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For transdermal delivery of meloxicam, nanostructured lipid carriers containing compritol
as solid lipid, oleic acid as liquid lipid and different ratios of Pluronic F-68 were prepared. The
prepared nanoparticles were characterized in terms of size, polydispersity index, zeta-potential
and encapsulation efficiency. The average particle size, zeta-potential and encapsulation
efficiency ranged from 134 to 491 nm, from -12.4 to -23.23 mV and from 35 to 70%, respectively.
Furthermore, in vitro release for a number of selected formulations was performed using dialysis
membrane in phosphate buffer saline. Drug release from free solution compared to release from
nanostructured lipid carriers over a period of 48 hours was evaluated as well as release kinetic
analysis was investigated. Moreover, stability of the selected formulation was studied at different
time intervals. In addition, meloxicam-loaded nanostructured lipid carriers gel containing
Carbopol-934 as a gelling agent was prepared. Moreover, anti-inflammatory activity of the
prepared gel was evaluated using carrageenan-induced rat paw edema method. Meloxicam-
loaded nanostructured lipid carriers gel showed a more sustained inhibitory effect compared to
free meloxicam gel. Finally, toxicity of the prepared meloxicam-loaded nanostructured lipid
carriers gel was evaluated using histopathological examination.

INTRODUCTION

Meloxicam (MLX) is a water insoluble,
potent, nonsteroidal, anti-inflammatory drug
(NSAIDs)'. 1t selectively inhibits cyclo-
oxygenase-2 (COX-2). It is commonly used in
the symptomatic treatment of joint disorders
like rheumatoid arthritis and osteoarthritis**. It
is conventially marketed as tablets. However,
its oral administration associated with some
gastrointestinal side effects’®®. Transdermal
delivery of meloxicam would eliminate
gastrointestinal irritation and avoid first pass
metabolism’. But unfortunately, it has low
aqueous solubility, poor skin penetration and
also low incorporation into formulations**’.
Moreover, transdermal delivery of meloxicam
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still challenging due to presence of outer most
layer of skin (stratum corneum) which act as a
barrier against delivery of many drugs'.
Recently, attention has been focused on solid
lipid nanoparticles (SLNs) and nanostructured
lipid carriers (NLCs) for the transdermal
delivery of many drugs''"”. Both SLNs and
NLCs offer many advantages for the
transdermal delivery of many drugs'**". As
they exhibit small sizes that ensure a good
contact with skin and thus enhance drug
permeation through skin, also improve
encapsulation of lipophilic drugs and control
the release of many other drugs'®'®. Moreover,
lipid nanoparticles offer stability of drugs that
are either sensitive to light or chemically
unstable’**?°, However, SLNs have some



limitations as drug expulsion during storage
and low drug loading capacity'®. Recently, an
attention has been paid to the formulation of
NLCs that considered a second generation of
lipid nanoparticles. NLCs have been developed
by replacing amount of solid lipid by liquid one
which lead to imperfect structure, and, thus
increasing the amount of incorporated drug,
and avoiding drug leakages that occur with
SLNs during storage”’™. Moreover, NLCs
have an occlusive effect, increase skin
hydration and promote drug permeation
through the skin®***. Furthermore, their small
sizes offer higher contact with skin, and, thus
higher penetration could be obtained. In
addition, their components have a great
influence on drug penetration™*%,
Furthermore, incorporation of drug into NLCs
leads to drug release in a controlled
manner”***’. Consequently, MLX loading into
NLCs would be a promising strategy for its
transdermal  delivery. =~ However, = NLCs
dispersion is inappropriate for dermal
application because of their low viscosity.
Thus, NLCs conversion into gel would be
advantageous for dermal application into the
skin. The aim of this study is to develop and
characterize NLCs for transdermal delivery of
meloxicam. In this work, effect of different
lipid ratios and surfactant concentrations on
size, encapsulation efficiency and in vitro
release of NLCs have been studied. Moreover,
in-vivo anti-inflammatory effect of MLX-
loaded NLCs gel has been evaluated.
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MATERIALS AND METHODS

