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Purpose: Oral candidiasis may be manifested in the oral cavity as either mild or severe oral 

fungal infection. This infection results from the overgrowth of Candida species normally exist-

ing in the oral cavity in minute amounts based on many predisposing factors. Several aspects 

have spurred the search for new strategies in the treatment of oral candidiasis, among which 

are the limited numbers of new antifungal drugs developed in recent years. Previous studies 

have shown that thyme and clove oils have antimycotic activities and have suggested their 

incorporation into pharmaceutical preparations. This study aimed to investigate the possibility 

of the incorporation and characterization of essential oils or their extracted active ingredients 

in Orabase formulations.

Methods: Orabase loaded with clove oil, thyme oil, eugenol, and thymol were prepared and 

evaluated for their antifungal activities, pH, viscosity, erosion and water uptake characteristics, 

mechanical properties, in vitro release behavior, and ex vivo mucoadhesion properties.

Results: All prepared bases showed considerable antifungal activity and acceptable physi-

cal characteristics. The release pattern from loaded bases was considerably slow for all oils 

and active ingredients. All bases showed appreciable adhesion in the in vitro and ex vivo 

studies.

Conclusion: The incorporation of essential oils in Orabase could help in future drug delivery 

design, with promising outcomes on patients’ well-being.

Keywords: antifungal activity, clove oil, eugenol, mucoadhesion, oral gel, thyme oil, thymol

Introduction
Fungal oral infections have been increasing recently due to the growing number of 

high-risk patients. Such cases may be encountered in patients suffering from uncon-

trolled diabetes mellitus, patients with human immunodeficiency virus infection, patients 

with cancer or leukemia after receiving chemotherapy, patients who underwent trans-

plantation surgeries, or those with prolonged use of broad-spectrum antibiotics.1–3

Oral candidiasis, which is sometimes referred to as oral thrush, may manifest as 

either mild or severe oral fungal infection resulting from the overgrowth of Candida 

species, which normally exists in the oral cavity in minute amounts. The incidence of 

severe cases of infection usually results from an impaired immune response. Recent 

studies in the US have revealed that Candida, among all fungal infectious species, 

represents the third or fourth most common isolate in nosocomial bloodstream samples. 

It is also considered the most common invasive fungal infection in critically ill non-

neutropenic patients.4,5 Several aspects have spurred the search for new strategies in 

the treatment of oral candidiasis, among which are the limited numbers of new anti-

fungal drugs developed in recent years, the increase of fungal resistance to traditional 

antifungal drugs, the high treatment costs, and the fungistatic activity of most of the 

available antifungal drugs.6,7

D
ru

g 
D

es
ig

n,
 D

ev
el

op
m

en
t a

nd
 T

he
ra

py
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://www.dovepress.com/permissions.php
http://creativecommons.org/licenses/by-nc/3.0/
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/DDDT.S85356
mailto:jilabib@gmail.com


Drug Design, Development and Therapy 2015:9submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

3350

Labib and Aldawsari

Several studies have also focused on discovering the pos-

sible inhibitory effect of many essential oils of plant origin, 

with their possible use as antimicrobial, antifungal, antiviral, 

antiparasitic, and insecticidal agents.8 Among the reported 

oils are cinnamon, clove, garlic, oregano, and thyme oil. 

These oils have been particularly selected and tested in the 

preservation of food.9

Many previous studies have shown that thyme (Thymus 

vulgaris) and clove (Syzygium aromaticum) have antimy-

cotic activities and have suggested their incorporation into 

pharmaceutical preparations either as preservatives for 

cosmetic products or as drugs for the treatment of Candida 

infections.10–12 Other studies have specified that the main  

ingredients responsible for their antifungal activities are the 

phenolic compounds present mainly in thymol (thyme oil) 

