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Design, development and evaluation of novel nanoemulsion
formulations for transdermal potential of celecoxib

SANJULA BABOOTA The aim of the present study was to investigate the po-
FAIYAZ SHAKEEL* . . .
ALKA AHUJA tential of nanoemulsion formul'atlons for transdermal
JAVED ALI delivery of celecoxib (CXB). The in vitro skin permeation
SHEIKH SHAFIQ profile of optimized formulations was compared with
CXB gel and nanoemulsion gel. Significant increase in
Department of Pharmaceutics the steady state flux (Js), permeability coefficient (K,) and
Faculty of Pharmacy enhancement ratio (E;) was observed in nanoemulsion
Jamia Hamdard (Hamdard University) formulations T1 and T2 (p < 0.05). The highest value of
New Delhi-110062, India these permeability parameters was obtained in formula-
tion T2, which consisted of 2% (m/m) of CXB, 10% (m/m)
of oil phase (Sefsol 218 and Triacetin), 50% (m/m) of sur-
factant mixture (Tween-80 and Transcutol-P) and 40%
(m/m) water. The anti-inflammatory effects of formula-
tion T2 showed a significant increase (p < 0.05) in inhibi-
tion after 24 h compared to CXB gel and nanoemulsion
gel on carrageenan-induced paw edema in rats. These
results suggested that nanoemulsions are potential vehi-
cles for improved transdermal delivery of CXB.
Keywords: celecoxib, nanoemulsions, microemulsions, na-
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Nonsteroidal anti-inflammatory drugs (NSAIDs) are the most commonly used drugs
to reduce pain and inflammation (1). Celecoxib (CXB), a selective cyclo-oxygenase-2
(COX-2) inhibitor, has been recommended orally for the treatment of arthritis and
osteoarthritis (2). Long-term oral administration of CXB causes serious gastrointestinal
side effects (2). Furthermore, poor aqueous solubility of CXB limits its formulation as
topical dosage forms. Therefore, an improved CXB formulation with a high degree of
permeation could be useful in the treatment of locally inflamed skin and inflammatory
and painful states of the body, like bones, ligaments, etc. Topical vehicle systems can mo-
dify drug permeation through the skin but many dermal vehicles contain chemical en-
hancers and solvents to achieve these goals (3). The use of these chemical enhancers may
be harmful especially in chronic applications, since many of them are usually irritants. It
is therefore desirable to develop a topical vehicle system, that does not necessitate the
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use of chemical enhancers to facilitate drug permeation through the skin. One of the most
promising techniques for enhancement of transdermal permeation of drugs is the micro-
emulsion or nanoemulsion technique (4, 5). Nanoemulsions are thermodynamically sta-
ble transparent (translucent) dispersions of oil and water stabilized by an interfacial film
of surfactant and cosurfactant molecules having the droplet size less than 100 nm (6, 7).
Studies have shown that nanoemulsion formulations possess improved transdermal and
dermal delivery properties in vitro (8-10) and in vivo (11, 12) over emulsions (12) and
gels (13, 14). This paper describes the potential of the nanoemulsion system in transder-
mal delivery of CXB using nonirritant, pharmaceutically acceptable ingredients without
additional permeation enhancers because components of nanoemulsions themselves act
as permeation enhancers.

EXPERIMENTAL

Materials

Celecoxib (CXB) was a kind gift from Ranbaxy Research Labs (India). Caprylic/capric
triglyceride polyethylene glycol-4 complex (Labrafac), caprylo caproyl macrogol-8-gly-
ceride (Labrasol), polyglyceryl-6-dioleate (Plurol oleique), jojoba oil and oleoyl macro-
glycerides EP (Labrafil) were kind gift samples from Gattefossé (France), propylene gly-
col mono caprylic ester (Sefsol 218) was kind gift sample from Nikko Chemicals (Japan).
Isopropyl myristate (IPM), glycerol triacetate (Triacetin), olive oil, diethylene glycol mo-
noethyl ether (Transcutol-P) and methanol (HPLC grade) were purchased from Merck
(India). Tween-80 was purchased from Sigma Aldrich (USA). Deionized water for HPLC
analysis was prepared by a Milli-Q-purification system. All other chemicals used in the
study were of analytical reagent grade.