Materials

Meloxicam was obtained as a gift from
Medical Union Pharmaceuticals (Abu-Sultan,
Ismailia, Egypt), Compritol 888 ATO was
supplied by Gattefosse” (France), oleic acid
was purchased from Alpha Chemicals (Cairo,
Egypt), Pluronic F-68 was provided by BASF
(Luwigshafen, Germany), dialysis membrane
(molecular weight= 12000-14 000 Da) and
Carpobol-934 was purchased from Fluka
Chemica (Buchs, Switzerland).

Methods

Nanostructured  lipid  carriers  were
prepared by melt emulsification followed by
ultrasonication as per the reported methods
with slight modification™**. Shortly, the lipid
phase, composed of compritol as solid lipid and
oleic acid as liquid lipid at different ratios, as
mentioned in table 1 and 2, was heated to 5-
10°C above melting point of Compritol. MLX
(10 mg) was dissolved in the melted lipid. An
aqueous phase containing Pluronic F-68 was
heated up to the same temperature of the
melted lipids. Then, hot aqueous phase was
added to drug-lipid mixture and stirred for 5
min at 4000 rpm to obtain O/W emulsion. After
that, the obtained O/W emulsion was further
subjected to sonication using ultrasonicator
(Cole-Parmer, Vernon Hills, IL) (50% W, 5
min, 2 on & 2 off) to obtain nanoemulsion.

Table 1: Composition of the developed MLX nanostructured lipid carriers with different drug: lipid

ratios and Compritol amounts.

. MLX Drug: Lipid Pluronic F-68 Compritol | Oleic acid
Formulation .

(mg) ratio (mg) (mg) (mg)
Fl1 10 1:15 112.5 105.0 45.00
F2 10 1:20 150.0 140.0 60.00
F3 10 1:30 225.0 210.0 90.00
F4 10 1:15 112.5 82.50 67.50
F5 10 1:20 150.0 110.0 90.00
F6 10 1:30 225.0 165.0 135.0
F7 10 1:15 112.5 45.00 105.0
F8 10 1:20 150.0 60.00 140.0
F9 10 1:30 225.0 90.00 210.0
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Table 2: Composition of the developed MLX-NLCs with different Pluronic (PF-68) amounts (mg).

. MLX | Drug: Lipid | Pluronic F-68 | Compritol | Oleic acid
Formulation .

(mg) ratio (mg) (mg) (mg)
F1 10 1:15 112.5 45.00 105.0
F2 10 1:15 150.0 45.00 105.0
F3 10 1:15 225.0 45.00 105.0
F4 10 1:20 112.5 60.00 140.0
F5 10 1:20 150.0 60.00 140.0
F6 10 1:20 225.0 60.00 140.0
F7 10 1:30 112.5 90.00 210.0
F8 10 1:30 150.0 90.00 210.0
F9 10 1:30 225.0 90.00 210.0

Measurement of particle size of MLX-
loaded NLCs

Average hydrodynamic diameters and
Polydispersity index (PDI) were measured
using a Zetasizer Nano ZS instrument (Malvern
Instruments, Worcestershire, UK) equipped
with a back scattered light detector operating at
137°. The Zeta-potential values were measured
by laser doppler anemometry using Malvern
zetasizer nanoseries. All samples were diluted
in distilled water and all measurements were
performed in triplicate at 25°C™.

Determination of encapsulation efficiency
(E.E)

MLX-loaded NLCs were separated from
free MLX by using cellulose acetate dialysis
bag (molecular weight cut off= 12000-14000
Da). Encapsulation efficiency of MLX-NLCs
was determined spectrophotometrically at 362
nm using double beam spectrophotometer”'.

