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ABSTRACT 

Background: Development and Evaluation of a Nano Delivery System for Topical Application: Towards Improving Local 

Delivery and Antirheumatic Efficacy of Mefenamic Acid (MA) in RA Nanostructured delivery platforms improve how 

drugs are absorbed and become effective as they cross biological membranes, whereas topical gels provide targeted relief 

with fewer side effects compared to oral medications. 
Aim: This study designs, develops, implements and evaluates the potential of a gel containing nanocarrier for improving 

topical penetration and delivery of mefenamic acid (MA) for treating rheumatoid arthritis (RA). 

Methods: Mefenamic acid-loaded nanoparticles were formulated by combining the polymers. Utilizing FTIR and DSC 

techniques, a drug and polymer compatibility evaluation was carried out. The nanoparticles were analyzed to determine 

their size, surface structure, capacity to encapsulate drugs, drug release, release rate, and stability. 

Results: The composition and performance of transferosomes with Mefenamic acid (100 mg per batch).  showed the 

Transferosomes shows the highest drug release (98.4%) and entrapment efficiency (91.04±0.24%), despite having the 

largest particle size (8.96±0.45μm). The results highlight the influence of Carbopol, Tween, and ethyl cellulose content on 

vesicular systems' size, entrapment and release properties.  

Conclusion: Transferosomes loaded gel with Mefenamic acid (100 mg) were evaluated for particle size, entrapment 

efficiency, and drug release. Transferosomes showed superior drug release and efficacy, highlighting their potential in 
managing rheumatoid arthritis via topical delivery 

. 
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INTRODUCTION 

Rheumatoid arthritis (RA) is a chronic, systemic 
autoimmune disease characterized by persistent synovial 

inflammation that leads to cartilage damage, bone erosion 

and permanent joint deformations [1, 2]. Chronic 

inflammatory milieu leads to persistent pain, stiffness and 

impairment of function. Contemporary therapeutic 

approaches include mainstream non-steroidal anti-

inflammatory drugs (NSAIDs), disease-modifying anti-

rheumatic drugs (DMARDs) and biologic agents, aimed at 

different components of the inflammatory cascade. 

Mefenamic acid, among the NSAIDs is known to produce 

potent analgesic and anti-inflammatory activity [3] and it 
continues to be of clinical relevance since it can relieve 

inflammation and pain associated with RA. However, oral-

use NSAIDs (mefenamic acid) cause a range of systemic 

side effects such as; gastro-intestinal irritation, ulcers and 

nephrotoxicity because of higher plasma drug levels. This 

makes it imperative to consider alternate routes of drug 

administration, especially topical formulations that would 

ensure the delivery of the drugs in a local fashion through 

the specific tissue barriers, thus lowering their systemic 
effects while still maintaining therapeutic effect on the site 

of interest [4]. 

Nanotechnology has revolutionized the world of 

pharmaceutics with its new-age delivery methods, which 

not only improve the bioavailability but also help in 

targeting the desired locations and controlled release of 

drugs [5]. Novel nanodelivery systems like liposomes, solid 

lipid nanoparticles and engineered polymer nanoparticles 

form a class of delivery systems that have proved 

themselves useful in improving the bioavailability, 

solubility, physical stability and biological availability of 
drugs [6]. They help in achieving the desired site-specificity 

of action, reduce drug degradation and increase the 

pharmacokinetic half-life of the drugs, ensuring prolonged 

effects and low systemic exposure. Nanocarriers for Dermal 

Drug Delivery In dermal drug delivery applications, 

nanocarrier systems can facilitate the penetration of the 
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drug molecules through the outer layer of the skin—the 

stratum corneum, which acts as a barrier under usual 

conditions restricts percutaneous absorption. Nanocarrier 

encapsulation of mefenamic acid can lead to better drug 

delivery to inflammation sites, allowing for controlled drug 
release for maximum effectiveness in patients with 

rheumatoid arthritis [7]. The method used in topical drug 

delivery involves administration of drugs directly to 

targeted body parts, e.g., eyes and rectums. They are 

referred to as gel emulsions. Many drugs used in topical 

skin administration use oil-in-water (O/W) and water-in-oil 

(W/O) emulsion methods [8]. Upon topical application, the 

drugs bypass pre-systemic metabolism, gastric acid 

disturbances, and fluctuations in plasma concentration 

commonly associated with oral drug delivery. Mefenamic 

acid is classified as an anthranilic acid derivative. Similar 

to other NSAIDs, mefenamic acid acts on the Cox-1&-2 
enzyme pathway, interfering with the intracellular 

production of prostaglandins. Prostaglandins play a crucial 

role in initiating inflammatory responses and the 

transmission of pain stimuli. 