Solubility of CXB

The solubility of CXB in various oils (Sefsol 218, Triacetin, IPM, Labrafac, olive oil
and jojoba oil), surfactants (Labrafil, Labrasol and Tween-80) and cosurfactants (Trans-
cutol-P and Plurol oleique) was determined by dissolving an excess amount of CXB in 2
mL of each of the selected oils, surfactants and cosurfactants in 5-mL stoppered vials.
Combinations of oils were also used for solubility determination. Excess amount of CXB
was added to each 5-mL stoppered vial and mixed using a vortex mixer. The vials were
then kept at 37 + 1.0 °C in an isothermal shaker (Nirmal International, India) for 72 hours
to get to equilibrium. The equilibrated samples were removed from the shaker and cen-
trifuged at 3000 rpm for 15 min. The supernatant was taken and filtered through a 0.45-
-um membrane filter. The concentration of CXB was determined in each solution by
HPLC at 250 nm (Table I).

Analytical method

CXB was analyzed by high performance liquid chromatography (HPLC) (15). Shi-
madzu (Japan) HPLC equipped with quaternary LC-10A VP pumps, variable wavelength
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programmable UV /VIS detector SPD-10AVP, column oven, was used, SCL 10AVP sys-
tem controller, Rheodyne injector fitted with a 20-uL loop and Class-VP 5.032 software
were used. The HPLC column used was a reverse phase 25 x 0.46 cm ID SUPELCO 516
C18 DB, 5 pm. The whole system was kept at ambient conditions. The mobile phase was
methanol/water (75:25) with the flow rate of 1.25 mL min~!. The injection volume was
20 pL and the elute was analyzed at 250 nm.

Table 1. Solubility of CXB

Component (i?éurzi]ii—’?;a Component (ISI:)gluII;iﬁi_tl};a
Sefsol 218 77.12 + 0.93 Triacetin + IPM (1:1) 7413 + 1.84
Triacetin 98.21 + 1.12 Triacetin + olive oil (1:1) 69.34 + 1.92
IPM 44.22 + 1.01 Triacetin + Labrafac (1:1) 67.51 + 1.23
Labrafac 26.23 + 0.52 Labrafil 30.24 + 2.33
Olive oil 36.41 + 0.75 Labrasol 120.25 + 1.18
Jojoba oil 24.33 + 0.82 Tween-80 150.51 + 1.36
Triacetin + Sefsol 218 (1:1) 123.12 + 1.02 Transcutol-P 125.31 + 1.80
Triacetin + jojoba oil (1:1) 65.22 + 2.01 Plurol oleique 105.26 + 1.25

a Mean + SD, n = 3.

Pseudo-ternary phase diagram

On the basis of the solubility studies, a combination of Sefsol 218 and Triacetin (1:1)
was selected as the oil phase. Tween-80 and Transcutol-P were selected as surfactant and
cosurfactant, respectively. Distilled water was used as an aqueous phase. Surfactant and
cosurfactant (Sy,;,) were mixed at different mass ratios (1:0, 1:2, 1:1, 2:1, 3:1 and 1:3). The-
se ratios were chosen in increasing concentration of surfactant with respect to cosurfac-
tant and increasing concentration of cosurfactant with respect to surfactant for a detailed
study of the phase diagrams. For each phase diagram, oil and S, at a specific ratio was
mixed thoroughly at different mass ratios from 1:9 to 9:1 in different glass vials. Sixteen
different combinations of oil and S;,, 1:9, 1:8, 1:7, 1:6, 1:5, 2:8 (1:4), 1:3.5, 1:3, 3:7 (1:2.3),
1:2, 4:6 (1:1.5), 5:5 (1:1), 6:4 (1:0.7), 7:3 (1:0.43), 8:2 (1:0.25), 9:1 (1:0.1), were made so that
maximum ratios were covered for the study to delineate the boundaries of phases pre-
cisely formed in the phase diagrams. Pseudo ternary phase diagrams of oil, S,;, and
aqueous phase were developed using the aqueous titration method. Slow titration with
aqueous phase was performed for each mass ratio of oil and S,;, and visual observa-
tions were made for transparent and easily flowable o/w nanoemulsions. The physical
state of the nanoemulsion was marked on a pseudo-three-component phase diagram
with one axis representing the aqueous phase, the second one representing oil and the
third representing a mixture of surfactant and cosurfactant at a fixed mass ratio.
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Selection of nanoemulsion formulation

From each phase diagram constructed, different formulas were selected from the
nanoemulsion region so that the drug could be incorporated into the oil phase. 2% (m/m)
of CXB, which was kept constant in all the selected formulations, was dissolved in the
oil phase of nanoemulsion formulation. Selected formulations were subjected to differ-
ent dispersion stability tests.