and eugenol (clove oil).11,13 The strong antifungal activities 

of such essential oils could be of great utility in the treat-

ment of oral thrush. It is worth mentioning that these oils 

have been used in folk medicine in different communities 

for patients suffering from oral candidiasis.14 However, their 

strong aromatic and corrosive action rendered them irritant 

and unsafe to be used in their crude form.15

Orabase is one of the most effective bioadhesive bases 

that have been used for pain relief in the management of 

oral aphthous stomatitis. It has been further used as a drug 

carrier containing 0.1% triamcinolone acetonide (Kenalog®) 

for the same purpose.16,17 It is considered a hydrophobic gel, 

dental paste or sometimes is referred to as an ointment due 

to the presence of a high portion of liquid paraffin in its 

constituents.

The aim of this study was to investigate the possibility 

of incorporation of essential oils or their extracted active 

ingredients into Orabase for potential beneficial outcomes 

on patients’ well-being.

Materials
Clove oil (Cl) and thyme oil (TH) of commercial grade (El 

Kabten Company for aroma; Alexandria, Egypt), eugenol 

(Eug), thymol (Thy) 99.5%, Folin–Ciocalteu (FC) reagent 

(Sigma-Aldrich Chemie GmbH, Buchs, Switzerland), 

carboxymethylcellulose sodium (CMC-Na) (Prolabo Phar-

maceutical Chemicals Co, Cairo, Egypt), and gelatin (Gel) 

(ADWIC El-Nasr Pharmaceutical Chemicals Co, Cairo, 

Egypt) were used in the study. Pectin (Pect, industrial grade, 

with about 70% methyl esterification) was kindly supplied as 

a gift (Alamerya Pharmaceuticals, Alexandria, Egypt). Poly-

ethylene resin was obtained from Kobosh Co (Alexandria, 

Egypt). Other chemicals used were of pharmaceutical and 

analytical grades.

Methods
Determination of minimum inhibitory 
concentration
The minimum inhibitory concentration (MIC) was deter

mined by applying the broth dilution method.11 Eugenol (Eug), 

clove oil (Cl), and thyme oil (TH), 1 mL each, when weighed 

gave 1.010 g, 1.029 g, and 1.001 g, respectively. Dimethyl sul-

foxide (DMSO), 500 μL, was added to a 500 μL aliquot of each 

oil in small screw-capped glass bottles at room temperature and 

mixed well. Thymol crystals (Thy) were weighed and 0.5 g 

dissolved in 1 mL DMSO. After 15 minutes, doubling dilutions 

in duplicates, from 1:20 to 1:2,560, of all the prepared solu-

tions were made in Sabouraud broth. An aliquot (0.5 mL) of 

Candida albicans (American Type Culture Collection 10231), 

at 105 colony-forming units/mL (CFU/mL), was added to each 

of the dilutions under study. A control sample of 0.5 mL of 

DMSO with 0.5 mL of C. albicans was prepared. The diluted 

samples and control were incubated at 37°C for 48 hours. The 

MIC of each sample under study was defined as the minimum 

concentration showing no visible growth.

Preparation of placebo Orabase (oil-free 
Orabase)
As stated in the Extra Pharmacopoeia,18 Orabase gel was 

prepared by mixing equal ratios of Orahesive base (CMC-

Na:Pect:Gel =16.58%:16.58%:16.58%) and Plastibase 

(polyethylene [molecular weight: 21,000]: 5%, w/w; liquid 

paraffin: 95%, w/w). The Orahesive base was prepared by 

first dispersing the calculated amount of Gel in hot water. 

