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INTRODUCTION 

Rheumatoid arthritis (RA) is a long-term autoimmune 

condition that leads to joint inflammation, pain, and 

progressive damage, severely impacting the quality of 

life of individuals affected by the disease. Sulfasalazine, 

a commonly used disease-modifying antirheumatic drug 

(DMARD), is effective in managing RA symptoms by 

reducing inflammation and halting joint deterioration. 

However, oral administration of sulfasalazine is often 

associated with systemic side effects, including 

gastrointestinal issues, liver toxicity, and hematological 

complications, which can limit its use and patient 

adherence to treatment. 

 

To overcome these limitations, the development of a 

topical delivery system using sulfasalazine- loaded 

nanoemulgel presents a promising alternative. 

Nanoemulgels, which combine the benefits of 

nanoemulsions and gel formulations, offer an efficient 

method for localized drug delivery, enhancing skin 

penetration and providing targeted effects at the site of 

inflammation. By applying sulfasalazine topically in a 

nanoemulgel form, it is possible to achieve higher drug 

concentrations at the affected joints, potentially 

improving therapeutic outcomes while minimizing the 

systemic side effects associated with oral administration. 

 

The formulation and evaluation of this nanoemulgel 

involve careful selection of excipients, optimizing drug 

entrapment, ensuring appropriate particle size, and 

conducting thorough stability and drug release testing. 

These factors are essential in determining the safety, 

efficacy, and performance of the final product. This 

research focuses on developing and evaluating a 

sulfasalazine-loaded nanoemulgel to enhance the 

treatment of rheumatoid arthritis while reducing systemic 

exposure and associated adverse effects. 

 

MATERIALS AND METHODS 

Sulfasalazine was obtained from Yarrow Chem. Products 
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ABSTRACT 

Rheumatoid arthritis (RA) is a chronic inflammatory condition that primarily impacts the joints, causing pain, 

swelling, and potential loss of function. Conventional treatment strategies often involve the systemic use of 

antiinflammatory drugs, which are associated with significant side effects. To address this, targeted drug delivery 

systems, particularly topical formulations, offer a more localized approach with reduced systemic exposure. This 

study aimed to develop and evaluate a sulfasalazine-loaded nanoemulgel for the effective topical management of 

rheumatoid arthritis. Method: Preformulation studies were conducted to assess the physicochemical compatibility 

between sulfasalazine and selected excipients (Arachis oil, Tween 80, Span 80). Nanoemulsions were prepared 

using ultrasonication method. Carbopol 934p was used as gelling agent. The optimized nanoemulsion was 

incorporated into a Carbopol-based gel to create the nanoemulgel. The prepared nanoemulgel was evaluated for 

various parameters including particle size, zeta potential, pH, viscosity, drug content, and spreadability. In vitro 

release studies were conducted using a Franz diffusion cell to assess the sustained release of sulfasalazine. Result: 

The nanoemulgel constituting Smix ratio 1:2 and 32% arachis oil was optimized formulation. The prepared 

nanoemulgel was yellow translucent in nature having a particle size of 210.8nm with PDI 0.33 drug content and 

drug release of optimized formulation were found to be 87.5 and 68.5 respectively. pH, viscosity, spreadability 

were found to be optimum. The stability data showed that the prepared nanoemulgel was stable for 3 month at 

various temperature. Conclusion: Sulfasalazine loaded nanoemulgel has been successfully formulated for topical 

delivery for the management of rheumatoid arthritis. 

 

KEYWORD:- Sulfasalazine, Nanoemulgel, Rheumatoid Arthritis, Topical Delivery, Arachis Oil. 

*Corresponding Author: Mubashira K. V. 

Department of Pharmaceutics, National College of Pharmacy, KMCT Medical College Campus, Manassery PO, Kozhikode 

673602, Kerala, India.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.ejpmr.com/


www.ejpmr.com          │         Vol 12, Issue 5, 2025.          │         ISO 9001:2015 Certified Journal         │ 

Mubashira et al.                                                             European Journal of Pharmaceutical and Medical Research 

331 

Ltd, Mumbai; All other chemicals and reagents used were 

of analytical grade. 