Preparation of CXB gel

CXB gel was prepared by dispersing 1 g of Carbopol-940 in a sufficient quantity of
distilled water. After complete dispersion, the solution was kept in dark for 24 h for
complete swelling of Carbopol-940. Then, 2 g of CXB was dissolved in a specified quan-
tity of polyethylene glycol-400 (PEG-400). This drug solution was added slowly into the
aqueous dispersion of Carbopol-940. Then, other ingredients such as isopropyl alcohol (IPA),
propylene glycol (PG) and triethanolamine (TEA) were added to get homogeneous dis-
persion of the gel (Table II).

Table II. Formula for CXB gel preparation

Ingredient Mass (g)?
CXB 2
Carbopol-940 1
IPA 10
PEG-400 10
PG 10
TEA 0.5

Distilled water (q.s.)

CXB - Celecoxib, IPA — isopropyl alcohol, PEG-400 —
polyethylene glycol-400, PG — propylene glycol, TEA
— triethanolamine, 2 for 100 g of gel.

Dispersion stability studies

To overcome the problem of metastable formulation, dispersion stability tests were
performed. Selected formulations were centrifuged at 3500 rpm for 30 min. The formula-
tions that showed no phase separations were taken for the heating and cooling cycle. Six
cycles between the refrigerator temperature (4 °C) and 45 °C with storage at each tem-
perature for not less than 48 h were done. Those formulations which were stable at these
temperatures were subjected to a freeze-thaw cycle test. Three freeze-thaw cycles were
done for the formulations between —21 and +25 °C. The formulations that survived dis-
persion stability tests were selected for further studies and the compositions of these for-
mulations are given in Table III.
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Table III. Composition of selected nanoemulsion formulations

Component (% m/m)

Code Oil/S; ratio  S;, (ratio)
Oil Shmix Water
T1 10 40 50 1:4 1:1
T2 10 50 40 1:5 1:1
T3 15 35 50 1:2 1:1
T4 15 45 40 1:3 1:1
T5 10 40 50 1:4 2:1
T6 10 50 40 1:5 2:1
T7 15 35 52 1:2 2:1
T8 15 45 40 1:3 2:1

Characterization of nanoemulsions

The prepared nanoemulsions were characterized by the following techniques.

Transmission electron microscopy (TEM). — Morphology and structure of the nano-
emulsion were studied using transmission electron microscopy TOPCON 002B operat-
ing at 200 KV (Topcon, USA) and capable of point to point resolution. Combination of
bright field imaging at increasing magnification and of diffraction modes was used to
reveal the form and size of nanoemulsion droplets. In order to perform the TEM obser-
vations, a drop of the nanoemulsion was directly deposited on the holey film grid and
observed after drying.

Nanoemulsion droplet size analysis. — Droplet size distribution of the nanoemulsion was
determined by photon correlation spectroscopy, which analyzes the fluctuations in light
scattering due to Brownian motion of the particles, using a Zetasizer 1000 HS (Malvern
Instruments, UK). Light scattering was monitored at 25 °C at a 90° angle (Table IV).
Droplet size distribution studies were performed at a fixed refractive index of the re-
spective formulation.

Viscosity determination. — The viscosity of the formulations (0.5 g) was determined as
such without dilution (Table IV) using a Brookfield DV III ultra V6.0 RV cone and plate
rheometer (Brookfield Engineering Laboratories, USA) using spindle # CPE40 at 25 + 0.3
°C. The software used for the calculations was Rheocalc V2.6.

Refractive index. — Refractive index of placebo formulations, drug-loaded formula-
tions and one year old formulations was determined using an Abbes type refractrometer
(Nirmal International) (Table V).

Solubility of CXB in optimized formulations. — The solubility of CXB was also deter-
mined in optimized nanoemulsion formulations by taking an excess amount of CXB in
nanoemulsion formulation. The procedure used for solubility determination was the
same as described in the section for CXB solubility.
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Table IV. Droplet size, polydispersity and viscosity of nanoemulsion formulations

Code Droplet size (nm)? Polydispersity Viscosity (mPa s)?
T1 4291 £ 7.16 0.167 23.16 + 1.55
T2 34.64 + 3.74 0.108 19.57 + 1.99
T3 65.83 + 11.25 0.171 42.28 + 2.18
T4 61.34 + 10.55 0.172 40.57 + 1.86
T5 80.61 + 13.30 0.165 122.15 + 4.58
T6 73.62 + 11.70 0.159 108.76 + 3.68
T7 86.81 + 13.45 0.155 135.34 + 3.56
T8 81.27 + 13.08 0.161 130.57 + 2.63

a Mean + SD, n =3.

Table V. Refractive index of nanoemulsion formulations

Refractive index?

