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Baclofen is a GABA-B receptors agonist and possesses anti-inflammatory properties. It has
many gastrointestinal side effects and narrow therapeutic index. Thus, the objective of this study
was to produce emulgel for the topical delivery of baclofen so as to evade its side effects.
Emulgel containing 1% baclofen were fabricated, evaluated and optimized applying full
factorial design (2°). Liquid paraffin concentration, cremophor RH 40 concentration, and
penetration enhancers type was selected as independent variables in the current study to
determine the influence of them on the percentage release of baclofen after 30 minutes. The
anti-inflammatory activity of the optimal baclofen emulgel was assessed employing the
carragenan-induced rat paw edema method. The formulation E5 was established to fulfill the
maximum requisite of an optimum formulation with desirability value of 0.982. The mean
percentage inhibition value of E5 after 1 hour of application was significantly higher than
Baclofen® tablet, baclofen hydrogel and Voltaren® emulgel. The % relative bioavailability of E5
was 108.9%, 99.8% and 138.6% relative to Baclofen® tablet, Voltaren® emulgel and baclofen
hydrogel respectively. Therefore, baclofen emulgel can be utilized as an effective anti-

inflammatory for topical drug delivery.
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INTRODUCTION

Emulgel are gellified emulsions, either of the
water in oil or oil in water type. They possess a
great patient acceptability as they have the
privileges of both gels and emulsions. Hence, it
was recently utilized as vehicles to transport
both hydrophobic and hydrophilic drugs to the
skin®. Emulgels have gained importance in
topical drug delivery because they are
convenient due to absence of greasiness, easily
removable, non-staining, easily spreadable,
emollient and long shelf life?4,

Baclofen, molecular weight of 213.66
g/mol, is a mostly odorless and white (or off-
white) crystalline powder. It is insoluble in
chloroform, very slightly soluble in methanol
and slightly soluble in water. Baclofen is
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agonist of GABA-B receptors®. It is used to
diminish muscle spasm and pain particularly in
spinal cord lesions in states such as multiple
sclerosis or paraplegia®. Recently, Baclofen
prominently relieved symptoms of
inflammation in addition to mobilization of
lymphocytes, monocytes and neutrophils into
the skin’. Oral administration of baclofen
usually prompts constipation, vomiting,
insomnia, urinary frequency, drowsiness,
tinnitus, hypotension, dizziness, sedation,
weakness, fatigue, elevate liver enzymes and
elevate of blood sugar®. It possesses a short
biological half-life and a very narrow
therapeutic index with inter individual
variability in pharmacokinetics and
pharmacodynamics. This side effects of oral
administration of baclofen restricted its use and
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increasing the dose may lead to elevated risk of
adverse effects and toxicity; so, the main
objective in this work was to fabricate topical
baclofen emulgel by carbopol 940 as gelling
agent using 2° full factorial design to
demonstrate the recent property of the GABA-
B receptor in the inflammation as a potential
new therapeutic target to treat inflammatory
skin diseases.

MATERIALS AND METHODS

Materials

Baclofen was gained from  Misr
Pharmaceutical Co. (Cairo, Egypt). Cremophor
RH 40 (polyoxyl 40 hydrogenated castor oil)
was acquired from BASF (Schwarzheide,
Germany). Isopropyl myristate (IPM), olive oil,
span 20, liquid paraffin and carbopol 940 were
acquired from Sigma Aldrich (USA). Propylene
glycol was obtained from Fluka AG (Buchs,
Switzerland).

