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Evaluation of Skin Permeation and Pharmacological Effects of Tenoxicam 
Nanoemulsion in Topical Formulations

This article was aimed to investigate the skin permeation, the anti-
inflammatory and analgesic effect of topical formulations containing 
Tenoxicam in a nanoemulsion form in drug concentration 0.5% and 1%. 
Skin permeation study was carried out using rat abdominal skin. Two 
tests were employed to evaluate the pharmacological effects included 
the Paw Oedema induced by Carrageenan injection and Hot plate test for 
anti-inflammatory and analgesic effect respectively. Finally, skin 
irritation test was performed to confirm the safety of both formulae. The 
obtained results suggested that Tenoxicam in lower concentration 
(0.5%) gives insignificantly greater cumulative % of in-vitro rat skin 
permeation (41.5%) than higher concentration (1% Tenoxicam releases 
40.1%) in 24 hr, this confirm that Tenoxicam may possibly permeate 
through the human skin. The study also revealed that group 2 (animals 
treated with Tenoxicam nanoemulsion 0.5% in MC gel), group 3 
(animals treated with 1% Tenoxicam nanoemulsion prepared in HPMC) 
and group 4 (animals treated with commercial analogue (Feldene® Gel) 
produced maximum percent oedema inhibition after 1 hr (70.95%, 
78.74% and 72.94%) respectively and then continued significantly for 3 
hrs. Also the same previous animal groups showed maximum increase 
in reaction time [analgesic effect] after 1.5 hr (18.7, 27.6 and 21 
seconds) respectively. Skin irritation test suggested that both topical 
formulae were non-sensitizing and safe for human topical use. Finally it 
was concluded that formulae containing (oleic acid 10%; Tween 20 
43.33%; PG 21.66% and water 25%)  nanoemulsion equivalent to 0.5% 
Tenoxicam in MC gel base and 1% Tenoxicam in HPMC gel base 
possessed a good and an acceptable in-vitro skin permeation and 
pharmacological effects.
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INTRODUCTION

Non-Steroidal Anti-inflammatory Drugs (NSAIDs) 
comprise a large group of chemically different 

compounds having mainly three pharmacological properties in 
common: analgesic, anti-inflammatory and antipyretic. 
Tenoxicam is well absorbed after oral doses; peak plasma 
concentrations occur within about 2 hours in fasting subjects; this 
may be delayed to about 6 hours when tenoxicam is given with 
food but the extent of absorption is not affected. Tenoxicam is 
over 98.5% protein bound and penetrates synovial fluid [1]. The 
plasma elimination half-life is about 60 to 75 hours; with daily 
administration, steady-state concentrations are reached within 10 
to 15 days. Tenoxicam is completely metabolised to inactive 
metabolites which are excreted mainly in the urine; there is some 
biliary excretion of glucuronide conjugates of the metabolites 
[2]. 

It is used in the symptomatic management of musculoskeletal 
and joint disorders such as osteoarthritis and rheumatoid arthritis, 

and also in the short-term management of soft-tissue injury. 
Tenoxicam is given by mouth as a single daily dose usually of 20 
mg. Doses similar to those given by mouth have been given by 
intramuscular or intravenous injection for initial treatment for 1 
to 2 days. Tenoxicam has also been given by rectal suppository 
[3]. 

A number of possible mechanisms may contribute in whole or 
in part to the mechanism of action of Tenoxicam. NSAIDs inhibit 
prostaglandin synthesis by inhibiting cyclo-oxygenase, which 
catalyses the formation of cyclic endoperoxidases from 
arachidonic acid. Tenoxicam prevented arachidonic acid induced 
death in mice with a potency of about one-quarter of that of 
indomethacin [4]. 

Tenoxicam possessed potent anti-inflammatory activity in 
experimental models of acute and chronic inflammation. In acute 
rat models of kaolin-induced inflammatory oedema, Tenoxicam 
was more potent than naproxen, diclofenac sodium or 
indomethacin when 10 mg/kg of each drug was given [5]. 
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Pretreatment with Tenoxicam in the rat model of acute kaolin-
induced inflammation produced a rapid and long-lasting 
analgesic effect with a 3-fold increase in pain threshold. In other 
studies with rats, the analgesic activity of Tenoxicam as assessed 
by scald-induced hind paw hyperalgesia was equivalent to that of 
peroxicam, diclofenac sodium, indomethacin and naproxen but 
more potent than that of mefenamic acid and aspirin [6]. 