Code Fresh formulation One year old formulation Placebo formulation
T1 1.404 + 0.006 1.402 + 0.007 1.404 + 0.006
T2 1.402 = 0.006 1.401 + 0.006 1.402 + 0.007
T3 1.403 = 0.009 1.401 = 0.006 1.403 + 0.092
T4 1.412 + 0.011 1.401 + 0.008 1.412 + 0.010
T5 1.404 = 0.010 1.402 + 0.001 1.404 + 0.031
T6 1.414 + 0.013 1.412 + 0.001 1.414 + 0.011
17 1.415 + 0.017 1.413 = 0.003 1.415 + 0.003
T8 1.416 = 0.001 1.413 = 0.002 1.416 = 0.002

a Mean + SD, n =6.

In vitro skin permeation studies

In vitro skin permeation studies were performed on a modified Keshary Chien-dif-
fusion cell with an effective diffusional area of 4.76 cm? and 35 mL of receiver chamber
capacity, using rat abdominal skin. The full thickness of rat skin was excised from the
abdominal region and hairs were removed with an electric clipper. The subcutaneous
tissue was removed surgically and the dermis side was wiped with isopropyl alcohol to
remove adhering fat. The cleaned skin was washed with distilled water and stored at
-21 °C untill further use. The skin was brought to room temperature and mounted be-
tween the donor and receiver compartments of the Keshary-Chien diffusion cell where
the stratum corneum side was facing the donor compartment and the dermal side was
facing the receiver compartment. Initially, the donor compartment was empty and the
receiver chamber was filled with methanolic phosphate buffer saline (PBS) pH 7.4 (30:70%,
V/V). The receiver fluid was stirred with a magnetic rotor at a speed of 100 rpm and the

320



S. Baboota et al.: Design, development and evaluation of novel nanoemulsion formulations for transdermal potential of celecoxib,
Acta Pharm. 57 (2007) 315-332.

assembled apparatus was placed in a hot air oven where the temperature was main-
tained at 37 + 1 °C. The whole methanolic PBS was replaced with fresh one after every
30 min to stabilize the skin. It was found that the receiver fluid showed a negligible peak
area after 2.5 h and beyond indicating complete stabilization of the skin. After complete
stabilization of the skin, 1 mL nanoemulsion formulation (20 mg mL1 CXB) or 1 g of
CXB gel (20 mg g!) was placed into the donor compartment and sealed with paraffin
film to provide occlusive conditions. Samples were withdrawn at regular intervals (0.5,
1,2,3,4,5,6,7,8,9,10, 12, 14, 16 and 24 h), filtered through 0.45-um membrane filter
and analyzed for drug content by HPLC at 250 nm.

Optimized formulation selection

Formulation T2 showed the highest release compared to other nanoemulsion for-
mulations. Thus, formulation T2 was converted into nanoemulsion gel formulation (NG2)
by adding 1% (m/m) Carbopol-940. The skin permeation profile of nanoemulsion for-
mulations was compared with nanoemulsion gel and CXB gel using the Dunnett test of
one-way analysis of variance (ANOVA).

Permeation data analysis

Cumulative amount of drug permeated through the skin (mg cm~2) was plotted as a
function of time for each formulation. Drug flux (permeation rate) at steady state (J45)
was calculated by dividing the slope of the graph linear portion with the diffusion cell
area (mg cm=2 h1) (4, 5). Permeability coefficient (Kp) was calculated by dividing J¢ by
the initial concentration of the drug in the donor cell (cm h™1) (4, 5).

Enhancement ratio (E,) was calculated by dividing ] of the respective formulation by Jg
of the control formulation (4, 5). The mean values of these parameters are given in Table VL

Table VI. Permeability parameters of different formulations

Code Jos (mg cm™2 h~1)P K, x 102 (cm h™)P E,
Control? 0.031 + 0.011 0.156 + 0.101 -
T1 0.143 + 0.085 0.717 + 0.140 4.58
T2 0.147 = 0.065 0.736 = 0.150 4.70
T3 0.103 + 0.087 0.515 + 0.110 3.31
T4 0.120 + 0.010 0.603 + 0.160 3.85
T5 0.113 = 0.120 0.567 + 0.140 3.62
T6 0.117 = 0.140 0.585 + 0.170 3.73
T7 0.094 + 0.051 0.471 + 0.170 3.00
T8 0.106 + 0.054 0.534 + 0.190 341
NG2 0.114 + 0.053 0.571 = 0.201 3.65

a2 CXB gel was used as control.
b Mean + SD, n = 3.
Jss = steady state flux, K, — permeability coefficient, E, — enhancement ratio.
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Table VII. Anti-inflammatory effects of T1, T2, NG2 and CXB gel

