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ABSTRACT: Aceclofenac is classified as a BCS Class II drug because of its low water solubility. Systemic adverse effects, such as 

anticoagulant effects, have been described when SRP is taken orally. The goal of this study was to see how well a topical Niosomal gel 

containing Aceclofenac (ACE) and Serratopeptidase (SRP) could deliver the drugs. Particle size, shape, entrapment efficiency, and in 

vitro properties of Niosomal formulations produced using the thin film hydration process at varied cholesterol and Span 40 ratios were 

studied.The average particle size of the Niosomal formulation was determined to be between 1 µm - 2µm. The entrapment efficiency of 

the Niosomal formulations F2 (1:1:1) and F6 (1: 2: 1) of cholesterol and surfactant was 65 percent and 66.4 percent, respectively. 

Niosomal formulation (F2 and F6) displayed high percentage of drug release after 12 hr. For the convenience of application, greater 

stability, reduced aspect effects, greater affected person compliance, and the convenience of discontinuation on desire, there were 

numerous advantages to deliver ACE through topical route. Therefore, topical therapy isn't most effective promising at the protection 

and efficacy fronts however additionally at the financial fronts too. Niosomal gel had greater pores and skin penetration, according to 

an in vitro study results. 
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Introduction 

Topical drug delivery systems include a large variety of 

pharmaceutical dosage form like semisolids, liquid preparation, 

sprays and solid powders. Most widely used semisolid 

preparation for topical drug delivery includes gels, creams and 

ointments [1]. Topical preparations are applied to the skin for 

surface, local or systemic effects. In some cases, the base may 

be used alone for its therapeutic properties, such as emollient, 

soothing or protective action. Many topical preparations, 

however, contain therapeutically active ingredients which is 

dispersed or dissolved in the base. The combination of active 

ingredients and base provides the opportunity for a wide range 

of topical preparations, appropriate for many types of drug 

delivery and therapy terms used to classify the bases of topical 

preparations in which therapeutically active ingredients are 

incorporated, may be based on their physical properties 

(suspension) or on their intended use (liniments) or on their 

composition (hydrophilic creams)[2].Topical preparation 

prevents the GI-irritation; prevent the metabolism of drug in the 

liver so as increase the bioavailability of the drug. Topical 

preparations give its action directly at the site of action. It can 

penetrate deeper into skin and hence give better absorption. 

Topical application has no of advantages over the conventional 

dosage forms [3].  

 

The term ‘Gel’ was introduced in the late 1800 to name some 

semisolid material according to their physiological 

characteristics rather than molecular composition [5-6]. A gel is 

a two-component, cross linked three-dimensional network 

consisting of structural materials. The structural materials that 

form the gel network can be composed of inorganic particles or 

organic macromolecules, primarily polymers. U.S.P. defines 

gels as a semisolid system consisting of dispersion made up of 

either small inorganic particle or large organic molecule 
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enclosing and interpenetrated by liquid. Gels consist of two 

phase system in which inorganic particles are not dissolved but 

merely dispersed throughout the continuous phase and large 

organic particles are dissolved in the continuous phase, 

randomly coiled in the flexible chains [7].. 

 

 

Nonsteroidal anti-inflammatory drugs (NSAIDs) 

NSAIDs are widely used throughout the world. Generally, they 

are well tolerated, but the occurrence of sometimes life 

threatening adverse events limits their use and results in 

substantial morbidity, mortality and increasing health care cost 

[8]. To increase the effect–risk ratio of NSAIDs, topical 

formulations have been developed. NSAIDs are medicines that 

are widely used to relieve pain, reduce inflammation, and bring 

down a high temperature [9]. They are often used to relive 

symptoms of headaches, painful periods, sprains and strains, 

colds and flu, arthritis, and other causes of long – term pain [10]. 

 

Aceclofenac Sodium 

Aceclofenac is an oral non-steroidal anti-inflammatory drug 

(NSAID) with marked anti-inflammatory and analgesic 

properties used to treat osteoarthritis, rheumatoid arthritis and 

ankylosing spondylitis. Aceclofenac belongs to BCS Class II as 

it possesses poor aqueous solubility [11-13]. 

 

Serratopeptidase 

Enzymes play an integral role in a biological world by offering 

their potential as a biocatalyst [14]. With their broad substrate 

affinity and robust catalyst, activity enzyme has been used for 

many decades in different areas including industries, agriculture, 

research, and development[15-16]. Serratiopeptidase has a long 

history in medicine and is widely used to combat various kinds 

of inflammation and inflammatory disorders [17]. 