Tenoxicam produced a potent antipyretic effect in rats treated 
with subcutaneous injection of yeast. In comparison to some 
reference non-steroidal anti-inflammatory drugs, Tenoxicam was 
equivalent to indomethacin in its antipyretic effect, weaker than 
piroxicam, diclofenac and naproxen, and more potent than 
aspirin. In children, Tenoxicam was not a suitable alternative to 
paracetamol in the treatment of fever because of its weak 
antipyretic activity [7]. Results of data collected from patient 
using Tenoxicam confirm that its efficacy and safety compare 
favorably with that shown by other non-steroidal anti-
inflammatory drugs in the treatment of rheumatoid arthritis, 
osteoarthritis, ankylosing spondylitis, gout and soft tissue injury 
[8]. 

The assessment of percutaneous absorption of molecules is a 
very important step in the evaluation of any dermal or transdermal 
drug delivery system. A key goal in the design and optimization of 
dermal or transdermal dosage forms lies in understanding the 
factors that determine a good in vivo performance. Certainly, the 
most reliable skin absorption data are collected in human studies; 
however, such studies are generally not feasible during the initial 
development of a novel pharmaceutical dosage form or 
consideration of a new drug candidate. Animals or isolated animal 
skin models, generally more available than human skin, are of 
prime importance in basic research to improve our understanding 
of the processes, pathways and driving forces of various agents 
across the skin barrier. However, in vitro experiments with human 
skin are difficult to conduct due to the scarcity of this material and 
the fact that gender, race, site, age and skin condition of the donor 
cannot be controlled satisfactorily [9]. Therefore, various animal 
skin alternatives have been used to predict the percutaneous 
absorption through human skin.

The extent of skin permeation of a compound may depend on 
the route of absorption. There are several pathways which can be 
involved in the transdermal permeation of chemicals [10-13]. 

As the majority of molecules applied onto the skin permeate 
along the SC lipid domain, the organization of these regions is 
very important for the barrier function of the skin. The SC lipid 
composition and organization differ from that of other biological 
membranes, with long chain ceramides, free fatty acids, 
cholesterol and cholesteryl esters being the main lipid classes [14-
16]. 

A dermally applied nanoemulsion is expected to penetrate the 
stratum corneum and to exist intact in the whole horney layer, 
alter both lipid and polar pathways [17]. 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 
nanoemulsions can hydrate the stratum corneum to a greater 
extent and play an important role in percutaneous uptake of drugs. 

When the aqueous fluid of nanoemulsions enters the polar 
pathway, it increases the interlamellar volume of the stratum 

Mechanism by which Nanoemulsions penetrate skin

corneum lipid bilayer, resulting in disruption of its interfacial 
structure. A lipophilic drug like Tenoxicam can then permeate 
more easily through the lipid pathway of stratum corneum. 
Moreover, droplet size of the nanoemulsion may also affect its 
efficiency, where the small droplet size of the nanoemulsion make 
it an excellent carrier for enhancing percutaneous uptake of 
Tenoxicam and more easily through the lipid pathway of stratum 
corneum [18]. 

Inflammation is the body's main basic response to injury. The 
analgesic and anti-inflammatory activity of NSAIDs can be 
evaluated pharmacologically by numerous method, all of these 
method depend primarily on inducing an inflammation or pain, 
then investigating the anti-inflammatory effects of the drug. 
There are numerous methods can be applied for investigation of 
anti-inflammatory or analgesic effect of NSAIDs. Among these 
methods; hot plate method [19-22], formalin induced edema test 
[23-26] and edema size of rat hind paw [27]. 

Skin irritation is defined as a locally arising, non-
immunogenic inflammatory reaction, which appears shortly after 
stimulation and usually disappears during a few days [28]. The 
presence of erythema, oedema, dryness of the skin, fissures, 
desquamation, itching and pain characterizes both irritant contact 
dermatitis and allergic contact dermatitis. Some of these 
characteristics are signs of an inflammatory reaction and an 
altered homeostasis. All together, these symptoms are the 
ultimate physiological manifestation of a complex chain of 
biochemical, neural, vascular and cellular responses following 
the initial irritation signal [29,30]. Skin irritation test can be also 
carried out to study the safety of topical preparation when applied 
to the skin.

Carrageenan, type I, Sigma chemical Co. [USA]. Tenoxicam 
nanoemulsion formulae incorporated in different cellulose 
derivatives gel bases coded as F1 and F2 were formulated in our 
laboratory. Feldene Gel®, Pfizer International Pharmaceutical 
Industries Co., Egypt.