Encapsulation efficiency (E.E) was
expressed as the amount of drug encapsulated
which divided by the initial amount of drug:

amount of drug encapsulated in nanopaticles

Encapsulation efficiency (%) = st of g il il

Eq. 1

In-vitro release study
In-vitro release from different NLCs and
drug solution was evaluated using cellulose
acetate dialysis bag diffusion technique
(molecular weight cut off= 12000-14000 Da).
MLX-NLCs were placed into dialysis bag and
sealed at both ends. Then, it was immersed in a
beaker containing PBS (PH=7.4) that was kept
in a thermostatic shaker (Gesellschaft fiir
Labortechnik mbH, Burgwedel, Germany) at
100 rpm and maintained at 37°C. Samples were

taken at predetermined time intervals (0.5, 1, 2,
3,4,5, 6,8, 24 and 48 hrs) and replaced by an
equivalent volume of fresh medium to maintain
constant volume. The release studies were
performed in triplicate. The samples were
subsequently analyzed spectrophotometrically
at 362 nm. Finally, the data were applied into
different kinetic models as zero order, first
order, Higuchi and Korsemeyer-Peppas
model***.

Stability studies

The stability of the selected formulation
(F8c) was evaluated at room temperature at
different time intervals for change in size (nm),
PDI, Zeta-potential (mV) and E.E (%).

Transmission electron microscopy (TEM)

The morphological examination of NLCs
was performed with transmission electron
microscopy (TEM) (JEM 100 CX11, Japan).
Samples were prepared by placing a drop onto
a 400-mesh copper grid coated with a carbon
film, and left for air drying.

TEM images were then observed at an
acceleration voltage of 80 kV.

Fourier transform-Infrared spectroscopy
Nanostructured  lipid carriers  were
lyophilized to obtain dry product. The selected
formulation (F8c) was frozen at — 80°C
overnight prior to the lyophilization process.
Then, transferred to Alpha 2—4 LD plus freeze-
dryer (Martin Christ GmbH, Osterode,
Germany) for 24 hrs. The FT-IR spectrum was
performed for MLX-loaded NLCs, free drug
and Compritol using FT-IR spectrophotometer
(IR-470; Shimadzu, Kyoto, Japan). Samples
were mixed with potassium  bromide
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(spectroscopic grade), compressed into disks

and scanning was performed from 4000 to 500
-1

cm .

Differential scanning calorimetry

The thermal behaviors of free drug,
Compritol and selected formulation (F8c) were
investigated by differential scanning
calorimetry (DSC- 60; Shimadzu Corporation,
Tokyo, Japan). Samples were sealed in
aluminum pans and heated over a temperature
range of 50-350°C at a constant rate of
10°C/min. Thermal analysis data were recorded
using a TA 501 PC system with Shimadzu
software programs. Indium standard was used
to calibrate the DSC temperature and enthalpy
scale. N2 was used as purging gas at a rate of
50 mL/min. An empty sealed aluminum pan
was used as a reference.

Preparation of MLX and MLX-NLCs gels

Selected MLX-NLC and MLX gel were
prepared according to the following method.
Carbopol 934 (2%) was dispersed in alcoholic
solution of MLX and MLX-loaded NLCs
formulation (F8c) and mixed gently. Then, few
drops of triethanolamine were added to
promote gelation™.

In-vivo anti-inflammatory effects

Carrageenan-induced rat paw edema
method was used in this study to evaluate anti-
inflammatory effect’”*°. The experiment was
performed according to animal ethics
guidelines of Assiut University, Egypt. Adult
female wistar rats weighing about 200 g were
divided into three groups each containing five
rats. The animals of group 1 received
carrageenan only. Group 2 and group 3
received free MLX gel and MLX-loaded NLC
gel, respectively. All rats were housed together
under standard laboratory conditions with free
access to food and water. Edema was induced
by the sub-plantar injection of 0.5 ml of 1.5%
carrageenan solution into the left hind-paw.
After 30 min. from carrageenan injection, gel
was applied to all groups except group 1 which
served as a control. Measurements of paw
volume were evaluated using Caliper before
carrageenan injection and after injection at
different time intervals (0, 2,3,4,6 and 8). The
data were recorded as mean + SD (n=5).
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The percent reduction of edema was
calculated as follow:

= — Eq.2

V: paw thickness at each time interval.
Vi: initial paw thickness.