Nanocarriers increase the drug's solubility, stability, and 

skin permeation. MA can be administered topically using a 

gel formulation containing nanocarriers for rheumatoid 

arthritis treatment. Oral administration of mefenamic acid 

results in fast absorption. On average, 30.5 mcg/h/ml was 

the absorption volume. There was around 1.06 liter/kg of 

apparent volume of distribution for a 500 mg pill. Through 
the conversion of mefenamic acid to 3-

hydroxylmethylmefenamic acid by the cytochrome P450 

(CYP2C9) enzyme, metabolite I is produced. 3-

carboxymefenamic acid– as metabolite II– might be 

produced in a third oxidation process [9]. Mefenamic acid 

is mainly excreted in the urine as 3-carboxymefenamic 

acid-21 percent and 3-hydroxymefenamic acid-25 percent, 

with glucuronides (6 %). The faces may have a 20% 

reduction in dosage. It takes around two hours for 

mefenamic acid to completely disappear [10]. By 

integrating mefenamic acid into a nanocarrier-loaded gel, 

the medicine may be administered directly to the afflicted 
joints, improving local therapeutic benefits while reducing 

systemic exposure. MA emulgels may be made using 

different gelling agents to increase the solubility, 

bioavailability, and stability of the topical emulgel 

formulations, according to the literature search I stated 

earlier [11]. The present study aims to design, formulate, 

evaluate, and conduct comparative studies on nanocarrier-

loaded topical gel formulations of mefenamic acid designed 

for the management of rheumatoid arthritis. 

 

MATERIALS & METHOD 
The transferosomes loaded gel formulation of mefenamic 

acid made use of analytical quality chemicals and reagents 

[13] supplied by Sisco Research Laboratories Pvt. Ltd. 

(SRL), Mumbai, India. Phospholipon 90G (≥95% purity) a 

phospholipid, acting as the primary phospholipid and 

sodium cholate component in the matrix, was obtained from 

SRL and stored at 4 °C to maintain lipid stability during 

experimental use. Mefenamic acid (API grade) was 

purchased from Yarrow Chem Products, Mumbai, India, 

and its identity and purity were verified through spectral 

analysis prior to formulation. Mefenamic acid (2- [benzoic 

acid (2,3-dimethylphenyl) amino]), solvents (e.g., ethanol, 

chloroform), buffer solutions (pH-adjusted), and Eudragit 
RL 100 were utilized in this study. All other chemicals and 

reagents used were of analytical grade and were used as per 

standard procedures. 

Transferosomes Preparation: 

The transferosomes were produced by dissolving 

phospholipon 90G (phospholipid), sodium cholate, and 

edge activators (such as surfactants) in a solvent system of 

chloroform and ethanol. After adding mefenamic acid, 

stirring was done using a rotary evaporator that was set at 

43 °C to effectively eliminate organic solvents, thus 

forming lipid films on the walls of the flask. 

The dried lipid film was rehydrated using a phosphate 
buffer solution (pH 7.4) with polyvinyl alcohol under gentle 

stirring for 15 min. The suspension was equilibrated at 2–

8°C for an hour before it was used. They were used because 

of their flexibility and improved skin permeation which are 

desirable in topical treatment for rheumatoid arthritis 

[12,13]. 

 

Particle Size Analysis 

Particle Size and Polydispersity Index (PDI) of the 

Formulations Containing Mefenamic Acid (MA) 

Nanoparticles were motivated to assess the homogeneity 
and size distribution of the formulation. 

DSC (Differential Scanning Calorimetry) 

Differential Scanning Calorimetry was performed to 

investigate the physical state of MA inside the nanoparticles 

and to determine whether any changes in their thermal 

properties occurred [14]. 

Zeta Potential Measurement 

The zeta potential was assessed with a Zetasizer [15] for 

studying the stability of MA-loaded nanocarrier gel. 

Encapsulation Efficiency 

Next, the ability of MA-loaded nanocarrier to encapsulate 

drugs was also determined by measuring the encapsulation 
efficiency (EE) of MA in nanoparticles [28]. In total, 10 mL 

of MA-loaded nanoparticle suspension was placed into a 

centrifuge tube and centrifuged at 15,000 rpm for 40 min at 

4°C. The supernatant was slowly removed, and the 

concentration of MA in the supernatant was measured by 

UV spectrophotometer (USA) calibrated at a wavelength of 

287 nm after centrifugation. Mefenamic Acid Polymer solar 

(BMP) polymer development and formulations were 

assayed for encapsulation efficiency / drug loading 

percentages According to predetermined criteria 

In Vitro Release Studies 
The in vitro drug release from the transferosomal gel 

formulations was studied using a modified Franz diffusion 

cell to characterize the release kinetics and profiles [16]. 

