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Abstract: This article evaluates the effect of various vehicles (O/W, W/O and two W/O/W emulsions and a hydrogel) on 
meloxicam release. One of W/O/W emulsions was named W/O/W-C containing Carbopol® 934 as a gelling agent in its 
outer aqueous phase. Release of drug through cellulose acetate membrane was studied by using Franz-type diffusion cells. 
Hydrogel formulation gave the highest release with a significant difference followed by W/O/W, O/W, W/O/W-C and 
W/O emulsions. Increase in amount of oil phase resulted in slower drug release strictly indicating importance of 
lipophility of vehicle on release of lipophilic drugs like MX. Incorporation of MX in hydrogel increased the released 
amount by up to 20 times when compared with the other formulations. Increase in viscosity of the formulations was also 
followed the same order. Release study was performed by using UV spectroscopy. Furthermore, the determination method 
of MX was validated through the following performance criteria: linearity, intra-day and inter-day precision, accuracy, 
specifity and recovery. This method was proved as precise and accurate determination of MX in multi-component 
pharmaceutical preparations besides colorimetric methods. 

Keywords: Meloxicam, poorly water-soluble drug, drug release, multiple emulsion, assay validation. 

1. INTRODUCTION 

 Non-steroidal antiinflammatory drugs (NSAID’s) are 
widely used to provide effective therapy in patients with chronic 
rheumatic disorders. However, their oral administration have 
been associated with a number of gastrointestinal (GI) disorders 
which can reduce patient compliance. Meloxicam (MX) is a 
preferential COX-2 inhibitor with strong anti-inflammatory 
activity. It is practically insoluble in water and has a larger onset 
of action. Its prolonged use causes side effects like GI 
perforations, ulcerations and even bleeding [1-3]. 

 Researchers have been trying to overcome GI side effects by 
the topical delivery of NSAIDs. Skin has been shown to be a 
suitable delivery route for drugs formulated topically during the 
past few years. Ketoprofen, naproxen, tenoxicam and celecoxib 
can be counted among these [4-6]. It has been also reported that 
NSAID’s promote local analgesia when topically applied [7]. In 
addition, a recent study has shown that topical application of 
cyclooxygenase inhibitors suppresses UVB mediated cutaneous 
inflammation. Therefore, topical application of MX seems to 
have another important role inhibiting UVB mediated 
inflammation as well as its systemic anti-inflammatory effects 
without major GI side effects [8]. 

 The most common pathway for absorption of lipophilic 
drugs is transcellular passive diffusion. However, drug 
molecules encounter various types of resistance such as 
membrane and diffusion resistance when they permeate  
through biological membranes. Therefore, there is a need for 
an in vitro model that mimics these physiochemical properties 
of biological membranes and screening of passive drug 
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diffusion. For this aim, artificial membranes can be used during 
development of pharmaceutical formulations and finished 
topical dosage forms [9]. Hereby, in vitro models have also 
been useful as basic systems for comparing various excipients 
and vehicles including creams and ointments on drug 
availability since physicochemical properties of vehicles 
strongly influence drug release. There are also number of 
successful prediction models using molecular properties. They 
are simple test models for actives in good correlation with in 
vivo results [10-12]. In this study, we investigated the influence 
of different topical vehicles on the release of MX. For this aim, 
we incorporated MX in various optimized topical formulations; 
O/W, W/O and two W/O/W emulsions and a hydrogel [13]. 
Release of MX from these formulations through cellulose 
acetate (CA) membrane as an artificial one was investigated by 
using Franz-type diffusion cells and results were statistically 
compared. Quantification of MX was made by an easy 
spectrophotometric method. Validation of the method was 
performed to demonstrate its rapidity, reproducibility and high 
sensitivity. 

2. MATERIALS AND METHODS 

Materials 

 Meloxicam (MX) was kindly supplied from Bilim laç 
Sanayii A. . (Istanbul, Turkey). Abil® EM 90 was donated 
by Goldschmidt (Germany). Tween® 80 (Henkel, Germany) 
and Carbopol® 934 (BF Goodrich Co., USA) were provided 
as gifts. All the other chemicals were of analytical grade. 