Histopathological analysis

The study was approved by the Animal
Ethics Committee. Adult female wistar rats
weighing about 200 g were divided into two
groups each containing five rats. Selected
formulation was applied to the left hind paws
of rats in group 2 three times daily for 1 week.
Group 1 represents control group for
comparison. Sections were cut and stained with
haematoxylin and eosin (HE) examination by
light microscopy.

Statistical analysis

The statistical analysis of data was carried
out using both one-way analysis of variance
(ANOVA) and student’s t-test. A difference of
p< 0.05 was considered to be statistically
significant.

RESULTS AND DISCUSSION

Particle size, PDI and encapsulation
efficiency

MLX-NLCs were prepared via melt
emulsification followed by ultrasonication. The
effects of different drug: lipid ratios, oleic acid-
to-compritol  ratios and Pluronic F-68
concentrations on size, PDI, entrapment
efficiency and zeta-potential of NLCs were
evaluated for further optimization of the
formulations (Tables 3&4). Different
formulations were prepared using different
drug: lipid ratios (1:15, 1:20, 1:30) and
different oleic acid-to-compritol ratios (30
wt.% of oleic acid/total lipid), coded as F1, F2,
F3, (45 wt.% of oleic acid/total lipid), coded as
F4, F5, F6 and (70 wt.% of oleic acid/total
lipid), coded as F7, F8, F9, as shown in table 3.
However, drug amount and surfactant: lipid
ratio (1:20) are constants. It was observed that
there is a significant difference (p< 0.05) in
size and PDI between all formulations. The
results showed that oleic acid % has a
significant effect on size, PDI and E.E of
NLCs. As, there was a marked decrease in



average particle size and PDI of NLCs by
increase % of oleic acid from 30 to 70%**"**,
Size of nanoparticles was between 152.4+5.1
and 491.0+42.6. Minimum size, PDI and E.E
were observed with minimum % of Compritol
(30) and highest oleic acid % (70). It also was
found that in all formulations containing 70%
oleic acid, increasing drug:lipid ratio from 1:15

to 1:30 resulted in increasing particle size and
PDI (more heterogeneous formulations).

The average Zeta-potential was in the
range of -23.23 + 1.4 to -12.4 £ 0.21 mV which
indicates good stability of the prepared NLCs.
As shown in table 3, there was no trend for
Zeta potential changes by changing drug: lipid
ratios and percentage of oleic acid as reported
previously’’.

Table 3: Characteristics of the developed MLX -NLCs (particle size (nm), PDI, E.E (%) and Zeta-

potential (mV).

Encapsulation .

. Average Average . Zeta-Potential
Formulation . Efficiency
size (nm) £ SD PDI + SD (mV) £SD
(%)

F1 470.3 £20.3 0.86 +0.11 45.1+£0.75 -2323+14
F2 491.0 +£42.6 1.00 £ 0.0 59.9+£1.70 -13.23 +0.52
F3 436.0 +£9.2 0.93 £0.05 50.1 £2.50 -2147 £0.21
F4 357.3+£25.8 0.73 +0.03 47.1+£2.99 -19.57 £0.68
F5 271.3+£5.5 0.77 £0.10 69.9 +0.99 -20.73 £ 0.61
F6 330.9 £37.1 0.75 £ 0.07 499 +£2.6 -20.93 +0.33
F7 1524 £5.1 0.49 +0.02 45.1+£1.55 -17.5£0.44
F8 178.6 £1.2 0.60 +0.10 349+1.79 -13.43 +0.26
F9 211.7+10.7 0.55 +0.07 349 +290 -20.93 +0.33

Note: PDI, polydispersity index; EE, encapsulation efficiency.

Each value represents the mean + SD.

Table 4: Characteristics of the developed MLX -NLCs (particle size (nm), PDI, E.E (%) and Zeta-

potential (mV).

