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a b s t r a c t

Tenoxicam is a non steroidal anti-inflammatory drug (NSAID) widely used in the treatment of rheumatic
diseases and characterized by its good efficacy and less side effects compared to other NSAIDs. Its oral
administration is associated with severe side effects in the gastrointestinal tract. Transdermal drug deliv-
ery has been recognized as an alternative route to oral delivery. Proniosomes offer a versatile vesicle
delivery concept with the potential for drug delivery via the transdermal route. In this study, different
eywords:
enoxicam
ransdermal
roniosomes
nti-inflammatory

proniosomal gel bases were prepared, characterized by light microscopy, revealing vesicular structures,
and assessed for their drug entrapment efficiency, stability, their effect on in vitro drug release and ex vivo
drug permeation. The lecithin-free proniosomes prepared from Tween 20:cholesterol (9:1) proved to be
stable with high entrapment and release efficiencies. The in vivo behaviour of this formula was studied
on male rats and compared to that of the oral market product. The investigated tenoxicam loaded pro-
niosomal formula proved to be non-irritant, with significantly higher anti-inflammatory and analgesic
effects compared to that of the oral market tenoxicam tablets.

© 2010 Elsevier B.V. All rights reserved.
. Introduction

Tenoxicam (TX) is a long-acting non steroidal anti-inflammatory
rug (NSAID) (Bird et al., 1984) of the oxicam family (Woolf and
adulovic, 1989), characterized by its potent anti-inflammatory
Morof et al., 1988), antipyretic and marked potent analgesic effect
Todd and Clissold, 1991). Thus, TX is widely used in the treat-

ent of rheumatic diseases (González and Todd, 1987), acute
out (Waterworth and Waterworth, 1987), enkylosing spondylitis,
rimary dysmenorrhea (Thadikonda et al., 1995), extra-articular
iseases (Huang et al., 2002), in addition to renal colics, post-
perative and back pains (Sporn and Suh, 2000) as well as
ostpartum uterine contraction pain (Huang et al., 2002). TX is, as
ell, known as a very good anti-oxidant (Vartiainen et al., 2001).

The pharmacological and metabolic behaviour of TX is induced
y blocking prostaglandins’ (PGs) biosynthesis, inhibiting phagocy-

osis and leukocyte migration, scavenging active oxygen spieces at
nflammatory sites (Vartiainen et al., 2001) and inhibiting human

etalloproteinases which induce cartilage breakdown (González
nd Todd, 1987).

∗ Corresponding author. Tel.: +20 23 3335456; fax: +20 23 3370931.
E-mail addresses: husseinammar@hotmail.com (H.O. Ammar),

kghorab@yahoo.com (M. Ghorab), soheir.elnahhas@hotmail.com (S.A. El-Nahhas),
mane.higazy@hotmail.com (I.M. Higazy).

378-5173/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.ijpharm.2010.11.003
TX is practically administered in several dosage forms: oral
(tablets, capsules), rectal (suppository) and parenteral (IV, IM, IA)
(Huang et al., 2002). However, there has always been inconvenience
accompanying each of the mentioned routes of administration
(Information for Health Professionals, 2006).

TX side effects’ profile appeared similar to that of other NSAIDs;
affecting GIT causing epigastric pain, nausea, dyspepsia, indiges-
tion, vomiting and GI ulceration (González and Todd, 1987) and
increasing the risk of renal failure or bleeding (Al-Obaid and Mian,
1993). It also has severe effects on the liver and biliary tract that may
lead to hepatitis in high doses as well as increasing liver enzyme
activity (Information for Health Professionals, 2006).

Lately, there has been a continuous interest towards trans-
dermal drug delivery (TDD) (Prausnitz et al., 2004), as it would
avoid problems associated with the other routes of administration
(Thong et al., 2007). A timely warning challenge to TDD formula-
tors was issued by Hadgraft and Guy (Hadgraft and Guy, 1987);
represented in the lipid matrix of the skin stratum corneum, which
presents the rate limiting barrier of drug permeation (Elias and
Friend, 1975). Thus, several technological advances have been
made in the recent decades to overcome skin barrier proper-
ties and enhance percutaneous drug penetration (Thong et al.,

2007).

Drug delivery systems using colloidal particulate carriers such
as liposomes (Betageri and Habib, 1994), niosomes (Schreier and
Bouwstra, 1994) or proniosomes proved to have distinct advan-

dx.doi.org/10.1016/j.ijpharm.2010.11.003
http://www.sciencedirect.com/science/journal/03785173
http://www.elsevier.com/locate/ijpharm
mailto:husseinammar@hotmail.com
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ages over conventional dosage with an increasingly important role
n drug delivery; as particles can act as drug containing reservoir,
nd modification of the particle composition or surface can adjust
he drug release rate and/or the affinity for the target site (Hu and
hodes, 1999).

