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Abstract

Although topical preparations like creams, ointments, and gels were used for many years to achieve local
or sometimes systemic effects, they have many limitations, mostly the inability to control the release of
medications. In this research, a new emulgel preparation of loxoprofen sodium was formulated as a suitable
alternative possessing the properties of both emulsion and gel preparation making it suitable to prolong the release
of the hydrophilic drug. Five different emulgel formulas of loxoprofen sodium 1% w/w were prepared using
different percentages of liquid paraffin (5% and 10% wi/w), tween 80 & span 80 emulsifier mixture (2.5% and,
5% w/w), and xanthan gum (1% and 2% w/w). These formulations were evaluated for their physicochemical,
rheological, and spreading properties, in addition to content uniformity and in-vitro release properties.
Furthermore, the optimum selected emulgel formula was subjected to a skin irritation test, stability, and
compatibility study besides an in-vitro release comparison with the marketed Loxonin® gel. Results of all
formulated emulgels showed excellent homogeneity and consistency with no phase separation, accepted pH
(6.12+0.76 to 6.51+0.92) and content uniformity (99.02+0.45 to 99.48+1.49). Moreover, all the formulas showed
a thixotropic shear-thinning behaviour. The optimum formula F3 exhibiting the highest spreadability value of
(8.3x0.1 cm), and the highest extent of drug (94.81+1.30 %) liberated after 6 h. additionally, the selected
loxoprofen emulgel F3 showed no irritation to human skin, and no significant (P<0.05) change upon storage at
4+2°C and 25+2°C with acceptable compatibility. Eventually, the selected formula displayed a slower rate of
loxoprofen release than the marketed gel. These results proved the effectiveness of the newly formulated
loxoprofen emulgel for a prolonged release giving better patient compliance.
Keywords: Loxoprofen, Topical, Slow release, Emulgel.
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Introduction

Topical dosage forms can be defined as
preparations applied directly to the skin to produce
a local or systemic effect by drug penetration into
the underlying layer of skin or mucous membranes
(-3), The main advantages of topical preparations are
represented by the ease of application, patient
compliance, bypassing the first-pass effect, and
gastric problems providing the drug directly at the
target tissue “-9,
Different types of topical preparations are available
with various consistencies ranging from solutions to
solids where semisolid dosage forms (creams,
ointments, foams, pastes, and gels) are the -most
popular ones ©. Nevertheless, gels are the most
preferred semisolid dosage forms due to their higher
stability and spreading coefficient, ease of
application, and less stickiness compared to other
topical preparations (. Regardless of the numerous
advantages of topical gels, they are only suitable to
enclose hydrophilic agents with poor control of their
release pattern, because gels are prepared by the
entrapment of a large quantity of aqueous or hydro-
alcoholic solutions within the colloidal solid
network which permits a faster dissolution and
migration of the drug through the vehicle compared
to ointments and creams © 9,
For this reason, the emulgels were prepared, in
which O/W or W/O emulsion is stabilized by the
addition of gelling agent. Therefore, both
hydrophilic and hydrophobic ingredients can be
incorporated into the aqueous or oily phase of the
emulsion. Furthermore, since emulgels contain both
emulsion and gels it acts as a dual control release
system, as drug particles move from the internal
phase (reservoir) to the external phase of the
emulsion in a controlled manner followed by its
capture by the cross-linked network of the gel phase
which prolongs the contact time of the medication
with the skin owing to the gel adhesive property,
providing the drug to be penetrate through the skin
slowly and in a controlled manner 9,
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Figure 1. Chemical structure of loxoprofen
sodium 1)

