Pluronic F-68 (%) C: Triclosan (mg) A: PCL (mg) B: Pluronic F-68 (%) C: Triclosan (mg)

1 0 -1 -1 60 0.20 5.00

2 0 -1 1 60 0.20 10.00

3 -1 -1 0 50 0.20 7.50

4 0 1 1 60 1.00 10.00

5 -1 0 1 50 0.60 10.00

6 1 -1 0 70 0.20 7.50

7 0 0 0 60 0.60 7.50

8 0 0 0 60 0.60 7.50

9 0 0 0 60 0.60 7.50

10 1 0 1 70 0.60 10.00

11 0 1 -1 60 1.00 5.00

12 -1 0 -1 50 0.60 5.00

13 0 0 0 60 0.60 7.50

14 1 0 -1 70 0.60 5.00

15 0 0 0 60 0.60 7.50

16 -1 1 0 50 1.00 7.50

17 1 1 0 70 1.00 7.50
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(EE). The pellet was washed twice with distilled water

and then freeze-dried using Heto Dry Winner Freeze

dryer (Heto-Holten, Denmark).

Optimization

The optimized formula was determined after study-

ing the effects of the independent variables on the

responses. The criteria followed for generating

the optimized formula were based on selecting the

individual variable and defining it goal and limits.

After defining the constraints for each variable, the

Design Expert� software generated the optimized

formula. NPs were prepared based on the optimized

formula and then the evaluation studies were carried

out.

Particle size, polydispersity index, and zeta

potential

For each batch of nanoparticle suspension prepared,

samples were analyzed in triplicate for particle size,

polydispersity index, and zeta potential after suitable

dilution with distilled water. Analysis was performed

with a Nano ZS Zetasizer (Malvern Instruments Ltd.,

Worcestershire, United Kingdom) at a temperature of

25 �C. The instrument was equipped with software for

particles size analysis, polydispersity index, and zeta

potential. The measurements were carried out in

triplicate.

Percentage drug loading (DL) and entrapment

efficiency

A known weight of the lyophilized triclosan-loaded

PCL NPs was dissolved in 2 mL acetone and then

mixed with approximately 5 mL of 0.1 M NaOH. The

organic solvent (acetone) was evaporated by stirring

with magnetic stirrer. The resultant suspension was

filtered and the volume was adjusted to 10 mL with

0.1 M NaOH. Triclosan content was assayed spectro-

photometrically at 293 nm (UV-1601, SHIMADZU,

MD, USA). Placebo NPs were prepared and processed

in the same manner and were used as blanks. Determi-

nations of DL and EE were done in triplicate.

DL and EE were calculated according to the

following equations:

Drug loading (% )

¼ Weight of triclosan in NPs

Weight of freeze-dried NPs
� 100

Entrapment efficiency ð%Þ

¼ Weight of triclosan in NPs

Total weight of triclosan used
� 100:

Scanning electron microscopy (SEM)

For SEM analysis of the freeze-dried NPs, the sample

was mounted on an aluminum sample mount and

sputter-coated with gold–palladium alloy to minimize

surface charging. SEM analysis was performed using a

LEO 435 V scanning electron microscope (Leo Elec-

tron Microscopy Ltd., Cambridge, UK) at a working

distance of 15 mm and an accelerating voltage of

15 kV. The surface morphology of the particles was

observed on different magnifications.

Transmission electron microscopy (TEM)

The morphology and size of the NPs were confirmed

by TEM using Morgagni 268(D) TEM (FEITM Com-

pany, Oregon, USA). In this method, a drop of the NPs

suspension was placed on copper electron microscopy

grids and then negative stained with phosphotungstic

acid solution. After about 30 s, the sample was washed

with ultra-purified water and the excess fluid was

removed with a piece of filter paper. The dried sample

was then examined and the resulting images were

recorded.

Differential scanning calorimetry (DSC)

Differential scanning calorimetry analysis was carried

out on triclosan, PCL and freeze-dried NPs samples.

The test was carried out in order to define the physical

state of the drug and the polymer in the NPs and to

detect any drug–polymer interactions within the

polymeric network of the NPs. In each case, the dried

sample (about 2 mg) was loaded and sealed into

aluminum pan with the help of DSC loading puncher.