Proniosomes are liquid crystalline-compact niosomal hybrid
hich could be converted into niosomes upon hydration with
ater offering a versatile vesicle delivery concept with potential

or drug delivery via transdermal route (Blazek-Welsh and Rhodes,
001). Upon skin application proniosomes get hydrated with water
rom skin under occlusion (Alsarra et al., 2005). Proniosomes should
e hydrated to form niosomal vesicles before the drug is released
nd permeates across the skin. Previous experimental results and
upportive theoretical analysis suggested several mechanisms to
xplain the ability of niosomes to modulate drug transfer across
kin; it is thought that structure modification of stratum corneum is
ne of the most probable reasons for enhancing the permeability of
rugs: the intercellular lipid barrier in stratum corneum would be
ramatically changed to be more loose and permeable by treatment
ith liposomes and niosomes (Barry, 2001). Both phospholipids

nd non-ionic surfactants in proniosomes can act as penetration
nhancers, since it was found that some phospholipids are able
o fluidize the stratum corneum lipid bilayers and diffuse through
hem (Kirjavainen et al., 1996).

Proniosomes; provide additional convenience of transportation,
istribution, storage and dosing. They are known to avoid many of
he problems associated with either the aqueous niosome disper-
ion, as problems of physical stability (aggregation, fusion, leaking),
r liposomes, as degradation by hydrolysis (Frfkjaer et al., 1984) or
xidation (Hunt and Tsang, 1981), as well as sedimentation, aggre-
ation or fusion during storage (Wong and Thompson, 1982), in
ddition to its high cost, difficulties in sterilization, variable purity
roblems of phospholipids (Vora et al., 1998) and in large scale pro-
uction (Frfkjaer et al., 1984) of a product with adequate physical
nd chemical stability. Proniosomes not only do they offer a promis-
ng means of drug delivery, but also could enhance the recovery rate
f the skin barrier (Hatziantoniou et al., 2000). All this make pro-
iosomes; “dry niosomes”, a promising industrial product (Hu and
hodes, 1999).

Since both hydrophilic and hydrophobic substances can be
mbedded in niosomal vesicles (Niemiec et al., 1995), thus,
t is known that sparingly soluble drugs can be entrapped in
esicles (Arunothayanun et al., 2000). Consequently, pronio-
omes are expected to offer a special advantage for tenoxicam
hich is lipophilic with relative hydrophilicity. Thereby, the
resent study aims at designing a new transdermal formula-
ion for tenoxicam characterized by safety and high therapeutic
fficacy, through designing an optimum proniosome gel formu-
ation so as to reduce the daily administered dose of tenoxicam

ith a subsequent improvement in patient compliance and drug
afety.

. Materials

Tenoxicam was kindly donated by Epico (Egypt). Ethyl alco-
ol absolute and Tween 80 were obtained from Adwic (Egypt).
gg yolk from chicken, Span 80, Tween 20 and Tween 60 were
upplied from Sigma Chemical Company (USA). Cholesterol from
anolin and Span 60 were purchased from Fluka (Switzerland).
ellulose membrane was purchased from Sigma–Aldrich (USA).

lycerin 99.5% was obtained from TVV (Egypt). Lecithin-soyabean
as obtained from ICN Biomedicals (USA). Carbomer 934P, Potas-

ium dihydrogen phosphate, disodium hydrogen phosphate, acetic
cid and formaldelyde were supplied from El Nasr Pharmaceutical
hemicals (Egypt), all of analytical grade.
Pharmaceutics 405 (2011) 142–152 143

3. Methods

3.1. Preparation of proniosomes

Proniosomes were prepared by the method reported by Perrett
et al. (1991). Precisely, hundred milligrams surfactant mixture, sur-
factants: alcohol (1:1), and drug were weighed in a clean and dry,
wide mouth small glass tube. After mixing all the ingredients, the
open end of the glass tube was covered with a lid to prevent loss
of solvent, and then warmed on a water bath at 60–70 ◦C for about
5 min, until the surfactants were dissolved completely. The aque-
ous phase was then added and warmed on a water bath till clear
solution was formed. The mixture was allowed to cool to room tem-
perature until the dispersion was converted to proniosomal gel.
Proniosomal gel was then mixed with 1% Carbopol® gel in 1:1 ratio.
The final ratio of surfactant: alcohol: aqueous phase was 5:5:4 by
weight (Fang et al., 2001). The gel obtained was preserved in dark
until characterization. In case of incomplete dissolution of the drug
in the prepared formulations, the drug and surfactants were dis-
solved first in chloroform or ether, followed by vacuum evaporation
of the solvent (Alsarra et al., 2005).

In order to optimize and evaluate various tenoxicam pronio-
somal formulations, different grades of two types of non-ionic
surfactants: Span® (sorbitan esters) as Span 20, Span 60 and Span
80, and Tween® (polyoxyethylene sorbitan esters) as Tween 20,
Tween 60 and Tween 80 were used in addition to cholesterol. Three
different aqueous phases (phosphate buffer pH 7.4, distilled water
or 0.1% aqueous glycerol solution) were also used (Table 1).

3.2. Characterization of proniosomal gel bases

3.2.1. Light microscopy
A thin layer of proniosomal gel was spread in a cavity slide,

and then a cover slip was placed. Slide was observed under micro-
scope with and without polarized light (Leica Q 500 MC Image
Analyzer System, Germany). A drop of water was added through
the side cover slip into the cavity slide while under microscope and
observed again. Photomicrographs were taken at suitable magnifi-
cations after addition of water (Vora et al., 1998).