 

1. Preformulation study 

a. Description of drug: It is the initial evaluation 

during pre-formulation studies which assess the 

state, nature, color and odor of the substance. 

 

b. Determination of solubility: Aqueous solubility is 

an important physicochemical property of the drug 

substance which determines the systemic absorption 

as well as the therapeutic efficacy. Here, the quantity 

of the solvent required to dissolve one gram of pure 

drug substance was noted and categorized. 

Solubility of drug was determined by taking little 

quantity of drug (1-2mg) in the test tube and added 

the 5ml of solvent (water, ethanol, Diethyl ether, 

0.1N HCl, chloroform) shake vigorously and kept 

for sometime. note the solubility of drug in different 

solvents. 

 

c. Determination of λmax of Sulfasalazine: The 

λmax of the drug was determined for identification 

of the drug as the λ max is distinct for each drug. 

Take 5ml of methanol in volumetric flask of 10ml. 

add 10mg of Sulfasalazine in it. And add quantity 

sufficient buffer medium to prepare stock solution 

containing 1mg/ml sulfasalazine. Then a sample was 

taken from the stock solution and scanned from 200-

400nm by UV Visible spectrophotometer to 

determine the λmax. 

 

d. Determination of the calibration curve using pH 

6.8 Phosphate buffer: Preparation of calibration 

curve of Sulfasalazine in pH 6.8 phosphate buffer 

i. Preparation of phosphate buffer pH 6.8: Placed 

50mL of 0.2 M solution of potassium dihydrogen 

phosphate in 200 mL volumetric flask, and added 

22.4 mL of 0.2 M sodium hydroxide followed by 

addition of distilled water to makeup volume. 

ii. Calibration plot of Sulfasalazine in phosphate 

buffer pH 6.8.from the above standard stock 

solution 0.2,0.4,0.6,0.8,1.0ml was taken into 

100ml volumetric flask and individually made 

upto 100ml using phosphate buffer to prepare 2- 

10µg/ml. 

iii. All prepared solutions then analyzed 

Spectrophotometrically at 359nm and The 

calibration curve was plotted against absorbance 

vs concentration 

 

e. Determination of melting point: The melting point 

of the pure drug sulfasalazine was determined by 

capillary tube method using digital melting point 

apparatus and the temperature at which the drug 

melted was noted as melting point. 

 

f. Identification of drug: The identification of pure 

drug sample was carried out using FT- IR 

spectroscopy. The spectrum of sample obtained by 

FT- IR spectroscopy was compared with that of 

reference spectrum of Sulfasalazine in IP 2022. 

 

g. Drug – Excipient compatibility study: For any 

successful formulation, it is very important that the 

drug and the excipients are compatible. Degradation 

of drug may occur due to the addition of the 

excipients. The compatibility between drug and 

various excipients were evaluated by ATR- IR 

spectroscopy by peak matching method. The 

obtained spectrum was compared with the 

individual reference spectrum of pure 

Sulfasalazine and excipients. The physical mixture 

of equal proportions of Sulfasalazine and carbopol 

934p was prepared by trituration and blending in a 

mortar and pestle. 

 

2. Formulation of sulfasalazine loaded nanoemulgel 

 
Fig. 1: Formulation procedure of nanoemulgel. 
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I. Preparation of sulfasalazine loaded nanoemulsion 

a. Construction of pseudoternary phase diagram 

Pseudo ternary phase diagrams are used to determine the 

nanoemulsion region and it was constructed using 

Aqeous titration method. The effect of various surfactant 

cosurfactant ratio on nanoemulsion formulation can be 

studied using peudoternary diagram. The three 

components (oil, surfactant and cosurfactant) of a system 

are plotted on the three corners of the triangle and the 

diagram helps to get the concentration range of these 

components. The phase diagrams were constructed by 

ternary plot exploiting spontaneous-emulsification 

method. After each addition of water, sample was vortex 

very well and visually observes for appearance of any 

turbidity or other phase behaviour. Area of nanoemulsion 

region obtained after the construction of phase diagram 

was calculated by calibration plot method. 