Topical formulations of Tenoxicam nanoemulsion were 
prepared firstly by formulation of Tenoxicam in a nanoemulsion 
form by selecting the oily phase, surfactant and cosurfactant in the 
specified Smix ratio [31-34]. The prepared nanemulsion was 
incorporated into the cellulose derivatives gel bases to formulate 
the topical preparation of Tenoxicam. Two formulae were used 
for this study as they were the most stable among variant formulae 
had tested before in a previous study [35-38]. The two used 
formulae were coded as F1 and F2. The formulation 
characteristics of prepared Tenoxicam tested formulae were 
represented in table No.1.

The abdominal hair of male rabbits, weighing 1.5 ± 0.003 Kg, 
was shaved using razors 24 h before treatment. After 
anesthetizing the rabbit with ether, the rabbit was sacrificed and 
the abdominal skin was surgically removed from the animal, and 
adhering subcutaneous fat was carefully cleaned. To remove 
extraneous debris and leachable enzymes, the dermal side of the 
skin was wiped with isopropyl alcohol to remove adhering fat and 
the skin was allowed to dry at room temperature. The dried 
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samples were wrapped in aluminum foil and stored at 4 °C until 
use [39]. Previous research works demonstrated the maintenance 
of SC barrier characteristics after storage in the reported 
conditions [40]. 

The in vitro skin permeation of Tenoxicam nanoemulsion 
from MC and HPMC gel bases was investigated through rabbit 
skin using a modified USP 17 dissolution apparatus I. A glass 
cylindrical tube [2.5 cm in diameter and 6 cm in length] was 
attached instead of the basket and was tightly covered with a 
rabbit skin [with a diffusional area of 4.91 cm2] with the stratum 
corneum facing to inside the tube and the dermis facing to outside 
the tube (receptor solution). Tenoxicam loaded nanoemulsion gel 
bases were placed in the cylindrical tube at the stratum corneum 
surface. The cylindrical tube was dipped in 200 ml methanolic 
phosphate buffer (30%:70%) at pH 7.4 to allow the establishment 
of the sink conditions and to sustain permanent solubilization 
[41]. The release study was carried out for 24 hours at 32°C ± 
0.5°C. The stirring shaft was rotated at a speed of 100 r.p.m. 

At predetermined time intervals [1, 2, 3, 4, 5, 6, 8, 12, 24 
hours], aliquots of one milliliter of the release medium were 
withdrawn and diluted then filtered for analysis and replaced with 
equal volume of the buffer solution to maintain a constant volume 
[42]. The absorbance of the collected samples was measured by 
UV at max of 370 nm using the same buffer solution as a control 
formula. All experiments were run in triplicates. At the end of 24 
h, the amount of drug remaining on the skin was determined by 
extraction into methanol followed by UV analysis [29]. While the 
amount of drug retained in the skin was calculated by the formula 
[43]. 

% Tenoxicam retained in the skin = Total amount of 
Tenoxicam in the gel – (Amount of the Tenoxicam permeated at 
the end of 24 hr ‏ + Amount of Tenoxicam on the skin at the end of 
24 hr).

White hairless male albino rats weighting between (170 and 
200 gm) were selected for evaluation of the anti-inflammatory 
activity by measurement of oedema size resulting from 
carrageenan injection in the right hind paw region of the body. 
While white male albino mice weighting between (25 and 30 gm) 
were selected for analgesic activity study by the hot plate method. 
Animals were housed 5 per cage in the animal facility of the 
Faculty of Pharmacy, Al-Azhar University. Animals were kept 
under constant temperature (23 ± 1°) and a 12-hr light/dark cycle 
(lights on at 7 am). Each animal was allowed free access to 
standard food pellets and water. All the animals were acclimatized 
in the animal facility for at least 2 weeks prior the experiments. 

In-Vitro Permeation Studies

Animals 

Treatment

Edema size induced by Carrageenan injection

Hot Plate Test

Statistical Analysis for the results

The animals were divided into four groups, each consisting of 
six animals. 

Group 1 was treated with plain gel base without drug to 
account for the effect of vehicle. 

Group 2 was treated with F1. 

Group 3 was treated with F2.

Group 4 was treated with Feldene® Gel (commercial product 
analogue).