Methods 

Preparation of Topical Formulations 

O/W and W/O Emulsions 

 Compositions of both W/O and O/W emulsions are 
shown in Table 1. In case of W/O emulsion, oil phase 
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containing MX, cethyl alcohol, parafin, glyceryl 
monostearate and beeswax was heated up to 70 ± 20C in a 
water bath. Then, it was added to the aqueous phase 
composed of propylene glycol and water at the same 
temperature under stirring at 800 rpm by using a propeller 
stirrer (IKA Labortechnik RW 20). Emulsion was continued 
stirring until cooling down to room temperature. 

Table 1. Composition (w/w %) of the Formulations 

 

Formulation Composition (%) 

W/O  

Emulsion 

MX 

Cethyl alcohol 

Liquid parafin 

Glyceryl monostearate 

Beeswax 

Propylene glycol 

Distilled water  

2.0 

2.94 

49.5 

2.97 

7.92 

21.78 

13.86 

O/W  

Emulsion 

MX 

Cethyl alcohol 

Liquid parafin 

Propylene glycol 

Sodium lauryl sulphate 

Distilled water  

2.0 

19.50 

19.50 

11.76 

0.98 

46.26 

W/O/W Emulsion: 

Primary W/O emulsion (PE): 

MX 

Liquid parafin 

Abil® EM90 

Magnesium sulphate 

Distilled water 

Outer phase: 

Tween® 80 

Distilled water  

 

 

2.0 

18 

4 

0.7 

75.3 

 

16 

4 
W/O/W  

Emulsions W/O/W-C Emulsions: 

Primary W/O emulsion (PE): 

MX 

Liquid parafin 

Abil® EM90 

Magnesium sulphate 

Distilled water 

Outer phase:  

Tween® 80 

Carbopol® 934 

Distilled water  

 

 

2.0 

18 

4 

0.7 

75.3 

 

16 

0.32 

4 

Gel 

MX 

Carbopol® 934 

Distilled water 

2 

0.5 

97.5 

 

 O/W emulsion was prepared in the same manner by 
incorporation of sodium lauryl sulphate into aqueous phase. 

W/O/W Emulsions 

 Multiple emulsion was obtained by two step process: In 
the first step, the primary W/O emulsion containing MX in 
oil phase was prepared by using the propeller stirrer at a 
higher temperature (800C ± 1) and stirred at 1500 rpm for 15 

minutes and then at 800 rpm for 15 minutes. In the second 
step, the primary emulsion was incorporated slowly into an 
aqueous phase containing Tween® 80, a hydrophilic 
surfactant at room temperature while the system was stirred 
at a low speed (500 rpm) for 45 minutes until the formation 
of the multiple emulsion (Table 1). 

Hydrogel 

 Carbopol® 934 was added to 70% of total water content 
of the formulation (Table 1) and it was kept over night at 
room temperature. Triethanolamine solution in water (w/w, 
50 %) was used to provide proper gelation at pH 7.5. MX 
was dispersed in water by using the propeller stirrer at 500 
rpm for 10 minutes. Then, MX dispersion was added to the 
Carbopol gel by stirring at the same rpm for 15 minutes. 

Viscosity Measurements 

 Viscosity of the formulations were tested at room 
temperature using a Brookfield DV II viscometer (Germany) 
equipped with TF Helipath spindle at the first day after 
production date. Measurements were made at 100 rpm in 
three replicates and viscosity values were recorded as 
centipoise (cP). 

Validation of the Spectrophotometric Analysis 

 Phosphate buffer solution at pH 7.4 (PBS) was decided to 
be used as the receptor phase in diffusion experiments of 
MX through artificial membrane. For this reason, the 
analytical method for quantification of MX was previously 
validated and verified for linearity, intra-day and inter-day 
precision, accuracy, recovery and specifity. Each study was 
replicated 6 times [14]. 