. Encapsulation .
. Average size Average . Zeta-Potential
Formulation efficiency
(nm) £ SD PDI £ SD (mV)
(%)

F7a 152.4£5.1 | 049+£0.02 | 45.1+1.55 -17.5+£0.44
F7b 1785+£2.1 | 0.56+£0.02 | 38.93 £2.68 -20.0£0.53
Fic 183.1+£9.3 | 0.62+£0.04 44.0 £ 1.87 -19.8 £0.37
F8a 168.8+6.4 [ 0.59+0.03 | 49.89 +2.30 -12.4 +£0.21
F8b 178.6+1.2 | 0.60+£0.10 | 349+1.79 -13.43 £ 0.26
F8c 201.6£53 | 0.65+0.04 | 60.0+1.69 -19.57 £ 0.62
F9a 1344 +£1.7 | 046 £0.08 50.0 +£2.40 -15.9£1.07
Fob 1547+£3.1 | 055+£0.04 | 42.1+1.60 -19.57 +£0.24
F9c 211.7+£10.7 | 0.55+£0.07 | 349+£290 -20.93 +0.33

Note: PDI, polydispersity index; EE, encapsulation efficiency.
Each value represents the mean + SD.
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From table 3, it was observed that optimal
results of size, PDI and E.E obtained with
highest % of oleic acid (70%). On the other
hand, different formulations were prepared
with different concentrations of PF-68 (0.75 %
w/v), coded as F7a, F8a, F9a, (1 % w/), coded
as F7b, F8b, F9b and (1.5 % w/v) coded as F7c,
F8c, F9c while maintaining drug: lipid ratios
and oleic acid-to-compritol ratios constant. t
was observed that there is a significant
difference between particle size and PDI (p<
0.05). As size and PDI increased by increasing
concentration of Pluronic F-68. The resultant
increase in size of NLCs upon increase
surfactant concentration might be due to
accumulation of surfactant molecules on the
surface owing to hydrophobic interaction
between nonpolar alkyl chain of surfactant and
solid lipid molecules™®*°. When drug: lipid
ratio was 1:30; it also was observed that
increasing pluronic F-68 concentration resulted
in decrease encapsulation efficiency and this
may be attributed to partitioning of drug more
toward aqueous phase. As shown in table 4,
zeta-potential values were in the range of -12.4
+ 0.21 to -20.93 * 0.33 mV and this also as
mentioned previously is a sign of good
stability. It was observed that there was an
increase in zeta potential values upon
increasing surfactant concentration.

In-vitro release study from drug solution and
NLCs

Figures 1&2 show drug release profile
from its solution and from different NLCs.
Drug released from NLCs in a biphasic manner
as it was observed that rapid drug release
obtained in the first followed by a sustained
release. Figure 1 demonstrates effect of oleic
acid % on release of drug from its NLCs. Free
drug solution showed a significant (p< 0.05)
faster and higher release than from NLCs. As it
showed about 23.6% release after first 30 min.
However, drug release from its different NLCs
ranged only from 4.13 to 8.5 % after 30 min.
When release profile of MLLX from its different
NLCs was compared with each other after 48h,
it was found that F2 and F5 have the highest
release rate. This might be attributed to a
higher concentration of surfactant (1.5%)
which facilitates drug passage toward the
media. On the other hand, F5 exhibited a
higher release rate as F5 contains higher
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percentage of oleic acid (45%) compared to F2
(30%). And this might be due to reduction in
the crystallinity of nanoparticles and hence
more imperfect crystals formation upon
increasing oleic acid permeating more amount
of drug to be released into the media®’.

Figure 2 illustrates the effect of different
surfactant concentration on release profile.
Also here MLX solution exhibited higher drug
release compared to other MLX- NLCs. MLX
solution showed 23.06% release after 30 min.
However, MLX-NLCs exhibited only 4.13-
9.7% release. It was found that F8c showed the
highest percentage of MLX release after
48h.This might be referred to the high
surfactant concentration (1.5 %) that increase
leakage of drug from NLCs. However, F7a and
F9a exhibited slower release compared to F8c
as they contain lower surfactant concentration
(0.75%).

