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Abstract: The aim of present study was to formulate and characterize proniosomes
containing meloxicam in a gel formulation for the treatment of rheumatoid arthritis and
enhanced skin targeted effect, sustained & prolonged drug release, enhanced skin
bioavailability by using different types of nonionic surfactant & cholesterol, to reduce
side effects of the drug, to increase skin penetration of the drug and to increase amount of
drug retention into the skin.Meloxicam - loaded proniosomes were prepared by
coacervation phase separation method and characterized for entrapment efficiency,
surface morphology and in-vitro permeation across excised rat skin from various
proniosome gel formulations using Franz diffusion cells. Various non-ionic
surfactants were used to achieve optimum encapsulation efficiency. Proniosomes formed
using Span 60 exhibited high encapsulation efficiency. The prepared proniosomes
significantly
improved
drug permeation and reduced the lag time (p<0.05).
Proniosomes prepared with Span 60 provided a higher meloxicam flux across the skin
than did those prepared with span 20, 40 & 80. Testing of the anti-inflammatory effect
of meloxicam proniosomal gel showed better pharmacological activity when compared
with the standard meloxicam gel. The results suggest that proniosomes can act as
promising carriers offer an alternative approach for transde rmal delivery of
meloxicam. Formulated proniosomal gel of meloxicam (F3) batch optimized higher
permeation rate and follow zero order release kinetics model.All this make proniosmal
gel of meloxicam for the treatment of osteoartritis, a promising industrial and research
product.
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INTRODUCTION
To trail finest drug action, functional molecules could be transported by a carrier to the site of action and
released to execute their task. [1] Non-ionic surfactant vesicles recognized as task niosomes are
microscopic lamellar structures produced on admixture of a non-ionic surfactant, cholesterol and dicetyl
phosphate with successive hydration in aqueous media. Deliverance of drugs via colloidal particulate
carriers and liquid crystalline compact niosomal hybrid such as niosomes 1 and proniosomes have
characteristic advantages over conventional dosage forms1-3. These vesicles are amphiphilic molecules
having potential of capturing both hydrophilic and hydrophobic drugs 4 – 7.
Proniosmal drug delivery system8, 9 is additionally beneficial by surmounting the shortcomings of
liposomes10 and liposomal drug delivery 11–16 by bringing into play in various drug delivery systems 17 – 19
and having less formulation cost20 , improved drug targeting at specified site in a sustained manner 21 - 23 ,
long shelf life, reducing physical stability troubles such as aggregation, sedimentation on storage, leaking
and fusion4, 24 and permeation enhancement of drug [25] with added advantages like its ease to transport,
distribute, dosing, measuring, it is dry free flowing form and low toxic with more stability during storage
and sterilization 26 - 29 .
All consecutively favors in enhancing bioavailability and therapeutic efficacy 5, 30 – 32. The non-ionic
surfactants are chosen over cationic, anionic and ampholytic surfactants for the reason that they have
capability to enhance solubility which helps in increasing solubility and bioavailability of poorly water
soluble drugs.
Transdermal is a non-invasive approach of drug delivery. It is a smart route of drug administration to
maintain drug levels in the blood for a sustained period of time locally and systemically. But, the effectual
barrier properties of the skin compared to other biological membranes makes it a trifling port for access of
drugs. The adaptable vesicular drug delivery through transdermal route 8, demonstrated to be helpful due
to the vesicles tendency to affix and adhere to the cell surface, leading to the improved permeation rate.
Provesicular systems had fascinated researchers as an alternating approach for transdermal delivery of
drugs because of the non-toxicity and penetration effect of lecithin/surfactants.
Meloxicam is a nonsteroidal anti-inflammatory drug (NSAID). It works by reducing hormones that cause
inflammation and pain in the body. Meloxicam is used to treat pain or inflammation caused
by rheumatoid arthritis and osteoarthritis in adults. Meloxicam is also used to treat juvenile rheumatoid
arthritis in children who are at least 2 years old. Meloxicam shows dangerous side effects when taken
orally like - cardiac toxicity (Cardiac arrest chance can be in cardiac patient on taken orally), blinding
headache, gastric pain & bleeding gastric ulcer, GERD (Gastroesophageal Reflux Disease), esophagitis,
hepatic toxicity, renal toxicity, etc.
Transdermal administration of MLX can overcome these side effects and higher local concentration can
be maintained at the target site, which is desirable for anti-inflammatory agents. The objectives of this
