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Abstract

Gel dosage forms are successfully used as drug delivery systems considering their
ability to control drug release and to protect medicaments from a hostile environment.
The aim of this work was to investigate the properties,of carbopol 934P polymeric
system in water-misible cosolvents such as-glycerin and alcohol. Benzocaine is a
local anesthetic and the mucosal gel fogmulation is@pplied in the treatment of dental
pain. Samples were prepared by simplydispersing different amounts of Carbopols
(0.5-3%) into the alcoholic solution atthe feom temperature and were kept at 4, 25
and 40 C. All these systems were then ¢haracterized for distribution, bioadhesive-
ness on the mucosa, physical stabilityaand drug rel€hsesilastic membrane was
employedThe membrane must'natbe a barrier for drug transport. Frdngiolf
cell used to studi vitro drug release. The increase in carbopol concentration caused
increased viscosity and bigadhesiveness. Neutralization of pH in various
concentrations of carbopol gels showed resulted in increased viscosity. A relationship
between the viscosity and bioadhesive strength was shown in the neutralized
carbopol gels. @n the ‘other hand, the results indicated that increasing amount of
alcohol and glycerimkeduced drug release. In contrast, by increasing the amount of
water elasticityland release rate was increased. Visionvgas$ used as a reference
for comparigon with"the oromucosal gel formulation. The results showed that
diffusion of*kenzocaine from oromucosal gel and commercial sample followed
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1. Intr oduction toxicity. It is used, often in combination with
Benzocaine, a para-aminobenzoic acidother drugs such as analgesics, antiseptics,

esteris a local anesthetic used for surfaceantibacterials, antifungals and antipruitics for

anesthesia. It has low potency and systemithe temporary local relief of pain associated
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Carbopols, which are very high molecular cosolvents, e.g., PEG400 and glycerin [3].
weight polymers of acrylic acid, have been The drug dissolved in the liquid phase of
used mainly in liquid or semi-solid the gel under a non-ionized form may
pharmaceutical formulations, such as gelspotentially penetrate more into a barrier like
suspensions and emulsions, as a thickeningkin or a certain mucosa [3]. If the adhesion
agent, in order to modify the flow character-is on a mucosal surface, then the phenomenon
istics. Recently, they are also used for theitis called mucoadhesion. This occurs by a
mucoadhesive properties [1] and a relevanprocess of wetting and interpenetration of
amount of work has been done on thethe mucoadhesive polymer with the mucus gel
bioadhesive potential of carbopol polymers[4, 5]. The recent development of
[1]. Carbopol 934P is a mucoadhesivemucoadhesive drug formulation permits the
polymer which has been investigated as alrug localization in‘a particular region, thereby
useful adjuvant for bioadhesive drug deliveryincreasing‘bioavailability and, at the same
system [1]. The main reasons for addition oftime, increasing the contact time between
mucoadhesive polymers in the system arelrug and mucosa.
the possibilities of prolongation of residence  The purpose of the present investigation
time in organ and increase of the contact timevas t0 (a) prepare benzocaine gels using
with absorbing mucosa, resulting in the carbopal934P, (b) study the mucoadhesion
enhancement of drug absorption. Carbopopower oftheformulations having better
934P is a mucoadhesive polymer and_hasheelogical properties, and (c) compare the
been investigated extensively by (therelease rate and flux of benzocaine between
pharmaceutical industry because of its highthe gel formulations and the commercial
viscosity at low concentration as well as itssample (Vsion-gel)
low toxicity [1]. Carbopol 934PRs a
polyacrylic acid polymercross linked with 2. Materials and methods
allyl sucroseThis acidic carboxylic group 2.1. Materials
partially dissociates in_agueous solution, Benzocaine was from Ubichem, England
producing a flexible cail structuré.is afact and carbopol 934P was from B.F.G, USA.
that the carbopol_gelsyare prepared byEthanol, glycerin, phenol, camphor and tri
dispersing polymer in watd@n'which it swells  ethanolamine were obtained from Merck,
up to 1000 timesf theseriginal volume [2] Darmstadt, Germany. Spearmint oil was
while neutralizingythe system. It permits the purchased from Golriz Company, Iran. Vision-
ionization ,of*earboxylic groups, and as agel was from Pharmaize, Germ&ikastic
consequences a strong gel is formBte gel membrane was provided by Biogene
formation of ‘carbopol 934P depends on theMashad, Iran). All other chemicals and
electrostatic repulsion between the anionicsolvents were of analytical grade.
carboxyl groups [2]. The carbopol 934p gel
has the following behavior in aqueous?2.2. Gel peparation
solution: 1) the gel consists of closely packed Carbopol was dispersed in water and
swollen particles; 2) the gel forms a thick stirred magnetically, then stored in refrigerator
layer that inhibits water penetration. or at 4 C for 24 h. The dispersion was