Each sample was scanned between 30 and 200 �C at a

heating rate of 10 �C/min, under nitrogen atmosphere,

using a differential scanning calorimeter (Pyris 6

DSC)—Pyris 6 DSC, Perkin Elmer, California, USA.

The resultant thermograms were recorded.
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In vitro release studies

As triclosan is almost insoluble in the aqueous

medium with a solubility of\0.01 g/L at 25 �C, 2 %

(w/v) Brij� 35 (Polyoxyethylene lauryl ether) was

added in distilled water in order to perform in vitro

release studies of triclosan. Besides increasing the

solubility, the use of Brij� 35 aqueous solution as

dissolution medium also prevented the adsorption of

triclosan to the container surfaces (Chawla and Amiji

2002; Piñón-Segundo et al. 2005).

An accurate weight of lyophilized NPs was sus-

pended in 500 mL of Brij� 35 aqueous solution using

USP dissolution apparatus (VDA-8DR, VEEGO,

Mumbai, India). The suspension was paddle-stirred

at 50 rpm. The temperature was maintained at

37 ± 2 �C. At selected time intervals, 4 mL of the

samples were withdrawn using a syringe adapted to a

0.10-lm syringe filter and replaced by fresh medium

to maintain sink conditions. The absorbance of the

samples was measured spectrophotometrically at

283 nm. The release experiments were carried out in

triplicate.

Cell viability assay

Dubelco’s minimal essential medium (DMEM) sup-

plemented with 10 % (v/v) fetal calf serum, Penicillin

(500 IU) and streptomycin (250 mg mL-1) antibiot-

ics was used for the study. Mouse fibroblast cells of the

permanent cell line L929 (NCCS, Pune, India) were

routinely propagated in DMEM containing 10 % fetal

calf serum, Penicillin (100U mL-1), and streptomycin

(100 lg mL-1) at 37 �C in an air atmosphere con-

taining 5 % CO2 and then stored in cell culture

medium containing 10 % dimethyl sulfoxide over

liquid nitrogen until use. Repeated cytotoxicity exper-

iments were done in identical stock cultures.

For cytotoxicity testing, 2.5 9 105 cells/well were

seeded in 96-well ELISA plates in triplicates and

incubated for 24 h at 37 �C in an air atmosphere

containing 5 % CO2. After incubation the superna-

tants were removed and replaced with solutions/

dispersions of free drug as well as control and

optimized nanoparticulate formulations in DMEM

media (200 lL) having equivalent concentration in

triplicates to the 96-well plates. Then the cells were

incubated for 24 h. Thereafter, the medium were

removed and 100 lL of MTT solution (0.5 mg mL-1)

was added to each well and the cells were incubated

for another 4 h at 37 �C. The reaction products were

then solubilized in 200 lL of DMSO before quanti-

fying the color of reaction product using an ELISA

reader (Multiscan MS, Labsystems, Helsinki, Finland)

at 570 nm. Data were expressed as the percentage of

viable control cells calculated from the absorbance at

570 nm by comparing the tests with the control.

Accelerated stability studies

Stability studies were carried out to determine the

effect of accelerated storage conditions of temperature

and humidity on the optimized NPs. The accelerated

stability study was conducted according to Interna-

tional Conference on Harmonisation guidelines (ICH,

Q1A (R2) 2003; Shaikh et al. 2009). As per ICH

guidelines Q1A (R2), the accelerated stability study for

the drug substances intended for storage in a refrig-

erator should be carried out at 25 ± 2 �C/60 ± 5 %

RH. In this study, sealed vials of freshly prepared and

freeze-dried NPs were placed in stability chamber

maintained at 25 ± 2 �C and 60 ± 5 % RH. Samples

were withdrawn at 0, 15, 30, 45, 60, and 90 days and

then evaluated for particle size and DL.

Shelf life was determined as the time at which the

95 % one-sided confidence limit for the mean curve

intersects the acceptance criterion of 90 % drug

remaining. The data was evaluated using Sigmaplot
TM 10 software (Cranes Software International, Ban-

galore, India). Percentage drug remaining was plotted

against time in months to determine the shelf life.