study were to develop a transdermal delivery system of meloxicam using proniosomal gel and to study
their in-vitro permeation characteristics.
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MATERIALS AND METHODS
Source of data: The primary data will be collected by performing various tests and investigations in the
laboratory. The secondary data will be collected by referring various national and international journals,
books, helinet, pubmed, pharmacopeias and websites etc.
Method of collection of data:
The data is planned to collect from laboratory experiments which includes,
1. Slurry method, ultrasonication method and other modified methods were used to prepare
maltodextrin based proniosomal gels of Losartan potassium.
2. Drug content estimation, percentage entrapment efficiency, drug excipient interaction,
stability, permeation and in vitro release studies will be used to collect above data.
3. Instruments like modified Franz diffusion cell, USP dissolution test apparatus, UV
spectrophotometer, overhead stirrer, scanning electron microscope, FTIR spectrophotometer,
differential scanning colorimeter, optical microscope will be used to collect the above data.
Materials: Span 20, 40, 60 and 80 were supplied from Qualikems fine Chemical Pvt. Ltd. Vadodara,
(Gujarat). Soya lecithin was obtained from Centeral drug house (P) ltd. New Delhi. Cholesterol was
supplied from Sisco research laboratories ltd. Bombay. Ethanol and Glycerol were obtained from Glxy
Laboratories and Fisher Scientific (India). Meloxicam (MLX) was procurred as gift sample from Taj
Pharma group (API), Ankleshwar, Gujarat, India.
EXPERIMENTAL WORK
Physical Description: The drug (Meloxicam) was checked for colour, state and odour.
Identification of the drug: Sample was scanned in the range of 200-400 nm using UV/visible
spectrophotometer (Systronic double beam-2203) to determine the λmax in order to identify them by
comparing their spectra with that of the respective reference standards.
Calibration Curve of Meloxicam in Phosphate buffer pH 7.4: Absorbance of dilutions of
concentrations 2 μg/ml, 4 μg/ml, 6 μg/ml, 8 μg/ml, 10 μg/ml, 12 μg/ml and 20 μg/ml in PBS were
measured at 363nm using UV Spectrophotometer against blank (Methanol + PBS pH 7.4).
Physiochemical Properties
Melting Point- The sample was loaded into a sealed capillary and heated electrically via a heating block
controlled by a digital temperature controller. Samples in capillaries were inserted from the top and
observed from the eyepiece which has a magnifier. And the melting temperature range of the sample was
recorded by recording the thermometer reading33.
Solubility- Drug was added in excess in 3 ml of each solvent (acetone, methylene chloride, chloroform,
ethyl acetate, methanol, ethanol and water in separate test tubes .The test tubes were kept in ultrasonicator
for 15 minutes and on mechanical shaker for 6 hrs. for equilibration. After 6hrs contents of each test tube
were filtered, suitably diluted and analyzed for the drug content using UV spectroscopy. [34]
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Flow Properties:
Bulk Density: Apparent bulk density was determined by placing pre-sieved samples in to a graduated
cylinder and measuring the volume and weight as it is.
Bulk density = weight of powder/ volume of powder
Tapped Density: Tapped density was determined by USP method II. Sample was filled in 100 ml
graduated cylinder of tap density tester which was operated for fixed number of taps until the powder bed
volume has reached a minimum, thus was calculated by formula:
Tapped density = weight of powder/ tapped volume of packing
Angle of Repose: Angle of repose of the samples was determined by the funnel method (Reposgram). A
funnel was fixed to a desired height and the sample was filled in it. It was allowed to flow down on a
graph paper fixed on a horizontal surface and angle of repose was calculated using the formula,
Tan θ= D/ 2h
Where, h and D are height and diameter of the pile respectively.
Partition Coefficient: The partition behavior of drug was examined in n-octanol: water system. It was
determined by taking 5 mg of drug in separating funnel containing 10 ml portions of n-octanol and 10 ml
water. The separating funnels were shaken for 24 hrs in a wrist action shaker for equilibration. Two
phases were separated and the amount of the drug in aqueous phase was analyzed spectrophotometrically
at 363 nm after appropriate dilution.
Partition Coefficient K = Amount of drug in organic phase/ Amount of drug in aq. Phase.
Drug Excipient Compatibility Study:
The Drug – Excipients Compatibility Studies were performed in order to confirm absence of any
interaction between drug and excipients. FT-IR( FT-IR 8400S, Shimadzu) spectrum of drug sample and
its physical mixture with excipients was recorded as KBR pellets at resolution of 4 cm-1. [35, 36]
FORMULATION DESIGN: Shown in table – 1
Table – 1: Composition of Formulation Batches