When a wateinsoluble drug has to be homogenized with paddle stirrer for 30 min.
added to this geit can only be dispersed, at 150-200 rpm and degassed under vacuum.
and a transparent aqueous phase can bdalf of the amount of glycerin was added in
obtained when the insoluble drugs arecarbopol mixture and stirred for 20 médfter
solubilized in hydrophilic water-miscible that the hydroalcoholic solution was gradually
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Table 1.Composition of benzocaine gels prepared in this study.

Constituent’s %Composition (w/w)

Fl F2 FS F4 F5 FG
Benzocaine 6.3 6.3 6.3 6.3 6.3 6.3
Carbopol 934P 0.5 0.7 0.5 0.5 0.5 0.5
Glycerin 20 20 20 20 20 22
Camphor 2.5 2.5 25 25 0.5 0.5
Phenol 0.5 0.5 0.5 0.5 0.5 0.5
Ethanol (60 ) 4396 43.96 40.20 46.33 46.33 43.96

poured into the mixture for 60 min at 150-200 (keeping the mucosal side out) to the upper of
rpom. The resulting gel was neutralized to pHa glass vial (C) using a cyanoacrylate
6.5 by addition of triethanolamine and stirredadhesive. The _diameter of each exposed
at 100 rpm (Figure 2), until a homogeneousmucosal membrane was 1.5 cm.
and transparent dispersion was formed, and The vials were equilibrated and maintained
then it was stored at 4, 25 and 40 C. at 37 Cifor 10 min: After that, one vial with
In this method, the alcoholic solution a section of tissue (E) was connected to the
consisted of ethanol, water, benzocainebalance (A)and the other vial was fixed on a
phenol, camphor and the remainder of théheight-adjustable pan (F). To the exposed
glycerin. The composition of benzocaine ge|ssurface of'the tissue attached on the vial, a

were used in this study is shown in Table 1.€0nstant amount of 0.1 g benzocaine gel (D)
was applied. Before applying the gel, 180

2.3. Determination of pH of stimulated saliva solution (2.38 g NaHPO

One g of gel was weighted and diluted 100:19 g KHPO, and 8 g NaCl in 1000 ml of
times with the hydroalcoholic solution (except distilled water adjusted to pH=6.75) was

benzocaine and carbopdlen the pH was evenly spread on the surface of the test
measured. membrane. The height of the vial was

adjusted so that of the gel could adhere to the
mucosal surface of the both vials.
Immediately, a constant force of 0.5 N was

A Brookfield rotational digital viscometer applied for 2 min. to ensure intimate contact

. .. between the tissues and the samples. The
DVLV-Il was used to measure the V|sc05|tyu|o|oer vial was then moved upwards at a

Zonstant speed, while it was connected to the
balance. Weights were added at a constant rate

2.4. Measuement of viscesity of carbopol
gels

number 1 was rotated at 100 rpm.

2.5. Adhesionsstrength measurement

The mucoadhesive forces of benzocaine
gels were determined by means of the
mucoadhesive force-measuring device showi
in Figure 1, and according to the previously

[ral]
—

reported method [6], using tissue specimer o
obtained from the mucosal side of the F B
abdominal area of the rat (hairle§d)e pieces ==

of tissues were stored frozen in phosphate
buffer at pH 7.4, and thawed to the room
temperature before use [At the time of  Figure 1. Bioadhesive force-measuring device: (A) modified

testing a section of rat skin (E) was secure alance; (B) weights; (C) glass vial; (D) benzocaine gel;
’ E) rat tissue; (F) height-adjustable pan.
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to the pan on the other side of the modifiedtriplicates.