Results and discussion

All the 17 batches proposed by Box–Behnken exper-

imental design yielded NPs and the results are

displayed in Table 3. However, Table 4 gives the

optimization constraints selected for each variable,

while Table 5 gives the optimized formula generated

by Design Expert� software showing the predicted

and experimental values obtained.

Particle size and particle size distribution

The optimized NPs obtained were in the size range of

180–230 nm with a mean particle size of 205.61 ±

10.4 nm. PDI of the optimized NPs was less than 0.3 in
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all the batches. The maximum PDI value obtained was

0.243, while the minimum value was 0.078. PDI

values less than 0.3 indicated uniform size distribution

of NPs in all batches.

When determining the effect of independent factors

on particle size (R1), the model proposed the following

polynomial equation:

R1 ¼ 210:50þ 42:54A�12:89Bþ 7:50C�1:05AB

þ 9:02AC þ 0:37BC þ 13:80A2�3:75B2

þ 3:63C2;

where R1 is the particle size of NPs, A is the amount of

PCL used (mg), B is the conc. of Pluronic F-68 used

(%), and C is the amount of triclosan used (mg).

From the polynomial equation for particle size, a

positive sign represented a synergistic effect, while a

negative sign indicated an antagonistic effect. Factor

A (PCL) appeared to have more profound effect on

particles size than factor B and C. As the PCL level

increased, the particle size also increased dramati-

cally. The concentration of the Pluronic F-68 used

affected the particle size in opposite direction to that

observed with factor A (PCL level). The negative

coefficient value of factor B indicated the decrease in

particle size with an increase in factor B (Pluronic

F-68 concentration). It was observed that, when

higher concentrations of Pluronic F-68 were used,

smaller particle size was obtained. This might be due

to the fact that higher amount of Pluronic stabilizes

the formed NPs and prevented it from aggregation.

Table 3 Actual responses for the Box–Behnken experimental design

Exp. Run Independent factors Dependent factors

A: PCL

(mg)

B: Pluronic

F-68 (%)

C: Triclosan

(mg)

R1: Particle size ± SD

(nm)

R2: EE ± SD

(%)

R3: DL ± SD

(%)

1 60 0.20 5.00 225.1 ± 7.7 87.1 ± 1.5 16.5 ± 0.6

2 60 0.20 10.00 227.3 ± 8.5 73.4 ± 2.1 24.2 ± 1.0

3 50 0.20 7.50 187.3 ± 6.8 90.5 ± 1.9 17.2 ± 0.9

4 60 1.00 10.00 196.4 ± 9.4 67.9 ± 1.8 23.5 ± 0.4

5 50 0.60 10.00 189.5 ± 12.5 74.1 ± 1.3 23.6 ± 0.3

6 70 0.20 7.50 273.7 ± 7.1 93.3 ± 1.0 23.8 ± 0.4

7 60 0.60 7.50 209.2 ± 8.2 91.7 ± 0.8 22.2 ± 0.8

8 60 0.60 7.50 216.3 ± 5.5 92.8 ± 1.1 21.8 ± 1.0

9 60 0.60 7.50 200.8 ± 11.7 88.2 ± 1.2 22.0 ± 0.5

10 70 0.60 10.00 293.4 ± 4.9 70.6 ± 1.6 25.9 ± 0.7

11 60 1.00 5.00 192.7 ± 7.7 87.4 ± 1.6 13.4 ± 0.9

12 50 0.60 5.00 180.5 ± 6.4 83.9 ± 1.5 11.6 ± 0.7

13 60 0.60 7.50 219.1 ± 7.3 94.2 ± 1.1 20.9 ± 0.6

14 70 0.60 5.00 248.3 ± 10.1 89.5 ± 1.4 17.7 ± 1.1

15 60 0.60 7.50 207.1 ± 2.5 92.4 ± 1.8 21.1 ± 1.2

16 50 1.00 7.50 169.5 ± 9.3 85.3 ± 1.8 18.4 ± 0.4

17 70 1.00 7.50 251.7 ± 6.3 88.3 ± 1.9 22.6 ± 0.5

PCL poly-e-caprolactone, EE percentage entrapment efficiency, DL percentage drug loading, SD standard deviation (n = 3)