After cooling, CMC-Na and Pect were added with continu-

ous stirring. Plastibase was prepared by melting the required 

amount of polyethylene in liquid paraffin applying high tem-

perature. A soft ointment base was formed after cooling.19

Preparation of loaded Orabase
The same procedure was adopted for the preparation of the 

oil-loaded base with the addition of the required amount of 

medicated oil or active ingredients in the final mixing step 

according to the base’s loading capacity. Several trials were 

carried out to determine the maximum loading capacity of 

the base without showing any signs of physical instability 

or separation. The loading capacity of the base for Cl, Eug, 

and TH oils was determined to be 40 mg/g, and 8 mg/g for 

Thy in a finely divided powder form.
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Determination of total phenolic content 
uniformity
The total phenolic content was determined spectrophoto-

metrically (double-beam ultraviolet–visible spectrophotom-

eter; Pharmacia Biotech, Cambridge, England) using the 

FC method.20 This test is based on the oxidation of phenolic 

groups by phosphomolybdic and phosphotungstic acids (FC 

reagent). The products of the metal oxide reduction have a 

blue color that exhibits a broad light absorption with a maxi-

mum at 764 nm with an intensity that is proportional to the 

concentration of phenols. Twenty-microliter aliquot of the 

sample was added to 100 μL of FC reagent. After 8 minutes, 

300  μL of saturated 25% sodium carbonate solution was 

added. The absorbance was measured at 764 nm after suitable 

dilution. The calibration curve was prepared using gallic acid 

solutions ranging from 0 mg/L to 500 mg/L, and the results 

are given as gallic acid equivalents. This test was conducted 

in triplicate on all oils under study, their active ingredients, 

and the loaded Orabase preparations.

Determination of pH of the prepared 
bases
A suitable quantity (1.5-g) of each base was accurately 

weighed and dispersed in 15 mL of purified water. The pH 

of the dispersions formed was measured using a pH meter 

(Systronics Digital DI-707, Ahmedabad, Gujarat, India).

Effect of speed on the viscosity  
of Orabase formulations
The viscosity of the prepared plain and medicated gel formu-

lations was determined at 25°C using Brookfield viscometer 

(DV-II + Pro, Brookfield, Middleboro, MA, USA) with 

spindle number S-07. Measurements were made at speed 

settings ranging from 5 rpm to 100 rpm, with a 30-second 

interval between two successive speeds. The rheograms were 

constructed by plotting viscosity readings in centipoises (cP) 

versus spindle speed (rpm).21

In vitro evaluation of the prepared base
A membraneless dissolution model was adopted in the  

in vitro evaluation of the different Orabase formulations. 

The experiments were performed in a shaking water bath 

moving at 50 strokes/min and maintained at 37°C±0.5°C. 

This model allows for the direct contact of the base with 

the dissolution medium (phosphate buffer [PB], pH =7.4).22 

Small wide-mouth vials containing 1 g of the base equally 

distributed at the bottom were placed in the water bath and 

1 mL of PB was layered over the base carefully to avoid 

mixing of the base upon addition of the release medium 

(2  mL). At predetermined time points, the entire release 

medium was removed for analysis, and the vials were 

weighed. Fresh previously warmed PB was layered care-

fully over the Orabase formulations.23 Each experiment was 

performed in triplicate.

In vitro water uptake and erosion profiles  
of Orabase formulations
After each removal of the release medium, the vials were 

carefully weighed and the cumulative percentage of water 

uptake or erosion of the bases was calculated in correspon-

dence to the initial weight at zero time. Results were plotted 

versus time.

In vitro release of the oils and active ingredients 
from the prepared Orabase
The in vitro release of the oils or their active ingredients was 

analyzed simultaneously with the water uptake and erosion 

test. At the predetermined time point, the release medium was 

withdrawn completely and analyzed spectrophotometrically 

for the total phenolic content using the FC analysis method at 

a wavelength of 764 nm.11,20,24 Release kinetics parameters, 

including zero-order, first-order, Higuchi, and Korsmeyer–

Peppas equations, were calculated for all release profiles to 

determine their release mechanism.

Release profile comparisons
Percentage dissolution efficiency (%DE), mean dissolution 

time (MDT), and mean residence time (MRT) were calcu-

lated using the software package Microsoft Excel version 

2007 and DD Solver, an add-in program for MS Excel for 

modeling and comparison of drug release profiles.

