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ABSTRACT: A transdermal drug delivery system (TDDS) is characterized by the application of medications onto the 
skin's surface to deliver drugs at a controlled and predefined rate through the skin. Spanlastics, an elastic nanovesicle 
capable of transporting various pharmacological substances, shows promise as a drug delivery carrier. It offers 
numerous advantages over traditional vesicular systems applied topically, including enhanced stability, flexibility in 
penetration, and improved targeting capabilities. This study aims to develop meloxicam (MX)-loaded spanlastics gel as 
skin delivery carriers and to look into the effects of formulation factors like Tween80, Brij 35, and carbopol concentration 
on the properties of spanlastics gel, like pH, drug content, extrudability, spreadability diameter, viscosity, and release 
profiles in addition to Ex vivo skin permeation for optimal formula. The optimal formula of spanlastics gel (GF1) shows 
acceptable pH (6.2±0.14), excellent extrudability( 92%), drug content (97.1±0.14), spreadability diameter (cm) (10.8±0.28), 
sustained release 70.7±0.57% for six hours and the steady-state flux of meloxicam through rat skin was increased 83.52-
fold as a result of spanlastics in comparison to the plain gel. The vesicles produced in this investigation could potentially 
interact with or merge with the stratum corneum as a result of their elasticity, which may also be the mechanism that 
increases the penetration into the skin. According to our findings, dermal delivery vehicles for MX may be provided via 
spanlastics gel. 
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 1.  INTRODUCTION 

Transdermal drug delivery systems (TDDS) are widely utilized in the pharmaceutical industry due 
to potential advantages over traditional delivery methods like injections and oral ingestion [1]. Transdermal 
meloxicam administration provides a notable benefit in addressing arthritic conditions by avoiding the 
digestive system and facilitating a greater concentration of the drug at the local site [2].The main challenge 
with TDDS lies in the skin's limited permeability to large molecules and hydrophilic drugs while being 
permeable to smaller molecules and lipophilic medications [3]. To overcome this barrier and prolong drug 
retention in skin layers, researchers have explored the use of elastic vesicular nanocarriers known as 
Spanlastics [4]. Spanlastics represent a novel drug delivery approach that combines vesicular and 
nanoparticulate properties. The term "Spanlastic" is derived from "span add to elastic," reflecting the core 
medication enclosed within a bilayer structure [5, 6]. The spanlastics are primarily composed of non-ionic 
surfactants and edge activators (EAs) such as tweens, polyvinyl alcohol, and Brij, developed by Kakkar and 
Kaur. These surfactant-based deformable nanocarriers [5, 7]. EAs play a crucial role in disrupting the 
membranes of nanocarrier vesicles, thereby improving their flexibility and enabling them to pass through 
diverse pores in biological layers without breaking. Importantly, nanospanlastics are both nontoxic and 
biodegradable, making them a promising option for drug delivery [8]. 

2. RESULTS and DISCUSSION 

2.1. Physical characteristics  

       The MX- spanlastics gel was discovered to be off-white with a viscous smooth and uniform texture, 
lacking grit or phase separation. 
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2.2. PH of the MX- spanlastics gel 

      The pH values of the developed MX-Spanlastics gel formulations are shown in Table 1. It was revealed 
that MX-Spanlastics Gel has a pH between 5.6 and 6.5, it is comparable to the skin's pH to prevent skin 
irritation [9]. 

2.3. Spreadability 
    A good spreadability value is an important characteristic of the gel dosage form[10]. According to the data 
provided in Table 1, a Carbopol concentration of 940 has a beneficial influence on spreadability (greater 
concentration of Carbopol 940 might minimize spreadability). These findings were comparable to those of  
Safitri et al. [11]. 

2.4. Drug content 

      The uniformity of all the MX-Spanlastics gel formulations made for this study, which ranged from 
(96.85%±0.21) to (98.95%±0.49) was determined to indicate that the medication was not lost or changed. 

Table 1. Value of Measured pH, Drug content, Extrudability, and Spreadability diameter for MX-spanlastics gel 
Formulations 

2.5. Viscosity 

        As shown in Figure 1 below the viscosity of the gel lowered as the shear rate rose, showing a shear-
thinning pseudoplastic flow feature [13,14] 

 

Figure 1. Viscosity analysis of MX-loaded spanlastics gel formulations. 