Table 4 Optimization constraints selected

Variables Constraints

Lower

limit

Upper

limit

Goal

Independent variables

A = PCL (mg) 50 70 In range

B = Concentration of

Pluronic F-68 (%)

0.2 1 In range

C = Triclosan (mg) 5 10 In range

Dependent variables

R1 = Particle size (nm) 169.5 293.4 Minimize

R2 = entrapment efficiency

(%)

67.9 94.2 Maximize

R3 = drug loading (%) 11.6 25.9 Maximize
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The lowest particle size was obtained (169.5 nm)

when 1 % Pluronic F-68 (maximum level of surfac-

tant concentration) was used. Factor C (drug level)

showed only slight positive effect on particle size as

compared to that observed on factor A (PCL), which

showed a larger positive effect. It was observed

that, when higher level of triclosan was used, the

particle size also increased but only slightly. The

Model F value was 23.64, which implied that the

model was significant. There was only a 0.02 %

chance that a ‘‘Model F Value’’ this large could

occur due to noise. The ‘‘Lack of Fit F value’’ of

2.24 implied that, the Lack of Fit was not significant

(p value = 0.2262). Non-significant lack of fit is

good, as the model is required to fit. Values of

‘‘Prob [ F’’ (p value) less than 0.0500 indicated

model terms were significant. In this case, A, B, and

A2 are significant model terms. A, B, and A2 had all

appeared to be significant models in such a way that

the shift in the model values directly reflects in

the response values. ‘‘Adeq Precision’’ was 17.370.

‘‘Adeq Precision’’ measures the signal-to-noise

ratio. A ratio greater than 4 was desirable. This

ratio of 17.370 indicated an adequate signal. Thus,

this model could be used to navigate the design

space. Figure 1a–d shows the effect of PCL levels

on particles size. Figure 1a, b, e, and f shows the

effect of Pluronic F-68 concentrations on particle

size. Figure 1c–f shows the effects of drug levels on

particle size.

These results were in conformity as published by

Piñón-Segundo et al. (2005) and associates who

observed similar effects when triclosan-loaded poly-

meric NPs were prepared. It was observed that, the use

of higher quantity of triclosan lead to the increase in

NPs mean size.

Entrapment efficiency and DL

The percentage EE and percentage DL for the

optimized nanoparticles were found to be 91.02 ±

2.4 and 21.71 ± 1.3 %, respectively.

On finding the effect of independent factors on

percentage EE (R2), the model proposed the following

polynomial equation for EE:

R2 ¼ 91:86þ 0:99A�1:92B�7:74C þ 0:055AB

�2:28AC�1:45BC�0:97A2�1:54B2�11:37C2;

where R2 is the EE of drug loaded NPs, A is the amount

of PCL used (mg), B is the conc. of Pluronic F-68 used

(%), and C is the amount of triclosan used (mg).

As indicated from the polynomial equation above,

increase in PCL level lead to the slight increase in EE.

In this model, factor B appeared to have a negative

effect on EE although the effects were not broad.

Therefore, as the concentration of Pluronic F-68

increased, the EE value decreased slightly. This might

be due to increased solubility of triclosan (Factor C) in

higher concentration of Pluronic F-68, which might

lead to washing out of triclosan that were entrapped on

the NPs peripherial surfaces, and hence resulted in the

decrease of EE. Factor C also showed some effects on

the EE. It was observed that, the EE of triclosan in

PCL NPs increased linearly with increasing drug

concentration to a maximum of 94.2 %. The maxi-

mum EE obtained was as a result of the addition of

7.5 mg of triclosan. A plateau was observed at this

point, and increasing the amount of triclosan did not

resulted in any enhanced EE, but rather, declined EE

slightly.