3.2.2. Transmission electron microscopy (TEM)
The morphology of the prepared proniosome formulations was

determined by TEM (JEOL 100 CX transmission electron microscope
at 80 KV): a drop of the dispersion was diluted 10-fold using deion-
ized water, then a drop of the diluted dispersion was applied to
a carbon-coated 300 mesh copper grid and left for 1 min to allow
some of the proniosomes to adhere to the carbon substrate. The
remaining dispersion was removed by absorbing the drop with the
corner of a piece of filter paper. After twice rinsing the grid (deion-
ized water for 3–5 s) a drop of 2% aqueous solution of uranyl acetate
was applied for 1 s. The remaining solution was removed by absorb-
ing the liquid with the tip of a piece of filter paper and the sample
was air dried (Hu and Rhodes, 1999).

3.2.3. Entrapment studies
To 0.2 g of proniosome gel, weighed in a glass tube, 10 ml of the

aqueous phase (phosphate buffer pH 7.4, distilled water or 0.1%
aqueous glycerol solution) were added; the aqueous suspension
was then sonicated. Niosomes containing tenoxicam were sepa-
rated from untrapped drug by centrifugation at 9000 rpm for 45 min

at 4 ◦C. The supernatant was recovered and assayed spectrophoto-
metrically using Shimadzu UV spectrophotometer (240 j/PC, Japan),
at 358 nm for phosphate buffer pH 7.4 and 351 nm for distilled
water and 0.1% aqueous glycerol solution. The encapsulation per-
centage of drug (EP) was calculated by the following equation
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Table 1
Composition of different proniosome formulations.

Formula Surfactant:phospholipid:cholesterol

Span 20 Span 60 Span 80 Tween 20 Tween 60 Tween 80 SBLa EYLa Cholesterol

S1A 9 – – – – – – – 1
S1B 4.5 – – – – – 4.5 – 1
S1C 4.5 – – – – – – 4.5 1
S2A – 9 – – – – – – 1
S2B – 4.5 – – – – 4.5 – 1
S2C – 4.5 – – – – – 4.5 1
S3A – – 9 – – – – – 1
S3B – – 4.5 – – – 4.5 – 1
S3C – – 4.5 – – – – 4.5 1
T1A – – – 9 – – – – 1
T1B – – – 4.5 – – 4.5 – 1
T1C – – – 4.5 – – – 4.5 1
T2A – – – – 9 – – – 1
T2B – – – – 4.5 – 4.5 – 1
T2C – – – – 4.5 – – 4.5 1
T3A – – – – – 9 – – 1
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T3B – – – –
T3C – – – –

a SBL, soya bean lecithin; EYL, egg yolk lecithin.

Alsarra et al., 2005):

P =
[

Ct − Cr

Ct

]
× 100,

here Ct, concentration of total tenoxicam; Cr, concentration of free
enoxicam.

.2.4. Particle size analysis
The average size of the prepared proniosomes was performed

y laser diffraction particle size analysis (LD) using Mastersizer X,
aser Diffraction Particle Size Analyzer (Malvern Instruments Ltd.,
alvern, UK). Before measurement, samples were dispersed in dis-

illed water.

.3. Assessment of physical stability for proniosomes

Aggregation or fusion of the vesicles as a function of tempera-
ure was determined as the change in entrapment efficiency after
torage. The vesicles were stored in glass vials at room tempera-
ure or kept in refrigerator (4–8 ◦C) for 3 months. The retention of
ntrapped drug was measured 72 h after preparation and then after
, 2 and 3 months of storage in selected formulations (Pardakhty
t al., 2007). Stability for each formulation was defined in terms of
etaining its initial entrapment efficiency for three months dura-
ion. Stable formulations were defined as those showing high
ntrapment efficiency (>60%) and high tenoxicam retention value
>90%), at each time interval. By the end of each month only sta-
le formulations were selected to proceed through the following
onth stability investigation.

enoxicam retained in proniosomes =
(

Entrapped tenoxicam after storage
Entrapped tenoxicam before storage

)

×100

.4. In vitro release studies

Release experiments were assessed for the selected pronioso-
al gel formulations showing highest drug entrapment level. The
addle method was applied using phosphate buffer (pH 5.5) and
emperature was adjusted at 32 ± 0.5 ◦C to simulate both, human
kin pH and temperature.

Two hundred milligrams of each preparation (containing 10 mg
f TX) were accurately weighed and placed in a cellulose bag closed
– 4.5 4.5 – 1
– 4.5 – 4.5 1

from both sides. The assembly was placed at the bottom of the
USP dissolution tester (Erweka Apparatebau GmbH, model DT-D,
Germany). The vessel contained 1000 ml buffer solution and the
speed was adjusted to 50 rpm (Rao et al., 1989). Aliquots of 5 ml
were withdrawn from the release medium at different time inter-
vals (every hour for 6 h) and replaced by equivalent volume of
the buffer solution. The amount of drug released from the bases
was determined spectrophotometrically at 380.5 nm (Murthy et al.,
2004).

Mean cumulative amount of drug released was plotted against
time. The data obtained from the release studies were kinetically
analyzed and the order of drug release from different formula-
tions was determined. Release efficiency (RE) was also computed
by calculating the AUC-values using the trapezoidal method. It is
expressed as a percentage of the area of the rectangle correspond-
ing to 100% release for the same total time (6 h) (Csóka et al.,
2005). The release rate was determined from the slope of the line
obtained on plotting cumulative amount of drug released versus
time.