 

2.6. Release of MX-loaded spanlastics gel in vitro 

           All prepared formulas as shown in Figure 2 below showed slower release profiles of MX from the 
spanlastics gel this could be attributed to carbopol's excellent thickening, emulsifying, suspending, and 
gelling properties [15]. 
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pH Drug content Extrudability / Interpretation 
[12] 

Spreadability 
diameter (cm) 

GF1 6.2±0.14 97.1±0.14 92% / Excellent  10.8±0.28 
GF2 5.7±0.14 98.95±0.49 71% / Fair  6.5±0.70 

GF3 6.1±0.28 96.85±0.21 90% / Excellent 11.9±0.42 
GF4 5.65±0.21 98.25±0.35 73% / Fair  6.7±0.42 
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Figure 2. Release profiles analysis of MX-loaded spanlastics gel formulations 

2.6.1. Effect of type of edge activator on the percentage of drug release 

There is a significant difference (p≤0.05) in the release profiles of MX from spanlastics gel. Formulation 
containing Brij®35 exhibited the highest release profiles (82±2.82% and 41.5±0.707%) for GF3 and GF4 
respectively compared to those containing Tween®80 which had release profiles (70.7±0.57% and 33±0.7%) 
for GF1and GF2 respectively. This can be explained by the fact that spanlastics have a release that is 
dependent on the length of the alkyl chain; the slower the release rate, the longer the chain length, Similar 
outcomes were found in niosome-encapsulated gentamicin by Abdelbary et al. [16]. 

2.6.2. Effect of Carbopol concentration on the percentage of drug release 

         Regarding the effect of carbopol concentration on the percentage of MX release in the case of (GF1, GF3) 
which had release profiles (70.7±0.57% and 82±2.82%) respectively in comparison to (GF2, GF4) which had 
release profiles (33±0.7% and 41.5±0.707%) respectively, there is a significant difference (p ≤ 0.05) in release 
profiles of MX from spanlastics gel. The percentage of drug release decreased as the percentage of gelling 
agents rose [13, 17,18]. 

2.7. Modeling of release kinetic 

        The release of meloxicam from various spanlastics formulations was simulated using a variety of 
mathematical models. Table 2 lists the values of the regression coefficients and release constants. 

Table 2. Summarized results for release kinetics. 

Formula 
code 

Zero-order First order Higuchi model Korsmeyer-Peppas model 

K0 R2 K1 R2 kH R2 Kkp n R2 
GF1 13.436 0.9353 0.213 0.9861 28.059 0.9612 21.558 0.688 0.9879 

GF3 16.412 0.7421 0.332 0.9772 35.018 0.9909 37.840 0.444 0.9945 

GF2 6.057 0.9469 0.072 0.9698 12.559 0.9183 8.482 0.779 0.9709 

GF4 8.123 0.8306 0.105 0.9175 17.203 0.9935 16.708 0.521 0.9939 

          The Korsmeyer-Peppas model was determined to be the best-fit model for understanding MX release 
from spanlastics gel formulations based on Table 2 since it had the highest R2 values for all formulas that 
were tested. Similar results for drugs released from Transfersomes have been reported by Khan et al. [19]. 
With the exception of GF3, where the n value is less than 0.5, signifying quasi-Fickian drug transport, all 
other formulas exhibited exponents (n values) greater than 0.5, suggesting that the drug transport 
mechanism closely approximates non-Fickian diffusion. 
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2.8. In vitro permeation test 

        The steady-state flux, Jss, was determined by analyzing the slope of the line in Figure 3 below. It's 
evident from the data that the steady-state flux for Spanlastics gel formula (GF1) stands at 14.258 µg/cm2/h, 
while for the plain gel, it's 0.1707 µg/cm2/h. By applying equation 1, the apparent diffusion coefficients, 
Papp, for the optimal Spanlastics gel (GF1) and plain gel were calculated as 5.7 × 10-3 cm/h and 0.068 × 10-3 
cm/h, respectively. 
        The incorporation of spanlastics resulted in a remarkable 83.52-fold increase in the steady-state flux of 
meloxicam through rat skin. This enhancement can be attributed to several factors, as explained by Agrawal 
et al and Farghaly et al.: the presence of non-ionic surfactant Span® 60 within spanlastics, which functions as 
a penetration enhancer due to its excellent interaction with skin layers, facilitated by its low HLB value (HLB 
= 4.7). Additionally, the flexible structure of these vesicles allows for more efficient skin penetration while 
maintaining drug integrity during the permeation process [4,20]. 