Certain amount of gel (100mg) was applied topically to the right 
hind paw of the rats [44,45]. The area of application was occluded 
with bandages and it was left in place for two hours. The dressing 
was then removed and the gel remaining on the surface of the skin 
was wiped off with a piece of cotton. The animals were then 
injected with 0.1 ml of 1% freshly prepared carrageenan solution 
in saline in plantar region of right hind paw [46]. The right hind 
paw thickness was measured from ventral to dorsal surfaces, with 
a dial caliper immediately before and 0.5, 1, 1.5, 2, 2.5 and 3 hrs 
after the sub- plantar injection. The size of oedema was expressed 
as the increase in paw thickness (in mm) after carrageenan 
injection 

% inhibition of edema = [(V control – V treated) / V control] X 100

Where, V control = mean oedema volume of rats in controlled 
group and V treated = edema volume of each rat in test group.

The hot plate method of was applied to evaluate the analgesic 
activity of different formulations [47]. Certain amount of gel 
[100mg] was applied topically to the hind paw of the mice. Thirty 
minutes after the drug application, the gel remaining on the 
surface of the skin was wiped off with piece of cotton. Each 
mouse was placed in two liters beaker placed over a hot plate 
thermostatically controlled at 55 ± 0.5˚ with a cut of time 30 
seconds to avoid tissues damage. The pain threshold is 
considered to be reached when the animals lift and lick their paws 
or attempt to jump out of the beaker. The time taken for the mice 
to react in this manner was obtained using a stopwatch and was 
taken as a reaction time. Recording were taken at 0.5, 1, 1.5, 2, 2.5 
and 3 hours after administration. 

The statistical analysis for the results was carried out on 
results of the mid of experiment (1.5hr) by student's "t" test using 
Excel software and one-way analysis of variance (ANOVA) 
followed by Tukey [post tests] using Instate software to 
determine the significance of the obtained results between the 
prepared medicated gel and the plain one.

Formula Code 
Nanoemulsion Composition 

Drug 
Conc. 

Gel Base 
water Oil [oleic acid] *S mix 

F1 25 10 65 0.5 % MC [3%] 

F2 25 10 65 1% HPMC [3%] 

 

Table No.1: Formulations of Topical Tenoxicam Nanoemulsion 

*S mix = Surfactant: Co-surfactant [Tween 20: propylene glycol].
*S mix in ratio is 2:1. 
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Skin irritation test

RESULTS  AND  DISCUSSIONS

In-vitro skin permeation study:

Pharmacological Effects

The Anti-inflammatory activity

Paw oedema size induced by carrageenan injection

Various preparations, when applied dermally, might elicit skin 
irritation. Therefore, to assess the skin-sensitizing potential, 
Tenoxicam nanoemulsion gel was applied onto the dorsal skin of 
albino rats. The animals were housed in propylene cages, with 
free access to standard laboratory diet and water. Animals were 
acclimatized for at least seven days before experimentation. The 
dorsal abdominal skin of rats was shaved 24 h before study. The 
formulations were applied and the site of application was 
occluded with gauze and covered with non-sensitizing 
microporous tape. Erythema values for formulations with and 
without pretreatment with abrading gel were recorded [48]. The 
patches were removed after 24 hr and the score of erythema was 
recorded [49]. 

The in vitro skin permeation of Tenoxicam nanoemulsion gel 
formulations was investigated through rabbit skin using Modified 
dissolution cell as shown in Table No.2 and fig.1. The lower drug 
concentration (0.5% Tenoxicam) in MC gel base gave 
insignificantly greater cumulative % release (41.5%) higher than 
(1% Tenoxicam released 40.1%) in HPMC gel base through 24 hr. 

This is in agreement with a previous study of release of 
Ampicillin sodium from different gel bases. It was found that MC 
had higher release than HPMC [50,51].  

In contrast, this is in disagreement with other repots, which 
revealed that the release of Piroxicam or hydrocortisone acetate 
from HPMC was insignificant higher release than MC [52,53]. 
The mechanism by which Tenoxicam permeate through skin is 
that oleic acid increase permeation through non-polar route, as it 
increases both diffusivity and partitioning. However, it also 
increases the partitioning parameter in the polar route by 
increasing hydration of stratum corneum. Propylene glycol can 
alter skin structure, thereby modifying the percutaneous 
absorption. Propylene glycol readily permeates the skin and in so 
doing may carry the drug molecules across [54]. Besides, particle 
size plays an important role in percutaneous absorption.

The percent of Tenoxicam retained in the surface of rabbit skin 
was 36.5% and 35.9% for MC (0.5%) and HPMC (1%) 
respectively (fig. 2). Release of Tenoxicam from MC gel base 
showed first order kinetics with t1/2 of 29.48 minutes, while 
release from HPMC occurred according to diffusion model with 
t1/2 of 22.14 minutes. The results of drug permeation from all the 
formulations through the rabbit abdominal skin confirmed that 
Tenoxicam was released and permeated through the rabbit skin 
and hence could possibly permeate through the human skin.