Serratiopeptidase or serrapeptase is a protein (proteolytic) 

enzyme isolated from the non-pathogenic 

enterobacteria Serratia E15 found in silkworms. 

Serratiopeptidase often prescribed in various specialties like 

surgery, orthopedics, otorhinolaryngology, gynecology and 

dentistry for its anti-inflammatory, anti-endemic and analgesic 

effects [18]. A recent finding has suggested that serratiopeptidase 

reduces capillary permeability induced by histamine, 

bradykinin, and serotonin; breaks down abnormal exudates and 

proteins; facilitates the absorption of decomposed products 

through blood and lymphatics [19].Further, enzyme promotes 

wound healing and repair and restores the skin temperature of 

the inflamed area, burn or trauma to normal. The activity of 

serratiopeptidase remains stable and offer more efficiency in 

combination with the addition of metal ions like zinc and 

manganese [20]. 

Rheumatoid arthritis (RA) 

Rheumatoid Arthritis is an autoimmune, inflammatory disease 

that causes pain, swelling, stiffness, and loss of function in 

various joints (most commonly in the hands, wrists, and 

knees). Patients can experience an acute worsening of their 

symptoms—disease flare—but with early intervention and 

appropriate treatment, symptoms can be ameliorated for a certain 

duration [21-24]. 

 

Material and Method 

Material 

Aceclofenac was obtained as a gift sample from Welcure 

Pharmaceuticals, Indore. Serratiopeptidase (SRP) was obtained 

as a gift sample from Advanced Enzyme Technology, Thane, 

India. Sorbitan monopalmitate (Span 40) was a gift sample from 

Nikko Chemicals, India. Cholesterol was purchased from Loba 

Chemicals Ltd, India. Other materials and solvents used were of 

analytical grade. 

 

Method 

Niosomes were prepared by a thin film hydration method. The 

accurately weighed amount of span 40 and CHO were dissolved 

in 10 ml of the chloroform: methanol mixture (2:1) along with 

Serratopeptidase (5mg) and Aceclofenac (5 mg) in a round 

bottom flask (100ml) and the solvent was evaporated under 
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reduced pressure at room temperature, rotated continuously until 

the formation of thin lipid film. The formed film was hydrated 

with 10ml of PBS (pH 7.4). The hydrated niosomes were 

sonicated for 20 min using a bath sonicator to obtain niosomal 

dispersion containing both free and untrapped drugs of varying 

size. The unentrapped drug was extracted using centrifugation, 

and the drug-loaded niosomes were kept at 2–8°C for future 

analysis. 

Compatibility Test 

At a neutral pH, this study was carried out with specified 

excipients. Carbopol 934 was chosen as the polymer. The 

compatibility tests were all carried out at room temperature. The 

polymer dispersion (0.5 percent w/v) was treated with an SRP 

solution (1 percent w/v). The mixture was continually stirred 

(with a Remi Overhead Stirrer) and kept at room temperature for 

12 hours. Using the proteolytic test method, the proteolytic 

activity of the mixture was evaluated at zero hour and after 12 

hours. 

 

Characterization of Niosomes 

Microscopy & vesicle size analysis of Niosomes: Optical 

microscopy with a resolution of 45X confirmed niosome vesicle 

production. The dried thin layer of Niosomal suspension was 

noticed after the prepared niosomal suspension was placed over 

a slide and fastened over it. The niosomes were 

microphotographed using digital cameras attached to the 

microscope [25]. Ocular and stage micrometres were used to 

measure the size of the vesicles [26]. 

 

 

Entrapment Efficiency: Entrapment efficiency was determined 

using micro-centrifuge RM-12CDX. Niosomal suspension was 

centrifuged at 12000 rpm for 20 min. The wavelength of 

maximal absorption was determined in the range of 200-600 nm. 

At 375 nm, Aceclofenac's absorbance peaks. At 316 nm, the 

Isoabsorptive point was found. Absorbance of the drug was 

compared with the standard calibration curve and dilution factor 

were also calculated [27] : 

 % of drug encapsulated was calculated by following equation 

–  

 

EE% = [(Ct-Cf)/Ct)] × 100 

                                         Where,  

                                                      Ct is the concentration of 

total drugs 

                                                      Cf is the unentrapped drug. 