Loxoprofen is 2- [4-(2-oxo-cyclopentyl methyl)
phenyl]-propionate (Figurel), is a non-selective
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non-steroidal anti-inflammatory (NSAID) pro-drug
that is converted by carbonyl reductase enzymes in
the liver and skin to the active trans-alcohol (trans-
OH) and inactive (cis-OH) metabolite. It is very
soluble in water and methanol, freely soluble in
ethanol, and practically insoluble in diethyl ether
(2), This drug is widely used in Japan, Eastern Asia,
the Middle East, Latin America, and Africa for the
management of pain and inflammation in chronic
and transient conditions (e.g., toothache, headache,
menstrual cramps, common cold, etc.) ¢9, It acts by
inhibiting the cyclooxygenase enzymes (COX | and
COX-II), which are involved in the biosynthesis of
prostaglandins (PGs) * 19, Loxoprofen is available
as an oral loxoprofen sodium tablet and solution, it
is also available as topical preparations such as
Loxonin gel (1%), Loxonin spray (1%) which could
be applied 3-4 times a day “% 16, However, both
loxoprofen and the trans-OH form cannot retain for
a long time after oral administration because of their
rapid elimination with a ty, equal 1.36 £ 0.07 h and
2.04 £ 0.31 h for both loxoprofen and the trans-OH
respectively (0. Therefore, an alternative route;
other than oral; needed to be investigated to achieve
long-term retention of the drug in the body. This
study was performed to develop a new topical
loxoprofen emulgel and study the effect of different
variables (concentration of oil phase, emulsifying
agent, and gelling agent) in controlling the release
of the drug to reduce the application frequency and
hence improve patient compliance.

Experimental Work
Materials and methods

Materials
Liquid paraffin  (Solvochem, UK),
loxoprofen sodium (Provizer pharma, India),

methylparaben, and propylparaben (Samarra, Iraq),
propylene glycol PG (Himedia, India), span 80 and
tween 80 (Himedia, India), xanthan gum (Himedia,
India), Loxonin® gel (Daiichi Sankyo, Japan). All
other chemical reagents and solutions used were
from analytical grades.
Preparation of loxoprofen sodium topical emulgel
Different formulas of loxoprofen sodium
1'% w/w emulgel were prepared using various
concentrations of the oil phase, surfactant mixture,
and gelling agent concentrations as shown in table 1.
To formulate the emulgel, the emulsion was
prepared initially and then mixed with the gel in
equal proportions. The required amounts of the
surfactants in the emulsion were calculated
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according to the RHLB method as illustrated
below®®):;
_100(X — HLB B)

" HLBA-HLBB

Where, A is the percentage of tween 80 (Hydrophilic
surfactant) B is the percentage span of 80
(Hydrophobic surfactant) X is the required HLB for
the formula consequently, the oil phase was
prepared by dissolving span 80 in the given amount
of the liquid paraffin. While the aqueous phase was
obtained by dissolving methylparaben and
propylparaben (As preservatives) in propylene
glycol (PG as a penetration enhancer), which was
added to the aqueous phase containing tween 80 and
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loxoprofen. Subsequently, the aqueous and the oil
phase were heated separately to 70-80 °C, followed
by adding the oil phase to the aqueous phase with
continuous mixing until cool to room temperature.
On the other hand, the gel phase was prepared by
dissolving xanthan gum in distilled water using a
magnetic stirrer for about one hour, which was kept
overnight to allow complete swelling.

Finally, the prepared emulsion was mixed with the
prepared gel phase in a 1:1 ratio for 1 hour using a
magnetic stirrer to formulate the emulgel @9, The
composition of loxoprofen sodium emulgels was
illustrated in Table 1.

Table 1. Composition of the prepared loxoprofen sodium emulgels

Ingredients (as Y%ow/w) F1 F2 F3 F4 F5
Loxoprofen sodium 1 1 1 1 1
Liquid paraffin 5 10 5 10

Span 80 0.7 0.7 1.4 14 1.4
Tween 80 1.8 1.8 3.6 3.6 3.6

propylene glycol 5 5 5 5 5
Methyl paraben 0.03 0.03 0.03 0.03 0.03
Propyl paraben 0.01 0.01 0.01 0.01 0.01

Xanthan gum 1 1 1 1 2
D.W g.s. g.s. g.s. g.s. g.s.