Each experiment was carried three times in order to reach the
formulation providing the highest release rate of TX.

3.5. Ex vivo permeation studies

Permeation of TX, through excised rat skin, from the selected
proniosomal preparations was assessed. The abdominal hair of
male Wistar rats (150 ± 50 gm) was removed carefully. After the
animals were sacrificed, the abdominal skin was excised and the
adhering fat eliminated. The whole skin was equilibrated in phos-
phate buffer solution (pH 7.4, the human blood pH) for 1 h before
the experiment. This membrane was mounted on a vertical Franz
type diffusion cell with the dermis facing the receptor compart-
ment. The donor side was charged with 200 mg of the investigated
preparation containing 5% TX. The membrane surface area available
for diffusion was 3.14 cm2. The receptor compartment was filled
with the buffer. Temperature was maintained at 37 ± 0.5 ◦C to sim-
ulate human blood temperature. The receptor compartment was
constantly stirred at 300 rpm (Escribano et al., 2003).
Samples from the receptor fluid (2 ml) were withdrawn at var-
ious time intervals up to 24 h and replaced immediately by fresh
buffer solution; to maintain the “sink” conditions constantly and
a constant volume as well. The samples were then assayed spec-
trophotometrically at 358 nm.
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Data was analyzed by plotting mean cumulative amount of
rug permeated versus time to investigate the best fit to distinct
inetic model (zero, first or Higuchi order) to elucidate the drug
ermeation mechanism. Flux was calculated from slope of the line
btained on plotting mean cumulative amount permeated per area
ersus time. Permeation rate was determined; being the slope of
he line obtained on plotting cumulative amount of drug perme-
ted versus time. Also, the enhancing ratio (ER: the relationship
etween the flux from a certain gel and that from the control gel)
as calculated from the following equation (Larrucea et al., 2001):

R = flux in presence of enhancer
flux in absence of enhancer

.6. Skin irritancy test

Irritancy test was carried out to determine possible localized
eaction of the selected formula on the skin since skin safety is
f prior consideration for transdermal delivery systems. A single
ose of 200 mg of the selected medicated formulations (10 mg TX)
as applied to the left side of the shaved back of male albino rab-

its (1.5 ± 0.5 kg) and the right side was considered as control. The
ontrol area was further divided into two sub areas, one receiving
he selected formulation unloaded with the drug (positive con-
rol) and the other receiving no treatment (negative control). The
evelopment of erythema was monitored daily for 6 days.Extents
f development of erythema were indicated on the basis of the
ollowing (Van-Abbé et al., 1975).

0: No erythema development; 2: barely visible few blood vessels
nd light erythema development; 4: main blood vessels visible and
light erythema development; 6: main blood vessels more obvious
nd slight erythema development.

Irritation potential was calculated using the following equation:

esultant index = A · B

number of observation days
,

here A and B represent erythema value and corresponding day,
espectively.

.7. In vivo studies

.7.1. Assessment of anti-inflammatory effect
Experimental arthritis was induced in male Wistar rats

200 ± 50 gm) according to the method described by Selye (1949).
he animals were divided into four groups, each containing 6 rats.
ne group received no medication (negative control group) and

he second received the oral market tenoxicam tablets (Tilcotil®

ablets, Roche) (standard group). The rats’ backs in the remaining
wo groups were shaved: one group served as placebo (positive
ontrol group), while the other received the TX transdermal for-
ulation. The anti-inflammatory effect of the four groups was

imultaneously monitored. Localized inflammation was induced by
ubplantar injection of 0.1 ml of 4% formaldehyde solution into the
eft footpad of the rat’s hind paw, 30 min before drug administra-
ion where maximum oedema was reached. The initial paw size
as then determined using plethysmometer. Each group received

ts medication and the oedema volume was then assessed at dif-
erent time intervals using plethysmometer. Readings were taken
very hour for 6 h in the first day and then at 24, 48 and 72 h (Moura

t al., 2005).

.7.2. Assessment of antinociceptive activity
In this test, three groups, each comprising 6 mice weigh-

ng 25 ± 5 gm, were used. The first group received no treatment
Pharmaceutics 405 (2011) 142–152 145

(negative control), the second received the oral market product
(standard), while the third received the medicated transdermal
formulation. The backs of the mice in the third group were shaved.

Analgesic activity was evaluated on the acetic acid-induced
abdominal constriction according to Koster et al. (1959). The
test was used with local modification as described by Adzu
et al. (2001). 10 ml/kg of 0.7% aqueous solution of acetic acid
was injected to mice through intra-peritoneal route (i.p.) 30 min
after applying the medicated transdermal drug delivery systems
(TDDS). Each mouse was placed in a transparent observation cage.
Abdominal constriction consisting of contortions of the abdomi-
nal muscles (stretching of hind limbs) that occur between 5 and
15 min after acetic acid injection was cumulatively counted. Activ-
ity was expressed as percent inhibition of nociception (reduction in
episodes of writhing) between standard, control and treated groups
(Young et al., 2005).

