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Purpose: Rheumatoid arthritis is an autoimmune disorder that directly affects joints.
However, other body organs including heart, eyes, skin, blood vessels and lungs may also
be affected. The purpose of this study was to design and evaluate a nanoemulgel formulation
of diflunisal (DIF) and solubility enhanced diflunisal (DIF-IC) for enhanced topical anti-
inflammatory activity.

Methodology: Nanoemulsion formulations of both DIF and DIF-IC were prepared and
incorporated in three different gelling agents, namely carboxymethylcellulose sodium (CMC-
Na), sodium alginate (Na-ALG) and xanthan gum (XG). All the formulations were evaluated
in term of particle size, pH, conductivity, viscosity, zeta potential and in vitro drug release.
The formulation 2 (NE2) of both DIF and DIF-IC which expressed optimum release and
satisfactory physicochemical properties was incorporated with gelling agents to produce final
nanoemulgel formulations. The optimized nanoemulgel formulation was subjected to three
different in vivo anti-inflammatory models including carrageenan-induced paw edema
model, histamine-induced paw edema model and formalin-induced paw edema model.
Results: DIF-IC-loaded nanoemulgel formulations yielded significantly enhanced in vitro
skin permeation than DIF-loaded nanoemulgel. The nanoemulgel formulation of DIF-IC
formulated with XG produced improved in vivo anti-inflammatory activity.

Conclusion: It was recommended that DIF-IC-based nanoemulgel formulation prepared
with XG could be a better option for effective topical treatment of inflammatory conditions.
Keywords: diflunisal, nanoemulsion, pseudoternary phase diagram, in vitro skin permeation,

anti-inflammatory activity, improved efficacy

Introduction
Rheumatic diseases, the leading cause of disability and locomotor dysfunction in the
human (adult) population, are generally categorized under arthritic disorders.'
Osteoarthritis and rheumatoid arthritis (RA) are considered as the most established
manifestations of these articular problems. The most recurrent symptom associated
with RA (an autoimmune disorder) is joint pain, leading to decreased motility, sleep
disturbance, physical disability, increased health-related costs, and ultimately to life-
long inflammatory complications.>* Several pro-inflammatory cytokines including
TNF-0, IL-1B and IL-6 are activated in RA.* The effective treatment of active RA
relies on the biological targeting of these cytokines with a suitable drug regimen.
Topical drug delivery involves application of medication directly to the skin
surface.” It offers many advantages such as avoidance of first pass effects, frequent
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dosing, no gastric degradation, ease of application and
termination. The particle size of the active drug moiety is
decisive for the penetration of drug molecules through
underlying skin barriers. Vehicle composition and the phy-
sicochemical properties of drugs are the prime factors that
govern drug release and the therapeutic efficacy of the
dermal formulations.®

Traditional topical vehicles including lotions, oint-
ments, patches and creams are associated with many draw-
backs such as limited drug loading efficiency and poor
penetrability. Furthermore, they can be sticky with less
spreading coefficient, so require rubbing for application
leading to patient discomfort. Stability is also a prime
issue with such formulations. Formulation scientists have
introduced the concept of transparent gels to address issues
related to conventional topical dosage forms, but an inabil-
ity to deliver lipophilic drugs is a major drawback asso-
ciated with gels.”

It is evident from the literature that topical nanosized
formulations could promote drug delivery by inducing
temporary disruption in a highly organized lipid bilayer
structure. A nanoemulsion is considered a transparent,
thermodynamically stable and optically isotropic colloidal
system having droplet size of 20-200 nm.® Nanoemulsions
are composed of oils and surfactants usually in association
with co-surfactants.” Despite many benefits, low viscosity
and spreadability are the main drawbacks of topical nanoe-
mulsion formulations.'® Based on this status quo, research-
ers converted nanoemulsion, either water in oil (w/0) or oil
in water (o/w) into nanoemulgel by mixing with gelling
agents for effective topical drug delivery.'' Their accept-
ability is further supported by their properties including
non-staining, thixotropy, emollient, non-greasy, good
spreadability, pleasant appearance and ease of removal.'?

Anti-inflammatory drugs/analgesics can be suitable
therapies for the mitigation of inflammation and joint
pain, but their persistent use is associated with several
deleterious side effects, patient non-compliance and low
efficacy.'>  Non-steroidal  anti-inflammatory ~ drugs
(NSAIDs) are widely used for the long-term treatment of
chronic rheumatic diseases.

DIF, a salicylic acid derivative with longer duration of
action is administered to patients over prolonged periods
of time, so effective measures should be adopted to mini-
mize associated side effects and to prevent damage to
internal organs.'* Topical administration of DIF could be
a promising method to address the side effects related to

oral administration. A major problem associated with topi-
cal delivery of DIF is its poor aqueous solubility.

In our previous publication, we formulated ternary
complexes of DIF by using different hydrophilic polymers,
in order to optimize drug delivery. The highest solubility
was reported with a ternary complex of DIF with HPBCD
and PXM-188."> In this article we focus on enhancing
solubility and anti-inflammatory activity of DIF by incor-
porating it in a nanoemulgel using different gelling agents
(Na-ALG, CMC-Na and XG). Previously, Sallam et al.'*
developed a microemulsion-based gel of DIF (5%). But
according to the literature and preclinical investigations,
the minimum effective concentration (MEC) of DIF for
topical/localized effect may be only 0.04% w/w proven by
quality by design (Qbd) studies.'® The unique feature of
our present study is that we designed a nanoemulgel for-
mulation that will produce a therapeutic effect at low drug
concentration (1%) in comparison with other reported
studies. We are going to introduce a new concept of
incorporation of solubility enhanced DIF (DIF/HPBCD/
PXM-188) into a nanoemulsion followed by mixing with
different gelling bases to develop a nanoemulgel formula-
tion and evaluate its solubility, dissolution and anti-inflam-
matory activity against the nanoemulgel prepared with
pure DIF and a marketed brand of diclofenac diethylamine
(Voltral®).

Materials and Methods

Materials

DIF was supplied by AK Scientific (US). Sunflower oil,
lavender oil, sandalwood oil, eucalyptus oil and rosemary
oil were obtained from Go Natural, Pakistan. Olive oil was
acquired from Jiaxing, Sunlong Industrial and Trading Co.
Ltd, China. Glycerine, propylene glycol, Tween 80, Tween
40, Tween 20, Span 20, Span 80, Transcutol-P and CMC-
Na were purchased from Sigma-Aldrich, USA. Na-ALG,
PEG 400 and propanol were purchased from Daejung,
Korea. Analytical grade chemicals/reagents were used in
the study.