Evaluation of loxoprofen topical emulgel
Physical properties

All prepared formulas were visually
inspected for their color, homogeneity, phase
separation, and consistency ?9.
The pH determination

The pH of the 1% aqueous mixture of the
loxoprofen emulgels was determined at room
temperature using a calibrated pH meter (OHAUS,
USA), the measurements were accomplished in
triplicate and the average value + SD was
determined @Y.
Rheological study

The viscosity in centipoise of all settled
formulas was determined at room temperature by
Brookfield viscometer DVE- the USA using spindle
63 at 2,5,10 and 12 rpm, and the average values of 3
measurements were determined after a 30-second
interval between readings @2,
Spreadability test

It is a direct measure of the extent to which
the drug spreads over the affected area, influencing
the therapeutic efficacy of the product. To determine
the spreadability of the prepared loxoprofen
emulgels, 0.5 g from each formula was placed
between two glass slides along with a 500 g weight
and allowed to rest for about 5 min (until no further
change in the diameter was observed). The increase
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in the diameter was determined in cm which
represented the spreadability @,
Determination of drug content

For the determination of loxoprofen
sodium content, 0.5 g of each formula which
equivalent to (5mg) of the drug was dissolved in 10
ml methanol: water mixture (40:60). Afterward, a
sample was withdrawn and suitably diluted using the
methanol-water mixture and filtered to be analyzed
at 223 nm wusing a T 80 UV-visible
spectrophotometer (PG Instruments, UK) @3,
In-vitro dissolution study

The in-vitro release test was performed by
a modified Franz diffusion cell consisting of a
cylindrical glass tube open from the two endings (22
mm diameter, 76 mm height). One end was covered
with a cellophane membrane immersed inside a 100
ml pH7.4 phosphate buffer at 37+£0.5°C. One gram
of each prepared emulgel was applied on the surface
of the 0.22 pm cellophane membrane that was
previously soaked overnight in water. Afterward,
1ml sample was withdrawn in specific time intervals
up to 6 h, and suitably diluted to be analyzed using
T 80 UV-visible spectrophotometer (PG
Instruments, UK) at 223 nm 0,
Skin irritation test for human

Additionally, the in-vivo skin irritation test
was performed on the optimum emulgel formula on
15 human volunteers by placing a 1g of loxoprofen
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emulgel on the back of the volunteer’s hand in an
area of about 5 cm2. The preparation was left for 12
h and repeated daily for a week to observe any skin
irritation or lesion @4,
Stability study

The stability of the optimum formula was
assured by packing the emulgel in 15ml glass vials
for 3 months at two different temperatures 4+2°C
and 25+2°C. A sample was withdrawn bimonthly
and analyzed for product consistency, pH, and drug
content V).
Drug-Excipient compatibility study

The compatibility between loxoprofen
sodium and xanthan gum in the optimum formula
was inspected by studying the Fourier transform
infrared spectra (FTIR) for each component
individually and their physical mixture using a
potassium bromide disc @,
Kinetic modeling of drug release from the prepared
loxoprofen emulgel

To determine the in-vitro release kinetics
of the optimum formula, the data were fitted for
zero-order, first-order, and Higuchi’s model, where
the release Kinetics and mechanism could be
established by comparing the values of the
coefficient of determination (R?) and selecting the
higher value. In addition, to depict more detailed
information about the release mechanism especially
when the release kinetics are not so clear, the
Korsmeyer Peppas model was used to predict the
exact process of release from the loxoprofen
emulgel by fitting the initial 60% of the released
data, and by determining the value of the release
exponent (n) ~the exact mechanism can be
established. Where the n < 0.5 indicates a Fickian
diffusion (Case I), while 0.5 < n < 1 suggests non-
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Fickian (anomalous) transport including both
diffusion and relaxation, on the other hand, if n =1

it means zero-order (Case Il) release mechanism
involving polymer swelling and relaxation. Finally,
the value of n > 1 signifies a Super case Il transport
where both polymer relaxation and erosion take
place @627,
Comparative in-vitro dissolution study between
optimum loxoprofen emulgel formula and
marketed Loxonin gel