Determination of the spreadability, shear 
stress, and adhesiveness
The determination of spreadability and shear stress 

was done according to the previous studies with some 

modifications.25,26 Two smooth, polished glass blocks were 

selected; one block was fixed and leveled on a table. The 

upper block was passed down through a pulley by a thread, 

the end of which was tied to a pan. Then, 150 mg of the 

freshly prepared base was weighed. Each separately was 

placed on the center of the fixed block. The second block 

was carefully placed and pressed with some weights, ranging 

from 50 g to 250 g. The diameter formed by the gel between 
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the blocks was measured after 5  minutes’ application of 

each weight to indicate the spreadability of the gels. The 

same experiment was repeated using 200 g, which repre-

sents the maximum spreadability for all bases under study. 

After 5 minutes of application, weights were added to the 

attached pan. The weights required to pull the block or to 

make it slide down from the base block represented shear 

stress, adhesion strength, in grams.

The force required to overcome the attraction force 

between the surface and the sample (adhesiveness) was 

measured by the plate agar method. Agar plates (2% agar, 

w/v, in PB [pH 7.4]) of 5 cm diameter were prepared. A small 

quantity (0.5 g) of the base was placed on the center of the 

agar plate, making a circle of 5 mm in diameter. The plate 

was slanted at 30° for 3 hours, and the distances moved by 

the samples were measured at room temperature at prede-

termined time periods.27

Ex vivo mucoadhesion study
Albino rabbits weighing 2.25 kg to 2.5 kg were sacrificed 

immediately before the experiment, and the buccal mucosa 

was removed and separated from all surrounding tissues and 

muscles according to a previously reported method.28 After 

rinsing, the tissues were fixed to the glass slides by means 

of glue. The ex vivo mucoadhesion study was performed by 

the application of Orabase on the fresh-glued mucosa. The 

mucoadhesive base was wetted with 1 drop of PB (pH 7.4) 

and pasted to the mucosa by applying a light force with a 

stainless steel spatula for 30 seconds. The glass slide was 

introduced into a beaker filled with 100 mL of PB, pH 7.4, 

and maintained in a shaking water bath at 37°C±0.5°C, 

50 strokes/min. The Orabase adhesion was monitored for 

6 hours. The time for complete washing out of the base layer 

from the mucosa was determined.29

Results
Determination of MIC
Comparison between the antifungal activities of the com-

mercial essential oils and their active phenolic ingredients is 

shown in Table 1. Cl and TH oils had mean MIC values of 

3.2×103 μg/mL and 0.78×103 μg/mL, respectively, while Eug 

and Thy had values of 3.1×103 μg/mL and 0.79×103 μg/mL, 

respectively. The control sample containing DMSO showed 

no inhibition effect on Candida species at the concentration 

used.

Preparation of placebo and loaded 
Orabase
All prepared Orabase formulations showed good pasty con-

sistency. However, Orabase loaded with essential oils and 

Eug had a more shiny texture compared to Orabase loaded 

with Thy fine powder and the nonloaded one.

Determination of total phenolic content 
and content uniformity
Results are presented in Table 2. It could be seen that the 

phenolic contents in the crude ingredients were comparable 

to those obtained from the formulations. Percentage recovery 

after dissolution was also calculated to ensure homogeneous 

distribution of the active ingredients in the base. 

Table 1 Minimum inhibitory concentrations of active ingredients used in Orabase

Candida albicans  
(ATCC 10231)

Dilutions

1/20 1/40 1/80 1/160 1/320 1/640 1/1,280 1/2,560

Clove oil - - - - - + + +
- - - - + + + +
- - - - + + + +

Concentration (μg/mL) 2.5×104 1.3×104 6.4×103 3.2×103 1.6×103 8×102 4×102 2×102

Eugenol - - - - + + + +
- - - - + + + +
- - - - - + + +

Concentration (μg/mL) 2.5×104 1.2×104 6.3×103 3.1×103 1.6×103 7.9×102 3.9×102 1.9×102