3.8. Statistical analysis

– Data were collected and coded prior to analysis.
– All data were expressed as mean ± SD.
– For all continuous data that were normally distributed, one way

analysis of variance test (ANOVA) followed by the least signifi-
cant difference test (LSD) or unpaired t-test were performed to
compare two or more groups (Pardakhty et al., 2007).

– Statistical analysis was performed using SPSS® software, USA.

4. Results and discussion

4.1. Characterization of proniosome gel formulations

4.1.1. Light microscopy
After adding water to the examined samples; the microscopic

examination of the prepared proniosome gel formulations revealed
proniosomal vesicular structure with entrapped tenoxicam (Fig. 1).

4.1.2. Transmission electron microscopy (TEM)
The examined proniosomes appeared as spherical nano vesicles

under the transmission electron microscope (Fig. 2).

4.1.3. Entrapment studies
4.1.3.1. Proniosomes prepared using phosphate buffer (pH 7.4). Fig. 3
shows that, the lecithin-free formulation S3A showed the high-
est EP (91.95%), while the formulation T3A showed the lowest
EP (40.23%) (p < 0.05). It is also evident that incorporation of
EYL has a superior effect on enhancing TX entrapment in the
prepared proniosomes compared to the effect of adding SBL
(p < 0.05). It was, as well, found that using Tween 60 either alone
or in the presence of SBL or EYL yield a preparation entrap-
ping tenoxicam efficiently compared to Tween 20 and Tween 80
(p < 0.05).

4.1.3.2. Proniosomes prepared using distilled water. Fig. 4 clari-
fies that, the lecithin-free formulation T2A showed a significantly
high EP (95.16%), compared to the other prepared proniosomes
(p < 0.05), followed by the formulations T3A and S3A (93.38, 93.33%,
respectively). On the other hand the formulation S2C showed the
lowest EP (61.38%) (p < 0.05). In addition, it is generally clear that
proniosomes prepared with different grades of Tween were able
to entrap TX more efficiently than those prepared with different
Spans (p < 0.05).
4.1.3.3. Proniosomes prepared using 0.1% glycerol. From Fig. 5 it is
noticed that the formulation T2B possessed the highest EP (72.91%),
followed by S2C (72.07%), compared to the other proniosomal
preparations (p < 0.05), whereas, the formulation T1B showed the
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Fig. 1. Light Microscopy of some p

owest EP (22.35%) (p < 0.05). It was also observed that conjugation

f EYL resulted in a significant reduction in the EP of all formula-
ions, compared to their lecithin-free analogues, with the exception
f S2C, where a significant increase was observed (p < 0.05). Con-
idering the influence of different non-ionic surfactants used, it is
ome formulations entrapping TX.

evident that various Tween grades yield proniosomes which can

entrap TX more efficiently than those prepared using different Span
types (p < 0.05). It was also found that combining Span 60 with EYL
resulted in a formulation with a significantly high EP compared to
other Span preparations. On the other hand, mixing Tween 60 with
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Fig. 2. TEM of some proniosome formulation

BL produced the most efficient formulations compared to other
ween preparations (p < 0.05).

Briefly; the EP of proniosomes prepared using 0.1% glycerol is
uch lower than those prepared using either distilled water or

hosphate buffer (p < 0.05). Of all the prepared formulations, T2A
distilled water) has the highest EP: 95.16% (p < 0.05), followed by
3A (distilled water): 93.38% and then S3A (distilled water): 93.33%.
t is evident that Tweens, as non-ionic surfactants, had better effect
n TX entrapment than Spans. This could be explained on the basis

hat the highly lipophilic portion of the drug is expected to be
oused almost completely within the lipid bilayer of the niosomes
Gulati et al., 1998), and since it is known that most of the surfac-
ants used to make nonionic-surfactant vesicles have a low aqueous
ing different sizes of spherical nano vesicles.

solubility, it has been suggested from previous studies that low
drug EP, in general, may be attributed to the small number of nio-
somes produced by dilute surfactant (Hao et al., 2002). However,
more soluble nonionic surfactants as Tweens especially the freely
soluble ones as Tween 20 can form micelles on hydration in the
presence of cholesterol (Uchegbu and Vyas, 1998). As for the effect
of phospholipids; it is clear that it is highly influenced by the type
of non-ionic surfactant and the aqueous medium used, since vari-
able results were obtained in each case. In this means, the obtained

conclusion goes with that previously reported by Fang et al.: both
the type and content of non-ionic surfactants in proniosomes are
crucial factors affecting the efficiency of drug delivery (Fang et al.,
2001).
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Fig. 3. Entrapment efficiency of proniosomes prepared using phosphate buffer (pH
7.4).
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Fig. 4. Entrapment efficiency of proniosomes prepared using distilled water.

.1.4. Particle size analysis
Determining the particle size of the prepared proniosomes; it

as found that size range lied between 50 and 980 nm, with a
ean particle size 479.17, 380.8 and 627.86 nm for proniosomes

repared using phosphate buffer, distilled water and 0.1% glycerol,
espectively. Some scattered micro particles appeared, as well, in
he field with mean size 2 ± 0.5 �m. Such micro particles are rather
hought as aggregations of nano particles.

On studying the effect of particle size on entrapment effi-
iency, it was noticed that an inversely proportional relationship
orrelated them; formulations with smaller mean particles’ size

ossessed higher EP value.