To demonstrate the difference between the
in-vitro release of the formulated loxoprofen
emulgel and the marketed Loxonin® gel, the study
was performed using a modified Franz diffusion cell
in 7.4 phosphate buffer and the samples were
analyzed for UV- absorbance at 223 nm.
Statistical analysis

The results were analyzed statistically by
(ANOVA) single factor to compare and evaluate the
significance of the results, where (P<0.05) was
considered to be a significant difference.
Results And Discussion
Physicochemical properties

The results of the physicochemical
properties as illustrated in table 2 indicated that all
formulas were suitably prepared with accepted
content uniformity (99.02+0.45 to 99.48+1.49),
white color in addition to their excellent
homogeneity and consistency without any phase
separation. Furthermore, the pH of the prepared
loxoprofen emulgels was arranged between
6.12+0.76 and 6.51+0.92 which was suitable to

avoid any skin irritation.

Table 2. Physicochemical properties of loxoprofen sodium emulgels

Formula Color Homogeneity Consistency Phase % Content pH
separation uniformity
F1 White Excellent Excellent Nil 99.36+1.02 6.51+0.92
F2 White Excellent Excellent Nil 99.02+0.45 6.24+1.03
F3 White Excellent Excellent Nil 99.37+1.22 6.33+0.85
F4 White Excellent Excellent Nil 99.48+1.49 6.45+0.61
F5 White Excellent Excellent Nil 99.04+0.98 6.12+0.76

* Results expressed as mean + SD, n=3

Rheological
emulgels

The viscosity of the prepared emulgels was
a measure of the resistance to flow or shear @8-It is
a very important parameter that affects the
efficiency and performance of the final product, as
the most successful emulgel formula should possess
a certain degree of viscosity that is high enough to
increase its contact time on the skin, but shouldn’t
be so high to achieve a suitable spreadability and at
the same time permitting a maximum amount of
drug release @9,

The viscosity results in centipoise for all
prepared emulgels were in the range of (14700-

properties of loxoprofen sodium
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24268 Cps) as illustrated below in Figure 2. A
significant reduction in the viscosity (p<0.05%) was
observed for all formulas upon increasing the shear
rate from 2-12 rpm which took a certain time to
return to its original viscosity. These results
demonstrated the thixotropic shear thinning
behavior of the prepared formulas. This effect can
be explained by the alignment of the disarranged
molecules of the gelling agent in the direction of the
flow as the shear rate increases, which reduces the
internal resistance and hence the viscosity ©9,
However, a significant reduction in the
viscosity was observed in all shear rates upon
increasing the concentration of the surfactant
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mixture as noticed in F1 and F2 (2.5%) compared to
F3 and F4 (5%), respectively. This can be explained
by the fact the surfactant absorbed in the oil droplet
reducing the interfacial tension between the oil
phase and aqueous phase and preventing that oil
droplet from re-polymerizing and facilitating its
dispersion. In addition, the surfactant forms a
protective monomolecular film which reduced the
friction between molecules itself and also between
molecules and its surrounding wall, an effect that
obviously reduced the flow resistance and hence
causing viscosity reduction @9,

Furthermore, lower viscosity was observed
in F1 and F3 compared to corresponding F2 and F4

30000
25000

20000

10000
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=
Ul
o
o
o

5000

Variables Affecting In-Vitro Evaluation of Loxoprofen Topical Emulgel

in all rates of shear, an effect which can be
elucidated by the higher dispersed phase volume
fraction in F2 and F4 (10%) caused by increasing the
oil phase concentration which increased the
colloidal interaction between the dispersed particles
leading to a higher degree of disturbance in the
system flow and generating a higher viscosity 2.