Thyme oil - - - - - - - +
- - - - - - + +
- - - - - - + +

Concentration (μg/mL) 2.5×104 1.2×104 6.2×103 3.2×103 1.6×103 7.8×102 3.9×102 1.9×102

Thymol - - - - - - + +
- - - - - - - +
- - - - - - + +

Concentration (μg/mL) 2.5×104 1.2×104 6.3×103 3.1×103 1.6×103 7.9×102 3.9×102 1.9×102

Notes: Each test was done in triplicate. The bold numbers represent the determined minimum inhibitory concentration.
Abbreviations: -, no growth; +, growth of microorganism.
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Determination of pH of the prepared 
bases
All bases under study showed a nearly neutral pH ranging 

from 6.8 to 7.1, as seen in Table 3.

Effect of speed on the viscosity  
of Orabase formulations
A general pattern was observed for all prepared bases, 

including the nonloaded one, whereby an increase in the 

angular velocity caused a remarkable decrease in the mea-

sured viscosity with a nearly straight-line pattern at higher 

speeds. It is worth stating that all loaded bases showed 

a decrease in viscosity compared to the nonloaded base 

(Figure 1).

In vitro evaluation of the prepared base
In vitro water uptake and erosion profiles 
of Orabase formulations
The water uptake and erosion profiles are presented in 

Figure  2. It could be observed that the nonloaded base 

showed erosion resistance properties when compared to the 

loaded ones. Cl Orabase showed slow water uptake for the  

1st hour, after which erosion started at a very slow rate, 

reaching 12% cumulative erosion by the end of the study. 

This effect was less pronounced with Eug-loaded Orabase, 

whereby the base showed slow water uptake for the first 

half hour, followed by a higher erosion rate, reaching 

about 65% cumulative erosion by the end of the study. 

As for TH oil- and Thy-loaded bases, they had nearly 

the same behavioral patterns of erosion from the start of 

the experiment to the end, with lower extent in the case 

of the latter, reaching 98% and 80% cumulative erosion, 

respectively.

In vitro release of the oils and active ingredients 
from the prepared Orabase
The in vitro release of Cl from Orabase was more pronounced 

initially for the first hour compared to the release of Eug. 

In the case of TH oil, there was a general increase in the 

release rate compared to Thy release profile, reaching about 

90% by the end of the study. After the 3rd hour of release, 

Cl, Eug, and Thy release profiles were comparable to each 

other until the end of experiment, whereby nearly all of them 

released 60% of their content (Figure 3). The release kinetics 

calculated for all formulations showed a mixed mechanism 

of release in most cases (Table 3).

Comparison of the release profiles by calculating %DE, 

MDT, and MRT revealed a slight difference among the tested 

bases in the controlled release pattern (Table 4).

Determination of the spreadability, shear 
stress, and adhesiveness
Moderate increase in spreadability was observed for all 

prepared bases under study (Figure 4). Both the shear stress 

required to move the plate and the adhesiveness was in the 

following order (Figures 5 and 6): Placebo  Eug  Cl  

TH  Thy.

Ex vivo mucoadhesion study
All Orabase formulations under study showed strong 

mucoadhesion to the model mucosa for 6 hours.

Discussion
The antibacterial and antifungal activities possessed by essen-

tial oils was suggested by several researchers to be useful in 

Table 2 Total phenolic content of essential oils, total content uniformity, and percentage recovery of phenolic content from the 
prepared Orabase formulations

Cl Eug TH Thy

Total phenolic content in 20 μL  
crude sample μg/mL (± SD)

88.70×102 (±24.7) 118.77×102 (±42) 122.7×102 (±9.08) 86.98×102 (±54.5)a

Total phenolic content uniformity  
in 1 g base, μg/mL (± SD)

177.25×102 (±49.4) 237.33×102 (±84) 245.4×102 (±18.16) 27.81×102 (±17.5)

% total phenolic content recovery  
from bases after release experiment

101.34±0.48 103.54±0.54 101.6±1.009 102.72±0.67

Note: aAmount in 25 mg sample of thymol crystals.
Abbreviations: Cl, clove oil; Eug, eugenol; SD, standard deviation; TH, thyme oil; Thy, thymol.