Fig. 5. Entrapment efficiency of proniosomes prepared using 0.1% glycerol.
Pharmaceutics 405 (2011) 142–152

4.2. Assessment of physical stability for proniosomes

4.2.1. At refrigeration temperature (4–8 ◦C)
After three months of stability monitoring, it is concluded that,

among the formulations prepared using phosphate buffer (pH 7.4),
the formulation T2B proved to be the most stable. On the other
hand, the formulations S3B, T1A, T1B, T2B and T3C are the most
stable, compared to other formulations prepared using distilled
water. It is also clear that the formulation S3B prepared using 0.1%
glycerol is the most stable among other similar formulations. All
the previously mentioned formulations showed, both, high initial
entrapment efficiency (>60%) and high tenoxicam retention value
(>90%), by the end of each month (Tables 2–4 ).

4.2.2. Storage at room temperature
Studying the stability of different proniosomal formulations

prepared with different aqueous phases for three months at room
temperature revealed that the formulations S3B, T1A and T2B pre-
pared using distilled water are the most stable, since they were
the only showing both, high initial entrapment efficiency (>60%)
and high tenoxicam retention value (>90%), throughout the three
months. However, those prepared using phosphate buffer (pH 7.4)
or 0.1% glycerol, showed certain stability till either the first or sec-
ond month of storage but none was stable by the end of the third
month (Tables 2–4).

Comparing stability of different proniosomal formulations
at both refrigeration and room temperatures; the following is
observed: (1) proniosomes are generally more stable at low tem-
perature, (2) distilled water, not only did it provide the optimal
entrapment conditions for TX, but also, yield the most stable
proniosomes, followed by buffer preparations and finally, those
prepared using glycerol. This would suggest that both storage con-
ditions and type of aqueous medium might influence the tactness
of proniosomes, thus, affecting their entrapment efficiencies. For-
mulations S3B, T1A and T2B, (distilled water), were the only ones
proving stability at both room and refrigeration temperatures.

As a result of stability studies; stable formulations were sub-
jected to further in vitro release studies: T2B (phosphate buffer pH
7.4), S3B, T1A, T1B, T2B and T3C (distilled water), and S3B (0.1%
glycerol).

4.3. In vitro release studies

The release of TX from the investigated stable formulations
followed zero order kinetics with an immediate release of TX
(no lag time). The lecithin-free formula T1A, (distilled water),
showed both the highest release rate and efficiency; 0.85 mg/h
and 31.77%, respectively (p < 0.05), while, T2B, (phosphate buffer
pH 7.4), showed the lowest values for both; 0.25 mg/h and 7.61%,
respectively (p < 0.05). Formulations T3C and S3B (distilled water)
showed the same release rate as T2B, (phosphate buffer pH 7.4),
but a higher release efficiency 14.82 and 15.85 mg/h, respectively
(p < 0.05). Formulation S3B, (0.1% glycerol), showed release rate:
0.59 mg/h and release efficiency: 25.31% (Figs. 6 and 7

).
Comparing the release profile of formulation T1A to that of

Carbopol® gel and other formulations; higher release rate and effi-
ciency were observed, revealing that this particular proniosomal
structure improved TX release properties (Table 5). This may be
attributed to the hydrophilic nature of Tween 20 which makes it act

as a solubilizing agent for the drug, thus, facilitating drug release
from the gel base (Vora et al., 1998).

The formulation T1A (Tween 20, cholesterol, distilled water),
selected as the most efficient and most stable formulation, was
subjected to further investigations.
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Table 2
Stability studies of proniosomes prepared using phosphate buffer pH 7.4.

Formula EP0* (%) Stability under refrigeration Stability at room temperature

EP1* (%) EP2* (%) EP3* (%) TXR* (%) 1st month 2nd month 3rd month TXR* (%)
1st month 2nd month 3rd month 1st month 2nd month 3rd month

S1A 59.08 53.10 – – 89.88 – – 46.90 – – 79.38 – –
S1B 62.99 46.90 – – 74.45 – – 60.92 – – 96.72 – –
S1C 64.83 61.49 58.16 – 94.86 89.72 – 35.17 – – 54.26 – –
S2A 65.98 62.87 59.77 57.63 95.30 90.59 87.35 34.02 – – 51.57 – –
S2B 60.46 39.31 – – 65.02 – – 60.44 55.76 50.22 99.97 92.23 83.06
S2C 74.25 43.68 – – 58.82 – – 54.48 – – 73.37 – –
S3A 91.95 83.22 61.84 – 90.50 67.25 – 74.48 – – 81.00 – –
S3B 73.33 43.22 – – 58.93 – – 56.78 – – 77.43 – –
S3C 60.23 58.28 56.32 51.96 96.76 93.51 86.27 39.77 – – 66.03 – –
T1A 75.17 57.70 – – 76.76 – – 42.30 – – 56.27 – –
T1B 50.35 48.74 – – 96.80 – – 49.66 43.66 – 98.63 86.71 –
T1C 86.21 58.93 – – 68.36 – – 51.03 – – 59.20 – –
T2A 82.76 52.30 – – 63.19 – – 74.02 – – 89.44 – –
T2B 79.77 78.74 77.70 77.60 98.70 97.41 97.28 20.23 – – 25.36 – –
T2C 53.33 47.70 – – 89.44 – – 46.67 – – 87.50 – –
T3A 40.23 33.45 – – 83.14 – – 39.77 – – 98.86 – –
T3B 66.90 51.03 – – 76.29 – – 48.97 – – 73.20 – –
T3C 78.16 58.85 – – 75.30 – – 64.37 – – 82.35 – –

EP0*, EP1*, EP2* and EP3*: entrapment percentage at zero time (72 h), after 1st, 2nd, and 3rd months, respectively, TXR*: tenoxicam retained = (entrapped tenoxicam after storage/entrapped tenoxicam before storage) × 100.