Formulation
Code

Surfactant

Surfactant
Quantity
(mg)

Drug
(mg)

Cholesterol
(mg)

Soya
Lecithin
(mg)

Ethanol
(mL)

Carbopol
(mg)

PBS/pH
7.4
(mL)

F1
F2
F3
F4

Span 20
Span 40
Span 60
Span 80

360
360
360
360

30
30
30
30

40
80
120
160

560
520
480
440

4
4
4
4

10
10
10
10

2
2
2
2

Preparation of Proniosomal gel: The surfactant, lecithin and cholesterol were taken in a clean and dry,
wide mouth small glass tube and mixed with 2.5 ml of absolute ethanol contains the drug (100 mg of
MLX, few drops of ammonia were added to ensure dissolving of meloxicam). After mixing all the
2827

J. Chem. Bio. Phy. Sci. Sec. A, May 2015 – July 2015, Vol. 5, No.3; 2824-2836.

Formulation …

Kanika and Sudhir.

ingredients, the open-end of the glass tube was covered with a lid to prevent loss of solvent from it and
warmed on a water bath at 65±3°C for 5 min. until the surfactants were dissolved completely. Then 2.0
ml of pH 7.4 phosphate buffer was added and the mixture was further warmed in the water bath for 3 min.
so that a clear solution was obtained. The mixture was then left to stand at room temperature until the
dispersion was converted to proniosomal gel. The proniosomal gel was then mixed with 2% w/w of
polymeric gel (HPMC) to give a final concentration of 0.5% w/w MLX (Figure – 1.) The pH of the
prepared proniosomal gels were 7.4±0.2. [36]

Figure 1: Formulation method of Proniosomal gel
EVALUATION
Vesicle Size and Shape: Vesicle size and shape for each formulation was determined by optical
microscope. 2 gm of each formulation was spread uniformly on glass slide and observed under optical
microscope for vesicular size and shape8, 22.
pH Determination: The pH of gel formulations was determined by using digital pH meter. 1gram of gel
was dissolved in 100 ml of distilled water and stored for 2 hours. The measurement of pH of each
formulation was done in triplicate and average values were calculated22.
Drug Entrapment Efficiency: The concentration of drug entrapped was determined by taking 0.2 g of
proniosomal gel, weighed in a glass tube and added to 10 ml of pH 7.4 phosphate buffer. The aqueous
suspension was sonicated in a sonicator bath. The MLX-containing niosomes were separated from
untrapped drug by centrifugation at 25000 rpm (32000×g) at 20°C for 30 min. The supernatant was
recovered and assayed by an UV method for MLX content. The percentage of drug encapsulation (EP
(%)) was calculated by the following equation:
EP (%) = [(Ct – Cf) / Ct ] X 100%
Where Ct is the concentration of total MLX and
Cf is the concentration of free MLX.
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Viscosity: Viscosities of the formulated Proniosomal gels were determined using Brookfield Viscometer
(DV-E) with rpm at 25°C22.
Zeta potential Determination: Zeta potential analysis is done for determining the colloidal properties of
the prepared formulations. The suitably diluted proniosome derived niosome dispersion was determined
using zeta potential analyzer based on electrophoretic light scattering and laser Doppler velocimetry
method (Zetaplus™, Brookhaven Instrument Corporation, New York, USA). The temperature was set at
25°C. Charge on vesicles and their mean zeta potential values with standard deviation of 5 measurements
were obtained directly from the measurement19.
Stability: The formulation was selected for stability study based on cello phonic membrane. The
formulation was stored in glass tubes and covered with aluminum foil at 25 oC±2oC and -4 oC to 8 oC for
two months. Proniosomal gel formulation characterized for vesicle size and drug content. The samples
were withdrawn at different time intervals over a period of one month and drug leakage from the
formulations was analyzed for drug content spectrophotometrically. The ability of vesicles to retain the
drug (Drug Retention Behaviour) was assessed by keeping the proniosomal gel at three different
temperature conditions, i.e., Refrigeration Temperature (4-80C), Room Temperature (25±20C) and oven
(45±20C). Throughout the study, proniosomal formulations were stored in aluminium foil-sealed glass
vials. The samples were withdrawn at different time intervals over a period of one month and drug
leakage from the formulations was analyzed for drug content spectrophotometrically.
In-vitro Drug Diffusion / Permeation Study: The in-vitro release meloxicam from proniosomal gel
formulations was determined by using Franz diffusion cell. (1.70 cm2 exposed surface area). Cellophane
membrane (after soaking in distilled water for 2 hrs) was mounted on the receptor compartment. The
receptor compartment was filled with 12.0 ml of pH 7.4 phosphate buffer maintained at 37±1°C and
stirred by a magnetic bar at 600 rpm. One gram of gel formulation was placed on the cellophane
membrane and the top of the diffusion cell was covered with paraffin paper. At appropriate time intervals
(30, 60, 90, 120, 180, 240, and 300 min), 3 ml aliquots of the receptor medium were withdrawn and
immediately replaced by an equal volume of fresh receptor solution to maintain sink conditions. Samples
withdrawn were analyzed spectrophotometrically at 363 nm2, 27.
Drug Release kinetics (Span 60): The release data obtained from various formulations were studied
further for their fitness of data in different kinetic models like Zero order, Higuchi’s and peppa’s. In order
to understand the kinetics and mechanism of drug release, the result of in-vitro drug release study of
proniosomal gel were fitted with various kinetic equation like zero order (Equation 1) as cumulative %
release vs. time, higuchi’s model (Equation 2) as cumulative % drug release vs. square root of time. r and
k values were calculated for the linear curve obtained by regression analysis of the above plots.
…..(1)