Table 3 Values of pH and release kinetics of prepared Orabase 
formulations

Orabase pH ± SD Zero  
order

First  
order

Higuchi Korsmeyer–
Peppas

Cl 7.1±0.05 0.9227 0.9653 0.9857 0.472
Eug 6.9±0.25 0.9742 0.9961 0.9920 0.692
TH 7.1±0.15 0.9781 0.9969 0.9945 0.639
Thy 6.8±0.2 0.9716 0.9882 0.9685 0.795
PL 7.1±0.05 – – – –

Abbreviations: Cl, clove oil; Eug, eugenol; PL, placebo; SD, standard deviation; 
TH, thyme oil; Thy, thymol.
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Figure 1 Rheograms of the prepared loaded Orabase formulations in comparison to nonloaded Orabase.
Abbreviations: Cl, clove oil; Eug, eugenol; Orab, Orabase; TH, thyme oil; Thy, thymol.

Figure 2 Percentage cumulative erosion and water uptake by the prepared loaded Orabase formulations in comparison to the nonloaded base.
Abbreviations: Cl, clove oil; Eug, eugenol; Orab, Orabase; TH, thyme oil; Thy, thymol.

pharmaceutical preparations, with special focus on the use of 

Cl and TH oils in the treatment of candidiasis.30–32

The MIC values of the commercial oils and their main 

active ingredients were determined to confirm their antifun-

gal activity against the tested organism. All studied samples 

showed remarkable inhibitory effect on C. albicans. The 

maximum inhibitory effect was observed with TH oil and 

Thy crystals, compared to the effect of Cl and Eug. It is worth 

mentioning, however, that the constituents of the natural oils 

differ in their yield, concentration, and amount recovered 

based on several factors, including species of plant, method 

of extraction, solvents used, and extraction time, which in 

turn may differ in their antifungal potency.33,34 Although 

some studies showed different MIC results,31 results com-

parable to our determinations were observed in a previously 

reported study.11

Physical characteristics
Several preliminary trials were made to determine the maxi-

mum loading capacity of the Orabase prepared with the oils 

and their active ingredients. All oils and active ingredients 

used are lipophilic in nature, which rendered the possibility 

of high loading capacity in the solid lipophilic base used 

with maximum stability. However, if the amount of liquid 

lipid exceeds its solubility in the solid lipophilic base, phase 

separation is liable to occur.35 The maximum loading capacity 

without any sign of base instability was determined and it 

represented about 4% for both oils and Eug (40 mg/g) and 

0.8% for Thy (8 mg/g) in a finely divided form. Although 

there is no recommended dose for such oils, there are some 

reported works on their irritant and toxic amounts, far greater 

than the doses used in our study.31,36,37 However, further pre-

clinical studies are needed for confirmation of their safety in 

the doses used. The neutral pH of the prepared Orabase will 

probably ensure its applicability and biocompatibility in the 

oral cavity with minimal possible irritation.38 Moreover, the 

general increase in viscosity of the mucoadhesive prepared 

Orabase will help in its bioretention in the oral cavity.39 This 

increase in viscosity could be attributed to the presence of 

high concentrations of different hydrophilic polymers embed-

ded in the lipophilic base.40 However, the incorporation of 

the lipophilic active ingredients contributed to the slight 

decrease of the viscosity, as observed in the results. This 

can be attributed to the possible decrease of cohesiveness 

of the hydrophilic polymers to each other and the possible 

decrease of the H-bonding between them.41 The shape of the 
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rheograms showed shear thinning behavior (pseudoplastic), 