Experimental design

A full factorial design using 2 levels of 3
independent variables, namely liquid paraffin
concentration  (X1), cremophor RH 40
concentration (Xz) and penetration enhancers
type (Xs3), was applied in the current study to
determine the influence of these independent
variables on the percentage release of baclofen
after 30 minutes (dependent variable) as shown
in Table 1. Eight baclofen emulgel
formulations were prepared by using all
possible combinations of different levels of the
experimental variables. Design-Expert®
software  (version 7; Stat-Ease, Inc.,
Minneapolis, MN, USA) was employed for
constructing the design and making the
interpretation by fitting appropriate regression
models to empower navigation of the
experimental space®. One factor plots were
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obtained with the help of the software and
significance level was established at P<0.05.
A polynomial regression first-order equation
also created by this experimental design was as
follows:
Y =bo + biXy + boXo + b3Xs + b1a(X1X2) +
b13(X1X3) + b23(X2X3) + b123(X1X2X3)

Where Y is the response (dependent variables);
bo is the intercept demonstrating the arithmetic
average of the outcomes of the experimental
runs; bi-bs are the coefficients assessed from
the noticed experimental values of Y; and Xj,
Xz, and Xjs represent the independent variables.
The terms bip, bis, bzs, and bz represent the
interaction terms. Coefficients with one factor
mean the impact of this factor on the response
while the coefficients with more than one factor
denote the interaction between those factors.

Preparation of baclofen topical
formulations

First, the gel base was fabricated by
soaking carbopol 940 in a beaker containing
hot purified water (70 °C) then pH was adapted
to 6 to 7 by triethylamine (TEA). In another
beaker, baclofen dissolved in propylene glycol
and cremophor RH 40 and added to the
carbopol 940 gel base with continuous stirring
until homogenous mixture was formed without
any lumps. Span 20, liquid paraffin, propanol
and penetration enhancers (IPM or olive oil)
were mixing together to form the emulsion oil
phase and heated to 70 °C and then added to the
aqueous phase with continuous stirring until
cooled to room temperature to obtain the
emulgel®. The composition of various baclofen
topical emulgel formulations was given in
Table 2.

emulgel

Table 1: The factorial design plain (23) for the fabrication of baclofen topical emulgel

. Applied levels
Unit Symbols Low High
Independent variables

Liquid paraffin concentration % X1 5 75

Cremophor RH 40 concentration % X 1 15
Penetration enhancers type - X3 IPM Olive oil
Dependent variable Goal

Percentage release after 30 min % Y1 Maximize
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Table 2: The composition of baclofen topical emulgel formulations (% w/w), and their evaluation tests.

Composition (% w/w)* 5
Formulatio Spreadability rug pH
_— . Content
n Code Liquid | Cremophor | .. | Olive (cm) (%)
paraffin RH 40 oil
El 5 1 - 10 6.7£0.10 99.9+0.05 5.8+0.05
E2 5 15 - 10 6.9+0.06 100.7+0.04 6.61+0.34
E3 75 1 - 10 6.8+0.12 98.5+0.12 6.15+0.09
E4 7.5 15 - 10 6.1+0.05 96+0.06 6.5+0.11
E5 5 1 10 - 7.8+0.06 101.9+0.23 5.8+0.10
E6 5 15 10 - 7.7£0.07 99.4+0.07 5.6+0.05
E7 75 1 10 - 7.5+0.04 99.1+0.06 5.5+0.02
E8 75 15 10 - 7.2+0.15 97.540.115 5.3+0.12

* All formulations contain 1% baclofen, 1% carbopol 940, 1% span 20, 5% propylene glycol, 2.5%
propanol, 0.03% methyl paraben, 0.01% propyl paraben and purified water to 100%. Data are

presented as mean average value (xSD, n=3).

Evaluation of the prepared baclofen topical
emulgel formulations
Physical examination

The  fabricated baclofen  emulgel
formulations were visually inspected for their
consistency, homogeneity, color and phase
separation!&12,

Test for spreadability

Spreadability was decided using the
following technique; 0.5 g emulgel was placed
between two glass slides then a weight of 500 g
was permitted to rest on the upper glass for 5
min. The formed circle diameter was estimated
and utilized as relative values for
spreadability4&13&14,

Determination of the pH

The pH values of 1% aqueous solutions of
the fabricated baclofen emulgel formulations
were gauged using a pH meter (3310, Jenway,
UK) standardized by pH 4 and pH 7 standard
buffers solution before use®®.