 
Figure 3. Permeation profile of meloxicam across the rat skin 

2.9. FTIR spectrum of the optimum MX-loaded spanlastics gel  

        Pure meloxicam major bands are 3286.7, 1620.21, 1527.62, and 1184.29 cm-1 that is due to N-H stretching 
vibration, NH2 scissoring vibration, C=N stretching vibration, and S=O stretching vibration, respectively. 
This was in agreement with previously published articles [21- 23]. 
       The (N-H stretching vibration) in the physical mixture's FTIR spectrum shows a minor shift from 3286.70 
cm-1 to 3290.56 cm-1, but the other major peaks show no changes. This shows that there is no interaction 
between meloxicam, carbopol940, and the components used to make the MX-loaded spanlastics gel. 
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Figure 4.  F.T.I.R. spectrum of meloxicam (A) and physical combination (B) 

3. CONCLUSION 

According to the study's findings, MX-spanlastics gel was successfully created, and formulation 
parameters such Tween®80, Brij® 35, and Carbopol content had a positive impact on the gel. Optimal 
formula (GF1) demonstrated better MX skin penetration than MX-plain gel when given with spanlastics gel, 
overcoming the skin's barrier characteristics to promote the anti-inflammatory activity of meloxicam while 
avoiding oral issues, resulting in improved patient compliance. 

4. MATERIALS AND METHODS 

4.1. Materials 

Meloxicam MX powder (Baoji Guokang Bio-Technology Co., Ltd), Span 60 (Xi’an Sonwu Biotech 
Co.Ltd, China), Brij35 (Shanghai Macklin Biochemical Co., Ltd, China), Tween 80 (Thomas baker, Mumbai, 
India), Methanol (Thomas Baker, India), Ethanol (Sasma, Netherlands), Chloroform (Thomas baker, 
Mumbai, India), Phosphate buffer saline pH 7.4 (PBS)( Himedia, India), Dialysis membrane M.wt 8000-
14000(Special products laboratory, USA), Carbopol 940 (Hengshui Taocheng Chemicals Auxiliary Co., Ltd. 
China). 

4.2. Methods 

4.2.1. Preparation of MX-loaded spanlastics 

Ethanol injection method is used to prepare spanlastics. The MX and the appropriate quantity of 
Span®60 were dissolved in the organic phase (consisting of chloroform and ethanol with ratio of 4:2), while 
the various formulations of Tween®80 and Brij®35 as EA were dissolved in 15 mL of deionized water at a 
temp. of 65°C as given in Table 3. A homogenizer was used to mix the aqueous solution at a speed of 2000 
rpm for 15 minutes while the organic solution was added dropwise (1 ml/ min). The completed mixture was 

B
 

A 
 



Al-Mansoori and Sabri. 
Transdermal gel loaded with spanlastics containing meloxicam  

Journal of Research in Pharmacy 
 Research Article 

 

 
 http://dx.doi.org/10.29228/jrp.801 

J Res Pharm 2024; 28(4): 1200-1209 
1205 

held on the magnetic stirrer at room temperature for an additional 1.15 hours at a speed of 1000 rpm. The 
formulations were then stored in a refrigerator until more research was done on them [24].  

Table 3. MX- loaded spanlastics composition. 

   

4.2.2. Preparation of spanlastics gel containing meloxicam and plain gel 

After the preparation of MX-loaded spanlastics by ethanol injection method, A specified amount of 
MX-spanlastics dispersions was spun for 90 minutes at 4˚C and 20,000 rpm in a cooling ultracentrifuge[25]. 
The semisolid spanlastic mass equivalent to (0.5 % w/w) was removed from the supernatant and then 
incorporated in carbopol 940 with different percentages (1% and 2%). Using a mechanical stirrer, carbopol 
dissolved in double distilled water at the desired concentration, and the gel bases were then created. To 
reach the necessary skin pH level, a few drops of triethanolamine were introduced into the formulation. To 
get the final concentration of 0.5% of meloxicam spanlastic gel, the gel was combined with the resulting 
semisolid spanlastic of MX [26,27].  