wherein at lower angular velocity, the rate of decrease in the 

viscosity is much higher than that at higher one. At higher 

speeds, the curves tend to be straight. This phenomenon 

was previously explained in several studies on the bases of 

the presence of the solvent within the entangled molecules 

in the three-dimensional network structure of the base at 

lower shear rate (speed). Upon increasing the shear rate, the 

molecule became disentangled and showed less resistance 

to flow, with the release of some of the entrapped water in 

the destroyed network structure. This character is required 

in topical pharmaceutical bases.42,43

Determination of total phenolic content 
and content uniformity
Several studies reported the presence of Eug and Thy as the 

main components of clove oil and thyme oil, respectively.15,37 

Being of phenolic origin, they could be detected in phar-

maceutical preparations using the FC spectrophotometric 

method. Results obtained applying this method were 

reproducible and accurate, as indicated by the average 

percentage recovery ranging from 101% to 103% from all 

loaded Orabase preparations. It is worth indicating that Thy 

Content was also determined in mouthwashes in a previous 

study using a similar spectrophotometric method with great 

success.44

In vitro evaluation of the prepared base
In vitro water uptake and erosion profiles  
of Orabase formulations
The nonloaded base showed an increase in water uptake and 

resistance to erosion from the start to the end of the study, 

probably due to the high content of swellable polymers 

embedded in the lipophilic base, which enhances water 

uptake rather than erosion. This fact decreased markedly by 

loading the base with either the oils or their active ingredients 

probably due to the disruption of the hydrophilic molecular 

associations and thus loosening the structured rigid base, 

allowing erosion to happen rather than water uptake. How-

ever, this effect was more pronounced with TH and Thy, 

while Cl and Eug showed more resistance to erosion. This 

could be explained by the differences in the nature of the 

oils and active ingredients used, with a possible difference 

in their interactions with the Orabase ingredients.

In vitro release of the oils and active ingredients 
from the prepared Orabase
The in vitro release method simulated the in vivo condi-

tion in allowing the regular washout of the medium and its 

renewal, resembling the salivary flow in the buccal cavity. 

Moreover, the membraneless model for drug release from 

oral gels and bases would exclude any possible factors while 

allowing direct contact of the base with the medium.22 Sink 

condition was also maintained by the total replacement of 

the media at predetermined times. Release profiles indicated 

a slow controlled release rate with respect to all added oils 

and active ingredients. However, Cl, Eug, and TH Orabase 

Figure 3 Percentage cumulative release profiles of the active ingredients from the prepared loaded Orabase formulations.
Abbreviations: Cl, clove oil; Eug, eugenol; Orab, Orabase; TH, thyme oil; Thy, thymol.

Table 4 Comparative parameters of the release profiles of 
loaded Orabase formulations after 6 hours

Parameter Cl  
Orabase

Eug  
Orabase

TH  
Orabase

Thy  
Orabase

DE (%) 42.4 38.6 42.3 36.7
MRT (hours) 2.58 2.52 2.45 2.49
MDT (hours) 1.79 2.23 2.32 2.44

Abbreviations: Cl, clove oil; DE, dissolution efficiency; MDT, mean dissolution 
time; MRT, mean residence time; Eug, eugenol; TH, thyme oil; Thy, thymol.
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preparations showed a biphasic release pattern, starting with 

a slight burst effect releasing about 31%, 30%, and 20% 

in the 1st hour, respectively. This was followed by a slow 

release profile until the end of the study in the case of Cl 

and Eug, while a higher release pattern was observed for TH 

oil. A similar study showed the same release pattern from 

lipophilic nanoparticles loaded with Eug.35 This phenomenon 

was explained based on the concept of the possible associa-

tion of the lipophilic drug with the lipophilic base depend-

ing on its melting point.45 On the other hand, this could be 

further explained based on the possible initial release of 

active ingredients from the surface layer of the base. For 

Thy-loaded Orabase, the initial delay in the release pattern 

could be explained by  the fact that Thy in the solid state 

would be embedded in the lipophilic matrix, resulting in a  

slower release rate. The general prolonged release rate from 

all prepared Orabase formulations could be attributed to the 

high viscosity of the used base, with a consequent decrease in 

the penetration rate of fluid.26,46 Drug release from bases in 

general may follow different mechanisms. In our study, it 

was observed that the drug release is governed by both dif-

fusion and dissolution of the active ingredients (Table 4). 