Determination of the drug content

The drug content was evaluated by
dissolving 0.1 g of the prepared emulgels in 50
ml methanol. The concentration of this solution
was decided spectrophotometrically (Shimadzu,
model UV-1601 PC, Kyoto, Japan) at 266 nm
after filtration through Millipore filter
(0.45um). The percentage of the drug content

was determined
equation:

applying the following

% Baclofen in emulgel

concentration of baclofen in emulgel
= X100

" calculated concentration of baclofen

Rheological study

The viscosity of the different baclofen emulgels
at minimum (Nmin) and maximum (Nmax) rates of
shear was measured at 25 + 1.0 °C applying a
cone and plate viscometer with a spindle 52
(Model DV-I, programmable rheometer,
spindle CP-52, USA)-18,

In vitro drug release study

USP dissolution tester (apparatus I,
Pharma Test, Type PTW, Germany) was used
for the in vitro release studies®™ One gram of
baclofen topical emulgel was applied onto a
glass plate with 4.2 cm diameter then coated
with cellulose nitrate membrane with pore size
0.45 mm (Sartorius stedium, Germany) and
clasped with each otherby blaster®. It was then
immersed in the vessel of dissolution tester
containing 250 ml of phosphate buffer pH 5.5
at 37 £ 0.5 °C and 50 rpm. At specified time
intervals over one hr., aliquots were withdrawn
and instantly substituted with fresh release
medium. The baclofen concentration in the
collected samples was decided
spectrophotometrically at 266 nm. The mean
percent of baclofen released was plotted as a
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function of time. The drug release data were
exposed to zero order, first order and Higuchi
equations in order to determine the mechanism
of drug release.

Optimization of baclofen topical emulgel

Optimization was done to find the level of
the independent variables (X1, X2, and Xs) that
produce emulgel with high % release by using
the point prediction method of the Design
Expert software®,

In vivo bioavailability study
Evaluation of anti-inflammatory activity

The anti-inflammatory activity of baclofen
was assessed by carrageenan-induced rat paw
edema model®® to determine the activity of the
optimized baclofen emulgel. Various materials
have been employed to induce edema but the
most widely utilized in this category is
carrageenan prompt edema as a means of
assaying anti-inflammatory drugs. Carrageenan
is a mixture of polysaccharide composed of
sulfated galactose units. The animal protocol
was approved by Research Ethics Committee
(REC) at Faculty of Pharmacy, Cairo
University. Male albino rats weighing 150-180
g were used for this study and divided into 5
groups, each consisting of 6 animals. The
animals were housed in standard metal cages in
an air-conditioned room at 20-25 °C, 55+5%
humidity, and provided with standard
laboratory diet and water ad libitum.

Group | (control) received carrageenan
only without treatment for comparison. Group
Il received oral treatment of the commercial
Baclofen® tablet. Group Ill, IV and V received
topical application of the commercial Voltaren®
emulgel, 1% baclofen hydrogel and optimized
baclofen emulgel (E5) respectively on the right
hind paw of rats half an hour before subplantar
injection of carrageenean?.

Rats were marked on the hind paw just
beyond the tibiotorsal junction, so that every
time the paw could be dipped in mercury
column up to fixed mark in order to ensure
constant paw volume. Carrageenan suspension
(0.1 ml, 1% w/v in deionized water) was
injected in the subplantar section of the right
hind rat paw. Before carrageenan injection,
immediately after carrageenan injection and
after 1, 2, 3, 4,5, 6, 7 and 8 hrs. carrageenan
injection, the paw edema volume was measured
by mercury displacement method using
plethysmometer (UGO Basile, model no. 21025
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Comerio, Italy)*¥?!, The mean percentage
inhibition of inflammation of treated groups
was calculated by comparing with that of mean
percentage inhibition of inflammation of
control group applying the following
equation??&23;

% Inhibition of drug = (Vc-Vt/Vc) x 100

Where Vc is paw volume of the control group
and Vt is paw volume of the treated groups.