On the other hand, MX was dissolved in a 5% propylene glycol solution to create MX plain gel, 
which was created at a concentration of 0.5% (w/w). To achieve a homogeneous dispersion, carbopol was 
shaken continuously in distilled water using a stirrer at 1000 rpm. To obtain a homogeneous dispersion of 
MX gel, carbopol was continuously stirred into a 0.5% (w/w) MX solution [28]. All spanlastics gel 
Compositions are listed in table 4  

Table 4. MX - spanlastics gel Composition.  

Formulation 
code 

Carbopol 
940 (%w/w) 

MX spanlastics 
usingTween®80 
(%w/w) 

MX spanlastics 
using Brij®35 
(%w/w) 

MX 
powder 
(%w/w) 

Propylene 
glycol 
(%w/w) 

Distilled 
water 

GF1 1% 0.5% __ __ __ Up to 100 

GF2 2% 0.5% __ __ __ Up to 100 

GF3 1% __ 0.5% __ __ Up to 100 
GF4 2% __ 0.5% __ __ Up to 100 

MX plain  gel 1% __ __ 0.5% 5% Up to 100 

 4.2.3. Evaluation of MX spanlastics Gel 

Physical appearance 

All prepared spanlastic gels were visually examined for homogeneity after being placed in the 
container. They received an examination to look for aggregates and appearance [29]. 

Measurement of pH 

A precise measurement of one gram of gel was dissolved in 100 milliliters of sterile water. To assess 
the pH of the resulting dispersion, a digital pH meter was employed, and the glass electrode was immersed 
into the gel composition [30] . The analysis was conducted three times for validation [31]. 

Measuring Drug Content 

Precisely measuring 1 gram of MX-spanlastics gel, which contains 5 mg of MX, was introduced into 
a 50 ml volumetric flask containing pH 7.4 phosphate-buffered saline. After a 30-minute sonication, the 
solution was left to stand overnight. To determine the medication's concentration, the absorbance at 362 nm 
was quantified using a UV-visible spectrophotometer [32]. 

 

Formula 
code 

Dr
ug 
(mg) 

Span
® 
60(mg) 

Tween
®80 (mg) 

Brij 
®35(mg) 

Volume of the 
internal (organic) 
phase (ml) 

Volume of the 
external phase (ml) 

F1 15 350 39 __ 6 15 
F2 15 350 __ 39 6 15 
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Determination of Extrudability 

The force required for material extrusion from the tube is a common test. In this case, 30 grams of 
MX-spanlastics gel were loaded into a feeding syringe and sealed at the top. A weight of 1 kg was applied 
for a duration of 30 seconds. The quantity of extruded gel was collected and weighed, and subsequent 
calculations were performed to ascertain the percentage of the extruded gel [33, 34]. 

Spreadability determination 

Two grams of MX-spanlastics gel were weighed and placed between two glass plates (14X14 cm). A 
load weighing 500 g was placed on the upper glass plate. After the application of weight waiting for five 
minutes and diameter were recorded. It was seen that the gel spreading caused the diameter to grow [35]. 

Viscosity determination 

Using spindle no. 7 and Myr digital rheometer, the viscosity and rheology behavior of MX 
spanlastics gel formulations were tested at room temperature [36]. 

In vitro release study 

The chosen spanlastics gel formulations were subjected to in vitro drug release. The amount of 
medication released after six hours was calculated using the dialysis bag method [26]. Briefly, from the 
chosen spanlastics gel formulations, a total of one gram of the gel (equivalent to 5 mg of MX) was obtained 
and placed into dialysis bags (which had been soaked in the release media overnight). The dialysis bags 
were then put in a paddle-style (type II- dissolution apparatus) with 250 ml of a PBS solution as the release 
medium to create a sinking state depending on our performed MX saturated solubility study in PBS which 
was found to be 0.421±0.83 mg/mL.  
            The paddles rotated at a rate of 100 revolutions per minute (RPM), and the apparatus temperature 
was maintained at 37 ±0.2 °C. At time intervals (1, 2, 3, 4, 5, and 6 hours), (3ml ) was taken out and replaced 
with a fresh PBS solution [1]. 
            By measuring the absorbance of MX at 362, its λmax, in PBS and depending on the calibration curve 
equation (y = 0.051x - 0.0054) of MX that had previously been constructed in PBS by measuring the 
absorbance of different known MX concentrations and then plot them versus each other. The plot showed a 
straight line with a high correlation coefficient (R2=0.9995). The release experiments were carried out in 
triplicate. 