. Mean mass in . Edema Inhibition
Group Formulation N a group (g)° Time (h) (mean = SD, %)? (%)
1 320+12
2 460 + 13
I ar(r:f:ntrc: an 6 190 = 10 3 8.0 12
¢ oilee) ¢ * 6 51.0 + 1.5
y 12 430+15
24 15.0 + 1.3
1 240 + 1.0 25
2 31.78 + 1.4 31
3 486 +15 40
I T1 200 + 1
6 00 =13 6 233 + 2.0 54
12 162 + 22 62
24 43+22 71
1 21.0 + 1.0 34
2 291 +13 37
3 469 + 1.4 4
1 T 6 180 + 11 . ol s1s o
12 12,6 + 1.7 71
24 28+18 81
1 260 + 1.1 19
2 33.0 +1.2 28
3 367 + 1.4 55
v NG2 6 200 + 14 . ol 420 o
12 15.6 + 2.3 64
24 53+25 65
1 29.0 + 1.1 9
2 414+13 10
3 562 + 15 31
\% CXB gel 6 220 + 16 . s o6
12 253 +22 41
24 8.4 +24 44

aMean + SD, n = 6.

Skin irritancy test

Skin irritancy test was done on male Swiss albino mice, weighing 25-30 g. The ani-
mals were kept under standard laboratory conditions, temperature (25 + 1 °C) and rela-
tive humidity (55 + 5%). The animals were housed in polypropylene cages, six per cage,
with free access to standard laboratory diet (Lipton Feed, India) and water ad libitum. A
single dose of 10 pL of the nanoemulsion was applied to the left ear of the mice, with the
right ear as a control. The development of erythema was monitored for 6 days using the
reported method (16).
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In vivo studies

Approval to carry out in vivo studies was obtained from the Institutional Animal
Ethics Committee, Jamia Hamdard, New Delhi, India, and their guidelines were followed
throughout the studies. The anti-inflammatory and sustaining actions of the optimized
formulations were evaluated by the carrageenean-induced hind paw edema method de-
veloped by Winter et al. (17) in Wistar rats. Young male Wistar rats, weighing 180-220 g,
were randomly divided into 5 groups: control, T1, T2, NG2 and CXB gel, each contain-
ing 6 rats. The animals were kept under standard laboratory conditions, temperature at
25 + 1 °C and relative humidity (55 + 5%). The animals were housed in polypropylene
cages, six per cage, with free access to standard laboratory diet (Lipton Feed) and water
ad libitum. Doses for the rats were calculated based on the mass of the animals according
to the surface area ratio (18). The abdominal region of the rats was shaved 12 h before
starting the experiments, except in the control group. Nanoemulsions, nanoemulsion gel
and CXB gel formulations were applied on the shaved abdominal region of all animals
(except in the control group) half an hour before subplanter injection of carrageenean
into right paws. Paw edema was induced by injecting 0.1 mL of 1% (m/m) homogeneous
suspension of carrageenean in distilled water. The paw volume was measured at 1, 2, 3,
6, 12 and 24 h after injection using a digital plethysmometer. The amount of paw swell-
ing was determined from time to time and expressed as percent edema relative to the
initial hind paw volume. Percent inhibition of edema produced by each formulation-
-treated group was calculated against the respective control group. Results of anti-in-
flammatory activity were compared using the Dunnett test of one-way analysis of vari-
ance (ANOVA).

RESULTS AND DISCUSSION

The physicochemical properties of CXB suggest that it has good potential for topical
drug delivery (2). The important criterion for selection of materials for the nanoemul-
sion formulation development is that the components are pharmaceutically acceptable,
nonirritant and nonsensitizing to the skin and fall under the GRAS (Generally Regarded
as Safe) category. Non-ionic surfactants are less toxic than ionic surfactants. The higher
solubility of the drug in the oil phase is important for the nanoemulsion to maintain the
drug in solubilized form. The right blend of low and high hydrophilic lipophilic balance
(HLB) surfactants leads to the formation of a stable nanoemulsion formulation (19). In
this study, we selected Tween 80 as a surfactant having the HLB value 15. Transient nega-
tive interfacial tension and fluid interfacial film is rarely achieved by the use of a single
surfactant, usually necessitating addition of a co-surfactant. The presence of co-surfac-
tant decreases the bending stress of the interface and allows the interfacial film sufficient
flexibility to take up different curvatures required to form a nanoemulsion over a wide
range of compositions (20). Thus, the co-surfactant selected for the study was Transcutol-P
with the HLB value of 4.2.