balance until the two vials were separated. The

bioadhesive force, expressed as the2.6. Assay procedures

detachment stress in dyne/€mwas 2.6.1. Analytical method for the assay of

determined from the minimal weights neededbenzocaine

to detach the tissues from the surface of each |n order to determine the standard

formulation, using the following equation calibration curve of benzocaine, a stock of 1

[6]. mg/ml was prepared. Then, dilutions were
n Mg made to prepare a series of solutions

Detachment Stress (dynefom™) === containing benzocaine in different

_ _ concentrations. In these solutions, absorbance
Wheremis the weight added to the balancey g)yes at 291 AMA( ) were determined

in gramsg is the acceleration due to gravity spectrophotometrically. The calibration curve
taken as 980m/g; andA s the area of tissue of benzocaine:was prepared by plotting the
exposed. Measurments were repeated thregoncentration values) versus absorbance
times for each of the gel preparations, whilevalues(y). Analytical parameters for the assay
before each measurement a fresh smooth gef benzocaine were calculated using ANOVA
surface was created. Effect of varying contactest.
time (1, 2, 3, 5 and 10 min.) was investigated _
for some of the gel preparations to optimize2:6.2. Recovery studies -
initial contact time. In brief, formulations  T0 study the accuracyeproducibility
were allowed to be in contact with mucosa forPrecision and to check the interference with
carrying contact times (1, 2, 3, 57and 10the excipients used in the formulation,
min.), and the bioadhesive forcé wasrecovery experiments were carried out. In
determined as discussed above. Contact tim@rder to know whether the excipients show
that resulted in maximum bioadhesive strengtt®ny interference with the analysis, known
was selected as optimum contact time require@mounts of the pure drug were added to the
for adequate adhesion. All ofithe above-gels and the mixtures were analyzed spec
mentioned experiments.were” conducted irffophotometrically Percentage of recovery

[ +—020% —=_050% —a—1% —e—150% —%—2% —e—3%]

Viscosity (Pa.S)

pH

Figure 2. Viscosity of various carbopal gels at various pH at a shear rate 40.
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Table 2.Effect of different concentrations of carbopol 934p in formulations on the mucoadhesive force of benzocaine gel (n=6).

Concentration Mean mucoadhesive force
(Yow/w) (dyne/lcm?) 18 SD
0.5 6.347 0.587
1.0 17.563 0.235
1.5 25.872 0.916
2.0 32.296 0.803
2.5 33.102 0.596
3.0 33.852 0.428

was calculated after three experiments. was withdrawn and the volume was replaced
by the fresh solution. The sample was diluted
2.7. Drug release studies by 3 ml of receptor medium. Samples were
The release studies were conducted usingssayed spectrophotometrically at 291 nm.
Franz diffusion cells (ERWEKA HDT®6, Each testwas carried out in triplicate and the
Germany). Silastic membrane (surface area mean ofthree observations was reported.
5.3 0.082 chand thickness of membrane =
30 1) was fitted into the place between 2.8. Statistical analysis
the chambers of cells. The receptor phase (30 The results obtained from the experiments
ml) composed of alcohol 60 and thedf mucoadhesive strength and release studies
temperature was maintained at 37 ~Cwereanalyzed statistically using multivariate
Preliminary experiments showed notests.When a statistically significance
interactions of the receptor phase with eithewifference was found, Tukey HSD (honestly
the membrane or the formulations placed orsignificant diference) test was then conducted
the donor side. The receptor phase was stirre(lising SPSS version 13). A statistically
at 700 rpm during the study. A pre-determinedsignificant difference was considered when
amount of gel (2 g contained 126 mgp<0.05 [8].
benzocaine) was mounted.on the donor side
of Franz cell. One ml of the receptor phase

——pH=3 —#—pH=4 —a—pH=5 ——pH=6 —=—pH=65 —O0—pH=7

90
80 =
70
60
50
40
30
20
10

Viscosity (Pa.S)

0 20 40 6l 80 100 120 140 160 180 200

Sheare rate (1/s)

Figure 3 Viscosity of various carbopal .05% gels of various pH.
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Table 3.Analytical parameters for the assay of benzocaine.