 

Surfactant was mixed with cosurfactants (Smix) in ratio 

1:1,1:2,1:3,3:1 and 2:1. Then part of each Smix has been 

combined with oil in ratio of 9:1,8:2,7:3, 6:4,5:5,4:6, 

3:7,2:8,1:9 and vortexed for 5min, a transparent 

homogenous mixture of oil Smix component had been 

prepared. Then titration of the mixture was carried out 

by slowly adding distilled water and constantly viewed 

the clarity of the solution, end point was noted when 

turbidity appeared. Then percentage of formulation 

component was calculated and constructed the 

pseudoternary phase diagram. 

 

b. Procedure for the preperation of nanoemulsion 

The nanoemulsion is prepared by high energy method, 

ultrasonication. The rough emulsion is converted into 

desirable nano-sized emulsion droplets using a sonicator 

probe. High- intensity sound waves having a frequency 

of even more than 20 kHz are generated by the 

piezoelectric sonicator probe. which has the ability to 

shatter the rough emulsion into nano- sized droplets (5-

500nm). Different types of probes with varying 

dimensions are available for reduction in size up to 

recommended values. The sonication input intensity, 

time, and the probe type affect the droplet scale. 

Sulfasalazine is taken in a glass beaker, oil 

phase(Arachis oil) is added to it andstirred with a 

magnetic stirrer for 15min and sonicated for 30min. Then 

span 80 is inserted to the above solution and stirred for 

15min. A preheated aqeous phase containing distilled 

water and tween 80 homogenised using probe sonicator 

for 30min. With continous stirring on a magnetic stirrer 

water phase is added to oil phase and emulsion is 

sonicated for 90min. 

 

II. Procedure for the preparation of sulfasalazine 

nanoemulgel 

Nanoemulgel containg Sulfasalazine were prepared using 

carbopol 934p, triethanolamine and deionized water. 

 

a. Preparation of gel base 

The required amount of carbopol 934p for 1%w/v were 

taken and dispersed in water for 24 h for complete and 

uniform swelling. Triethanolamine was added to 

neutralise the pH to around skin pH. 

 

b. Preparation of nanoemulgel 

The optimized Nano emulsion is mixed with the prepared 

gel base by incorporation method. 

 

III. Characterization of sulfasalazine loaded 

nanoemulsion 

A. Entrapment efficiency 

B. Drug content 

C. Particle size, Polydispersity index and Zeta potential 

D. Shape and Surface Morphology Studies 

 

A. Entrapment efficiency 

Entrapment efficiency was determined through 

centrifugation. It was done by assessing the unentrapped 

drug in the aqeous phase, withdrawn by centrifugation at 

5000rpm for 20min and filtered the supernatant, further 

dilutions were made and analyzed using UV 

spectrophotometer at λmax 359nm. % Entrapment 

efficiency calculated by using the following equation:69 

 
 
B. Drug content 

The drug content of prepared Sulfasalazine loaded 

nanoemulsion was determined using UV- 

spectrophotometer. About 2ml of Sulfasalazine loaded 

nanoemulsion was incorporated into the centrifuge tube. 

Centrifugation at 5000rpm for 30min was done. The 

supernatant was collected and absorbance measured at 

λmax of 359nm using UV spectrophotometer. To extract 

entrapped drug in Sulfasalazine loaded nanoemulsion, 

1ml of methanol and sediment was subjected to vortexing 

for 5min, mixture then diluted with phosphate buffer of 

pH 6.8 again absorbance calculated at λmax of 359nm by 

using UV spectrophotometer. Drug contents of 

supernatant and sediment were added to get the total 

drug content of the nanoemulsion. 

Drug content= 𝑫𝒓𝒖𝒈 𝒊𝒏 𝒔𝒖𝒑𝒆𝒓𝒏𝒂𝒕𝒂𝒏𝒕 + 𝑫𝒓𝒖𝒈 𝒊𝒏 

𝒕𝒉𝒆 𝒔𝒆𝒅𝒊𝒎𝒆𝒏𝒕 
 
C. Particle size, Polydispersity index and Zeta 

potential 

Particle size, Polydispersity index and Zeta potential 

were measured by dynamic laser scattering or photon 

correlation spectroscopy using a Malvern Zeta sizer 

Nano ZS (Malvern Instruments, Malvern, UK). 2ml of 

the Nanoemulsion vortexed and/ or sonicated for few a 

minutes at 25º C and a scattering angle of 90º. To 

determine the zeta potential, nanoemulsion was taken in 

disposable zeta cells and measured by Malvern zeta 

sizer. Each sample was measured in triplicate. The zeta 

potential of nanoparticles is commonly used to 

characterize the surface charge property of nanoparticles. 