Table 3
Stability studies of proniosomes prepared using distilled water.

Formula EP0* (%) Stability under refrigeration Stability at room temperature
EP1* (%) EP2* (%) EP3* (%) TXR* (%) 1st month 2nd month 3rd month TXR* (%)

1st month 2nd month 3rd month 1st month 2nd month 3rd month

S1A 63.33 43.50 – – 68.69 – – 56.50 – – 89.23 – –
S1B 75.69 61.83 – – 81.69 – – 74.20 25.80 – 98.03 34.08 –
S1C 71.64 54.05 – – 75.45 – – 36.46 – – 50.89 – –
S2A 65.25 62.90 59.59 55.64 96.41 91.32 85.28 37.10 – – 56.86 – –
S2B 76.12 75.16 68.96 63.59 98.74 90.59 83.54 74.20 70.58 49.42 97.48 92.72 64.93
S2C 61.38 52.99 – – 86.32 – – 57.78 48.19 – 94.14 78.51 –
S3A 93.33 40.09 – – 42.95 – – 59.91 – – 64.19 – –
S3B 75.05 71.64 68.22 67.98 95.46 90.91 90.58 68.91 68.23 67.59 91.81 90.91 90.06
S3C 63.33 53.09 – – 83.84 – – 46.91 – – 74.07 – –
T1A 92.88 91.89 91.02 90.76 98.93 98.00 97.72 91.22 90.97 89.71 98.21 97.94 96.59
T1B 80.81 78.25 75.42 74.33 96.84 93.33 91.98 21.75 – – 26.91 – –
T1C 85.75 70.68 – – 82.43 – – 78.47 62.90 – 91.51 73.35 –
T2A 95.16 84.40 82.30 – 88.69 86.49 – 90.88 87.15 84.36 95.50 91.58 88.65
T2B 77.70 76.38 75.95 75.05 98.30 97.75 96.59 75.69 74.41 73.57 97.42 95.77 94.69
T2C 75.48 55.33 – – 73.30 – – 35.18 – – 46.62 – –
T3A 93.38 84.99 80.76 – 91.02 86.49 – 92.20 70.58 – 98.73 75.58 –
T3B 78.47 58.64 – – 74.73 – – 38.81 – 49.46 – –
T3C 78.89 76.76 74.63 74.21 97.30 94.60 94.07 74.63 21.11 – 94.59 26.76 –

EP0*, EP1*, EP2* and EP3*: entrapment percentage at zero time (72 h), after 1st, 2nd, and 3rd months, respectively; TXR*: tenoxicam retained = (entrapped tenoxicam after storage/entrapped tenoxicam before storage) × 100.
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Fig. 6. Release profile of TX from certain proniosome formulations. 1. (T2B) using
phosphate buffer (pH 7.4) as aqueous phase; 2. (S3B) using 0.1% glycerol as aqueous
phase.

4.4. Effect of cholesterol:Tween 20 ratio on the entrapment
efficiency

Generally, no significant difference is noticed in the entrapment
efficiency of the formulation T1A on changing cholesterol:Tween
20 ratio. This might be attributed to a previous report stating that
a fixed amount of lipid in the formula produces constant number
of niosomes and has a definite encapsulating capacity; increasing
this amount has no beneficial effect. It has, as well, been reported
that proniosomal formulation with molar ratio (cholesterol:non-
ionic surfactant) of 1:9 is, relatively, the most beneficial for the
efficient encapsulation, and extra Cholesterol is unfavorable (Hao
et al., 2002).

4.5. Effect of drug content on entrapment efficiency

Increasing the amount of TX added, from 0.1 mg to 10 mg, led to
100% entrapment and any further increase in amount of TX added
(20 or 40 mg) had no further effect.

4.6. Ex vivo permeation studies

Fig. 8 shows that permeation of TX entrapped in the proniosomal
formula T1A through the skin follows zero order kinetics. It is also

evident that the mentioned formula effectively enhanced tenoxi-
cam permeation, showing high ER (6.24) reflecting a high flux value
(0.11 mg/cm2/h), and relatively slow permeation rate (0.34 mg/h).
It has been suggested that the significantly high flux value of the
drug, compared to that of Carbopol® gel (0.017 mg/cm2/h), might

Fig. 7. Release profile of TX from proniosomes prepared with distilled water.
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Table 5
Release properties of TX from proniosome formulations compared to Carbopol® gel.