Therefore, the aim of the present study was to develop and evaluate thermodynami-
cally stable o/w nanoemulsions of CXB for transdermal drug delivery. These nanoemul-
sions were prepared by using a combination of Sefsol 218 and Triacetin as the oil phase,
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Tween-80 and Transcutol-p as surfactant and cosurfactant, respectively. All these chemi-
cals are nonirritant and nonsensitizing to the skin, fall under the GRAS category and are
pharmaceutically acceptable.

The most important criterion for screening of components is the solubility of a po-
orly soluble drug in oil, surfactants and cosurfactants. Since the aim of this study is to
develop a transdermal formulation, it is important to determine drug solubility in oils,
surfactants and cosurfactants. The solubility of CXB was found to be highest in a 1:1
combination of Sefsol 218 and Triacetin (123.12 + 1.02 mg mL-!) as compared to other
oils and combinations of oils. Hence, this combination was selected as the oil phase for
the development of optimal formulation. High drug solubility was found in Tween 80
and Transcutol-P. Therefore, Tween-80 and Transcutol-P were selected as surfactant and
cosurfactant, respectively, for the phase study (Table I).

Pseudo-ternary phase diagram

Care was taken to ensure that observations were not made on metastable systems;
although the free energy required to form an emulsion is very low, the formation is ther-
modynamically spontaneous (19). The relationship between the phase behaviour of a
mixture and its composition can be captured with the aid of a phase diagram (21). Pse-
udoternary phase diagrams were constructed separately for each S,; ratio (Fig. 1), so
that o/w nanoemulsion regions could be identified and nanoemulsion formulations could
be optimized.

In Fig. 1a, Syjx with a ratio 1:0 showed large nanoemulsion area. O/w nanoemul-
sion region was found towards the water rich apex of the phase diagram and in higher
concentration of Sy, showing that Tween 80 could be used alone without cosurfactant,
but a higher concentration of surfactant would be required. The maximum concentra-
tion of oil that could be solubilized in the phase diagram was nearly 25% (m/m) using
around 50% (m/m) of Syy. It was observed in 1:2 S,;;, (Fig. 1b) that when cosurfactant
was added along with surfactant, the interfacial film became more fluid and no liquid
crystalline area was found in the phase diagram. A large o/w nanoemulsion area was
observed. The maximum amount of oil that could be solubilized was 28% (m/m) with
around 41% (m/m) of Sy As the surfactant concentration was increased in Sp;, (ratio
1:1, Fig. 1c), a higher nanoemulsion region was observed. It may be due to further reduc-
tion of the interfacial tension, increasing the fluidity of the interface, thereby increasing
the entropy of the system. There may be greater penetration of the oil phase in the hy-
drophobic region of the surfactant monomers (21, 22). As we further increased surfac-
tant concentration in S;, to 2:1 (Fig. 1d), the nanoemulsion region decreased as com-
pared to 1:1, the maximum concentration of oil that could be solubilized by this ratio
was 28% (m/m) utilizing 41% (m/m) of Sy,;x. When the Sy, ratio of 3:1 was studied (Fig.
le), the small area of nanooemulsion further decreased and the liquid crystalline area
started to appear in the phase diagram, which may be due to increased surfactant con-
centration. The maximum concentration of oil that could be solubilized with 41% of Sy«
was 28%. When cosurfactant concentration was increased from 1:1 to 1:2 compared to
surfactant, the nanoemulsion area decreased.

It is well known that large amounts of surfactants cause skin irritation (21, 23), it is
therefore important to determine the surfactant concentration properly and use the opti-
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Fig. 1. Pseudo-ternary phase diagrams
showing the o/w nanoemulsion (shaded
area) regions of Sefsol 218 and Triacetin (oil),
Tween-80 (surfactant), Transcutol-P (co-
surfactant) at different S;, ratios: a) Sy
1:0, b) Sy 1:2, ©) Spuix 1:1, d) Spix 2:1 and
€) Spix 3:1.
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mum concentration of surfactant in the formulation. From pseudoternary phase dia-
grams, the formulations in which the amount of oil phase completely solubilized the
drug and which could accommodate the optimum quantity of S,;x and distilled water

were selected for the study.
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Dispersion stability studies

Nanoemulsions are thermodynamically and physically stable systems and are form-
ed at a particular concentration of oil, surfactant and water, making them stable to phase
separation, creaming or cracking (6, 7). It is the thermostability that differentiates nano-
emulsion from emulsions with kinetic stability and eventually phase separation (21, 24).
Thus, the formulations were tested for their physical (dispersion) stability by using cen-
trifugation, heating-cooling cycle and freeze-thaw cycle. Only those formulations which
survived dispersion stability tests, were selected for further study. The compositions of
selected formulations are given in Table III.