Linearity 

 The linearity of the method was evaluated by linear 
regression analysis. 2, 4, 6, 8, 10 and 12 g mL-1 standard 
MX solutions in PBS were prepared by proper dilutions of a 
1000 g mL-1 stock MX solution with PBS. Absorbance of 
standard solutions was measured using a UV 
spectrophotometer (Shimadzu UV-Visible Spectrophotometer, 
UV-1601) at 272 nm. The calibration curves were 
constructed by plotting concentration versus absorbance 
using linear regression analysis. 

Precision and Accuracy 

 Intra-day and inter-day precision and the accuracy of the 
method were calculated from data obtained during a 5-day 
validation. The precision of the method was determined by 
intra-day repeatability and inter-day intermediate precision. 3 
MX solutions in PBS (2, 4 and 6 g ml-1) was prepared by 
proper dilutions of the stock MX solution (1000 g mL-1) six 
times on the same day. Intermediate precision was assessed 
by comparing the assays on different days (5 days, n = 3 at 
each concentration). Precision was expressed as the relative 
standard deviation (R.S.D., %). Accuracy was expressed as 
the mean relative error (R.M.E., %). 

Recovery 

 The recovery of the method was assayed using the 
standard addition technique by adding a known amount of 
standard at four different levels to the pre-analysed sample. 
The percentage recovery was calculated from the amount of 
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drug found. For this purpose, the following equation was 
used, 

Recovery (%) = (Ct -Cu)/Ca x 100 

where Ct is the total concentration of the analyte found, Cu 
concentration of the analyte present the formulation, Ca is the 
concentration of the pure analyte added to the formulation. 

Specifity 

 Specifity of the method was also investigated for indicating 
that the constituent in the formulations did not interfere 
quantification of MX. For this aim, formulations represented in 
Table 1 were prepared without MX incorporation and the study 
was performed for each formulation. 0.5 g of formulation was 
weighed into a 25 mL volumetric flask. 10 mL PBS was added 
and the mixture was homogenized in an ultrasonic bath for 15 
minutes. The mixture was diluted to 25 mL with additional PBS 
and filtered through blue ribbon filter paper (S&S5893). 1 mL 
supernatant was withdrawn and diluted to 10 mL with PBS. 
This solution was spectrophotometrically assayed at 272 nm. 

Solubility of Meloxicam in the Receptor Phase 

 Solubility of MX in PBS was determined by using the 
method reported in USP XIX. 15 mL of PBS as the receptor 
phase was placed in four 25-mL flasks. A quantity of MX was 
placed in each flask which was greater than the quantity 
expected to be dissolved in the receptor phase. Flasks were 
closed tightly and two of them were warmed to 300C. All the 
flasks were placed in a thermostated water bath at 25 ± 10C. The 
apparatus was maintained under 200 rpm continuous agitation 
for 24 h. Then, the dispersion formed was filtered through blue 
ribbon filter paper (S&S5893). A sample was withdrawn from the 
supernatant and MX content was determined 
spectrophotometrically at 272 nm after proper dilution. 
Solubility of MX calculated from the data obtained. 

Diffusion Experiments of Meloxicam in Franz-Type Cells 

 Cellulose acetate (CA) membrane (Sartorius 0.45 m, 
Millipore) was used between the two halves of diffusion cells 
for determination of MX release from the formulations in Table 
1. PBS free of air bubles was used as the receptor phase. CA 
membrane was kept immersed in receptor phase for 1 hour and 
then, it was carefully placed on top of the receptor compartment 
in the Franz-type diffusion cell (Çalı kan Cam Teknik, Turkey) 
in order to ensure that no air bubles were left under the 
membrane. 1 g of sample was spread on the membrane surface 
in the donor compartment to cover. Jacketed diffusion cells was 
kept at 37 ± 0.50C by constant water circulation from a 
thermostated water bath. Receptor phase was stirred by using a 
magnetic stirrer, Comfort Heto Stir Master. Receptor 
compartment of the Franz-type diffusion cell was containing 
33.2 mL of receptor phase ensuring 3.14 cm2 release surface. 