The model was found to be significant as the

obtained F value was 31.79. The Lack of Fit was not

Table 5 Predicted and experimental values obtained based on optimized formula generated by Design Expert� software

Factors Responses

PCL (mg) Pluronic F-68 (%) Triclosan (mg) Particle size (nm) EE (%) DL (%)

Predicted values based on optimized formula

58.34 0.55 7.74 205.811 91.09 21.67

PCL (mg) Pluronic F-68 (%) Triclosan (mg) Mean particle size (nm) (±SD) Mean EE (%) (±SD) Mean DL (%) (±SD)

Experimental values based on optimized formula

58.34 0.55 7.74 205.61 ± 10.4 91.02 ± 2.4 21.71 ± 1.3

Percentage of prediction error 0.097 0.076 -0.184
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significant (p value = 0.7085). The model terms B, C,

and C2 were found to be significant. The model ‘‘Pred

R-Squared’’ was 0.8701. ‘‘Pred R-Squared’’ of 0.8701

was in reasonable agreement with the ‘‘Adj R-

Squared’’ of 0.9454. ‘‘Adeq Precision’’ was 16.052

and thus indicated an adequate signal. Figure 2a–d

shows the effect of PCL levels on EE. Figure 2a, b, e,

and f shows the effect of Pluronic F-68 concentrations

on EE. Figure 2c–f shows the effects of triclosan

levels on EE.

Similar results were obtained by Chawla and Amiji

(2002) when they prepared tamoxifen-loaded PCL

NPs. In another study, Zili and associates prepared

griseofulvin-loaded PCL NPs and observed that, the

percentages of NPs encapsulation efficiency are

inversely proportional to griseofulvin concentration

(Zili et al. 2005).

On determining the effect of independent factors on

percentage DL (R3).

The model proposed the following linear equation:

R3 ¼ 21:60þ 2:40A�0:47B

þ 4:75C�0:60AB�0:95AC

þ 0:60BC�0:40A2�0:70B2�1:50C2

where R3 is the DL of triclosan loaded NPs, A is the

amount of PCL used (mg), B is the conc. of Pluronic

F-68 used (%), and C is the amount of triclosan used

(mg).

Factor A (PCL level) showed positive effect on DL

as indicated by the equation above. It was observed

that, when higher level of PCL was used, the DL also

increases slightly. Factor B which was the concentra-

tion of the Pluronic F-68 used did not show any

significant effect on DL. Only a small negligible effect

was observed. The negative coefficient value of factor

B indicated the decrease in DL with an increase in

factor B. Factor C (drug level) appeared to have more

profound effect on DL than other factors. As the

triclosan level increased, the DL also increased line-

arly. The F value for this model was 42.45 and this

showed that the model is significant. A p value of

0.1379 implied that, the Lack of Fit was not significant.

Non-significant lack of fit is good, as the model is

required to fit. Values of ‘‘Prob [ F’’ (p value) less

than 0.0500 indicated model terms were significant. In

this case, A, C, and C2 are significant model terms. The

model ‘‘Pred R-Squared’’ was 0.7864. ‘‘Pred R-

Squared’’ of 0.7864 was in reasonable agreement with

the ‘‘Adj R-Squared’’ of 0.9589. The adeq Precision of

23.139 indicated an adequate signal. Figure 3a–d

shows the effect of PCL levels on DL. Figure 3a, b,

e, and f shows the effect of Pluronic F-68 concentra-

tions on DL. Figure 3c–f shows the effects of drug

levels on DL. A similar effect was also observed be

Piñón-Segundo et al. (2005). When they prepared

triclosan-loaded polymeric NPs, it was observed that,

the DL increased linearly with an increase in triclosan

level.

Zeta potential

Triclosan-loaded NPs exhibited a zeta potential of

-33.8 ± 1.1 mV on zeta potential analyzer (Zetasizer

Nano ZS, Malvern Instruments Ltd., Worcestershire,

United Kingdom). It also showed zeta deviation of

5.58 ± 0.6 mV and conductivity of 0.0072 mS/cm.

On the other hand, the zeta potential of triclosan-free

NPs (placebo) was -7.32 ± 0.9 mV, with zeta devi-

ation of 5.59 ± 0.5 mV and conductivity of

0.00857 mS/cm. The value of zeta potential of the

NPs increased in magnitude when triclosan was

loaded. The surface charge density of the NPs was

probably increased due to the preferential surface

localization of triclosan on NPs. Surface localization

of triclosan was later confirmed by the burst release

observed in the in vitro release studies. Similar results

were observed by Chawla and Amiji (2002) when they

prepared and characterized tamoxifen-loaded PCL

NPs.

SEM and TEM

The SEM results indicated that all NPs had spherical

solid matrix structures and smooth surface. The

images of the optimized NPs are shown in Fig. 4.