Pharmacodynamic parameters analysis

The pharmacodynamic parameters were
analyzed utilizing Kinetica® software (version
5, Thermo Fisher Scientific Inc., Waltham,
MA) to assess the relative bioavailability of
optimized baclofen emulgel compared with the
commercial  Baclofen®  tablet, baclofen
hydrogel or Voltaren® emulgel.

Statistical analysis

One way ANOVA followed by LSD was
performed using the statistical software of
statistical package for social sciences (SPSS®,
Chicago, IL) wversion 14. Difference was
considered significant at P< 0.05.

RESULTS AND DISCUSSION

Evaluation of the prepared baclofen topical
emulgel formulations
Physical examination

Baclofen emulgels E1-E4 containing olive
oil were vyellowish white while E5-E8
containing IPM were white creamy with
smooth texture and glossy homogeneous
appearance. No phase separation was detected
in all the formulated emulgels.

Test for spreadability

The spreadability is an important gauge for
ease and uniform of application of topical
formulations. Spreadability of various baclofen
emulgel formulations were ranged from 6.1 +
0.05 cm to 7.8 £ 0.06 cm as shown Table 2.
Needless to say that the greater the diameter,
the better the spreadability?*.

Determination of the pH

Skin  compatibility is the primary
requirement for a good topical formulation?.
The physiologic accepted range of pH for
topical formulation was 4-7 units®. The value
of the pH of all emulgel formulations was



ranging from 5.3 + 0.12 to 6.61 + 0.34 which
considered acceptable to avoid the risk of skin
irritation (Table 2).

Determination of the drug content

The percentage of baclofen in different
emulgel formulations was calculated and found
in the range of 96.0 = 0.06 % to 101.9 + 0.23%.
The results are presented in Table 2.

Rheological study

Rheological properties are essential in the
various pharmaceutical areas as it helps to
monitor the influence of the vehicles
consistency on the release of drug from the
formulations and investigate the stability of
formulations?’. Minimum rate of shear (1 rpm)
was used to reflect the viscosity at rest and
viscosity at maximum rate of shear (100 rpm)

reflect viscosity during manufacturing process
and the rubbing of the product on the skin®,
The viscosity data (n min and 1 max) are
represented in Figure 1. In our study, baclofen
emulgel  formulations  exhibited non-
Newtonian, pseudoplastic flow with thixotropy
as the viscosity reduced upon shear rates
increased as shown in Figure 2 (Rheogram of
E5 is a representative example). The same
result was observed by Naga Sravan Kumar
Varma et al.1°. Thixotropic, or time-dependent
flow happens scince the gel needs a finite time
to reconstruct its original structure that breaks
down during continuous shear measurements.
Needless to say that thixotropy is a necessary
feature for topical application of semisolid drug
carriers?, to deliver an initially thick product as
a thinner, easily spreadable material.
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Fig. 1: Viscosity values of the prepared baclofen topical emulgel formulations at high shear rate (100 rpm) and

low shear rate (1 rpm) (mean +SD, n=3).
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Fig. 2: Rheogram of E5 baclofen topical emulgel formulation (representive example) (mean £SD, n=3).

In vitro drug release study
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The drug should be first released from the
vehicle, and then it can be partitioned into or
absorbed by the skin or gastrointestinal tract*
so evaluation of the in vitro drug release is an
essential step. The in vitro release profile of
baclofen from different emulgel formulations
was illustrated graphically in Figure 3. The
emulgel formulations could be arranged
according to the percentage of baclofen
released after 30 minutes in the following
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order: E5>E6>E7>E1>E8>E2>E3>E4.
The mechanism of drug release from all
emulgel formulations was found best fitting to
Higuchi diffusion model with a correlation
coefficient ranging from 0.911 to 0.992. This
finding shows that the rate-controlling stage in
the release process was diffusion of the
dissolved drug through the gel network to the
external media®.
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Fig. 3: In vitro release profile of baclofen topical emulgel formulations: (A) formulations prepared with olive oil
and (B) formulations prepared with IPM (mean £SD, n = 3).