Solubility Studies

Various oils (sunflower oil, lavender oil, sandalwood oil,
eucalyptus oil, rosemary oil and olive oil), surfactants
(Tween-80, Tween-40, Tween-20, Span-80 and Span-20)
and co-surfactants (glycerine, propylene glycol, propanol,
PEG-400, transcutol-P) were used for solubility determi-
nation of DIF. The solubility of DIF in different surfactant/
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co-surfactant (S/Co-S) ratios including 1:1, 1:2 and 2:1
was also determined to specify the S/Co-S mixture ratio
for the construction of a pseudo-ternary phase diagram.
Drug was added in excess in 2 mL of each excipient
followed by vortex mixing for about 2 min and settled in
a reciprocating shaking water bath at 37°C and 100 rpm
for the next 72 hours. The resultant mixture was then
subjected to centrifugation for 5 min at 3000 rpm. The
undissolved fraction of drug was removed by 0.45 um
membrane filters. The clear supernatant was then diluted
suitably with methanol and analyzed spectrophotometri-
cally at 251.5 nm wavelength using methanol as blank.

Construction of the Pseudo-Ternary

Phase Diagram

Water titration method was adopted to develop a pseudo-
ternary phase diagram to draw the nanoemulsion zone and
define concentration ratios of the individual components.'” In
different glass tubes, oil was mixed thoroughly with S/Co-S at
different weight ratios of 0.5, 9.5, 1.0: 9.0, 1.5: 8.5, 2.0: 8.0,
2.5:8.5,3.0:7.0,3.5:6.5,4.0: 6.0,4.5: 5.5, 5.0: 5.0, 6.0: 4.0,
7.0: 3.0, 8.0: 2.0 and 9.0: 1.0. Aqueous phase was then added
drop-wise into each tube (at 26 + 2°C) followed by 2 min
vortex mixing and allowed to equilibrate after light magnetic
stirring for 20 min. After equilibrium establishment, the mix-
tures were described in term of flowability and phase clarity.
The clear emulsion with good flowability was declared as
nanoemulsion.'® Chemix (cxse 700) was used to construct
the ternary diagram.

Preparation of Nanoemulsion Formulae

Suitable weight ratios for oil and S/Co-S were selected
from the pseudo-ternary phase diagram and different for-
mulae were designed on the basis of the nanoemulsion
(NE) region in the diagram. O/w nanoemulsion was
expected to form by these weight ratios due to compara-
tively lower oil ratio than water. The physical state and
clarity (transparency) was observed in these NE systems.

Preparation of Drug-Loaded
Nanoemulsion Formulae and

Nanoemulsion-Based Gel

DIF and solubility enhanced DIF (DIF-IC) were added to
the S/Co-S mixture and mixed thoroughly by vortex mixer
for 2 min followed by addition of oil with continuous
mixing. Finally a specified weight of aqueous phase was
added drop-wise to

acquire an  homogeneous

nanoemulsion. The effect of drug loading was determined

in term of physical state and transparency of
nanoemulsions.

The optimized nanoemulsion formulations of both DIF
and DIF-IC were gelled using three different gelling
agents, viz. CMC-Na, XG and Na-ALG. For the prepara-
tion of the gel base of XG, 3% of XG was added in
purified water and stirred continuously to form an homo-
followed by pH with

triethanolamine.'® The gel bases of the other two gelling

geneous base, adjustment
agents were made by dissolving 3% of both CMC-Na and
Na-ALG in defined volumes of water by stirring for a
period of 2 hand finally adjusting their pH.?° The three
different gel bases were mixed with the optimized NE
formulae separately in 1:1 by magnetic stirring at 250
rpm for about 15 min until smooth and viscous nanoemul-

sion-based gels were formed.

Characterization of Nanoemulsion and

Nanoemulgel Formulations

Malvern Zetasizer Nano ZS90, UK was used to measure
particle size and polydispersity. The measurements were
performed in triplicate at 25°C and fixed angle (90°). The
test samples were poured in sample cells after suitable dilu-
tion. Polydispersity index values were used to ensure parti-
cle diameter uniformity. Malvern Zetasizer Nano ZS
(Malvern Instruments, Ltd, UK) Series ZEN3600 with elec-
trophoretic light scattering along with a particle size analy-
zer was used to measure the zeta potential of NE formulae
by applying electric field of one volt. For the measurement
of zeta potential, the samples were diluted appropriately
with prefiltered double distilled water and readings were
taken in triplicate. Digital pH meter (pH 7110 Xylem
Analytics Germany GmbH) was used to determine pH of
both blank and drug-loaded NE formulations and taken in
triplicate. The type of NE (either o/w or w/o) was verified by
performing a conductivity test. For this purpose, the elec-
trode of digital conductometer (HANNA®™ Instruments,
HI9811-5, Romania) was dipped in the NE formulations
and the readings noted in triplicate. Viscosity of NE formu-
lae was determined by Brookfield viscometer (DV-1I+ Pro)
using spindle 63 with spindle speed of 100 rpm. The formed
emulgel formulations were subjected to tests similar to those
performed for NE (pH, viscosity and conductivity).

In vitro Skin Permeation Study
All animal handling procedures were performed according
to the Guide for the Care and Use of Laboratory Animals
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of the National Institutes of Health and followed the
guidelines of the Animal Welfare Act. All protocols were
also reviewed by the Institutional Animal Care and Use
Committee Government College University Faisalabad
(Faisalabad, Pakistan) prior to granting approval for the
study (GCUF/ERC/2043). Male albino rat skin (shaved
dorsal skin) was used to perform an in vitro skin permea-
tion study. The rats were sacrificed and dorsal hair was
removed followed by surgical removal of skin. The
excised skin was then stored at —20°C after washing with
phosphate buffer solution. For the skin permeation study,
Franz diffusion cell (9 mL) with effective diffusion area of
1.76 cm? was used. Fat and other associated subcutaneous
tissues were removed by scalpel from the dermal edge and
the processed patch was placed between receptor and
donor compartments of a cell with dermal layer towards
receptor chamber and the stratum corneum (horny layer)
was facing the donor compartment.