_

00 1 = Drug solution
- F2

= F5
- F7

% Cumulative release

0+
0 10

20 30 40 50
Time(h)

Fig. 1: In-vitro release profile of MLX from its
NLCs (F2, F5, F7).
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2 ~ F7a
% = F8c¢
= T -+ F9a
2
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=
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5
o
X of - - - . .
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Fig. 2: In-vitro release profile of MLX from its
NLC (F7a, F8c, F9a).

At the end, kinetic analysis was performed
and the resulted correlation coefficients (R)
were calculated and listed in table 5. All
formulations showed that drug released
through a diffusion mechanism (i.e. Higuchi
equation). Moreover, Korsemeyer-Peppas
model was applied to ensure mechanism of
drug release. All formulations were found to
have diffusion exponent < 0.5 meaning that
drug release followed controlled by fickian
diffusion.



Stability studies

Table 6 shows that there is no significant
(p> 0.05) change in size of nanoparticles after
1 month from storage at room temperature.
Similarly, there was a non-significant change in
zeta-potential of nanoparticles after 3 weeks.

However, a significant decrease (p= 0.01) was
observed after 4 weeks. Finally, MLX- loaded
NLCs was screened for the stability of
encapsulated drug and it exhibited good results
as there was no significant difference in E.E %
after 1 month.

Table 5: Release kinetics of MLX-loaded NLCs using various equations.

Correlation coefficient (R%)
F lati -
ormutation Zero order First order Higuchi model Korsmeilrel; Peppas
F2 0.9346 0.9713 0.9726 0.4001
F5 0.9893 0.9894 0.9895 0.5183
F7 0.9913 0.9900 0.9929 0.4957
F8c 0.7175 0.7922 0.8491 0.4627
F9a 0.9570 0.9825 0.9865 0.3958

Table 6: Physicochemical characteristics of the optimized formulation (F8c) at different time

intervals.
Parameter 1 Week 2 weeks 3 weeks 4 weeks
Average size (nm) + SD 209.8 £5.88 | 198.9+6.1 | 229.5+3.77 | 287.8 +58.35
Average PDI + SD 0.59+0.02 | 0.57+£0.04 | 0.54+0.01 0.5+0.05
Average Zeta-potential (mV) =SD | -203+04 | -18.6+1.14 | -19.8+0.35 -17.9£0.15
Average E.E (%) + SD 59.8+1.2 59.1 +0.08 5845+2.4 5798 £2.8

Transmission electron microscopy (TEM)

The morphological examination was
shown in figure 3. The selected formulation of
MLX-loaded NLCs exhibited morphological
shape. It showed no aggregation a narrow size
distribution.

Fig. 3: Morphological examination of MLX-loaded
NLCs using TEM.

Fourier transform-infrared spectroscopy
Structural composition of pure MLX,

MLX-loaded NLCs and compritol was

performed using fourier transform-infrared

spectroscopy. Their FT-IR spectra are shown in
figure 4. Pure MLX has major absorption peaks
at 3290, 1620, 1530 and 1160 cm’
"corresponding to secondary amine stretch, C-
H stretch aromatic, C=N stretch and S=0
stretch,  respectively.  Compritol ~ shows
absorption bands at 2910 and 2840 cm™ due to
C-H stretching. Moreover, it shows absorption
bands at 1730 cm’ due to C=O stretching.
Spectrum of MLX-loaded NLCs showed
absence of MLX characteristic peaks and this
might be attributed to incorporation of drug in
the lipid matrix.