Figure 4a showed one of the largest nanoparticle

formed which could be as a result of higher drug load.

Figure 4b showed the dried triclosan-loaded NPs with

homogenous spherical shape and without any evi-

dence of crystals on the surface of NPs, while Fig. 4c

showed NPs with the highest concentration of triclo-

san, which indicated that high triclosan ratio leads to

Fig. 1 Contour and response surface plots for particle size (R1).

a Contour plot of factor B versus A against R1; b response

surface plot of factor B versus A against R1; c Contour plot of

factor C versus A against R1; d response surface plot of factor

C versus A against R1; e contour plot of factor C versus B against

R1; f response surface plot of factor C versus B against R1

b
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formation of fusion and film like structure. This

indicated that triclosan also possess plasticity effects

on PCL.

The particles size ranges of the optimized NPs

obtained with particle size analyzer, Nano ZS Zeta-

sizer were confirmed by TEM analysis. The test gives

the size ranges 180–230 nm as shown in Fig. 5. The

NPs were found to be spherical and homogenous.

DSC

Figure 6 showed the DSC thermograms of free

triclosan, pure PCL, and triclosan-loaded NPs, respec-

tively. Free triclosan showed an endothermic peak of

melting at 64.02 �C as indicated in Fig. 6a, while the

pure PCL showed it endothermic peak of melting at

65.94 �C (Fig. 6b). Triclosan-loaded PCL NPs

showed its endothermic peak of melting at 54.09 �C

(Fig. 6c). DSC studies did not detect any crystalline

drug material in the nanoparticle samples which might

be due to change of crystalline form to amorphous

form, and this confirmed the molecular level disper-

sion of triclosan. After the DSC process, triclosan

could be in an amorphous or disordered-crystalline

phase of a molecular dispersion or a solid solution

state in the polymer matrix (Mu and Feng 2002). Kim

et al. (2006) and associates obtained similar results

when they prepared and characterized chitosan/gelatin

microcapsules containing triclosan.

In vitro drug release studies

In the release profile of triclosan, shown in Fig. 7,

there was an initial burst release effect as about 76 %

of the entrapped drug was released in the first hour.

The maximum amount of triclosan was released

within a time of about 3 h. The burst release effects

of hydrophobic drugs like triclosan may be attributed

to the predominant surface entrapment of the drug on

NPs. Similar release profile was observed for triclosan

in the study conducted by Pinon-Segundo and

coworkers. In their study, in which triclosan-loaded

PLGA NPs were also in direct contact with the

dissolution medium (2 % w/v Brij� 58 aqueous

solution), they observed that, about 75 % of the

entrapped drug was released within 30 min (Piñón-

Segundo et al. 2005). The rapid burst effect of

triclosan might be attributed to higher localization of

the drug on the surface of the NPs. The burst release

observed may also be attributed to the low molecular

weight of the drug and the smaller size of the particles

(Huang and Brazel 2001; Chawla and Amiji 2002).

Cell viability assay

The results of the cell viability studies are presented in

Table 6 and Fig. 8. The cell viabilities were expressed

as percentage of the control group. From the data

obtained from the cell viabilities of L-929 cell lines

treated with different samples, it was clear that the

mean cell viability shown with triclosan NPs were

very close to that of control (i.e., 115.66 % of the

control). This means that the viability of cells was not

affected by the presence of triclosan loaded nanopar-

ticles. Thus, the percentage cell viability values (with

respect to control group) near to 100 indicated that the

triclosan loaded nanoparticles were not cytotoxic to

the cells. Thus, it could be inferred that the triclosan-

loaded polycaprolactone nanoparticles would not

cause any toxicity to the periodontal tissues during

its use. The cell viability values of triclosan alone and

placebo nanoparticles were also very much compara-

ble with that for control group. The mean cell viability

values observed were 108.52 and 109.62 for triclosan

alone and placebo nanoparticles, respectively. This

result indicated that neither triclosan nor polycapro-

lactone used for the fabrication of nanoparticles would

cause any toxicity on periodontal tissue during use.

The results of cell viability expressed as bar diagrams

(Fig. 8) give a better understanding of the observed

results. From the figure it is very clear that the cell

viability values of all groups were comparable to the

control group.