One mL of each test formulation was placed on the
epidermal skin side. The PBS (pH 7.4) was filled in the
receptor chamber. After placing Franz diffusion cell on mag-
netic stirrer, the magnetic bead was rotated at fixed speed of
300 rpm at temperature 37 + 0.5°C."” Samples were taken at
predetermined time intervals for the next 24 h and analyzed
spectrophotometrically at 251.5 nm wavelength after suitable
dilution. Equal volume of fresh dissolution medium was
replenished after each sampling. The mean cumulative quan-
tity of permeated drug from the formulations through skin
(per cm?) was plotted against time to obtain DIF permeation
profile. For each formulation, permeability coefficient (Kp)
and flux (J) were calculated separately.

By using linear regression analysis, the cumulative
quantity of DIF that permeated through rat epidermal
membrane per cm?® at steady state was plotted against
time and the slope of resultant plot was used to calculate
flux (pg/cm”h). The permeability coefficient (Kp) was
calculated using the following equation:

Kp =7J/C (D

Where J indicates the flux and C denotes the DIF
concentration in the donor chamber.?!

The in vitro skin permeation study for nanoemulgel
formulations was performed under the same conditions
as used for nanoemulsion formulations.

In vivo Anti-Inflammatory Study
The rats were divided into five groups (n=5) for evaluating
anti-inflammatory effect as:

Group 1: (Control): untreated inflammation induced
group.

Group 2: (Standard): received diclofenac diethylamine
emulgel.

Group 3: (treated with DIF-loaded nanoemulgel).

Group 4: (treated with DIF-IC-loaded nanoemulgel).

Group 5: (Healthy rats).

Acute Inflammatory Models

To minimize the number of animals used in the experi-
ments, the same animals were reused after executing
one acute inflammatory model. Before use in the next
model, a washout period of 2 weeks was given to
experimental rats and only those animals having no
signs of inflammation/necrosis or any physical disability
were reused.

Carrageenan and Histamine-Induced Paw Edema
Model

1% carrageenan (0.1 mL) and histamine were adminis-
tered to each rat of every group through subcutaneous
administration of right hind paw in the sub-plantar
surface. The test formulations and standard were
applied half an hour before the administration of car-
rageenan/histamine. The paw volume was monitored at
regular time intervals i.e. 0, 1, 2, 3 and 4 husing a
digital Vernier caliper. Percent inhibition of paw
volume was determined through equation 2 and repre-

sented as mean + SD.%?

%inhibition = increase in paw volume (control) 100
. . X
—increase in paw volume (test)

2

Chronic Inflammatory Models

Formaldehyde-Induced Arthritis

The rats were pretreated with test formulations and standard
30 min before the formalin administration. 0.1 mL of for-
maldehyde (2%) was injected in the sub-plantar region of left
hind paw of all rats on days 1 and 3 of the study for edema
induction. Digital Vernier caliper was used for paw volume
measurement for 13 consecutive days. Percentage inhibition
was calculated using equation 2. Results are presented as
mean + SD of percentage inhibition of paw edema.”?

Statistical Analysis

SPSS® (version 16, USA) was used for statistical analysis
and results were expressed in the form of mean + standard
deviation (SD).
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Results

Solubility Study

The solubility of DIF was determined in different oils, surfac-
tants and co-surfactants as shown in Table 1. For the devel-
opment of stable NE, the critical factor is the solubilizing
capacity of oil because it demonstrates drug-loading effi-
ciency indirectly.** The highest solubility was observed with
eucalyptus oil (130.02 mg/mL) among all the oils, as shown in
Table 2, therefore it was selected for further investigation.

Table | The Solubility Values of DIF in Various Oils, Surfactants,
Co-Surfactants and Surfactant-Co-Surfactant Mixture. Mean %
SD,N =3

Components Solubility (mg/mL)
Oils

Sunflower oil 6.39 £ 0.0006
Lavender oil 78.64 + 0.0006
Sandalwood oil 88.13 £ 0.006
Eucalyptus oil 130.02 + 0.02
Rosemary oil 96.40 £ 0.05
Olive ol 7.45 £ 0.001
Surfactants

Tween 80 64.24 + 0.002
Tween 40 57.45 £ 0.02
Tween 20 42.37 £ 0.03
Span 20 7.38 £ 0.006
Span 80 7.05 £ 0.01
Co-surfactants

Glycerine 4.29 + 0.0006
Propylene glycol 61.86 + 0.0006
Propanol 215.25 £ 0.01
PEG 400 203.39 £ 0.01
Transcutol-P 393.13 £ 0.06
Surfactant mixture

Tween 80 + Transcutol-P (1:1) 366.01 + 0.01
Tween 80 + Transcutol-P (1:2) 401.33 + 0.58
Tween 80 + Transcutol-P (2:1) 271.67 £ 0.58

Table 2 The Blank NE Formulations Containing Various
Compositions of Eucalyptus Oil and Tween 80/Transcutol-P
(1:2) Selected from Pseudo-Ternary Phase Diagram

Matrix | Eucalyptus S/Co-S (Tween-80/ Water
Code Oil (%wiw) Transcutol-P) (%w/w) (%wiw)
NE | 05 35 60
NE 2 10 40 50
NE 3 10 45 45
NE 4 15 45 40
NE 5 20 50 30

For NE formulation, non-ionic surfactants are mostly
preferred than their ionic complement due to bioactivity
and toxicity related issues.”” Generally, surfactants with
hydrophilic characters are considered as bioactively safe
excipients.”® Tween 80 (64.24 mg/mL) expressed the
highest solubility among all surfactants. Being hydro-
philic (HLB 14.5) it was quite suitable for o/w NE
formulation. Among the co-surfactants, Transcutol-P
was selected due to its higher solubilization capacity
(393.13 mg/mL). It also acts as an effective penetration
enhancer.”” A statistically significant difference (p< 0.05)
is present in DIF solubility in oils, surfactants and co-
surfactants.

Development of a Pseudoternary Diagram
A pseudoternary phase diagram was designed for the
optimization of concentration for oil, surfactant and
co-surfactant and also to identify the NE zone in the
absence of DIF. The ratio of 1:2 was selected for the
construction of the ternary diagram. The NE region is
indicated by the shaded area (Figure 1).