 

D. Scanning electron microscopy 

Nanoemulgel morphology was studied using scanning 
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electron microscopy. The globules' three dimensional 

image is provided via SEM. The samples are inspected at 

various magnifications and an appropriate accelerating 

voltage, typically 20 kV. SEM is used to acquire the 

functional study of the surface morphology of the 

dispersion phase in the formulation. To automatically 

analyse the form and surface morphology, image analysis 

tools might be used. 

 

IV. Characterization of sulfasalazine loaded 

nanoemulgel 

A. Physical appearance 

The formulated nanoemulgel was visually examined for 

color, homogeneity, stability and consistency. 

 

B. pH measurement 

Using a pH metre, the prepared gellified emulsion's 1% 

aqueous solution pH values are determined (Digital pH 

metre). The pH of nanoemulgel is dependent on the 

intended use, such as on the skin or another mucous 

membrane. Human skin pH is estimated to range 

between 4.5 to 6. 

 

C. Viscosity 
The viscosity of the prepared nanoemulgel was measured 

using a Brookfield viscometer, (LVDVE Brookfield 

Engineering Laboratories) at room temperature. A cone 

and plate viscometer with spindle 52 coupled to a 

thermostatically controlled circulating water bath, the 

viscosity of the various emulgel compositions is assessed 

at 25°C. 

 

D. Spreadability 

The spreadability of the topical preparation will 

influence the therapeutic efficacy of the produced 

formulation. Spreadability refers to how easily a gel 

covers the application site on the skin and the affected 

area. The spreadability of nanoemulgels is assessed using 

two different glass slides (7.5x2.5cm). the first slide was 

attached with a wooden frame. On the top of the first 

slide 1g of nanoemulgel was placed, and second glass 

slide placed over first glass slide. Furthermore 100g 

weight was applied over second glass top. Due to 

overweight, air between the sandwiched nanoemulgel 

was removed. Spreadability was measured as the time 

(sec) required for a moving slide to cover a 

predetermined distance of 6.5 cm. The spreadability can 

be calculated using following formula:69 

 
Where, 

S- Spreadability 

M- weight attached to upper slide L-Length of glass 

slides 

T- Separation time of slides. 

 

E. In vitro drug release 

Drug diffusion investigations were conducted using the 

modified Franz diffusion cell. Nanoemulgel (1 g) was 

equally placed to the outer surface of the dialysis 

membrane, which was positioned between the donor and 

receptor compartment. A magnetic stirrer was used to stir 

the receptor chamber. Phosphate buffer 6.8 was used as a 

dissolution medium, and the cell's temperature was 

maintained at 37ºC. Sample (5.0 mL) was removed at 

appropriate intervals and replaced with an equivalent 

quantity of a fresh dissolution medium. Samples were 

analyzed at 359nm by using UV-visible 

spectrophotometer. To determine the overall amount of 

medication released at each time interval, cumulative 

adjustments are done. As a function of time, the total 

amount of medication released through the cellophane 

membrane is calculated. 

 

F. Drug kinetics 

The obtained permeation data were fitted to zero order, 

first order, Higuchi- Crowell and Korsmeyer -Peppas 

equations to understand the rate of drug release from the 

prepared formulations. The correlation coefficient values 

were calculated and used to find the fitness of the data. 

 

G. Short term stability studies final formulation 

Formulation was kept for Stability studies at 

400C/75%RH for 1 month and dissolution studies, pH 

and drug in vitro drug release was carried out. Results for 

pH of stability batches and results in in vitro drug release 

are compared. 

 

 

RESULTS AND DISCUSSION 

1. Preformulation studies 

a. Description of drug 

Table 1: Physical description of drug. 