Analysis of mean percentage release data
after 30 minutes

The effect of different independent
variables, namely liquid paraffin concentration
(X4), cremophor RH 40 concentration (X,) and
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penetration enhancer type (Xs) on the
percentage release of baclofen from emulgels
was assessed using the software Design-
Expert®. The ANOVA study of the the
percentage release data after 30 minutes was
illustrated in Table 3. It was found that all
variables (X1, Xz and Xs) affected significantly
on the percentage release after 30 minutes.



Effect of the liquid paraffin concentration on
the percentage release after 30 minutes

It was found that, the percentage release
after 30 minutes of emulgels prepared with
high concentration of liquid paraffin showed
the lowest release as present in Figure 4a. This
might be due to reduce the hydrophilicity of the
emulgel at a high concentration of liquid
paraffin which, result in, retard the penetration
of the release medium into the emulgel and
diffusion of the drug from the emulgel. This
result was in accordance with Abd El-Bary et
al. and Mohamed®'¢32 who found that high
concentration of liquid paraffin led to delay the
drug release from its emulgel formulations.

Effect of the cremophor RH 40
concentration on the percentage release after
30 minutes

Figure 4b shows that as cremophor RH 40
concentration was increased, the percentage of
baclofen released was decreased. This might be
due to the enhancement of the thermodynamic
activity of the drug in the emulgel at lower
content of surfactant®®. Similar result were
reported by Rhee et al., and Kogan et al., who
stated that the elevation in the surfactant

concentration caused a decrease in the release
of ketoprofen and carbamazepine from MEs
respectively34&3,

Effect of the penetration enhancers type on
the percentage release after 30 minutes

The transport of the drugs through the skin
was reported as an effective therapy for local
dermatologic and systemic disorders. However,
little drugs can overcome the impermeable
barrier function of human skin to exogenous
substances. So, we add penetration enhancer to
topical preparation to enhance baclofen
penetration into skin layers especially stratum
cornum.

It was found that, the percentage release
after 30 minutes of emulgels prepared with
olive oil was significantly less than that
prepared with IPM as shown in Figure 4c as
IPM fluidizes the lipid bilayer of stratum
corneum and hence decreases the resistance,
resulting in the increase permeation of the drug
across the skin. These outcomes are in
accordance with the studies done by Khan et al.
who found IPM to be effective enhancer for the
in vitro skin permeation of Sumatriptan
Succinate than olive 0il®.

Table 3: ANOVA analysis of the percentage release of baclofen topical emulgel formulations after 30 min.

Source Ssc:jlgr?afs Df S'(\q/lue;rr(]as F-Value P-Value
Model 361.71 7 51.67 139.03 < 0.0001"
A: Liquid paraffin 116.11 1 116.11 312.41 < 0.0001"
B: Cremophor RH 40 29.54 1 29.54 79.49 < 0.0001"
g}hzzr;eefsatt;%r; 21051 1 21051 566.41 | <0.0001°
AB 0.23 1 0.23 0.61 0.4583
AC 1.640E-003 1 1.640E-003 4.413E-003 0.9487
BC 4.88 1 4.88 13.14 0.0067
ABC 0.44 1 0.44 1.17 0.3105
Pure Error 2.97 8 0.37
Cor Total 364.69 15

* Significant difference.
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Fig. 4: One factor plot of the effect of independent variables on the percentage release after 30 min (Y1), (a)
effect of liquid paraffin concentration (x1), (b) effect of cremophor RH 40 concentration (x2) and (c)

effect of penetration enhancers type (X3).