Selection of Formulae

From the pseudo-ternary phase diagram, many formulae can
be designed from the NE region (Figure 1). Different concen-
trations of oil were utilized to cover the maximum possible
number of formulations from the NE region as listed in Table 2.
Depending upon the phase diagram, the oil concentration could
be raised up to 20% without any significant change in particle
size to determine drug loading capacity and other characteriza-
tion parameters. The particle size may increase upon further
increase in oil contents.”® According to other criteria, the oil
concentration should be such that it can completely solubilize
the single dose of drug. According to the literature, the selec-
tion of non-ionic surfactants in low concentrations was con-
sidered quite suitable for effective drug delivery without
causing irritation.?” For each NE formula, optimum concentra-
tion of S/Co-S mixture was selected for each percentage of
selected oil. For the incorporation of DIF in the selected oil, 1%
drug was considered as the required dose for incorporation.

Evaluation of DIF/(DIF-IC)-Loaded

Formulations

Visual Inspection

All the formulae (blank, DIF and DIF-IC loaded) were
quite stable physically with no sign of color change, pre-
cipitation and phase separation (Figure 2).
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Figure | Pseudo-ternary phase diagram indicating nanoemulsion area with Eucalyptus oil, Tween 80/Transcutol-P (S/Cos) (1:2) and water. NE = nanoemulsion region, NNE=

non-nanoemulsion region.

Figure 2 Physical appearance of (A) Blank, (B) DIF loaded and (C) solubility enhanced DIF (DIF-IC)-loaded nanoemulsion formulations.

Droplet Size and Polydispersity Index Measurement
The droplet size of blank, and drug-loaded (DIF- and
DIF-IC-loaded) NE are given in Table 3. The observed
droplet size for NE 1, NE 2 and NE 3 formulations
(blank, DIF and DIF-IC loaded) ranged from 14.36 to
85.46 nm, whereas NE 4 and NE 5 showed diameter
between 100-200 nm.

Measurement of Zeta Potential

The zeta potential values varied from —10.70 to —20.80 mV
for blank NE, —3.44 to —13.46 mV for DIF-loaded NE and
—6.01 to —13.76 mV for DIF-IC-loaded NE formulations
(Table 4). The negatively charged droplets experienced elec-
trostatic repulsion among them which could lead to well
separated and coalescence free NE formulae.>

Table 3 Results of Particle Size and Polydispersity Index of Blank, DIF- and DIF-IC-Loaded NE Formulations. Mean + SD, N = 3

Formulations Particle Size (nm) Polydispersity Index (PDI)
Blank DIF Loaded DIF-IC Loaded Blank DIF Loaded DIF-IC Loaded

NE | 14.36 £ 0.10 17.33 + 0.006 20.13 £ 0.02 0.08 + 0.001 0.12 + 0.001 0.09 + 0.005

NE 2 19.93 + 0.02 23.03 £ 0.02 20.86 + 1.00 0.06 + 0.001 0.06 + 0.005 0.07 = 0.001

NE 3 56.20 + 1.00 7240 £ 0.70 85.46 + 0.02 0.20 + 0.001 0.06 + 0.001 0.06 * 0.001

NE 4 130.33 + 0.00 125.00 + 1.00 185.00 + 1.00 0.07 + 0.001 0.06 + 0.001 0.12 £ 0.0l

NE 5 137.17 £ 0.03 111.00 + 0.50 200.00 + 0.60 0.09 + 0.001 0.07 + 0.00 0.06 + 0.001
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Table 4 Results of Zeta Potential of Blank, DIF and DIF-IC- Table 6 Results of Viscosity of Blank, DIF-Loaded and DIF-IC-
Loaded NE Formulations. Mean + SD, N = 3 Loaded NE Formulations. Mean + SD, N = 3

Formulation | Zeta Potential (mV) Formulation | Viscosity (cP)

Blank DIF Loaded | DIF-IC Loaded Blank DIF Loaded DIF-IC Loaded

NE | —10.70£ 0.10 | —3.44% 0.01 —13.73+ 0.06 NE | 16.77 £ 0.11 14.20 £ 1.00 13.80 £ 0.10

NE 2 —17.43%£ 0.21 =11.20+£ 0.10 | —13.76+ 0.05 NE 2 18.01 + 0.03 19.73 + 0.60 19.00 + 1.00

NE 3 —16.86+ 0.05 | —11.13+ 0.05 | —6.85 + 0.0l NE 3 20.06 £ 0.02 | 23.95 + 0.58 25.00 + 2.00

NE 4 —16.60%£ 0.10 | —13.46% 0.15 —6.01 £ 0.05 NE 4 28.00 £ 1.00 | 27.97 £ 0.03 33.50 £ 1.00

NE 5 —20.80+ 0.10 | —8.12+ 0.01 —-10.86 + 0.05 NE 5 30.40 + 1.00 | 29.40 £ 1.00 3480 + 0.10

pH and Conductivity Measurements

The pH value of blank NEs ranged from 4.6-5.7,
whereas in the case of DIF and DIF-IC-loaded NE, the
observed pH was 3.58-4.05 thus ensuring acidic drug
nature. Among all NE formulations, the results of pH
were quite significant (p < 0.05). The pH results of NE
were divided into five distinct subgroups for blank, four
subgroups for DIF-loaded NE formulations and three
subsets for DIF-IC-loaded NE formulations according to
Tukey-HSD tests. The values of conductivity varied
between 26.65-72.34 ps/cm for blank NE formulations
and DIF-loaded NEs expressed conductivity values
between 28.03—112.33 ps/cm. The DIF-IC-loaded NEs
showed conductivity value between 26.67 and 119.00
us/cm. Conductivity values were found to be directly
related with the amount of water in the system.’' For
conductivity results among all NE formulations, there is a
significant statistical difference (p < 0.05). According to
post-hoc Tukey-HSD tests, the conductivity results of
blank, DIF-loaded and DIF-IC-loaded NE formulations
were categorized into five distinct subsets. The pH and
conductivity values of blank and drug-loaded formula-
tions are listed in Table 5.