Moreover, a significantly  higher
(p<0.05%) viscosity in all shear rates was observed
upon increasing xanthan gum concentration as in F5
(2%) as compared to F3 (1%) owing to the
generation of higher cohesive internal forces
causing greater resistance and viscosity ¢,

¥ ]
I
o Iiﬁm Iiﬁﬂ Iiﬁﬂ Iiﬁm IIH

Loxoprofen sodium emulgels

@2rpm HES5rpm ®@10rpm w12 rpm

Figure2 . Rheological data of loxoprofen sodium emulgels expressed in centipoise (cps) measured at 25°C

+ 0.5°C (Results are expressed as meant SD, n=3)

Spreadability results

Spreadability is considered an important
parameter for correct dose administration, ease of
extrusion from the container, application to the
target site and giving consequently a higher patient
preference. The results of spreadability (Figure 3)
agreed with that of viscosity, as a strong negative
correlation exists between the spreadability and
viscosity with F3 emulgel showing a significantly
(p<0.05%) higher spreadability value of 8.3%0.1.
The result can be further explained by the lower
cohesiveness or viscosity of the F3 emulgel
preparation owing to the lower concentration (i.e.
cross-linking) of xanthan gum 1%, and lower
surface tension due to the higher percentage of
emulsifiers 5% and a lower percentage of oil phase
represented by liquid paraffin 5% G4,
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F5,3.1
F1,7.1

F4,5 |

F2,4.5
F3,8.3

@Fl @F2 @F3 WF4 @F5

Figure 3. Spreadability of the prepared
loxoprofen sodium emulgels as mean of three
measurements expressed in cm at 25°C + 0.5°C
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In-vitro release of loxoprofen sodium from the
prepared emulgels

The result of the in-vitro release of
loxoprofen sodium from the prepared emulgels were
depicted below in Figure 4. A significantly
(p<0.05%) higher extent of drug release after 6 h
was observed in F3 emulgel with an average % drug
release of 94.81+1.30 followed by F1> F4> F2 >F5
having 78.04+1.94 > 75.04+1.93 > 72.10+1.03 >
69.06x£1.07 % of drug release, respectively. The
result might be again attributed to the higher percent
of surfactant mixture (5%) and lower concentration
of liquid paraffin (5%) and gelling agent (xanthan
gum 1%) in F3 compared to other formulas, which
increased the hydrophilic property, and facilitated
the penetration of the surrounding medium and the

diffusion of the drug from the emulgel preparation
(35)

120
- 100
3 ‘
© 80 L
2 /_M
¢ 60 ¢ o
e 7 '
5 40 ' _/,f/: e
X 2 |F
0
0 100 200 300 400
Time (min)
—o—F1 F2 F3 F4 F5

Figure 4. Comparative In-vitro release profile of
the prepared loxoprofen emulgels at 37+0.5°C
(Results are expressed as mean+ SD, n=3).

Variables Affecting In-Vitro Evaluation of Loxoprofen Topical Emulgel

From the previous evaluation, F3 Emulgel
was selected as the optimum formula with
(99.37+1.22 loxoprofen) content, higher extent of
drug release after 6 h (94.81+1.30) and higher
spreadability (8.3£0.1) with lower viscosity, in
addition to its good homogeneity, consistency and
accepted color and pH (6.33+0.85).

Skin irritation & stability results of F3

The optimum emulgel formula F3 caused
no skin lesion or irritation for any of the 15
volunteers. These results indicated its safety for
human application. Furthermore, stability results are
shown in Table 3. The optimum emulgel formula F3
showed no significant change in the consistency,
drug content and pH at both temperature (4 and
25°C) demonstrating good stability at different
temperatures of the selected emulgel formula.