Accelerated stability studies

Up to 98.46 % of the drug content in NPs remained

after the period of 90 days of storage at 25 ± 2 �C and

60 ± 5 % RH. The observed parameters, i.e., particle

size and DL were analyzed for statistical significance

by one way analysis of variance (ANOVA) followed

by Tukey–Kramer multiple comparison test using

Fig. 2 Contour and response surface plots for EE (R2).

a Contour plot of factor B versus A against R2; b response

surface plot of factor B versus A against R2; c contour plot of

factor C versus A against R2; d response surface plot of factor

C versus A against R2; e contour plot of factor C versus B against

R2; f response surface plot of factor C versus B against R2

b
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Prism� 5 software (GraphPad Software, Inc., CA,

USA). The changes in the observed factors were not

statistically significant (p [ 0.05) which indicated that

the optimized nanoparticulate formulation was stable.

The results are given in Table 7. The shelf life was

found to be 17.07 months using the Sigmaplot TM 10

software (Fig. 9).

Conclusions

We synthesized and optimized triclosan-loaded PCL

nanoparticles. Optimization of the triclosan-loaded

PCL nanoparticle formulations was performed using

Box–Behnken design. The derived polynomial equa-

tions and model plots (i.e., contour and response

surface plots) aided in predicting the values of selected

independent variables for the preparation of optimized

nanoparticle formulations with desired properties. The

optimized nanoparticles were evaluated for its particle

size, particle size distribution, zeta potential, surface

morphology, in vitro drug release, and thermal prop-

erties. Cell viability assay was also carried out with the

optimized nanoparticles. The results indicated the

absence of cytotoxicity of the triclosan loaded NPs.

The nanoparticles were found to be stable as revealed

from the accelerated stability studies. The optimized

nanoparticles were having sufficient shelf life. On the

basis of these research findings, it was concluded that

triclosan-loaded PCL NPs were developed and opti-

mized which could serve as a novel colloidal drug

Fig. 4 SEM images of the optimized NPs: a Single nanoparticle displayed at magnification of greater than 914,000 b NPs displayed at

magnification of 913,400 c NPs displayed at magnification of less than 910,000

Fig. 5 TEM image of optimized NPs

Fig. 3 Contour and response surface plots for DL (R3).

a Contour plot of factor B versus A against R3; b response

surface plot of factor B versus A against R3; c contour plot of

factor C versus A against R3; d response surface plot of factor

C versus A against R3; e contour plot of factor C versus B against

R3; f response surface plot of factor C versus B against R3

b
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Fig. 8 Cell viabilities of L-929 cell lines treated with different

samples

Table 6 Cell viabilities of L-929 cell lines treated with dif-

ferent samples

Sample Absorbance at

570 nm (MTT assay)

(Mean ± SD, n = 3)

Cell viability

(% of control)

(Mean ± SD, n = 3)

Control 0.1213 ± 0.0216 –

Triclosan 0.1317 ± 0.0211 108.52 ± 17.41

Placebo NPs 0.1330 ± 0.0240 109.62 ± 19.80

Triclosan NPs 0.1403 ± 0.0304 115.66 ± 25.08

Table 7 Results of stability study conducted on the optimized

nanoparticles for 90 days at 25 ± 2 �C and 60 ± 5 % RH

Time

(days)

Particle

sizea ± SD

(nm)

DLa ± SD

(%)

% Drug

remaining

log%

of drug

remaining

0 207.1 ± 4.2 20.08 ± 0.8 100 2

15 207.0 ± 4.6 19.98 ± 0.7 99.50 1.997

30 206.8 ± 3.6 19.94 ± 0.8 99.30 1.996

45 207.4 ± 3.9 19.89 ± 1.0 99.05 1.995

60 206.5 ± 3.7 19.85 ± 1.0 98.85 1.994

90 207.2 ± 3.7 19.77 ± 0.9 98.46 1.993

a Not significant (p [ 0.05)

Fig. 6 DSC thermograms: a DSC thermogram of free triclosan; b DSC thermogram of pure PCL; c DSC thermogram of triclosan-

loaded PCL NPs

Fig. 7 In vitro release profile of triclosan from PCL NPs.

(n = 3)
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delivery system for the treatment of periodontal

infections.
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