Determination of Viscosity
The viscosity results of blank and drug-loaded prepara-
tions are listed in Table 6. All formulations (including

blank and drug loaded) appeared to be less viscous,
which is a characteristic hallmark of NE demonstrating
Newtonian type flow pattern.>> According to Tukey -HSD
tests, the viscosity results of all NE formulations (blank
NE, DIF-loaded and DIF-IC-loaded NE formulations)
were divided into four distinct subsets. Drug-loaded NEs
expressed higher viscosity than the blank NE formulae.

The pH values for all nanoemulgel formulations ranged
from 5.63—6.42 (Table 7). The pH, viscosity and conduc-
tivity values of all nanoemulgel formulations generated
statistically significant results (p < 0.05).

In vitro Skin Permeation Study

Skin permeation involves drug release from carrier and
ultimately absorbing into the skin which is why in vitro
skin permeation is considered quite pivotal to predict
in vivo permeation.”® The in vitro study of NEs was
performed through Franz diffusion cells. Figure 3 (A
and B) illustrated the release profile of both DIF and
DIF-IC-loaded NE. In the case of DIF-loaded NE for-
mulations, NE 1 and NE 2 expressed higher release
than other formulations, which could be explained on
the basis of their relatively smaller size and low visc-
osity. Both NE 1 and NE 2 showed a similar release
pattern up to 5 hours, after which a clear difference
could be seen. NE 5 showed the lowest drug release
among all NE-based formulae.

Table 5 Results of pH and Conductivity of Blank, DIF and DIF-IC-Loaded NE Formulations. Mean + SD, N = 3

Formulations pH Conductivity (uS/cm)
Blank DIF Loaded DIF-IC Loaded Blank DIF Loaded DIF-IC Loaded

NE | 4.60+0.01 3.58+0.01 3.58+0.01 72.34+0.02 112.33+0.02 119.00+1.00

NE 2 4.81+0.02 3.76+0.01 3.76+0.01 56.00+1.00 76.66x1.00 72.33£1.00

NE 3 5.02+0.02 3.78+0.02 3.79£0.01 49.00+0.5 60.36+0.06 63.03+0.50

NE 4 5.33£0.02 3.91£0.01 4.03+0.06 38.00+2.00 44.01£0.99 46.00+1.00

NE 5 5.70+0.05 4.05+0.01 4.05+0.01 26.65+0.99 28.03+0.50 26.67+1.00
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Table 7 Results of pH, Conductivity and Viscosity of DIF and DIF-IC-Loaded Nanoemulgel Formulations. Mean + SD, N = 3

Parameters DIF-Loaded Nanoemuigel DIF-IC-Loaded Nanoemuigel

CMC-Na Na-ALG XG CMC-Na Na-ALG XG
pH 6.14+0.02 5.98+0.03 5.63+0.05 6.42+0.004 5.83+0.04 5.66+0.01
Viscosity (cp) 6268+1.20 1740+0.60 11,339£1.5 6538+1.00 2100+0.60 12,058+0.60
Conductivity (ps/cm) 1721£1.20 1702+1.50 840+0.60 165+1.73 1374+0.60 830+0.00

The same trend could be observed with DIF-IC but
their flux and permeability constant values were greater
than those of pure DIF-loaded NEs. According to Tables 8
and 9, the permeation flux tends to increase with increase
in aqueous content and decrease in S/Co-S mixture. The
flux values among all NE formulations expressed a sig-
nificant statistical difference (p < 0.05). According to
Tukey-HSD tests, the values of flux of NE preparations
were divided into six distinct subsets for DIF-loaded NE
formulations and DIF-IC-loaded NE formulations.
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2
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@ 3
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S T 2000
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(8] : - -
0 4 : : ‘
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Figure 3 In vitro release profiles of DIF from nanoemulsion formulae with (A) DIF
and (B) solubility enhanced DIF (DIF-IC) compared with that from oily drug
suspension.

Figure 4 (A and B) illustrates in vitro release profiles of
DIF- and DIF-IC-loaded nanoemulgel formulations using dif-
ferent gelling agents. A consistent rise in DIF in the receptor
compartment was observed with time. In contrast to optimized
NE formulation, NE-based gels showed a decrease in flux
which could be better accredited to transformation to a highly
organized nano/lamellar structure and increased viscosity.

It is presumed that by inclusion into the suitable col-
loidal carrier, intimate cutaneous contact could be main-
tained that will ultimately produce rapid onset of action.
This finding was further supported by previous data.** The
results of permeation parameters for all nanoemulgel for-
mulations are listed in Table 10.

The values of flux among all nanoemulgel preparations
expressed significant statistical differences (p < 0.05).

Table 8 Permeation Flux and Permeability Constant of DIF-
Based NE Formulations

Formulations Flux (J) Permeability Constant
(uglcm?/h) (Kp) (cm/h)

NE | 53.57 £ 1.00 0.010

NE 2 55.41 £ 001 0.011

NE 3 50.18 £ 0.02 0.010

NE 4 45.14 = 1.00 0.009

NE 5 42.26 + 0.0l 0.008

DIF in eucalyptus oil | 3.49 + 0.00 0.0003

Table 9 Permeation Flux and Permeability Constant of DIF-IC-
Based NE Formulations

Formulations Flux (J) Permeability Constant
(uglem?h) | (Kp) (cm/h)

NE | (IC) 5784+ 1.00 | 0011l

NE 2 (IC) 7398 £ 1.00 | 0.014

NE 3 (IC) 5721 £0.02 | 0.011I

NE 4 (IC) 55.02 £ 1.00 | 0.010

NE 5 (IC) 5245 +£0.02 | 0010

DIF-IC in eucalyptus oil | 5.31 + 0.00 0.0005
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Figure 4 In vitro release profiles of DIF from nanoemulgel with (A) DIF and (B) solubility enhanced DIF (DIF-IC) by using different gelling agent.

According to Tukey-HSD tests, the values of flux of
nanoemulgel preparations were divided into three distinct
subsets for DIF-loaded nanoemulgel formulations and
DIF-IC-loaded nanoemulgel formulations.

From the permeation study it was clear that XG-based
nanoemulgel formulae having DIF-IC could be used as
the most optimized formulation owing to its superb
spreading properties,

consistency, homogeneity and

highest drug release even after 24 hours. Hence XG-
based emulgel formulation could be used further for in
vivo study.