Treatment of the rats with Tenoxicam nanoemulsion 
significantly inhibited the edema size induced by carrageenan 
injection in the intra-plantar area of the right hind paw for each rat. 
It is observed that the group 2 (animal group treated with 0.5% 
Tenoxicam nanoemulsion prepared with MC gel), group 3 
(animal group treated with 1% Tenoxicam nanoemulsion 
prepared with HPMC gel) and Group 4 (animal group treated with 
Feldene® Gel) produced maximum percent oedema inhibition 
after 1 hr (70.95% , 78.74% and 72.94%) respectively .

Time 
(Hours) 

% of Tenoxicam Permeated from 
Different Formulae (mg/ ml) 

MC (0.5%) 
±SD 

HPMC (1%) 
±SD 

1 4.15±0.15 3.8±0.2 

2 4.5±0.15 4±0.25 

3 4.9±0.1 4.3±0.3 

4 7.1±0.15 6.3±0.5 

5 9.6±0.2 9.7±0.5 

6 12.5±0.25 11.7±0.7 

8 22±0.25 21.4±0.5 

12 29.7±0.3 28.6±0.5 

24 41.5±0.4 40.1±0.8 

 

Table No.2: In-vitro skin permeation of different 
Tenoxicam nanoemulsion formulae across rabbit skin.

Fig. 1: In-vitro skin permeation of different Tenoxicam 
gel formulations across Rabbit skin

Fig. 2: Comparison of the drug levels from in-Vitro skin 
penetration Studies: receptor compartment [permeated], 
remained on the skin, and retained in the skin
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It was observed that, 1% Tenoxicam nanoemulsion in HPMC 
gel base produces insignificant higher anti-inflammatory effect 
than 0.5% Tenoxicam Nanoemulsion in MC gel base and 
Feldene® Gel. These results were recorded in Table No.3 and 
graphically represented in Fig.3. From the statistical analysis of 
the data, we noted that all the investigated formulae were 
significantly inhibiting edema size and p value less than 0.05 were 
considered as significant.

The analgesic effect of the Tenoxicam nanoemulsion 
formulae in different gel bases was studied by Hot Plate method 
and compared with control groups. As it shown in Table No.4 and 
Fig.4, it was observed that the reaction time was significantly 
increased in animal groups pretreated with the Tenoxicam 
nanoemulsion formulae in comparison with the control group.

The analgesic effect evaluation

Hot plate test 

Group 2, group 3 and group 4 animals produced maximum 
increase in reaction time (analgesic effect) after 1.5 hr (18.7, 27.6 
and 21 seconds) respectively.  Also the statistical analysis by 
ANOVA the results of hot plat experiment revealed that all the 
formulae significantly increase the reaction time (analgesic 
effect) in mice and p value less than 0.05 were considered as 
significant. After carrying out the experiments for evaluation of 
both the analgesic and the anti-inflammatory effects of 
Tenoxicam-nanoemulsion formula in different gel bases and 
Feldene® Gel, it is clear that chosen Tenoxicam-nanoemulsion 
gel bases have an acceptable analgesic and anti-inflammatory 
effect.

The results of skin irritation test based on visual observation 
score revealed that, both formulations and Feldene® Gel were 
non-sensitizing and safe for use, as there is no erythema occurred 
after application of Tenoxicam nanoemulsion formulae on the rat 
skin.

Skin irritation Test

Groups 
Percent oedema inhibition 

0.5 (hr) 1 (hr) 1.5 (hr) 2 (hr) 2.5 (hr) 3 (hr) 

Group 1 0 0 0 0 0 0 

Group 2 34.18 70.95 66.18 65.48 59.94 52.19 

Group3 38.18 78.74 78.43 76.02 71.58 70.43 

Group 4 52.26 72.94 71.09 65.89 64.71 52.63 

 

Table No.3: Percent oedema inhibition by topical application of Tenoxicam gel and Feldene® gel.

Groups 
Reaction time in seconds after varying time intervals 

0.5 (hr) 1 (hr) 1.5 (hr) 2 (hr) 2.5 (hr) 3 (hr) 

Group 1 7.25 7.2 6.9 6.5 6.3 5.9 

Group 2 9.8 14.25 18.7 17.4 13.16 11.45 

Group 3 12.5 19 27.6 25.7 23.1 18.46 

Group 4 11 15 21 20 15 12 

 

Table No.4: Reaction time after topical application of Tenoxicam gel bases and Feldene® gel.
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