 1 mL samples were taken from the receptor phase at hourly 
for 6 h. The assay was ensured sink condition. The amount of 
MX released was determined spectrophotometrically at 272 nm 
after proper dilution of samples. 

 Release profiles of MX from the formulations were 
statistically compared by using one-way ANOVA, followed by 
Tukey – Kramer Multiple Comparisons Tests. 

 

 

3. RESULTS AND DISCUSSION 

Validation of the Spectrophotometric Analysis 

 The representative linear equation was A = aC + b, 
where C is the concentration, A the absorbance, a the slope, 
and b is the intercept. In the current method, the regression 
equation was A = 37.667C – 0.364 with r = 0.9990. 
Absorption spectra of MX showed max at 272 nm 

 Intra-day and inter-day R.S.D. values obtained by the 
proposed method were found to be between 0.02-0 %. 
Accuracy of the method was also expressed here as R.M.E. 
which were between 3.5-0 % as can be seen in Table 2. 

 Recovery of MX was found between 99.23 % ± 0.93 and 
99.79 ± 0.33 by standard addition method. 

 Constituents in formulations were found not to display 
absorbance at 272 nm which was the maximum wavelength 
for MX, indicating specifity of the method. This meant that 
the constituent in the formulations did not interfere 
quantification of MX. 

Table 2. Intra-Day and Inter-Day Precision of the Analytical 

Method 

 

Added Concentration  

( g mL
-1

) 

Found Concentration  

( g mL
-1

) 

R.M.E.  

(%) 

R.S.D.  

(%) 

Intra-Day 

 2.0 

 4.0 

 6.0 

1.93 

4.04 

6.00 

3.5 

1 

0 

0.01 

0.02 

0 

Inter-Day 

 2.0 

 4.0 

 6.0 

1.93 

4.01 

6.00 

3.5 

0.25 

0 

0.01 

0.01 

0.01 

 

Solubility of Meloxicam in the Receptor Phase 

 MX has a poor water solubility about 0.012 mg/mL [15]; 
the solubility increases with increase in pH value. In this 
study, solubility of MX in phosphate buffer solution at pH 
7.4 (PBS), the receptor phase was found as 0.75 ± 0.011 
mg/mL. 

Release of Meloxicam from Formulations in the Franz-
type Diffusion Cells 

 As can be seen from Fig. (1), when comparing different 
vehicles, it was found that gel formulation gave the highest 
release with a significant difference followed by W/O/W, 
O/W, W/O/W-C and W/O emulsions, respectively (Table 3). 

 Release rate of MX from gel was 184.83 mcg/cm2/h 
followed by the other formulations as 44, 29.83, 18.66 and 
8.66 mcg/cm2/h, respectively. Lipophilic nature of a drug 
strongly defines its affinity to its vehicle formulation [16]. 
MX has a good solubility in lipophilic phase in order to the 
high value of partition coefficient (log P = 1.9, in octanol-
water) [17]. In general, while the content of lipophilic 
ingredients in the vehicle increases, release of a lipophilic  
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drug decreases compared to a hydrophilic drug. Because of 
this reason, release rate of MX was higher from gel 
formulation. MX sodium salt is an alternative form since 
MX has a poor aqueous solubility and wettability leading to 
difficulties in the design of pharmaceutical formulations with 
high water content. In a recent study, sodium salt of MX was 
incorporated into gel formulations and its in vivo absorption 
was studied in rats. The results showed that the 
bioavailability (%) of MX sodium gel through transdermal 
absorption was about 50.1 % by using penetration enhancers 
[18]. However, sodium salt of MX was thought to be 
hygroscopic leading difficulties during production. Low 
solubility in water leads low hygroscopicity. 

 Viscosity of the vehicle may be another factor that affects 
release of drug since it may reduce diffusion rate of drug 
from the vehicle. Hereby, a reverse relationship was 
observed between viscosity of formulations and rate of MX 
release. Viscosity of W/O emulsion was the highest in all 
formulations as can be seen in Table 4. Carbopol 
incorporation into W/O/W emulsion slightly increased the 
viscosity. Gel formulation had the lowest viscosity as could 
be expected. 
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Fig. (1). Release profiles of meloxicam incorporated in different 
formulations. 