In vivo Study
Table 11 (Figure 5) presents the results of the acute anti-
inflammatory models (carrageenan and histamine-induced

paw edema model). On comparison, the inclusion
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Table 10 Permeability Parameters of Nanoemulgel Formulae

Nanoemuigel Flux (J) Permeability Constant
Formulations (uglcm?/h) (Kp) (ecm/h)

DIF-XG 44.64 £ 0.002 | 0.009

DIF-CMC-Na 37.33 £ 0.0006 | 0.007

DIF-Na-ALG 31.05 = 0.001 0.001

(DIF-IC) XG 70.28 + 1.00 0.014

(DIF-IC) CMC-Na 39.73 £ 0.01 0.008

(DIF-IC) Na-ALG 36.73 = 0.02 0.007

complex-based nanoemulgel (DIF-IC) showed statistically
significant results.

Values shown are mean = SEM of three independent
experiment (N = 5). Where * = p< 0.05, ** = p< 0.01, ***
=p<0.001 and ns = p> 0.05. Blue color shows comparison
between DIF-loaded nanoemulgel (10 mg/mL) and diclofe-
nac diethylamine emulgel (standard), green color shows
comparison between DIF-loaded nanoemulgel (10 mg/mL)
and DIF-IC-loaded nanoemulgel (10 mg/mL) and red color
shows comparison between DIF-IC-loaded nanoemulgel (10
mg/mL) and diclofenac diethylamine emulgel (standard).

Formalin-Induced Paw Edema Model
Table 12 (Figure 6) presents the results of the chronic anti-
inflammatory models (formalin-induced paw edema model).
Values shown are mean + SEM of three independent
experiment (N = 5). Where * = p< 0.05,*** = p< 0.001
and ns = p> 0.05. Blue color shows comparison between
DIF-loaded nanoemulgel (10 mg/mL) and diclofenac diethy-
lamineemulgel (standard), green color shows comparison
between DIF-loaded nanoemulgel (10 mg/mL) and DIF-
IC-loaded nanoemulgel (10 mg/mL) and red color shows
comparison between DIF-IC-loaded nanoemulgel (10 mg/
mL) and diclofenac diethylamine emulgel (standard).

Histopathological Studies
Hematoxylin & Eosin staining of tissue sections showed
marked infiltration of tissues with inflammatory cells and

pannus formation was observed in the untreated inflammation
control group. In the diclofenac treated group mild dermal
inflammation along with infiltration of inflammatory cells was
observed. In the DIF treated group mild dermal hyperplasia
with infiltration of inflammatory cells was observed while in
the DIF-IC treated group a marked reduction in number of
inflammatory cells infiltrating the tissues was observed. Tissue
sections of the healthy group show normal architecture with no
infiltration of inflammatory cells (Figure 7).

Discussion
Solubility Study

The basic components of nanoemulsion systems are oil/
surfactant/co-surfactant and active pharmaceutical moiety.
The solubility of active moiety in individual component is
decisive in determining the drug loading in final formula-
tion. The surfactants and co-surfactants prevent coales-
cence in nanoemulsion formulation by providing a
mechanical barrier and reduce the interfacial tension by
adsorbing at the oil/water interface.

For the preparation of NE of DIF, the selected excipients
were eucalyptus oil, Tween 80 (surfactant), Transcutol-P (co-
surfactant) and Tween 80: Transcutol-P (1:2) ratio for sub-
sequent work. DIF expressed the highest solubility in S/CO-S
mixture (Tween 80 + Transcutol-P) at the ratio of 1:2 (401.33
mg/mL). At 1:2 ratio, surfactant/co-surfactant mixture (tween
80: transcutol-P) displayed statistically significant results of
DIF solubility compared with the other S/Co-S ratios.

Development of a Pseudoternary Diagram
The nanoemulsification efficiency is related directly to
nanoemulsion field area.>>*® The process of nanoemulsifi-
cation and of course nanoemulsion field area was influ-
enced by the chain (hydrophobic) length of co-surfactant
due to higher drug solubility in it.*” At low co-surfactant
concentration, micelles formation is also reduced which
ultimately leads to decreased solubilization capacity of the
formed nanoemulsion.*®

Table 11 Evaluation of Anti-Inflammatory Effect of DIF, DIF-IC-Loaded Nanoemulgel and Diclofenac Diethylamine Emulgels in
Carrageenan and Histamine-Induced Paw Edema Model

Carrageenan-Induced Paw Edema Model Histamine-Induced Paw Edema Model

Time DIF-Loaded Diclofenac DIF-IC-Loaded DIF Diclofenac DIF-IC Nanoemulgel

(Hours) Nanoemulgel Diethylamine Emulgel Nanoemulgel Nanoemulgel | Diethylamine Emulgel

| 14.30 £ 0.47 16.10 £ 0.30% 27.40 * 0.4k [k 13.40 + 0.36 15.70 + 0.33%* 28.10 # 0.33%kiokesk

2 24.40 £ 0.29 24.90 + 0.47™ 40.40 £ 0.25%%k[H%% 25.10 £ 0.62 25.00 + 0.42™ 40.10 * 0.39%%* k%%

3 36.40 + 0.42* 34.60 + 0.35 59.90 + 0.36%sk/Hekok 35.40 + 0.50 34.60 + 0.30™ 60.20 + 0.3 | kot
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Figure 5 Anti-inflammatory effect of DIF, DIF-IC-loaded nanoemulgel and Voltral® emulgels in carrageenan (A) and histamine (B) induced paw edema model.

Notes: Values shown are mean + SEM of three independent experlment (N =5). Where * =

p < 0.05, ** = p < 0.01, *** = p < 0.00] and ns = p > 0.05. Blue color shows

comparison between DIF-loaded nanoemulgel (10 mg/mL) and Voltral® emulgel (standard), green color shows comparison between DIF-loaded nanoemulgel (10 mg/mL) and
DIF-IC-loaded nanoemulgel (10 mg/mL) and red color shows comparison between DIF-IC-loaded nanoemulgel (10 mg/mL) and Voltral® emulgel (standard).

So it was evident, that by increasing oil concentration,
average droplet size also increased. The use of 15 and
20% of eucalyptus oil produced particle size greater than
100 nm. Increased oil contents lead to NE droplets
expansion which could be attributed to simultaneous
reduction in S/Co-S proportion.’® Upon increasing the
concentration of S/Co-S from 35 to 50% (NE 1 -NE 5),
there was an increase in mean droplet size. Surfactants
cause interfacial film stabilization and condensation at
high concentration, whereas addition of co-surfactant
caused interfacial film expansion.*®*' The co-surfactants
cause reduction in mean droplet size by penetrating into
the surfactant film thereby reducing film viscosity and
ultimately contribute to transparent formulation with
lower curvature radius.'”** So, optimum concentration
of surfactant and co-surfactant was considered essential

to produce a stable nanoemulsion.