Kinetic models 

               To get the mechanism and kinetics of meloxicam release from spanlastics formulations, the collected 
in-vitro release data from several spanlastic formulations were fitted to several kinetic equations using the 
DDsolver and Microsoft Excel® 2016 programs [37]. In this method, four kinetic models[19,38], i.e. zero-
order, first-order, Higuchi and Korsmeyer's -Pappas kinetic models. 

In vitro permeation test 

              Using abdominal rat skin, diffusion cell with an effective diffusion area of 1.767 cm2 was utilized for 
the study [39]. To ensure a sink condition, 12 ml of PBS with a cosolvent (20% methanol) was added to the 
receptor compartment, based on our prior MX saturated solubility study in PBS containing the same 
cosolvent (20% methanol), which showed a solubility of 2.3125 ± 0.7 mg/mL. A prepared skin sample was 
then positioned between the donor and receptor compartments. Maintaining the temperature at 37 ± 0.5°C 
and stirring at 100 rpm, we allowed 15 minutes for the membrane's temperature to stabilize[p6]. 
Subsequently, an amount equivalent to 2500 µg of the chosen MX-spanlastics gel and the plain gel was 
introduced into the donor compartment. 
        At regular intervals of 0.25, 0.5, 1, 2, 3, 4, 5, and 6 hours, 1 ml of the receptor compartment was 
withdrawn and replaced with fresh PBS containing a cosolvent (20% methanol) to maintain a constant 
solubility condition. The quantities of meloxicam that permeated during each time interval were quantified 
spectrophotometrically by measuring the absorbance at meloxicam's maximum wavelength in PBS. 
            The permeation profile of meloxicam from selected spanlastics gel and the plain gel was displayed as 
a graph, where the Y axis represents the amounts of meloxicam permeated per unit area and the X axis 
represents time. The steady-state flux JSS was determined by taking the slope of the straight line obtained 
from the permeation profile graph[19][40]. 
The evident permeability coefficient Papp was calculated using the equation shown below[41]. 
Papp = 𝐽𝑠𝑠/𝐶𝑜 …………. Equation (1) 
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 Where Co is the starting drug concentration in the donor compartment, Jss is the steady state flux, and Papp 
is the apparent penetration coefficient. 

FTIR spectrum for the optimum MX-loaded spanlastics gel formula 

              FTIR spectrum for the pure drug (meloxicam) and the physical mixture which contains Tween® 80, 
span® 60, and carbopol940. Tested samples were placed immediately, without any prior preparation, onto 
the crystal area of Fourier transform infrared (FTIR) spectroscopy (Shimadzu, Japan) that combined with the 
attenuated total reflectance (ATR) approach. The pressure arm was then placed above the sample and 
scanned with an 8 cm resolution covering the range of 4000 to 400 cm-1 wavenumber [42]. This was done to 
test the compatibility between the materials used in the preparation of MX-loaded spanlastics gel [43]. 

Analytical statistics 

      The experimental data were assessed using the ANOVA statistical test through SPSS® version 26.0.0.0 
software. Significance was determined with a threshold of p ≤ 0.05, indicating significance, while p > 0.05 
indicated non-significance. The results were represented by the mean of triplicate sample readings along 
with their standard deviation. 

Acknowledgements: Authors thank College of Pharmacy- University of Baghdad for support and help to perform 
this study in its laboratories. 

Author contributions: Concept – L.S.; Design – M.A., L.S.; Supervision – L.S.; Resources – M.A.; Materials – M.A.; 
Data Collection and/or Processing – M.A.; Analysis and/or Interpretation – M.A., L.S.; Literature Search – M.A.; 
Writing – M.A.; Critical Reviews – L.S. 

Conflict of interest statement: “The authors declared no conflict of interest” in the manuscript. 