 

 

 

Assessment of the physical stability of topical niosomal gel: 

Physical stability study of the prepared topical niosomes gel was 

carried out to observe the leaching out of drug from niosomes at 

different temperature refrigerator condition (4±5˚C) and at room 

temperature (25±31˚C). Niosomes were observed for drug 

content respectively. 
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Preparation of Gel Base 

1gm of carbopol 934 were taken and dispersed into double 

distilled water (80ml). This solution  was stirred, at 800 rpm for 

1 hour. 10ml of propylene glycol was added to this solution. This  

mixture was neutralized by drop wise addition of 10% NaOH 

solution, while mixing was continued until a transparent gel 

appeared and finally volume was adjusted to 100ml. pH of the 

gel  base was adjusted to 6.5 [28].  

 

Physical Examination of Gel 

The colour, homogeneity, consistency, spreadability, and phase 

separation of the prepared Niosomal gel containing 

Acecelofenac and Serratopeptidase were visually evaluated. 

Each gel's pH was determined using a pH meter that had been 

calibrated with standard buffer solutions at pH 4, 7, and 9 before 

each usage. At room temperature, the electrode was put into the 

sample 10 minutes before the reading was taken. 

 

Preparation of Aceclofenac and Serratopeptidase Gel 

The prepared base gel was precisely weighed and added to the 

Niosomal dispersion while stirring. By adding distilled water 

drop by drop, the weight of the combination was adjusted up to 

10 gm. The mixture was kept at room temperature for 2 hours 

after completion of addition to allow it to hydrate to its 

maximum capacity. 

 

Measurement of viscosity: Viscosity measurements of 

prepared topical Niosomal based gel were measured by 

Brookfield viscometer using spindle no. 63 with the optimum 

speed of 10rpm; viscosity was found to be 2890 cps. 

Drug content: Accurately weighed equivalent to 10 mg of 

topical Niosomal gel of ACE and SRP was taken in beaker and 

added 20 mL of 0.01N HCl. This solution was mixed thoroughly 

and filtered using Whatman filter paper no.1. Then 1.0 mL of 

filtered solution was taken in 10 mL capacity of volumetric flask 

and volume was made upto 10 mL with 0.01 N HCL. This 

solution was analyzed using UV-Spectroscopy at λmax 251 nm. 

Drug content of topical Niosomal based gel was found to be 

7.82%. 

Drug release study: Release study of prepared Niosomal gel 

was determined by  Franz diffusion cell which consisted PBS 

(pH 7.4).1 mL of Niosomal gel were applied in a cellophane 

membrane (1200 Daltons) of diameter 2.5 cm & observed at 

different intervals of time [15]. Zero order, First order, Hixson’s 

crowell, Higuchi, Krosmeyer peppas equations were applied to 

in-vitro release results and correlation coefficient were found 

[29]. 
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Ex-vivo diffusion studies 

Franz Diffusion cell was used to performed ex-vivo skin 

permeation studies for entrapped niosomal gel formulations (). 

The receptor compartment contained phosphate buffer (pH 5.8) 

which was constantly stirred at 100 rpm with a small magnetic 

stirrer and controlled temperature at 37 ± 2 °C throughout the 

experiment. The abdominal skin of male rats (weighing 200 g) 

was taken for this study. The shaved rat skin was mounted with 

the stratum corneum side facing upwards to the donor 

compartment, and the subcutaneous side was in contact with the 

receiver medium. The gel was placed into the donor 

compartment and covered with paraffin film. The sample 

aliquots from the receiver chamber were collected at 30 min 1, 

2, 3, 4, 5, 6, 7, and 8 h respectively and analyzed by UV-VIS 

Spectroscopy at 221nm. The amount of drug permeated, drug 

flux, and the permeation coefficients were calculated for 

niosomes loaded gel formulations (). 

In-vivo anti-inflammatory study 

The animal study has been conducted as per the Animals 

(Scientific Procedures) Act. All the animals used in research 

work were cared for by trained, accountable staff, and housed in 

proper facilities. Before the animal study, the animal approval 

was obtained by IAEC (CPCSEA No. CPCSEA) Anti-

inflammatory study was performed by “Carrageenan induced rat 

paw edema” model using 24 albino rats of either sex weighing 

(100-150 g) and divided into 4 groups [shown in Table  In all 

groups, acute inflammation was induced by a sub-planter 

injection of 0.1 mL of freshly prepared 1% suspension of 

carrageenan in normal saline in the left hind paw of the rats. The 

paw edema volume was measured using “Plethysmometer” at 

every 15 min interval for 2 h after the injection of carrageenan. 

The average paw edema volume of all the groups were 

calculated and compared with that of control . 

 

Edema inhibition% = 1 – VtVc × 100                    

(Equation 8) 

Where, Vt = Mean edema volume of test, Vc = Mean edema 

volume of control. 