C = k0t

Where k0 is the zero order rate constant expressed in units of concentration / time and t is time in hours.
Q = kHt1/2

…..(2)

Where kH is higuchi’s square root of time kinetic drug release constant
To understand the release mechanism in-vitro data was analyzed by peppa’s model (Equation 3) as log
cumulative % drug release vs. log time and the exponent n was calculated through the slope of the straight
line.
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…..(3)

Where Mt is amount of drug release at time t, M∞ is the overall amount of the drug, b is constant, and n is
the release exponent indicative of the drug release mechanism. If the exponent n = 0.5 or near, then the
drug release mechanism is Fickian diffusion, and if n have value near 1.0 then it is non-Fickian diffusion.
RESULT AND DISCUSSION
Preformulation
Calibration Curve of Meloxicam in Phosphate buffer pH 7.4: Absorbance of the respective dilutions
were measured at 363nm using UV Spectrophotometer against blank (Methanol + PBS pH 7.4). The
results are given in table 2 and shown in fig. 2.
Table - 2. : Calibration curve of Meloxicam in phosphate buffer pH 7.4 at 363 nm
Concentration (μg/ml)
2
4
6
8
10
12
14
16
18
20

S.no.
1
2
3
4
5
6
7
8
9
10

Absorbance ±S.D.
0.110 ± 0.0020
0.180 ± 0.0018
0.260 ± 0.0019
0.360 ± 0.0019
0.440 ± 0.0017
0.515 ± 0.0021
0.603 ± 0.0020
0.670 ± 0.0018
0.750 ± 0.0020
0.825 ± 0.0019
y = 0.0402x + 0.0287
R² = 0.9989

0.9
0.8

Absorbance

0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
0

5

10
15
Concentration (µg/ml)

20

25

Figure - 2: Standard curve of Meloxicam in PBS pH 7.4 at 363 nm
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Physiochemical Properties
Melting Point: The melting point of meloxicam was determined to be 2570C.
Solubility: Meloxicam was found to be insoluble in water and slightly soluble in methanol and ethanol.
Meloxicam was highly soluble in chloroform but chloroform is toxic in nature. Meloxicam wass also
highly soluble in Acetone and n-Octanol but they produce high number of ketone bodies therefore,
chloroform, acetone and n-octanol could not be used in formulation.
Drug Entrapment efficiency: Encapsulation efficiency: As shown in table 3, niosomes formed from
using Spans exhibited high encapsulation efficiency. This could be explained on the basis that the highly
lipophilic portion of the drug is expected to be housed almost completely within the lipid bilayer of the
niosomes. The increased entrapment efficiency of proniosomes prepared using Span 60 may be attributed
to the increase in the availability of lipophilic ambience, which can accommodate the drug molecules to a
higher extent. Based on the encapsulation efficiency results, Span 60 were selected for further studies.
Table – 3: Drug entrapment efficiency of all formulations

S.No.
1
2
3
4

Formulation code
F1
F2
F3
F4

Drug entrapment efficiency (EE%) ±S. D
67.2±1.44
72.8±1.36
76.8±0.60
70.6±0.70

Drug excipients compatibility Study: The FT-IR spectra of the pure drug and formulation F3 indicated
that characteristics peaks of Nifedipine were not altered without any change in their position after
successful entrapment in the matrix, indicating no chemical interactions between the drug and carrier
used.
Morphology and vesicle size of proniosomes: The scanning electron microscopy images of the
niosomes prepared from Span 60 are shown in figure 3.
The vesicles are spherical and discrete with sharp boundaries. The mean vesicle sizes of the niosomes
formed from MLX proniosomal formulations are presented in table 4. Niosomes prepared with Span 20,
40 and 80 were significantly larger (p< 0.05) than those prepared with Span 60.
Table 4 : Vesicle size of all formulations