REFERENCES    

[1] El-Badry M, Fetih G, Fathalla D, Shakeel F. Transdermal delivery of meloxicam using niosomal hydrogels: In vitro 
and pharmacodynamic evaluation. Pharm Dev Technol. 2015;20(7):820–826. 
https://doi.org/10.3109/10837450.2014.926919 

[2] Nief RA, Hussein A. Preparation and evaluation of meloxicam microsponges as transdermal delivery system. Iraqi J 
Pharm Sci . 2017;23(2):62–74. https://doi.org/10.31351/vol23iss2pp62-74 

[3] El-Badry M, Fetih G, Shakeel F. Comparative topical delivery of antifungal drug croconazole using liposome and 
micro-emulsion-based gel formulations. Drug Deliv. 2014;21(1):34–43. 
https://doi.org/10.3109/10717544.2013.843610 

[4] Farghaly DA, Aboelwafa AA, Hamza MY, Mohamed MI. Topical delivery of fenoprofen calcium via elastic nano-
vesicular spanlastics: Optimization using experimental design and in vivo evaluation. AAPS PharmSciTech. 
2017;18(8):2898–2909. https://doi.org/10.1208/s12249-017-0771-8 

[5] Kakkar S, Kaur IP. Spanlastics — A novel nanovesicular carrier system for ocular delivery. Int J Pharm. 2011;413(1–
2):202–210. https://doi.org/10.1016/j.ijpharm.2011.04.027 

[6] Ansari MD, Saifi Z, Pandit J, Khan I, Solanki P, Sultana Y, Aqil M. Spanlastics a novel nanovesicular carrier: Its 
potential application and emerging trends in therapeutic delivery. AAPS PharmSciTech. 2022 Apr 
11;23(4):112. https://doi.org/10.1208/s12249-022-02217-9 

[7] Alhammid SNA, Kassab HJ, Hussein LS, Haiss MA, Alkufi HK.  Spanlastics Nanovesicles: An emerging and 
ınnovative approach for drug delivery.  Maaen J Med Sci. 2023;2(3): 100-107. https://doi.org/10.55810/2789-
9136.1027 

[8] Mazyed EA, Helal DA, Elkhoudary MM, Abd Elhameed AG, Yasser M. Formulation and optimization of 
nanospanlastics for improving the bioavailability of green tea epigallocatechin gallate. Pharmaceuticals. 
2021;14(1):68. https://doi.org/10.3390/ph14010068 

[9] Kartini K, Winarjo BM, Fitriani EW, Islamie R. Formulation and pH-Physical Stability Evaluation of Gel and Cream 
of Plantago major Leaves Extract. MPI (Media Pharmaceutica Indonesiana). 2017;1(3): 174-180. 
https://doi.org/10.24123/mpi.v1i3.330 

[10] Jelvehgari M , Rashidi MR M mohammadi S. Adhesive and spreading properties of pharmaceutical gel composed of 
cellulose polymer. Jundishapur J Nat Pharm Prod. 2007;2(1):45–58.  

[11] Safitri FI, Nawangsari D, Febrina D. Overview: Application of carbopol 940 in gel. International Conference on 
Health and Medical Sciences (AHMS 2020) 2021;34:80–84. https://doi.org/10.2991/ahsr.k.210127.018 

[12] Avinash S, Gowda D V., Suresh J, Aravind Ram AS, Srivastava A, Osmani RAM. Formulation and evaluation of 
topical gel using Eupatorium glandulosum michx. for wound healing activity. Der Pharm Lett. 2016;8(9):52–63.  

[13] Sulaiman HT, Jabir SA, Al-Kinani KK. Investigating the effect of different grades and concentrations of ph-sensitive 
polymer on preparation and characterization of lidocaine hydrochloride as in situ gel buccal spray. Asian J Pharm 
Clin Res. 2018;11(11):401–407. http://dx.doi.org/10.22159/ajpcr.2018.v11i11.28492 



Al-Mansoori and Sabri. 
Transdermal gel loaded with spanlastics containing meloxicam  

Journal of Research in Pharmacy 
 Research Article 

 

 
 http://dx.doi.org/10.29228/jrp.801 

J Res Pharm 2024; 28(4): 1200-1209 
1208 

[14] Salih ZT, Al-Gawhari F, Rajab NA. Preparation, release, rheology and stability of piroxicam emulgel. Int J Appl 
Pharm. 2018;10(1):26–29. https://doi.org/10.22159/ijap.2018v10i1.20234 