FTIR spectra

To determine the compatibility between
loxoprofen and xanthan gum, the FTIR spectrum of
each one in addition to their physical mixture was
illustrated below in Figure 5. The pure drug
spectrum showed all the characteristic peaks of
loxoprofen represented by the prominent peaks at
1728 cm™ and 1730 cm owing to the carbonyl
stretching of the cyclopentane and carboxylic acid,
respectively. Furthermore, the peak on 3086 cm™
was attributed to the C-H stretching band of the
aromatic ring, while the CH, stretching vibration
was observed on 2870 cm. Finally, the peak at
1410 cm™* was due to C-H bending. Results of the
physical mixture showed no obvious change or shift
in the pure drug's characteristic peaks, indicating the
compatibility between the two excipients @637,

Table 3. Stability results of the optimum loxoprofen emulgel

Emulgel parameter At 4+2°C At 25+2°C
Consistency Excellent Excellent
1**month % Drug content 98.17+1.20 98.12+1.07
pH 6.3+0.75 6.3+1.24
Consistency Excellent Excellent
2" month % Drug content 98.26+1.52 98.22+1.07
pH 6.2+0.71 6.2+0.48
Consistency Excellent Excellent
3" month % Drug content 98.40+1.20 98.02+1.43
pH 6.310.94 6.2+1.18
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Figure 5. FTIR spectral analysis of the optimum loxoprofen sodium emulgel (F3)

To predict the exact mechanism of drug release, the
optimum formula (F3) dissolution results were fitted
to the zero-order, first-order, Higuchi, and
Korsmeyer-Peppas equations, as illustrated in table
4. The data showed clearly that the release of
loxoprofen obeyed zero-order kinetics owing to its
higher value of coefficient of determination R?

(0.9773) compared to other models, with a non-
Fickian (anomalous) diffusion (n= 0.6395). These
results strongly suggested that, the rearrangement
and swelling of the polymeric chain took place
slowly along with the diffusion process which gave
a time-dependent anomalous effect (839,

Table 4. Kinetic analysis data of the optimum formula (F3) of loxoprofen sodium emulgel

Mathematical model of drug release kinetics Korsmeyer-
Peppas
Formula
Zero-order First-Order Higuchi
Ko R? K1 R? K R? Kkp n
F3 0.0093 0.9773 0.0073 0.9209 0.0044 0.8443 7.925013 | 0.6395
. . . 120
Comparative In-vitro release analysis -
The in-vitro release profile of the selected o 100
loxoprofen emulgel F3 was compared to that of the § 80
marketed loxoprofen gel (Loxonin®) in Figure 6. A ® 60
statistically significant difference (p<0.05%) were £ a0 |4
observed in the rate of the drug release between the a -
two loxoprofen preparations, with Loxonin® gel X 20 f
exhibited a higher release rate of 95.45+1.76 % after 0
2 h compared to the formulated loxoprofen emulgel 0 100 200 300 400
F3 which displays a slower rate of drug release Time (min)
94.81+£1.38 % which extends up to 6 h. after
—0—F3 marketed Loxonin® gel

application.

This result demonstrated the effectiveness
of the prepared emulgel preparation to extend the
period of drug release for a prolonged period,
improving patient acceptance and adherence ©7,

Figure 6. Comparative in-vitro release profile of
the optimum loxoprofen emulgels F3 and
marketed loxoprofen gel (Loxonin®) at 37+£0.5°C

(Results are expressed as mean+ SD, n=3).



Iraqi J Pharm Sci, Vol.33(2) 2024

Conclusion

This study developed a topical loxoprofen
sodium emulgel (F3) using 5% liquid paraffin, 5%
surfactant mixture (tween 80/span 80), and 1%
xanthan gum as a gelling agent, that proved to
achieve prolonged release of loxoprofen (up to 6 h
compared to the marketed loxoprofen gel
(loxonin®), an effect which reduces application
frequency and gives better patient compliance.
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