Characterization of nanoemulsions

Transmission electron microscopy. — The nanoemulsion appeared dark and with bright
surroundings and a positive image (Fig. 2). The droplet size ranged between 19 and 78
nm and was in agreement with the droplet size distribution measured using photon cor-
relation spectroscopy (Table IV).

Nanoemulsion droplet size analysis. — The droplet size increased with the increase in
oil concentration in the formulations (Table IV). The droplet size of formulation T2, con-
taining 10% of oil was 34.6 = 1.0 nm, which was lower as compared to other formula-
tions. There was only a marginal difference in the mean droplet size of formulations T1
and T2, which may be due to the increase in the concentration of S, ;, in T2. This result is
in accordance with the report that the addition of surfactant to nanoemulsion systems
causes the interfacial film to condense and stabilize, while the cosurfactant causes the
film to expand (25). All the formulations had droplets in the nano range which is well

Fig. 2. Transmission electron microscopic positive image of CXB nanoemulsion.
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evident from the low values of polydispersity. Polydispersity is basically the ratio of
standard deviation to the mean droplet size. This signifies the uniformity of droplet size
within the formulation. The higher the value of polydispersity, the lower is the unifor-
mity of the droplet size in the formulation. The polydispersity values of the formula-
tions are very low (0.108-0.172) which indicates uniformity of droplet size within the
formulation.

Viscosity and refractive index. — Formulation T2 had the least viscosity (19.57 + 1.99
mPa s) compared to other formulations (Table IV). This may be due to the lower oil con-
tent. The difference in viscosity between formulations T1 and T2 was not significant; vis-
cosity of all nanoemulsion formulations was very low as expected (21).

There was no significant change in the mean values of the refractive index of se-
lected formulations, placebo formulations and one year old formulations. Thus, it can be
concluded that the nanoemulsion formulations were not only physically stable but also
chemically stable and remained isotropic in nature, without interactions between nano-
emulsion components and drug (Table V).

Solubility of optimized formulations. — The solubility of CXB in optimized formulations
T1 and T2 was determined and compared with aqueous solubility of CXB. Significant in-
crease in solubility of CXB in nanoemulsion formulations T1 (42000 fold) and T2 (44000
fold) was found as compared to water, which could be due to the presence of surfactant
(Tween-80) and cosurfactant (Transcutol-P) (p < 0.01), thus indicated the enhanced per-
meability of CXB through the skin.

In vitro skin permeation studies

In vitro skin permeation studies were performed to compare the drug release from
eight different nanoemulsion formulations (T1 to T8), nanoemulsion gel (NG2) and CXB
gel, all having the same quantity (2%, m/m) of CXB. The solubility of CXB in PBS is only
9 ng mL-L; therefore 30% (V/V) methanol was added into receiver compartment to in-
crease CXB solubility to 10 pg mL-1. This was done in order to maintain the sink condi-
tion. In vitro skin permeation was the highest in formulations T1 and T2 and the lowest
for CXB gel (Fig. 3). Formulation NG2 showed an intermediate skin permeation profile.
The skin permeation profiles of T1 and T2 were not significantly different but they were
significantly different from simple gel and NG2 (p < 0.05). The significant difference in
CXB permeation between nanoemulsion formulations, NG2 and CXB gel was probably
due to the mean size of internal phase droplets, which were significantly smaller in na-
noemulsions. The maximum release in T1 and T2 could be due to the smallest droplet
size and lowest viscosity compared to nanoemulsions T3 to T8. To explain the probable
mechanism by which nanoemulsions enhance the skin permeation of drugs, the histolo-
gical and histochemical structure of stratum corneum must be taken into consideration.
Drugs permeate stratum corneum through two micro pathways, i.e., intercellular and
transcellular pathways. Of these, the intercellular pathway plays a major role in percu-
taneous uptake of drugs. It is well known that a complex mixture of essentially neutral
lipids, which are arranged as a bilayer with their hydrophobic chains facing each others,
forms a lipophilic bimolecular leaflet. Most of the lipophilic drugs pass through this re-
gion, and it is called a lipid pathway. The polar head group of lipids faces an aqueous re-
gion, forming a polar route that hydrophilic drugs generally prefer. A dermally applied
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Fig. 3. In vitro skin permeation profile of CXB (mean + SD, n = 3) from:
a) formulations T1 to T8, b) T2, NG2 and CXB gel.