In vitro skin permeation studies 

The transferosomal gel formulations were investigated for 

dermal transport efficiency across excised skin by in vitro 

permeation studies [17]. 

  In vivo studies: 
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In vivo studies were performed to determine the 

pharmacological effectiveness of mefenamic acid 

incorporated into transferosomal gel formulations in RA 

treatment. The above formulations were applied topically to 

Wistar rats to evaluate their anti-inflammatory activity, drug 
localization, and joint protection effects. 

Animal model and grouping 

Twenty-four Wistar rats (8-10 weeks; 200-250 grams) were 

used for this experiment. These rats were housed in an 

environmentally-controlled atmosphere with regulated 

temperature and humidity, 12 hours' light/dark cycle, and 

unrestricted access to standard food and water. There was a 

one-week acclimatization period before commencing the 

experiment to minimize environmental stress and maintain 

physiological stability. 

The rats were grouped into four groups randomly, with six 

rats (n = 6) in each group. 
Group I: Healthy Control: Untreated healthy rats 

Group II: Arthritis (RA): MHC Class II Tgene. This group 

acts as the disease control. 

Group III: CIA -Untreated: This group acts as the 

disease control. 

Group III: Transferosomal Gel: Transfersomally loaded 

methotrexate (MTX) was administered topically once a day 

for 14 days for rats with induced arthritis. 

Group IV: Diclofenac: Rats with induced arthritis were 

treated with diclofenac (standard anti-inflammatory) agent 

topically once a day for 14 days. [18] 

Results and Discussion: 

Different Formulation Batches of and Performance  

Metrics for Transferosomes: 

Various transferosomes formulations were made using 

phospholipon 90G, sodium cholate, methyl paraben, and 

polyvinyl alcohol at various concentrations. 

The evaluation of the performance of the transferosome 

formulations was carried out by considering the size, 

entrapment efficiency, and drug release.Transferosomal 

gel Batches (F1-F9) 

The transferosomal gel formulations (F1-F9) featured 

higher concentrations of Phospholipon 90G and sodium 
cholate along with polyvinyl alcohol to enhance the 

flexibility and stability of the vesicles. These formulations 

exhibited particle sizes from 4.60±0.19 µm to 8.96±0.45 

µm. The entrapment efficiencies for transferosomes ranged 

from 48.93±0.44% to 91.04±0.24%. The cumulative drug 

release values for these formulations ranged from 78.2% to 

98.04%.[19] 

The transferosomal formulations F7 were the most 

promising in terms of both drug encapsulation and 

controlled release, indicated their potential for enhanced 

drug delivery in topical formulations for conditions like 
rheumatoid arthritis. 

 

 

Table 1: Different Formulation Batches' Composition 

(%w/w) 

Form

ulatio

n 

Phosp

holipo

So

diu

m 

Pol

yvin

yl 

Me

thyl 

Par

Part

icle 

Size 

% 

Entr

apme

n 90 G 

(mg) 

Ch

ola

te 

(m

g) 

Alc

ohol 

(mg

) 

abe

n 

(mg

) 

(µm

) 

nt 

Effici

ency 

F1 90 48 - - 5.86

±0.2
9 

78.02

±1.31 

F2 80 42 - - 5.76

±0.3

9 

75.04

±1.12 

F3 75 45 - - 4.60

±0.1

9 

69.04

±1.33 

F4 78 50 35 10 7.26

±0.3

9 

80.45

±0.49 

F5 80 51 40 13 6.91

±0.5

6 

81.06

±0.51 

F6 81 60 50 15 6.52

±0.8

7 

65.18

±1.25 

F7 91 43 55 19 8.32
±0.7

3 

91.04
±0.24 

F8 84 52 60 18 8.96

±0.4

5 

65.45

±0.57 

F9 72 53 65 13 6.94

±0.3

5 

48.93

±0.44 

 

Differential Scanning Calorimetry (DSC): 

Transferosomes proved to be the most efficient for drug 

release. Differential Scanning Calorimetry (DSC) and FTIR 

studies confirmed the compatibility of excipients across all 

formulations, with no significant drug-excipient 

interactions.[20] 
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Figure 1: DSC Graphs of different formulations and 

their comparison 

 

Estimation of percent yield values: 

F9 has demonstrated high percentage yield (75.0 ± 0.87). 

percent yield values ranged from 53.6 ± 1.59% to 75.0 ± 

0.87%, with F9 being the most efficient. 
 