The values of R2 in the cases of Cl, Eug, and TH were found 

to be high for the Higuchi model, indicating that the main 

mechanism of their release from the base is by diffusion. 

This is in accordance with results of a previous study on the 

release of eugenol from a lipid nanostructured formulation.35 

Thy release was governed mainly by dissolution. However, 

for all loaded bases, the dissolution of drug from the eroded 

base had an important role, as indicated by the high R2 values 

(first order). These results were in accordance with those of a 

previous study on the release kinetics from other bases.21

Determination of the spreadability, shear 
stress, and adhesiveness
Spreadability and adhesiveness serve in determining the 

clinical applicability and patient compliance of the prepared 

base.26,47 The increase in polymer concentration within the 

Figure 4 Spreadability study on the nonloaded and loaded Orabase formulations.
Abbreviations: Cl, clove oil; Eug, eugenol; Orab, Orabase; TH, thyme oil; Thy, thymol.

Figure 5 Shear stress study on the nonloaded and loaded Orabase formulations.
Abbreviations: Cl, clove oil; Eug, eugenol; Orab, Orabase; TH, thyme oil; Thy, thymol.
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base may have contributed to the moderate values of spread-

ability for all prepared bases.47 However, it was observed 

that applying more weights had little effect on the increase 

of spreadability. This indicates that the minimum applica-

tion of stress would produce the maximum spreading effect 

on the base prepared. On the other hand, the force required 

to displace the plate showed satisfactory adhesion property 

of all loaded bases. These results were confirmed with the 

small displacement length values on agar plates. Both tests 

indicated appropriate adhesiveness that could reflect strong 

in vivo mucoadhesive properties of the prepared bases.

Ex vivo mucoadhesion study
Mucoadhesion serves as an important parameter for the 

in vivo retention of the formulation in the oral cavity, 

which in turn would increase and prolong its efficacy. It 

was previously reported that the increase in concentra-

tion of polymers in the base plays an effective role in the 

increased mucoadhesion strength. The high-molecular-

weight swellable polymers would allow for entire contact 

with the mucin and for better adhesion. This was observed 

in our study by the increase in the ex vivo retention time of 

all formulations over a period of 6 hours.48 This observed 

retention phenomenon was confirmed by clinical trials on 

patients surfing from oral thrush using the prepared Orabase 

formulations. The effectiveness of the enhanced treatment of 

such cases was also confirmed with a remarkable decrease 

in microbial count.49

Conclusion
Clove oil, thyme oil, and their main active ingredients 

present in eugenol and thymol were evaluated for their anti-

fungal activity against C. albicans. Orabase formulations 

loaded with oils and their active ingredients were prepared 

and evaluated for their physical characteristics, total phe-

nolic content, viscosity, in vitro erosion and water uptake 

properties, and in vitro release. They were also evaluated for 

their spreadability, adhesiveness, and ex vivo mucoadhesion 

properties. All loaded bases showed appropriate physical 

properties with no sign of separation. Erosion of bases was 

limited to some extent with respect to clove oil and eugenol 

while being more pronounced with respect to thyme oil and 

thymol. A controlled release pattern of the active ingredients 

was observed and this was governed by mixed mechanisms 

of diffusion and dissolution release kinetics. Although the 

spreadability was somehow moderate, the in vitro and ex vivo 

adhesiveness showed promising results for the applicability 

of Orabase in natural settings.

It is suggested that further studies on different topical 

bases be conducted for the loading of natural oils and active 

ingredients to decrease the risk that may accompany the use 

of such ingredients in folk medicine in their crude form.
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