Parameter Result
Linearity range {1g/ml) 0.25-8
Slope 9.594
Intercept 0.03
Determination coefficient 0.9998
LOD2 (ug/ml) 0.055
LOQP (ug/ml) 0.25

8 OD= limit of detection
b1 OQ= limit of quantitation

3. Results and discussion increased viscosity, showing the highest
3.1. The effect of pH viscosity when neutralized to pH 6 (Figures

Aqueous dispersions of carbopol (0-3%)2 and 3). This finding is related to the increase
exhibited pH values between 2.8 to 6.5, at 25n ionization as al result of increase in

C. In general, increasing the carbopoglectrostatic repulsion between adjacent
concentration (higher carboxyl concentration)carboxylic. groups and the subsequent
caused increase of the gel viscosity (Figure 2expander polymer network [9, 10]. Non-
because of the ionization of carboxylic groups,neutralized carbopol gels showed significantly
and as a consequence a strong gel theweakergel structure, as expected, due to the
formed. The pH of all of the formulations constricted gel network [9]. The structures of
was adjusted to 6.5 with triethanolamifibe ‘these non-neutralized systems are
pH of the gel was measured and adjusted tpredominantly built up by hydrogen bonds,
pH between 3-7, because benzocaine isvhich are easily breakable under shear stress
hydrolyzed in strong acidic and alkaline (Figure 3).
conditions, and may also damage the mucosa.

3.3. Mucoadhesion force

3.2. The effect of viscosity The mucoadhesive force is an important

The viscosity of 0.5%:-carbopol gels of physicochemical parameter for local
various pH was determined at various sheaanesthetic used for surface anesthesia [1].
rates (Figure 3). As.the shear rate increasetdihe effect of different concentrations of
the viscosity of carbopol gel decreased.benzocaine gel formulation on mucoadhesive
Results show the viscosity of carbopol gel offorce is shown infable 2. The bioadhesive
various concentrations and various pH (Figurdorce has significantly increased as the
3). Also, thewincrease in carbopol concentration of mucoadhesive polymers
concentration to about (3%) caused increasecreased over the range of 0.5-396.05).
of viscosity and higher concentrations showedlrhe maximum mucoadhesive strength could
slight increase of viscosity (Figure 3). be showed at 2-3% concentration of carbopol
Findings indicated that marked f@ifences and similar results are reportedl]1
were noted in viscosity of carbopol gels of Furthermore, Ahujaet al. [12] stated that
various pH. The increase of pH in varioushigh molecular weight is important to
concentrations of carbopol gels showedmaximize adhesion through entanglements

Table 4.Recovery study results for benzocaine gels (n=3).

Theoretical value (g) Parctical value (Q) Recovery (%) Mean recovery SD
6.3 6.27 99.52 98.73 0.72

6.3 6.18 98.10

6.3 6.21 98.57
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Table 5.The release characteristics of benzocaine from different formulations of gel.

Formulation Fluxa Intercept r2 Q40

code {ug/cé.min) (ug/cmd) (ug/cmd)

F1 0.9455 0.0075 6.9373 1.2720 0.9867 0.0058 167.04 0.6940
F2 0.5151 0.0485 25.8183 3.1877 0.9648 0.0075 115.70 6.9311
F3 1.0112 0.0146 19.0400 0.6170 0.9539 0.0088 189.12 4.2496
F4 0. 8878 0.0093 13.2920 2.9595 0.9895 0.0023 169.20 0.7937
F5 0.8884 0.0153 12.4363 1.6613 0.9935 0.0013 171.10 3.9962
F6 0.7182 0.0124 46.0490 0.5659 0.9518 0.0023 170.50 2.2271
Vision-gel 0.6979 0.0066 45.2933 0.9907 0.9328 0.0212 165.96 1.4418

aFlux was obtained from regression analysis between the amount of drug release per unit surface area and time.
bQ,40is the cumulative amount of drug release per unit surface area during 80 min.