Optimization of baclofen topical emulgel

The optimum independent variables values
were attained based on the criterion of
desirability using the Design-Expert® software.
The formulation E5 was established to fulfill
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the maximum requisite of an optimum
formulation with desirability value of 0.982.
So, the formulation E5 was selected for in vivo
study.



In vivo bioavailability study
Evaluation of anti-inflammatory activity
Carrageenan-induced rat paw edema is the
most common and reliable screening model of
acute inflammation. It is considered as a highly
predictive model of anti-inflammatory drug
activity in human inflammatory disease. The
generation of the edema in the paw of the rat
after injection of carrageenan has been
attributed to the release of histamine and
serotonin, increased vascular permeability
extends, and swelling due to the release of a
prostaglandin substance and the migration of
leukocytes into the site of inflammation®’. So,
the anti-inflammatory activity of the optimized
baclofen emulgel E5 was assessed by
carrageenan-induced rat paw edema model. The
mean percentage inhibition curve of each group
were illustrated Figure 5. It was found that the
mean percentage inhibition value of E5 after 1
hour of application (10.1%) was significantly
(P< 0.05) higher than Baclofen® tablet (0.30%),
baclofen hydrogel (0.37%) and Voltaren®
emulgel (9.26%).Also, the mean percentage
inhibition value of E5 after 8 hour of
application (52.03 + 0.8%) was significantly
(P< 0.05) higher than Baclofen® tablet (50.03+
0.2%) and baclofen hydrogel (43.86 £ 0.11%)
whereas, a non-significant difference between

E5 (52.33 + 0.51%) and Voltaren® emulgel
(52.66 + 0.21%).

Pharmacodynamic parameters analysis
Bioavailability assessment is useful in
defining the safety of the drug products, the
effect of changes in the physicochemical
properties of the drug substance, the effect of
added additives and the effect of route of
administration on the pharmacokinetics and
pharmacodynamics of the drug. Bioavailability
studies are used to define. Thus, assessment of
bioavailability of drugs is very essential to
detect the extent of success of the new
formulations.
After topical application of the optimized
baclofen emulgel E5, the value of AUC.5) was
found to be 232.01 + 10.85 and its % relative
bioavailability was 108.9%, 99.8% & 138.6%
when compared with Baclofen® oral tablet,
Voltaren® topical emulgel and baclofen topical
hydrogel respectively (Table 4). This result
showed that the optimized baclofen emulgel E5
was effective as marketed Voltaren® topical
emulgel formulation. These results elucidated
the incredible impact of emulgel and its
constituent in enhancing the anti-inflammatory
activity of baclofen. So, baclofen emulgel can
be utilized as an anti-inflammatory for topical
drug delivery.

60
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—e—Baclofen® Tablets

—#—Voltaren® Emulgel
1% Baclofen Hydrogel
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0 2
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Fig. 5: Anti-inflammatory activity of the tested formulations by the carrageenean-induced hind paw edema
method (mean +SD, n=3).

Table (4): Pharmacodynamics parameters and relative bioavailability of E5 formulation.

Pharmacodynamics Optimized Baclofen® oral Voltaren® Baclofen
P baclofen emulgel . .
arameter (E5) tablet topical emulgel | topical hydrogel
AUC-g) 232.01+10.85 213.0447.5 232.46+11.16 167.31+6.08
% Relative
Bioavailability of E5 ) 108.9 99.8 138.6
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Conclusion

1% baclofen emulgel were prepared,
evaluated and optimized applying a 2° full
factorial design. Baclofen emulgel formulations
exhibited non-Newtonian, pseudoplastic flow
with thixotropy. The percentage release of
emulgels prepared with olive oil was
significantly less than that prepared with IPM.
E5 was established to fulfill the maximum
requisite of an optimum formulation since it
had the maximum percent release and
maximum desirability. Carrageenan induced
paw edema revealed that baclofen emulgel can
be used as an effective anti-inflammatory for
topical drug delivery.
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