Sl. No. Parameter Obtained result Reference 

1 State Solid Solid 

2 Colour Brownish yellow Bright yellow or brownish yellow 

3 Odour Odourless Odourless 

4 Nature Crystalline Crystalline 

 

The color, odor and the nature of the API was same as that mentioned in the IP. 
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b. Determination of solubility 

Table 2: Solubility of Sulfasalazine in various solvents. 

Sl No Solvent Obtained result 

1 Water Practically insoluble 

2 Ethanol Very slightly soluble 

3 Diethyl ether Practically insoluble 

4 Chloroform Practically insoluble 

5 0.1N NaOH Completely soluble 

 

c. Determination of λmax of Sulfasalazine 

The λmax of sulfasalazine was found to be 359 nm in 

phosphate buffer pH 6.8 and was used for further 

spectrophotometric evaluations. 

 

d. Determination of the calibration curve using pH 6.8 Phosphate buffer 

 
Fig. 2: Calibration curve of Sulfasalazine in pH 6.8 phosphate buffer. 

 

Table 3: Summary of analytical parameters. 

Sl. No Parameters Results 

1 Wavelength (nm) 359nm 

2 Slope 0.075 

3 Regression coefficient(R
2
 ) 0.999 

4 Regression equation 0.075x + 0.017 

 

The calibration curve of sulfasalazine in pH 6.8 

phosphate buffer was plotted using different 

concentrations of the drug (2, 4, 6,8,10 µg/ml) and by 

measuring absorbance at 359 nm. The plot of 

concentration V/s absorbance graph (Fig:26) showed a 

linear relationship with an R
2
 value of 0.99. Hence Beer-

Lambert’s law was obeyed. 

e. Determination of melting point 

The melting point was determined by the capillary 

method the and result was found to be 240.33 °C (Table 

10). The determined melting point was found to be 

within the range of the reference melting point. This 

confirmed the identity of the drug sample. 

 

f. Identification of drug 

 
Fig. 3: FT-IR spectrum of Sulfasalazine. 
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Sulfasalazine was identified by FT-IR spectroscopy and 

the FT-IR spectrum of Sulfasalazine was compared with 

that of standard spectrum. The sample spectrum showed 

all the characteristic peak in the relevant region. So, the 

given sample of drug was identified as Sulfasalazine. 

 

g. Drug- excipient combatibility test 

 
Fig. 4: FT-IR Spectrum of Sulfasalazine +Arachis oil+ Tween 80+ Span 80. 

 

The spectrum obtained from the physical mixture of 

Sulfasalazine, Arachis oil, Tween 80, Span 80 and 

Carbopol934p was compared with that of pure drug. All 

the major peaks present in the spectrum of pure drug 

were observed in the spectrum of physical mixture of 

drug and polymer without change in the position. This 

study indicated the absence of any chemical interaction 

between the drug Sulfasalazine and the polymers and 

thus confirming that the drug is compatible with the 

polymer used in the present investigation. 

Formulation of Sulfasalazine Loaded Nanoemulgel 

I. Preparation of sulfasalazine loaded 

nanoemulsion 

a. Construction of pseudoternary phase diagram 

Phase behavior of different components ((Oil phase, 

Smix phase and aqueous phase) of nanoemulsion was 

determined by phase diagram study. The phase diagrams 

were constructed by ternary plot exploiting spontaneous-

emulsification method. 

 

 
Fig. 5: Aqeous titration Method and End point Pseudoternary phase diagrams of different ratio. 

 

A nanoemulsion region were observed for ternary system 

(oil, surfactant and water) in phase diagram study. 

Formulation design of Sulfasalazine nanoemulsion was 

carried out by constructing the phase diagram exploiting 

spontaneous-emulsification method in different Smix 

ratio(1:1,1:2,1:3,2:1,3:1) and different oil, Smix raio 

(1:9,2:8,3:7,4:6,5:5,6:4,7:3,8:2,9:1). Smix ratio 1:2 

showed the highest region of nanoemulsion. 

 

 
Smix ratio 1: 2 
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a. Procedure for the preperation of nanoemulsion 

The nanoemulsion loaded with Sulfasalazine was 

prepared by probe sonicator by using surfactants tween 

80 and co surfactant Span 80, with varying Smix ratios 

1:1, 1:2, 1:3, 2:1, 3:1. F1-F9 Nanoemulsions were 

prepared using probe sonicator. The prepared 

nanoemulsion were subjected to evaluation parameters 

like entrapment efficiency, drug content, particle size 

determination, and zeta potential. 