[15] Sudhakar Y, Kuotsu K, Bandyopadhyay AK. Buccal bioadhesive drug delivery--a promising option for orally less 
efficient drugs. J Control Release. 2006;114(1):15-40. https://doi.org/10.1016/j.jconrel.2006.04.012 

[16] Abdelbary G, El-Gendy N. Niosome-encapsulated gentamicin for ophthalmic controlled delivery. AAPS 
PharmSciTech. 2008;9(3):740-747. https://doi.org/10.1208%2Fs12249-008-9105-1 

[17] El-Nabarawi MA , Tayel SA, Soliman NA, Abo Enin HA. Transdermal Delivery of bisoprolol hemifumarate. J 
Biomed Pharm Res. 2012; 1(1): 27-35.  

[18] Shehata TM, Elnahas HM, Elsewedy HS. Development, characterization and optimization of the anti-ınflammatory 
ınfluence of meloxicam loaded into a eucalyptus oil-based nanoemulgel. Gels. 2022 ;8(5):262. 
https://doi.org/10.3390/gels8050262 

[19] Khan MI, Yaqoob S, Madni A, Akhtar MF, Sohail MF, Saleem A, Tahir N, Khan KU, Qureshi OS. Development and 
in vitro/ex vivo evaluation of lecithin-based deformable transfersomes and transfersome-based gels for combined 
dermal delivery of meloxicam and dexamethasone. Biomed Res Int. 2022;2022:8170318. 
https://doi.org/10.1155%2F2022%2F8170318 

[20] Agrawal R, Sandhu SK, Sharma I, Kaur IP. Development and evaluation of curcumin-loaded elastic vesicles as an 
effective topical anti-inflammatory formulation. AAPS PharmSciTech. 2014;16(2):364–374. 
https://doi.org/10.1208%2Fs12249-014-0232-6 

[21] Al-Hassani HR, Al-Khedairy EBH. Formulation and in-vitro evaluation of meloxicam solid dispersion using natural 
polymers . Iraqi J Pharm Sci. 2021;30(1):169–178. https://doi.org/10.31351/vol30iss1pp169-178 

[22] Muhammed SA, Al-Kinani KK. Formulation and in vitro evaluation of meloxicam as a self-microemulsifying drug 
delivery system. F1000Research. 2023;12:315. https://doi.org/10.12688%2Ff1000research.130749.2 

[23] Samra MM, Sadia A, Azam M, Imran M, Ahmad I, Basra MAR. Synthesis, spectroscopic and biological ınvestigation 
of a new Ca(II) complex of meloxicam as potential COX-2 inhibitor. Arab J Sci Eng. 2022;47(6):7105-7122. 
https://doi.org/10.1007/s13369-021-06521-7 

[24] Abdelbari MA, El-Mancy SS, Elshafeey AH, Abdelbary AA. Implementing spanlastics for improving the ocular 
delivery of clotrimazole: In vitro characterization, ex vivo permeability, microbiological assessment and in vivo 
safety study. Int J Nanomedicine. 2021;16:6249–6261. https://doi.org/10.2147/ijn.s319348 

[25] Salem HF, Kharshoum RM, Abou-Taleb HA, Farouk HO, Zaki RM. Fabrication and appraisal of simvastatin via 
tailored niosomal nanovesicles for transdermal delivery enhancement: In vitro and in vivo assessment. 
Pharmaceutics. 2021;13(2):138. https://doi.org/10.3390/pharmaceutics13020138 

[26] El-Menshawe SF, Hussein AK. Formulation and evaluation of meloxicam niosomes as vesicular carriers for 
enhanced skin delivery. Pharm Dev Technol. 2013;18(4):779-786. https://doi.org/10.3109/10837450.2011.598166 

[27] Kumar A, Nayak A, Ghatuary SK. Design, optimization and characterization of a transferosomal gel of acyclovir for 
effective treatment of Herpes zoster. J Drug Deliv Ther. 2023;9(4-A):712-721. https://doi.org/10.22270/jddt.v9i4-
A.3556 

[28] Drais HK, Hussein AA. Formulation characterization and evaluation of meloxicam nanoemulgel to be used 
topically. Iraqi J Pharm Sci. 2017;26(1):9-16. https://doi.org/10.31351/vol26iss1pp9-16 

[29] Shivhare UD, Jain KB, Mathur VB, Bhusari KP, Roy AA. Formulation development and evaluation of diclofenac 
sodium gel using water soluble polyacrylamide polymer. Dig J Nanomater Biostructures. 2009;4(2):285–290.  