and Van der Waals forces. The reinforcementvater) showed that the release kinetics best-
of the mucoadhesive forces of gel by the useditted to Higuchi kinetic model £=0.999)
polymer could be explained by the fact thatwhile the otherformulations were best fitted
secondary bond forming groups (e.g.to the firstorder model% 0.997). So, in all
hydroxyl, ether oxygen and amine) are thegraphs, regression analyze performed and
principle source of mucoadhesion [13, 14]. showed.a linear relationship between Q (the
cumulative amount of drug penetrated through
the unit surface area of the membrane) and
time was obtained after 15 min (séealues
in"Table 5). Slopes of the linear portion of
release profiles were calculated. These slopes
represented the rate of release or Flux of
benzocaine from digrent formulations @ble
3.4.2. Results obcovey studies 4). The table shows the rate of release of

Recovery study results ofbenzoeaine gelf€nzocaine or flux (mg/cfamin.) as a
are given imable 4 Each dose contains 6.3 g function of drug release and it depends on the
of benzocaine. effects of composition of gel formulations.

As it can be seen"fromable 4 high Analysis of Tukey showed that these

percentage recovery results show that th€orrelations are statistically significant
method is free from theinterferences of the(p<0.05). Flux and @, (Table 5) for

3.4. Results of assay procedures

3.4.1. Results of assay of benzocaine
Calibration curve is shown imable 3

Analytical parameters for the determination

of benzocaine by UV spectrophotometric

method are given imable 3

excipients used in‘the formulation. formulation observed was higher than for
other formulations. The results indicated that
3.5. In vitio release studies the Fluxes and @, (Table 5) for K

The release profile of benzocaine fromformulation and Vision-gel were 1.0112,
the gel formulations and Visio-gedre shown 0.6979 pg/cn?.min and 189.12, 165.96
in Figure 4. Diferent kinetic models (first- pg/cn?, respectively §<0.05). The results
order release, Higuchi equation and zero orderepresented that,fFormulation had Flux and
release) were employed to fit the data relating, g, higher than Vision-gel The results
to the kinetics of the release of benzocainesshowed that increasing the carbopol
from the gels. The release kinetics was concentration atfeduced the Flux and,Q
compared on the basis of the highésatued (0.5151 pg/cm?.min and 115.7ug/cn?,
and lower %D (ss).The results of, IF; and  respectively).The results indicated that
Fs formulations andvision-gel (disperse increases of alcohol could reduce the release
the carbopol in polyethylene glycol instead ofrate (comparing formulations A= and Fin
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Table 5,p<0.05). When the concentration of 4. Conclusion

camphor was decreased, the Flux was Carbopol is one of the most common
decreased (comparing, Bnd F, p<0.05). thickening agents for water phases. It is used
Table 5 also shows that when the amount ofifter neutralization and its mucoadhesive
glycerin was increased the release ratd®roperties in the aqueous medium are well
decreased (comparing, Bnd F, p<0.05). known. Carbopol 934P system with different
Ethanol is a solvent for benzocaine, and wheigoncentrations showed different release char-
the alcohol volume increases the drug is2cteristics. Carbopol-water and carbopol-PEG
released slower from the solvent and itd€ls (Vision-gel) are different. In fact,
penetrates less into the mucus surfacedenerally, carbopol-water system has higher
Glycerin is a co-solvent for benzocaine and'€l€ase rate than carbopol-PEG system. Both
hygroscopic material. Glycerin influenced ©f them (i and Visio-gel) had similar release

the gel viscosity and prevents loss of wateKinetic. Benzocaine penetrates through the

from the gel. It showed similar results for Mucosal surface’of buccal, and in this
alcohol [15]. environment exerts its anesthesia, antibacterial

Therefore, the results indicated thatand etc..Gel formulation of benzocaine with
increasing amount of alcohol, carbopol 934Pmucoadhesive properties is promising for
and glycerin could reduce the release rate.Alprolonging buccal residence time and thereby
of gel formulations had higher Flux and Q180higher oral absorption. In addition, they
than Vision-gel (except,Rwvith high” provide intimate contact between a dosage
concentration of carbopol). The findings fofm and the absorbing tissue which may
showed that release rate from carbopol-watef€Sult in high drug concentration in local area
system are higher than carbopol-palyethylenénd hence high drug flux through the
glycol. Previously, Chet al [3] reported ~2absorbing tissue.
that carbopol 934Polymeric systems were
studied in diferent mixturés,of propylene Acknowledgment
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