Formulation Aqueous phase Release rate (mg/h) Release efficiency (%)

T2B Phosphate buffer (pH 7.4) 0.25 7.61
S3B 0.25 15.85
T1A 0.85 31.77
T1B Distilled water 0.38 15.66

0.38 15.52
0.25 14.82
0.59 25.31
0.61 28.56
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robably be attributed to fusion of noisome vesicles to the surface
f skin (Barry, 2001), due to direct transfer of drug from vesicles to
he skin (Alsarra et al., 2005). All these factors would help achieving
sustained release of tenoxicam into the blood stream.

In order to verify the predominant driving force for tenoxicam
roniosomes permeating across skin, some efforts were made to
larify these mechanisms. The release rate of the drug across cel-
ulose membrane was previously determined and compared to its
ux through rat skin. It was found that the release rate was signif-

cantly higher than its flux across skin. This is thought to indicate
he barrier properties of skin for the drug, as well as, indicating that
ifferent mechanisms of drug transport across skin from niosomes
nd proniosomes might be involved. Also, it has been suggested
hat both penetration enhancing effect of non-ionic surfactant and
esicle-skin interaction may contribute to the enhancing mecha-
isms for proniosome permeation (Fang et al., 2001).

.7. Skin irritancy test

The selected proniosome formulation (T1A) showed an irrita-
ion potential of 0.33, thus proving to be non-irritant as it was

entioned by Van-Abbé et al., that a value between 0 and 9 in
n irritancy test indicates that the applied formulation is generally
on-irritant to human skin (Van-Abbé et al., 1975). No obvious ery-
hema, oedema or inflammation was observed on rabbits’ skin after
ne week of application of the selected formulation.

.8. In vivo studies

.8.1. Assessment of anti-inflammatory effect
Fig. 9 reveals maximum increase in oedema in rats receiving

o treatment (negative control) after 6 h with mean increase value

quivalent to 96.02%, and then a sharp decrease followed reach-
ng 53.67% after 72 h. Oedema size in rats receiving oral tenoxicam
ablets (Standard) increased rapidly till the rat paw reached a max-
mum size with mean increase in oedema equivalent to 80.78% at
h, followed by a slightly sharp decrease reporting a mean increase

Fig. 8. Permeation profile of TX from the formula T1A through rat skin.
Fig. 9. Effect of the transdermal tenoxicam proniosome gel formulation on inhibi-
tion of oedema in the hind paw of rats.

in oedema size 52.04% after 72 h. Rats receiving the non-medicated
transdermal proniosome preparation (positive control) possessed
an increase in oedema with maximum value after 6 h (91.18%) and
then it decreased to 58.57% after 72 h. Rats receiving the medicated
transdermal proniosome preparation showed maximum increase
in oedema size after 6 h with a mean increase of 56.30%, which then
started to decrease till 26.59% after 72 h.

On comparing the anti-inflammatory efficiency of the selected
transdermal tenoxicam formulation to the efficiency of the oral
market tenoxicam tablets of the same dose (20 mg), it was found
that the medicated proniosome gel formula significantly inhibited
the induced oedema (p < 0.05) showing the least AUC value (49.51),
whereas the market product showed a higher value (79.75). It was
also noticed that both the negative control group and the placebo
group showed, more or less, the same AUC value (87.91 and 87.35,
respectively). This might indicate that the non-medicated prepara-
tion has no effect on its own.

4.8.2. Assessment of antinociceptive effect
Results compiled in Table 6 show the number of writhes noticed

and the degree of inhibition achieved by the investigated formula-
tion in comparison with the oral tenoxicam market product.

The examined transdermal tenoxicam proniosome formulation

significantly reduced the number of writhes, by 68.15%, compared
to the oral market product (p < 0.05), which inhibited the acetic
acid induced writhes by 63.06%. This goes exactly with the results
obtained from formalin induced oedema test, where the pronio-
some formulation proved to be more efficient as well.

Table 6
Effect of different formulations on acetic acid-induced writhing in mice.

Preparation Number of writhes
(mean ± SE)

Percent inhibition (%)

Negative control 52.33 ± 2.04 –
Oral market product 19.33 ± 0.71 63.06
Proniosome gel 16.67 ± 1.86 68.15
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Although it has been suggested that this pain mechanism is
elieved to involve, in part, local peritoneal receptors (Bentley et al.,
983), it caused peritoneal fluid concentration of PGE2� and PGF2�
Deraedt et al., 1980), it was found that the intraperitoneal admin-
stration of acetic acid induces the liberation, not only, of PGs but
lso sympathetic nervous system mediators (Neto et al., 2005).
hus, this explains the similarity in results obtained from both the
rithing and oedematogenic test. Consequently, this clarifies the

act that an anti-inflammatory substance may also be involved in
he peripheral analgesic activity (Vasudevan et al., 2007).

. Conclusion

From the presented study, it is clear that the lecithin-free
roniosomal gel formulation T1A (Tween 20:cholesterol, 9:1 and
istilled water as aqueous phase) provides both the highest
ntrapment efficiency and stability among other proniosome for-
ulations, in addition to highest release efficiency. T1A has, as
ell, showed a significantly higher therapeutic efficacy (p < 0.05)
revealed from monitoring both the anti-inflammatory and

ntinociceptive effects – compared to the oral market tenoxicam
ablets of the same dose. Thus, announcing a more promising
enoxicam dosage form.
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