 

 
Fig. 6: Prepared Nanoemulsion and Method. 

 

I. Preparation of sulfasalazine nanoemulgel 

Nanoemulgel containg Sulfasalazine were prepared 

using Nanoemulsion, carbopol 934p, triethanolamine 

and deionized water. 

 

 
Fig. 7: Sulfasalazine loaded nanoemulgel. 

 

I. Characterization of Sulfasalazine loaded nanoemulsion 

A. Entrapment efficiency 

Table 4: Entrapment efficiency. 

Formulation code Entrapment efficiency (%) 

F1 68.99 

F2 70.12 

F3 69.98 

F4 76.75 

F5 74.33 

F6 71.90 

F7 72.45 

F8 67.22 

F9 65.99 

 

The entrapment efficiency of the formulations was in the 

range of 65.99-76.75%. When concentration of polymer 

is increased, the entrapment efficiency of the 

nanoemulgel increased Formulation F4 was found to 

have highest entrapment efficiency. 

 

B. Drug content 

Table 5: Drug content of sulfasalazine loaded nanoemulsion. 

Formulation code Drug content (%) 

F1 76.1 

F2 79.8 

F3 77.4 

F4 87.5 
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F5 85.2 

F6 81.9 

F7 83.7 

F8 74.5 

F9 72.4 

 

The drug content of the formulation was in the range of 

72.4-87.5 %. F4 formulation shows best drug content 

among all 9 formulation. 

 

 

 

 

C. Particle size, Polydispersity Index and Zeta 

potential 

The particle size distribution of the best nanoemulsion 

formulation (F4) showed a mean particle size of 210.8 

nm and a poly dispersity index of 0.33 (Fig 34). The low 

value of poly dispersity index indicates the narrow 

variation in the size range of nanoparticles. 

 

 
Fig. 7: Particle size analysis of Sulfasalazine nanoemulsion(F4). 

 

The particle size distribution of the best nanoemulsion 

formulation (F4) showed a mean particle size of 210.8 

nm and a poly dispersity index of 0.3 (Fig 34). The low 

PDI indicates that the formulation show uniform particle 

size distribution. The small particle size indicates the 

stable emulsion. 

 

 

D. Shape and Surface morphology studies 

The SEM images of F4 formulation showed that the 

nanoemulsion had a smooth and spherical structure, 

indicating successful formulation. Some degree of 

particle aggregation visible, this could be due to 

deformation during drying or actual aggregation in the 

emusion, confirming effective encapsulation and stability 

of sulfasalazine within nanoemulsion. 

 

 
Fig. 8: SEM of Sulfasalazine Nanoemulsion (F4). 
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II. Characterization of Sulfasalazine loaded 

nanoemulgel 

A. Physical appearance 

All the formulations F1-F9 are Yellow to orange in 

colour, shiny and with out aggregates. 

 

 

 

 

 

 
Fig. 9: Nanoemulgel formulation. 

 

All the Sulfasalazine loaded nanoemulgels are same in 

color and clear without any aggregates, particles and 

fibers indicating excellent homogeneity of all 

formulations. Hence, was no physical interaction of the 

drug with excipients. 

 

B. pH measurement 

Table 6: pH of the formulations. 

Formulation code pH 

F1 6.1 

F2 6.0 

F3 5.9 

F4 6.3 

F5 6.1 

F6 5.7 

F7 6.2 

F8 6.4 

F9 5.8 

 

The pH of the formulations was found to be higher in F8 

and F4 formulations. This shows that the pH value is 

within the range near to that of skin pH. This is quite 

important for topical formulations because increase on 

the pH value may cause skin irritation. 

 

C. Viscosity 

Table 7: Viscosity of the formulations. 