Transmittance (%)
w

4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers (cm™1)

Fig. 4: Fourier transform Infrared spectroscopy of
(A) MLX, (B) Compritol, (C) MLX-loaded
NLCs.
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Differential scanning calorimetry

Figure 5 shows the thermogram of
Compritol, MLX and the optimized
formulation of MLX-loaded NLCs. It was
found that MLX and core lipid Compritol
exhibited sharp endothermic peaks at 263.4 and
79.6°C, respectively. As shown in figure 5,
lyophilized MLX-loaded NLCs didn’t exhibit
the sharp endothermic peak of MLX. This
shows that MLX transformed from the
crystalline to amorphous phase. In contrast, it
was observed that the melting point of
compritol was shifted to higher values (from
79.6 to 95.94°C). This might be due to presence
of surfactant and nanosized formulation.

%e

% Edema Inhibtion

Heat flow («~— endothermic)

100 150 200 250 300 350

0
2,

Temprature (°C)

Fig.5: DSC thermogram of (A) MLX, (B)
Compritol and (C) MLX-loaded NLCs.

Preparation of MLX and MLX-NLCs gels

For ease of topical application, free MLX
and MLX-loaded NLCs gel were prepared.
After screening all formulations, it was found
that F8c has small particle size (201.6+5.3 nm)
and good stability over a period of 1 month.
Consequently, F8c (containing 70% oleic acid
and 30% Compritol was selected to prepare a
more convenient formulation for the topical
administration.

In-vivo anti-inflammatory effects using paw
edema

The anti-inflammatory effect of the
prepared MLX-loaded NLCs gel was evaluated
using paw edema test. Biological evaluation
was performed after topical application of
MLX-loaded NLCs gel and free MLX gel and
comparing volume of edema to the control
group. Figure 6  demonstrates  anti-
inflammatory activity of MLX gel and MLX-
loaded NLC gel on hind paw of carrageenan
induced edema rat. It was found that free MLX
and MLX-loaded NLC gel showed a
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significantly different anti-inflammatory effect
compared to control group (p< 0.05). MLX -
loaded NLC gel exhibited a more sustained
action than free one. As after 2 hr it inhibited
edema by 18% and this inhibitory effect
increased gradually to reach maximum (40%)
after 8 hr. However, after 8 hrs from free MLX
gel application, edema inhibited by 2%.
Although % inhibition after the first 2 hrs from
free MLX gel application was 30%. And this
might be attributed to that NLCs offer higher
deposition and penetration of MLX through
skin layers.

>

[ Free drug gel
MLX-NLC gel

—_ N W s N
S oo o o

Time(h)

Fig. 6: Anti-inflammatory effect of free MLX gel
and MLX-loaded NLC gel in carrageenan
induced rat paw. Each value represents
mean£SD (n= 5/group).

Histopathological analysis

Histopathological analysis was performed
to investigate the safety and acceptability of
MLX-loaded NLCs for topical adminstration.
The histopathology of untreated rat skin and
skin treated with MLX-loaded NLCs gel was
shown in figure 7. The results exhibited that
control group has a normal skin which is
stained with haematoxylin and Eosin (H&E)
consists of stratum corneum, stratum spinosum
cells and dermis as shown in A. Moreover,
Skin of control group was stained with
Masson’s trichome showing normal skin
consist of epidermis and connective tissue with
collagen with multiple hair follicles as
exhibited in C. Also, after examination skin of
treated group that was stained with H&E and
Masson’s trichome as shown in B&D, it was
found that there is no change in histopathology
from normal one.



_ Control MLX loaded NLCs gel

Masson’s trichome
P

Fig. 7: Photomicrograph of skin rat for control
group (A&C) and MLX-loaded NLCs gel
treated group (B&D).

Conclusion

In conclusion, MLX-loaded NLCs were
successfully prepared and characterized well.
The ratio of solid lipid: liquid one and
surfactant concentration have a significant
impact on size of the nanoparticles and
homogeneity of the formulation. Moreover,
they affect release of drug that consequently
affects skin permeation, deposition and also
anti-inflammatory activity. The obtained results
proved that NLCs could act as safe potential
carriers for effective transdermal delivery of
meloxicam.
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