 

Table 3. Statistical Comparison of Release Profiles from 

Formulations by Using One-Way ANOVA, Followed 

by Tukey – Kramer Multiple Comparison Tests 

 

Formulation  

W/O Emulsion vs. 

O/W   p<0.05 

W/O/W  p<0.05 

W/O/W-C  p<0.05 

Gel   p<0.001 

W/O/W Emulsion vs. 

W/O/W-C  p<0.05 

Gel   p<0.001 

O/W Emulsion vs. 

W/O/W  p<0.05 

W/O/W-C  p<0.05 

Gel   p<0.001 

W/O/W-C Emulsion vs. 

Gel   p<0.001 

ns, non-significant. 

 

 Release of MX from formulations was kinetically 
evaluated (Table 5). Diffusion rate of drugs generally 
depends on the physical structure of the polymer network 
and its chemical structure in a gel system. Diffusion occurs 
through the pores if the gel is highly hydrated can be seen as 
in this case. The fractional release F of drug from at time t 
was reported to be expressed in general as, 

F = Mt = kt
n
 

M0 

where Mt is the drug amount released at time t, M0 is the 
initial amount of drug, k is the rate constant, and n is a 
constant called the diffusional exponent. When n = 0, tn = 1 
and release F is of zero order; if n = 0.5, Fick’s law holds 
and the release is represented by Higuchi order (square root 
equation). Values of n greater than 0.5 indicate anomalous 
diffusion, especially in swellable polymeric systems [19]. 
Drug release model from gel was observed to fit to zero 
order equation (r2 = 0.9917) up to the 4th hour that steady 
state took place in drug release, then it was closer to Higuchi 
equation up to the 6th hour. Therefore, drug release 
mechanism could not be explained since diffusion of drug 
from polymeric systems like Carbopol® 934 gel may deviate 
from Fickian equation, then follows a non-Fickian 
(anomalous) behaviour. However, other release profiles 
displayed best fitted models in Table 6 up to each hour. 

Table 4. Relationship Between Viscosity of Formulation 

(Mean ± S.D., n = 3) and Amount of MX Released 

After 6 Hours (mcg/cm
2
) 

 

Formulation 
Viscosity  

(cP) 

Amount of MX Released  

(mcg/cm
2
) 

W/O 

O/W 

W/O/W 

W/O/W-C 

Gel 

53633 ± 709 

31650 ± 1104 

20208 ± 647 

41138 ± 248 

19503 ± 190 

52 ± 5.89 

179 ± 5.46 

264 ± 3.31 

112 ± 7.15 

1109 ± 19.4 

 

Table 5. Release Kinetics of Drug from Formulations. Best 

Fits were Bolded Indicating the Kinetic Model 

 

Determination Coefficient (r
2
) 

Formulation 
Zero Order First Order Higuchi Order 

W/O 

O/W 

W/O/W 

W/O/W-C 

Gel 

0.9730 

0.9536 

0.9788 

0.9715 

0.8485 

0.9333 

0.9220 

0.8934 

0.9022 

0.8715 

0.9743 

0.9380 

0.9802 

0.9700 

0.9830 

 

4. CONCLUSION 

 The current study presents a simple, inexpensive, precise 
and accurate method for determination of MX in multi-
component pharmaceutical preparations. This method was 
shown advantageous over colormetric methods since it 
surpassed their sensitivity. R.S.D. of the present method 
displayed a very suitable determination approach for MX 
release from dosage forms. 
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 It could be concluded that the best vehicle for topical 
formulation of meloxicam was hydrogel among vehicles 
prepared for this study. It was also concluded that the use of 
artificial membranes for modelling release of drug, provided 
a great prediction on its availability and development of the 
most suitable vehicle for topical use. The studies will be 
carried out with the same vehicles to assess to percutaneous 
absorption of meloxicam through skin as the next step. 
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