Formulation code Viscosity (CPS) 

F1 1340.8 

F2 1785.6 

F3 2068.2 

F4 2215.4 

F5 2320.6 

F6 2980.7 

F7 3506.8 

F8 3750.7 

F9 3800.6 

 

F4 to F6 shows moderate viscosity formulations that 

likely provide a good balance between stability, 

controlled release, and ease of application. For topical 

applications, the ease of spreading on the skin is 

influenced by viscosity. F9 may be more difficult to 

spread evenly, while those with moderate viscosity F4 

offer a balance between ease of application and retention 

on the skin. 

 

 

 



www.ejpmr.com          │         Vol 12, Issue 5, 2025.          │         ISO 9001:2015 Certified Journal         │ 

Mubashira et al.                                                             European Journal of Pharmaceutical and Medical Research 

339 

D. Spreadability 

Table 8: Spreadability of the formulations. 

Formulation code Spreadability g cm/sec 

F1 6.2 

F2 5.2 

F3 4.8 

F4 6.4 

F5 6.1 

F6 5.9 

F7 4.3 

F8 5.1 

F9 4.7 

 

The spreadability of the formulations was found to be in 

the range of 4.3-6.4. Spreadability is an important factor 

to be considered in the formulation of gel. If the 

prepared gel is more viscous. Then the spreadability 

will be very less and the prepared gel is less or 

moderately viscous, the spreadbility of the product will be 

more, this is inversely proportional to each other. F4 has 

the highest spreadability value (6.4 g·cm/sec), indicating 

that this formulation is the easiest to spread. 

 

E. Invitro drug release 

 
Fig. 10: % Cumulative drug release of sulfasalazine loaded nanoemulgels. 

 

The NE formulation was subjected to in vitro release 

studies. The result obtained in in vitro release studies were 

plotted as percent cumulative drug release vs time. F4 

shows the highest cumulative release (68.5%), indicating 

a fast and extensive drug release over the entire 8-hour 

period. 

 

From the above evaluation parameters F4 has shown 

lower particle size, higher entrapment efficiency and 

higher invitro drug release rates. So, F4 formulation is 

considered as the best from the preliminary trial datas. 

 

F. Drug release kinetics 

Regression coefficient (𝑅2
) obtained for first order 

kinetics and zero order kinetics was 0.800 and 0.986 

respectively. The results indicate that the drug release 

follows nearing zero order kinetics. The coefficients 

obtained from Higuchi model was 0.986, indicating 

diffusion played a predominant role in the drug release 

procedure and drug diffusivity is constant. The in-vitro 

data as log percentage cumulative drug release versus time 

was fitted to korsmeyer equation, in order to understand 

the mechanism by which drug was released from 

formulation. Slope obtained from Korsmeyer-Peppas 

equation was the ‘n’ value and found to be 0.194 

indicating that the formulation follows fickian transport 

mechanism. 

 

G. Short term stability studies of final formulation 

The NE formulation was subjected to in vitro release 

studies. The result obtained in in vitro release studies 

were plotted as percent cumulative drug release vs time. 

F4 shows the highest cumulative release (68.5%), 

indicating a fast and extensive drug release over the entire 

8-hour period. From the above evaluation parameters F4 

has shown lower particle size, higher entrapment 

efficiency and higher invitro drug release rates. So, F4 

formulation is considered as the best from the 

preliminary trial datas. 
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Fig. 11: Results of in vitro drug release after 1 month stability study. 

 

CONCLUSIONS 
The sulfasalazine-loaded nanoemulgel formulation (F4) 

demonstrated promising potential for topical application 

in the treatment of rheumatoid arthritis. The formulation 

displayed favorable characteristics, including high drug 

entrapment efficiency, small particle size, and good 

electrostatic stability, all contributing to its effectiveness 

as a drug delivery system. The in vitro release studies 

revealed a controlled and sustained release of the drug, 

with formulation F4 showing the highest release rate, 

which adhered to zero-order kinetics. The release 

mechanism followed Fickian diffusion, indicating a 

gradual and predictable drug release. Furthermore, the 

stability studies confirmed the formulation’s resilience, 

with no significant changes observed in its dissolution 

patterns. These findings suggest that the sulfasalazine-

loaded nanoemulgel could offer an efficient, localized 

treatment for rheumatoid arthritis, reducing systemic side 

effects and enhancing patient adherence to therapy. 
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