Droplet Size and Polydispersity Index

Measurement

All NE formulations (blank, DIF and DIF-IC loaded)
were in the allowable size range of 20-200 nm.*?
Therefore all the formulations were considered to be
acceptable in term of mean particle size. The mean
particle size for blank, DIF and DIF-IC-loaded NE
manifested statistically significant results (p < 0.05).
The mean particle size of NE preparations was categor-
ized into five distinct subsets for blank and DIF-loaded
NE and DIF-IC-loaded NE

formulations.

four subsets for

The homogeneity among the droplets could be
assessed by measuring their polydispersity index (PDI)
values and appeared to be inversely correlated to parti-
cles’ homogeneity in the formulation. The PDI ranges
from 0.0—1.0,44 whereas the observed PDI for all
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Table 12 Evaluation of Anti-Inflammatory Effect of DIF, DIF-IC-
Loaded Nanoemulgel and Diclofenac Diethylamine Emulgels in
Formalin-Induced Chronic Paw Edema Model

Days | DIF Diclofenac Diethylamine DIF-
Nanoemulgel Emuigel IC Nanoemulgel
| 1.36 £ 0.05 4.92 + 0.38%* 9.37 & 0.25%¥k ik
2 6.80 £ 0.32 12.30 + 0.28** 27.50 £ 0.63%Fk/Hwx
3 13.70 £ 0.31 18.80 + 0.40°%+* 40.00 £ 0.2 ]¥kfHrx
4 42.90 + 0.54 45.50 * 0.63* 61.00 + 0.5 [H¥kpHwx
5 50.60 £ 0.53 51.00 + 0.64™ 86.90 £ 0.30%k/Hwx
6 65.10 £ 0.57 63.60 + 0.37™ 87.30 £ 0.33%rk/Hwx
7 68.60 + 0.95 83.30 £ 0.34%++* 87.70 + 0.39¥k/Hwx
8 75.00 + 0.34 84.00 + 0.48%%* 88.20 £ 0.25%Fk/Hwx
9 75.10 £ 0.35 84.00 £ 0.47%%F 88.20 £ 0.26%F/Hwx
10 75.10 £ 0.34 84.00 £ 0.47%% 88.30 £ 0.27%rk[Hwx
I 75.10 £ 0.34 84.00 + 0.47%% 88.30 £ 0.27%Fk/Hwx
12 75.20 £ 0.37 84.00 £ 0.47%%¢ 88.30 £ 0.27%Fk/Hwx
13 75.20 £ 0.34 84.00 £ 0.49%% 88.30 £ 0.29%rk/Hwx

formulations was less than 0.5 thus ensuring uniform

particle size distribution.

Measurement of Zeta Potential

The stability of NE (in accelerated study) is showed by their
zeta () potential values. Particle size has influence on the
value of zeta potential. The NE formulations should have
higher values (= 30 mV) of zeta potential in order to develop
a stable and coalescence-free system.*> Nevertheless, zeta
potential values are not appropriate for the estimation of NE
stability, because the literature provides a broadrange of zeta

potential values ranging from 1.5-45.5 mV.*4

Physicochemical Properties

From the data, it was obvious that upon increasing oil,
surfactant and co-surfactant mixture contents and water
amount decreasing from 60-30%, viscosity was increased
significantly. This increase in viscosity could be better
attributed to the rise in internal phase ratio in oil in
water NE system.

The pH of final formulations was highly suggestive of
their suitability for topical application without irritation.
Normal adult skin pH is 5.5.*” The nanoemulgel formula-
tions exhibited higher viscosity than that of corresponding
NE formulation

so are quite suitable for topical

application.*®

In vitro Skin Permeation Study
The release variation can be attributed to the viscosity. The
higher the viscosity, the lower will be the drug release.**~>°
The flux values were also higher for NE 1 and NE 2. This is
further supported by previous literature that o/w emulsions
exhibited higher flux values than w/o emulsions®'~* (high
aqueous content and lower surfactant level). This could pos-
sibly be explained by the thermodynamic property of the
hydrophobic drug that becomes significant at lower surfac-
tant levels thus ensuring higher drug release and penetration
that ultimately enhanced the permeation flux.>*-*
Variability in skin permeation profile could be better
attributed to difference in compositions among all formu-
lations. NE 1 and NE 2 of both DIF and DIF-IC produced

higher drug release due to their lowest viscosity and
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Figure 6 Anti-inflammatory effect of DIF, DIF-IC-loaded nanoemulgel and Voltral® emulgels in formalin-induced paw edema model.

Notes: Values shown are mean * SEM of three independent experiment (N = 5). Where * = p< 0.05, *** = p< 0.001 and ns = p> 0.05. Blue color shows comparison
between DIF-loaded nanoemulgel (10 mg/mL) and Voltral®emulgel (standard), green color shows comparison between DIF-loaded nanoemulgel (10 mg/mL) and DIF-IC-
loaded nanoemulgel (10 mg/mL) and red color shows comparison between DIF-IC-loaded nanoemulgel (10 mg/mL) and Voltral®emulgel (standard).
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Figure 7 Histopathological studies of rats’ paws using H&E stains.

Notes: Where A is the untreated inflammation control group, B is the Voltra|®emulge| treated group, C is the DIF-loaded nanoemulgel (10 mg/mL), D is the DIF-IC-loaded
nanoemulgel (10 mg/mL) and E is the normal healthy control group. Marked reduction in number of inflammatory cells was observed in DIF-IC-loaded nanoemulgel (10 mg/
mL) and Voltral®emulgel treated groups compared with untreated inflammation control group.

nanosized formulation droplets. Smaller sized droplets
(having larger surface area) manifest more interfacial
area for dissolution.’® In term of particle size, viscosity,
conductivity and in vitro permeation, NE 2 formulation of
both DIF and DIF-IC was quite suitable, so could be
effectively used in a subsequent study to form emulgel
formulations by using different gelling agents.