Table 2: Mean Percent Yield Value for different 

formulations and batches 

 

Formulation Triplicate 

Readings (% 

Yield) 

Mean (% 

Yield) 

F1 52.7, 54.5, 53.5 53.6±1.59 

F2 60.5, 59.8, 60.6 60.3±1.20 

F3 61.8, 62.9, 63.4 62.7±1.45 

F4 65.9, 66.3, 64.3 65.5±1.25 

F5 68.7, 69.3, 68.8 68.9±1.05 

F6 70.1, 70.5, 70.6 70.4±0.95 

F7 72.1, 72.6, 72.2 72.3±0.88 

F8 73.7, 74.6, 74.0 74.1±0.78 

F9 74.8, 75.1, 75.2 75.0±0.87 

 

 

FTIR Study: 

FTIR spectroscopy was utilized to assess potential 

molecular interactions and identify characteristic functional 

groups within the transferosomal formulations. This study 
focused on identifying characteristic peaks of key 

functional groups within the wavenumber range of 400–

4000 cm⁻¹ for different formulations (F1-F9).[21] 

 

Figure 2: FTIR Graphs of several different 

formulations 

 

ZETA Potential study: 

The optimized formulation, F7, was identified based on its 

superior particle size, drug release, and entrapment 

efficiency among the all transferosomes tested. The zeta 

potential value of F7 was recorded at -35.79 mV, it 

indicated excellent electrostatic stability. This high zeta 

potential value confirmed that the formulation has sufficient 

repulsive forces to prevent aggregation, thus enhanced its 

stability over time. These results confirm the reliability of 
F7 as a novel drug carrier system that ensures efficient 

therapeutic delivery.. 

 

Table 3: Zeta Potential of different formulations along 

with its batches 

Formulation F1 Zeta Potential (mV) 

F1 -28.59 

F2 -30.1 

F3 -29.8 

F4 -31.2 

F5 -32.7 

F6 -29.5 

F7 -35.79 

F8 -30.4 

F9 -29.9 
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In Vitro skin Studies: 

The in vitro evaluation of skin permeation was conducted 

to characterize both the drug release profile and topical 

transport efficiency of MA-loaded nanocarrier gels 

intended for RA treatment. The study utilized Franz 

diffusion cells with rat skin to simulate the human skin 

barrier.[22] 

In vitro drug release studies of mefenamic acid from 

transferosomal formulations were performed over a 48-

hour period. The cumulative release of the drug from each 

formulation was quantified at predetermined time points of 

1, 2, 4, 8, 16, 24, and 48 hours to characterize the release 

kinetics and profile. (F1–F3) showed a gradual drug 

release over time, with F1 reaching 78.2% release at 48 

hours, F2 reaching 84.5%, and F3 reaching 88.3%. (F4–F6) 

displayed a moderate drug release, with F4 reached 88.2% 

at 48 hours, and F5 and F6 showed nearly complete release 
(97.7% and 97.9%, respectively).  (F7–F9) demonstrated 

the fastest and highest drug release with F7 reached 

98.4%, F8 at 98.1%, and F9 at 97.2% at 48 hours. 

Transferosomes exhibited a high release efficiency, it 

made them the most effective formulation for sustained 

drug delivery.[23] 

 

 
 

Figure 3: Cumulative drug release 

     In Vivo skin Studies: 

Induction of Rheumatoid Arthritis 

Collagen Preparation: 

Type II Collagen (CII): Collagen type II, typically bovine 
or chicken cartilage-derived, is used to induce autoimmune 

arthritis. It is dissolved in acetic acid (0.1M) in a 

concentration of 2mg/ml. The collagen solution is 

sterilized using a 0.22 µm filter [24-30]. 

Anti-arthritic activity in vivo. 

The model of rat paw edema was used to test the 

effectiveness of mefenamic acid loaded transferosomal 

gels. The measurement of the volume of paws was done in 

order to observe the antiflammatory action and reduce the 

edema. 