[30] Rathod HJ, Mehta DP. A Review on pharmaceutical gel. Int J Pharm Sci. 2015;1(1):33–47.  
[31] Kmkm AM. Ghareeb MM. Natural oil nanoemulsion-based gel vehicle for enhancing antifungal effect of topical 

luliconazole. J Fac Med Baghdad. 2023;65(1):65–73. https://doi.org/10.32007/jfacmedbagdad.6512058 
[32] Saleem MA, Bala S. Formulation, evaluation of meloxicam solid dispersion incorporated topical gels. Int J Pharm Bio 

Sci. 2010;1(3): 1-9.  
[33] Ghareeb MM. Design and in vitro characterization of a topical nanoemulsion- enriched hydrogel of econazole 

nitrate. 2019;9(01):51–57. http://dx.doi.org/10.7324/JAPS.2019.90108 
[34] Oswal T, Bhosale S, Sonalı S. Development of validated analytical method of mefenamic acid in an emulgel (topical 

formulation). Int J Pharm Res Dev. 2014;5(6):232-237. 
[35] Purohit A, Chavan D, Marques S, DCruz C, Kumar L, Bhide P, Shirodkar R. Formulation and evaluation of a novel 

cubosomal emulgel for topical delivery of luliconazole. Tenside Surfact Deterg. 2022;59(5): 373-
382. https://doi.org/10.1515/tsd-2022-2442 

[36] Sadeq ZA, Mohammed MF. Preparation and in vitro evaluation of topical gel of 5-fluorouracil. J Adv Pharm Educ 
Res. 2021;11(4):80–85. https://doi.org/10.51847/ycPsBAy4RG 

[37] Zhang Y, Huo M, Zhou J, Zou A, Li W, Yao C, Xie S. DDSolver: an add-in program for modeling and comparison of 
drug dissolution profiles. AAPS J. 2010;12(3):263-271.  https://doi.org/10.1208%2Fs12248-010-9185-1 

[38] Dash S, Murthy PN, Nath L, Chowdhury P. Kinetic modeling on drug release from controlled drug delivery 
systems. Acta Pol Pharm. 2010;67(3):217-223.  

[39] Gupta V, Trivedi P. Ex vivo localization and permeation of cisplatin from novel topical formulations through 
excised pig, goat, and mice skin and in vitro characterization for effective management of skin-cited malignancies. 
Artif Cells Nanomed Biotechnol. 2015;43(6):373–382. https://doi.org/10.3109/21691401.2014.893523 

[40] Rao MT, Rao YS, Vijaya Ratna J, Kamala Kumari P V. Rao MT, Rao YS, Vijaya Ratna J, Kamala Kumari P V. 
Characterization and ex vivo studies of nanoparticle incorporated transdermal patch of itraconazole. Indian J Pharm 
Sci. 2020;82(5):799–808.  



Al-Mansoori and Sabri. 
Transdermal gel loaded with spanlastics containing meloxicam  

Journal of Research in Pharmacy 
 Research Article 

 

 
 http://dx.doi.org/10.29228/jrp.801 

J Res Pharm 2024; 28(4): 1200-1209 
1209 

[41] Hnin HM, Stefánsson E, Loftsson T, Asasutjarit R, Charnvanich D, Jansook P. Physicochemical and stability 
evaluation of topical niosomal encapsulating fosinopril/γ-cyclodextrin complex for ocular delivery. Pharmaceutics. 
2022;14(6):1147. https://doi.org/10.3390/pharmaceutics14061147 

[42] Sabri LA, Hussein AA. Comparison between conventional and supersaturable self-nanoemulsion loaded with 
nebivolol: Preparation and in-vitro/ex-vivo evaluation. Iraqi J Pharm Sci. 2020;29(1):216–225. 
https://doi.org/10.31351/vol29iss1pp216-225. 

[43] Kadhim ZM, Mahmood HS, Alaayedi M, Ghareeb MM. Formulation of flurbiprofen as microsponge drug delivery 
system. Int J Pharm Res. 2020;12(3):748–753.  

  

 