The nanosized droplets maintain closer cutaneous con-
tact thus offering greater surface area for drug penetration
hence ensuring higher drug content at the target site.’®’
Additionally, corneocytes in the stratum corneum swell
due to the aqueous phase of NE thus facilitating higher
diffusivity of hydrophobic drug through the formed chan-
nels. Hydration of corneocytes also causes disorientation
of the lipid bilayer.®® Skin barrier function could be over-
come by incorporation of penetration enhancers that cause
fluidization of lipids present in the stratum corneum. Many
of the common constituents of NEs are chemical penetra-
tion enhancers (Transcutol-P), so improved skin penetra-
tion of NE formulations could be better attributed to the
altered barrier function of stratum corneum.>® The thermo-
dynamic activity of drug (DIF) in the formulation is con-
sidered a consequential driving force for the release and
cutaneous penetration of drug.'*

The results of the release study illustrated that the
permeability parameters of nanoemulgel formulations of
both pure DIF and DIF-IC prepared with XG were con-
siderably higher than CMC-Na and Na-ALG. This was
highly suggestive of suitability of XG as a good gelling
agent for the preparation of DIF nanoemulgel. XG-based
nanoemulgel of pure DIF expressed 1.19- and 1.43-fold

higher flux compared with nanoemulgel prepared with Na-
CMC and Na-ALG, respectively. Whereas DIF-IC-loaded
nanoemulgel of XG showed further increase in flux i.e.
1.76- and 2.00-fold increase in comparison with nanoe-
mulgel prepared with Na-CMC and Na-ALG, respectively.
This provides evidence that the composition of NE for-
mulae governs the permeability parameters of the drug.
The permeation process is independent of concentration
gradient as all nanoemulgel formulations have an equal
drug load. DIF-IC-loaded nanoemulgel showed increased
permeation which could possibly be justified as cyclodex-
trins liberate drug molecules from the inclusion complex
thus maintaining higher proportion of free drug which
ultimately lead to higher flux values. Although all the
nanoemulgel formulations displayed significant results,
XG manifested a superior drug release profile than the
other two gelling agents.

In vivo Study

Edema induced by carrageenan is reproducible and classi-
cally involves two phases characterizing histamine and
serotonin release (phase-I) along with prostaglandins
secretions (phase-1I). Carrageenan or histamine-induced
edema lacks systemic effects and glucocorticoids or pros-
taglandins antagonists are the mainstay of therapy.”’
Formaldehyde and Complete Freund’s Adjuvant (CFA)-
induced edema in rats is an accurate model for estimation
of anti-inflammatory effects of test drugs in chronic
inflammation because of their pathological resemblance
with human arthritis. The results of this study revealed
that the anti-inflammatory action of DIF-IC-based
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nanoemulgel in the paw edema models of rats was notably
supplemented by topical applications of NSAIDs. In our
study, paw edema volume was considerably reduced after
topical application of DIF-IC-based nanoemulgel com-
pared with pure DIF containing nanoemulgel and diclofe-
nac diethylamine in the same experimental prototype. The
pharmacological activity of topical IC-based DIF nanoe-
mulgel may be partly assigned to its enhanced permeabil-
ity and solubility due to inclusion complexation. HPBCD
used in inclusion complexation improved cutaneous per-
meation by interacting with the stratum corneum of rat
skin, so acts as a penetration enhancer.*’

The incorporation of DIF-IC in the nanoemulgel formula-
tion corroborated a higher degree of retention of therapeutic
moiety and can offer a means for modifying the anti-inflam-
matory effect by substantially expanding the release period
relative to pure DIF-based nanoemulgel and a commercially
available emulgel (diclofenac diethylamine). Even the inflam-
matory activity was maintained up to the last analyzed time
point with inclusion complex (DIF-IC)-based nanoemulgel.
The results were consistent with previous literature that
demonstrated enhanced anti-inflammatory activity of piroxi-
cam by complexing with B-cyclodextrin.®' The inclusion com-
plexes are highly available to targeted tissues, thus showing
higher anti-inflammatory activity as compared with pure drug.

Specifically based on higher anti-inflammatory activity
attained by the application of IC-based DIF nanoemulgel,
one can recommend potential reduction in the DIF dose in
the future work which may be applicable to attain the required
therapeutic outcome without gastric insult such as ulceration
and hemorrhage. Due to comparable efficacy of DIF-IC-based
nanoemulgel with other nanoemulgel formulations, it could be
a suitable choice for the treatment of inflammatory pain and
hence can be a promising substitute to oral drug delivery.

Conclusion
In the present study, nanoemulsion formulations having
composition of eucalyptus oil (oil phase), Tween 80 (surfac-
tant) and Transcutol-P (co-surfactant) were prepared and
characterized successfully. Surfactant and co-surfactant
were used in ratio of 1:2 to examine particle size, in vitro
release and physicochemical properties of DIF and DIF-IC.
The in vitro release was affected significantly by incor-
poration of DIF-IC. Being more soluble than pure DIF, a
small portion of DIF-IC is settled at oil/water interface of
NE and leads to slight increase in drug bioavailability.
The NE formulation (NE 2) of both DIF and DIF-IC was
selected for the preparation of nanoemulgel formulations by

using three different gelling agents, namely CMC-Na, Na-
ALG and XG. XG-based nanoemulgel formulations exhib-
ited optimum physical properties and in vitro release.
However, the XG-based emulgel prepared with DIF-IC
expressed the highest release profile and flux. Therefore
XG-based nanoemulgel formulations of both DIF and
DIF-IC were selected for in vivo study.

Three different models, viz. carrageenan-induced paw
edema, histamine-induced paw edema and formalin-
induced paw edema models were applied to evaluate the
anti-inflammatory effect of nanoemulgel formulations. The
results illustrated that DIF-IC-loaded nanoemulgel pre-
pared with XG ensured a modulated anti-inflammatory
effect by maintaining a higher degree of retention of
drug thus providing a prolonged effect compared with
DIF-loaded nanoemulgel and a marketed diclofenac
diethylamine emulgel.

In conclusion, a nanoemulgel delivery system offers
many propitious and practical features for topical delivery
of DIF and DIF-IC produce a localized anti-inflammatory
effect. For the topical delivery of hydrophobic drugs,
nanoemulgel formulations could be an attractive approach
compared with other conventional topical formulations.
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