Table 4: Effect of mefenamic acid-loaded 

transferosomal gels on paw volume of animals 

Group Day 

0 

Day 

3 

Day 

7 

Day 

14 

Day 

21 

Day 

28 

Standard 

Control 

0.34 

± 

0.02 

0.36 

± 

0.01 

0.38 

± 

0.02 

0.36 

± 

0.04 

0.36 

± 

0.02 

 

0.35 

± 

0.02 

Disease 

Control 

0.37 

± 

0.04 

0.08 

± 

0.02 
 

0.84 

± 

0.04 

1.20 

± 

0.05 

1.40 

± 

0.04 

1.25 

± 

0.05 

Diclofenac (10 

mg/kg) 

0.35 

± 

0.02 

0.75 

± 

0.03 

0.74 

± 

0.03 

0.65 

± 

0.03* 

0.50 

± 

0.02* 

0.45 

± 

0.02* 

Transferosomal 

Gel (200 

mg/kg) 

0.35 

± 

0.03 

0.68 

± 

0.04 

0.81± 

0.04 

0.80 

± 

0.04 

0.75 

± 

0.03 

0.73 

± 

0.03 

 

Results are expressed as mean ± SD (n = 6). Statistical 

comparisons between groups were performed, with *p < 

0.05 denoting a statistically significant difference. The 

dose-dependent reduction in paw edema, improvement in 

body weight, and decrease in arthritic index observed in 
tansferosomal Gel (200 mg/kg) group were statistically 

comparable to the standard diclofenac treatment, 

confirming the therapeutic efficacy of the mefenamic acid-

loaded transferosomal gel.[31] 

Histopathological studies 

Histopathologically, there is clear structural disruption 

characterized by inflammatory cell infiltration, cellular 

edema, and degradation of epidermal structure. The dark 

staining and fractured layers indicate ongoing 

inflammation, tissue deterioration, and impaired skin 

barrier function—characteristics of RA-induced dermal 

stress. The application of transferosomal gel reveals skin 
tissue post-topical administration of the prepared gel. The 

tissue demonstrates significantly enhanced morphology: the 

epidermal layers are well-structured, exhibiting less 

inflammation and minimum cellular damage.  
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Figure 4: Histological sections of the Hind Paw Tissue 

(A-D) 

Figure 4: Histological sections of the Hind Paw Tissue (A-

D) A represents normal control (Healthy) group with no 

significant signs of inflammation or lesion appearance in 

the hind paw tissue; B represent RA Toxin induced(disease 

control) group exhibiting extensive inflammatory cell 
infilatration,indicating severe inflammation and tissue 

damage. In the treatment group varying degrees of 

inflammatory cell infiltration were observed indicating a 

treatment -dependent reduction in inflammation. C 

represents the diclofenac group. D represents 

transferosomal gel group demonstrating the most 

significant improvement with minimal inflammatory cell 

infiltration  comparable to the observed in the (c) diclofenac 

group. 

 

DISCUSSION 

The objective of this work was to enhance the topical 
delivery of mefenamic acid by incorporating it into 

nanocarrier systems and evaluating its performance in gel 

formulations. Oral mefenamic acid, while efficacious, has 

limitations with poor gastrointestinal tolerance and poor 

bioavailability. 

It is hence useful to have a system of localized delivery of 

the drug, especially when a long-term use of the drug is 

necessary for the management of some conditions like 

rheumatoid arthritis. 

This research focused on developing different kinds of 

nano-carrier systems and especially transferosomes for 
drug delivery. Drug compatibility was established using 

FTIR and DSC, confirming that the drug was stable and did 

not undergo chemical reaction with the chosen polymers 

during the formulation of the drug. The particle sizes, 

entrapment efficiencies, and in vitro release rates were 

dependent on the types of polymers and surfactants used. 

The formulation with transferosome had the highest 

entrapment efficiency (91.04 ±0.24) as well as the highest 

in vitro release rate (98.4%) but the largest size of vesicles. 

The contribution of different excipients like carbopol, 

tween, and ethyl cellulose was significant in determining 
the final characteristics of the vesicles. Higher surfactant 

levels increased vesicle deformability and release rate, 

while polymer concentration influenced gel consistency 

and drug diffusion. The deformability of vesicles enhanced 

the transport through the epidermis by the transferosome 

gel; therefore, the results suggested an efficient delivery of 

drugs to the inflammatory sites. These observations support 

the potential of transferosomes nanocarriers to overcome 
the common limitations of conventional topical NSAID 

formulations.[32] 

 

CONCLUSION 
The findings of the present study show that transferosome-

loaded gel formulations of mefenamic acid provide 

improved drug entrapment and enhanced in vitro release 

when compared to other nanoparticle systems. The 

optimized transferosome gel was able to retain a high 

amount of the drug while also allowing a sustained and 

efficient release profile suitable for topical application in 

rheumatoid arthritis. This suggests that transferosome-
based topical delivery may offer localized therapeutic 

action with reduced systemic side effects associated with 

oral administration. Therefore, the transferosome-loaded 

gel can be considered a promising approach for the 

therapeutic management of rheumatoid arthritis via topical 

administration.. 
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