nanoemulsion is expected to penetrate the stratum corneum and to exist intact in the
whole horney layer, alter both lipid and polar pathways (26). The drug dissolved in the
lipid domain of the nanoemulsions can directly penetrate the lipid of the stratum
corneum, thereby destabilizing its bilayer structure. These interactions will increase the
lipid pathway permeability to drugs. On the other hand, the hydrophilic domain of na-
noemulsions can hydrate the stratum corneum to a greater extent and play an important
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role in percutaneous uptake of drugs. When the aqueous fluid of nanoemulsions enters
the polar pathway, it increases the interlamellar volume of the stratum corneum lipid
bilayer, resulting in disruption of its interfacial structure. A lipophilic drug like CXB can
then permeate more easily through the lipid pathway of stratum corneum. Moreover,
droplet size and viscosity of the nanoemulsion may also affect its efficiency, where the
small droplet size and low viscosity of the nanoemulsion make it an excellent carrier for
enhancing percutaneous uptake of CXB, since the number of vesicles that can interact on
a fixed area of stratum corneum will increase when droplet size and viscosity decrease.
Therefore, the probable reason for enhanced permeation of CXB from T1 and T2 could
be the combined effects of hydrophilic and lipophilic domains as well as the smallest
droplet size and lowest viscosity of nanoemulsions.

Permeability parameters like steady state flux (J5), permeability coefficient (K,,) and
enhancement ratio (E,) significantly increased in nanoemulsions and NG2 formulation
compared to CXB gel (p < 0.05). This is because nanoemulsions and NG2 components
contain permeation enhancers like Sefsol 218, Triacetin, Tween-80 and Transcutol-p. The
permeability parameters of different formulations are given in Table VI.

In vivo studies

Based on higher drug release, optimum droplet size, lower viscosity and lowest poly-
dispersibility index, formulations T1 and T2 were selected for the in vivo anti-inflamma-
tory effects. The percent inhibition value after 24 h administration was found to be high
for T2, i.e., 81.2% as compared to CXB gel (43.7%); this difference was significant (p < 0.01).
The percent inhibition value for formulations T1 and NG2 was found to be 70.8% and
64.5%, respectively (Table VII); the difference was significant (p < 0.05) when compared
formulation T2. The enhanced anti-inflammatory effects of formulation T2 could be due
to the enhanced permeation of CXB through the skin.

Based on higher drug permeation, smallest droplet size, minimum polydispersity,
lower viscosity, optimum surfactant and cosurfactant concentration and higher solubi-
lity, formulation T2 was optimized as the nanoemulsion formulation of celecoxib.

The skin irritancy test was performed to confirm the safety of the optimized nano-
emulsion formulation. Van Abbe et al. (16) mentioned that a value of skin irritancy score
between 0 and 9 indicates that the applied formulation is not irritant to human skin. The
mean value of skin irritancy score for formulation T2 was found to be 1.3 + 0.3. From
this value, it was concluded that the optimized nanoemulsion formulation was safe for
transdermal drug delivery.

CONCLUSIONS

The nanoemulsion formulation of celecoxib containing 2% (m/m) of CXB, 10% (m/m)
of oil phase (Sefsol 218 and Triacetin), 50% (m/m) of surfactant mixture (Tween-80 and
Transcutol-P) and 40% (m/m) of distilled water has been optimized. From in vitro and in
vivo data it can be concluded that the developed nanoemulsions have great potential for
transdermal drug delivery.
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SAZETAK

Dizajn, razvoj i vrednovanje novih nanoemulzija za transdermalnu
primjenu celekoksiba

SANJULA BABOOTA, FAIYAZ SHAKEEL, ALKA AHUJA, JAVED ALI i SHEIKH SHAFIQ

U radu su opisana ispitivanja nanoemulzija za transdermalnu primjenu celekoksiba
(CXB). Profil permeacije kroz kozu ispitivan je in vitro i usporedivan sa CXB gelom i na-
noemulzijskim gelom. U formulacijama T1 i T2 postignuto je znac¢ajno povecanje usta-
lienog fluksa (Jss), koeficijenta permeabilnosti (K,) i povecanje omjera (E,) (p < 0.05). Naj-
vece vrijednosti parametara permeabilnosti dobivene su u formulaciji T2 koja je sadrzala
2% m/m CXB, 10% m/m uljne faze (Sefsol 218 i Triacetin), 50% m/m povrsinski-aktivnih
tvari (Tween-80 i Transcutol-P) i 40% m/m vode. Protuupalno djelovanje formulacije T2
na edem Sape Stakora uzrokovan karageninom znacajno je povecano (p < 0.05) poslije 24
h u usporedbi sa CXB gelom i nanoemulzijskim gelom. Rezultati ukazuju na poboljsanu
isporuku celekoksiba putem nanoemulzija.
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