S.no.
1
2
3
4

2831

Formulation code
F1
F2
F3
F4

Vesicle size (µm) ±S. D
10.30±0.05
08.50±0.09
05.61±0.04
07.40±0.05
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Fig. 3: Scanning electron microscopy (SEM) images of different proniosomal formulations: formula S60

pH Determination: pH of all formulation was in 6 to 6.5 pH range. pH of Span 60 based formulation is
7.1 (Table – 5.).
Table – 5: pH value of all formulations

S.No.
1
2
3
4

Formulation code
F1
F2
F3
F4

pH ±S. D
06.24±0.05
06.93±0.09
07.10±0.04
06.40±0.05

Viscosity: Viscosity was determined with Brookfield viscometer (shown in table 6).
Table - 6: Viscosity of all formulations
S.no.
1
2
3
4

Formulation code
F1
F2
F3
F4

Viscosity (centipoise)
46115±1.11
45223±0.92
47889±1.13
45778±0.11

Zeta Potential Determination: Zeta potential was determined at 250C temperature. Colloidal property of
formulation decide physical stability factor. Highest zeta potential is -54.6 (F3) batch and lowest zeta
potential is -50.7 (F4) batch (Table - 7).
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Table - 7: Zeta Potential of all formulations
S.no.
1
2
3
4

Formulation code
F1
F2
F3
F4

Zeta Potential
-51.9
-52.8
-54.6
-50.7

Stability: The ability of vesicles to retain the drug (Drug Retention Behaviour) was assessed by keeping
the formulated proniosomal gel at two different temperature conditions and characterized on the basis of
vesicle size and drug content (Table 8).
Table - 8: Stability parameters of all formulations

Time in Days
0
7
15
30
45
60

Stability Parameter
-4 oC to 8 oC
Percentage Drug
leakage
1.12±0.19
1.45±0.26
2.70±0.74
2.90±0.13
3.55±0.45

Vesicle size
6.50±1.2
6.51±0.5
6.87±0.9
7.11±0.4
7.25±1.2
7.32±0.5

25oC±2oC
Percentage Drug
leakage
1.30±0.17
2.52±0.45
3.32±0.34
3.84±0.50
7.58±0.80

Vesicle size
6.51±1.6
6.55±1.1
6.88±0.5
7.12±0.4
7.26±0.8
7.32±0.5

Amount Permeated (μg/cm2)

In-vitro Drug Diffusion / Permeation: Drug permeation is highest in Span 60 based formulation and
lowest drug permeation is in Span 20 based formulation. Drug release was observed in every 5 hours
interval. Drug permeation found as F3 (Span 60)> F2 (Span 40)> F4 (Span 80)> F1 (Span 20). From
these data we have found that the prepared proniosomal gel (F3) releases 84.21 % of drug over a period of
18 hrs (Fig. 4) .
90
80
70
60
50
40
30
20
10
0

Span 20
Span 40
Span 60

Span 80

0

5

10

15

20

Time (hrs)

Figure - 4: Invitro Drug Diffusion of all Formulations
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Permeation of MLX from proniosomal formulations prepared using non-ionic surfactants was
significantly high, suggesting that the lipid bilayers of niosomes act as a permeation enhancer for MLX
across cellophane membrane.
One of the possible reasons for niosomes to enhance the permeability of drugs is structure modification of
the cellophane membrane. Proniosomes prepared with Span 60 showed a higher enhancement effect
(permeation rate) than those prepared with span 20, 40 and 80. This was expected due to the smaller size
of the vesicles and the higher lipophilic nature of vesicles prepared with Span 60, which makes it easier
for the vesicles to penetrate or fuse with the Cellophane membrane.
CONCLUSION
This paper has shown that meloxicam can be entrapped in niosomes with high efficiency using various
compositions and types of nonionic surfactants. The present study revealed that MLX-loaded
proniosomes provided an enhanced transdermal flux, lower lag time and high entrapment efficiency.
Proniosomal gel of meloxicam represent a promising drug delivery technologies and much research has to
be inspired in this to filter out all the potential in this transdermal drug delivery systems. All this make
proniosmal gel of meloxicam for the treatment of osteoartritis, a promising industrial and research
product.
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