Skin irritancy study 
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The skin irritation test was performed on the healthy albino rat 

(200 g) for the best formulation by applying niosomes loaded gel 

formulation on the shaved portion of rat skin. The test was 

performed primarily by examining the rat to notice any changes 

after the application of the formulation. Then photographic 

imaging of an exposed portion of rat skin was taken out before 

and after subsequent application for 72 h that is after the study 

period and these images were compared determining the 

difference with the images taken before applying the formulation  

Ex-vivo diffusion studies 

The selected gels were evaluated for in-vitro skin permeation 

studies. In-vitro drug release of niosomal gel formulations were 

observed up to 8 h and showed a slow release pattern in all of 

the three niosomal gel formulations as shown in table . An 

inverse relationship was observed between the permeation rate 

and the viscosity of the gel formulation. The data is graphically 

represented in fig  

 

 

In-vivo anti-inflammatory activity 

In-vivo anti-inflammatory activity was performed using the 

“Carrageenan induced rat paw edema” model. Percentage 

inhibition of inflammation in control and treated groups was 

calculated for different formulations (Standard, F2, and F6) and 

results were shown in FIG AND TABLE . Percentedema 

inhibition was found maximum in both the niosomal gel 

formulations (F2 and F6) as compared to the standard (marketed 

plain gel) up to 2 h. Data significance was calculated for all 

formulations (standard, and test (F2 and f6)) to control groups 

and the test formulations (f2 and f6) were also compared. 
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Skin-irritancy study  

Based on the results obtained from the above studies, it has been 

found that formulation F2 showed optimum results within the 

desired range. Hence, formulation F2 was subjected to skin 

irritancy study on animals (albino rat). Following 3 days 

application of the niosome loaded gel; the results of the skin 

irritation test indicated that the f6 gel did not cause any skin 

reaction. It can be assured that Ibuprofen loaded noisome loaded 

gel did not cause any skin irritation and can be used as topical 

gel formulation. 

 

Result and Discussion 

Because of the higher drug entrapment efficiency and smaller 

vesicle size, hand shaking was used to make Niosomes in the 

current investigation. For the production of Niosomes, we chose 

Spans (surfactants). The entrapment efficiency of Span 40 was 

assessed using different molar ratios. F2 and F6 have improved 

drug entrapment by 65.10 % and 66.44 % respectively. The 

current study was conducted with the goal of overcoming issues 

associated with the oral mode of administration, as well as 

enhancing patient compliance by delivering sustained drug 

release [30-31].In the transdermal drug delivery system, the 

solubility and chemical structure of the molecule are crucial. The 

physical stability of Niosomes shows that at room temperature, 

the medication leaches more readily, but that it is stable when 

chilled. Because it prevents fusion, adding Niosomes to a gel 

basis improves their stability. 

After optimizing niosomes formulations; the best formulation 

was transferred into the gel system. All the formulations were 

shear thinning and exhibited pseudoplastic behavior. The flow 

behavior of the formulations was shown to be non-Newtonian 

pseudoplastic flow and thus said to have good rheological 

properties. The spreadability of formulated gels was decreased 

as the concentration of polymer increased. The values of 

spreadability indicate that the gel is easily spreadable by the 

small amount of shear. Ex-vivo diffusion study showed a linear 

relationship between the cumulative amount permeated and 

time, indicating zero-order permeation kinetics and the 

permeation of Ibuprofen was based on diffusion-controlled 

mechanism. The significantly low flux values of Ibuprofen were 

found in gels f2 and f6 as compared to that of niosomes loaded 

gels. The results showed decrease in drug permeation and drug 

flux values with increased concentration of xxxxxxxxx  that 

suggestsmucilage have a good binding to the system and 

therefore controlled the release of drug from the niosomal gel 

system . The in-vivo results of test formulations (f2 and f6) 

indicated high skin retention and enhanced penetration rates 

within the skin. According to both ex-vivo and in-vivo studies f6 

niosomal gel formulation showed better permeation and 

effectiveness as compared to F2 niosomal gel formulation. This 

probable reason may be due to higher skin retention and 

deposition of the f2 niosomal gel formulation resulting in higher 

partitioning of the drug into the rat paw which may be 

responsible for its prolonged and enhanced anti-inflammatory 

activity. Thus, formulation (f2) may help in improving the 

therapeutic index and is also expected to minimize the side 

effects due to selective build-up of drug concentration at the site 

of action. Skin irritancy results indicated that the f2 gel did not 

cause any skin reaction and can be used as gel formulation. 

 

 

Conclusion 

ACE displays high permeability to penetrate into synovial joints 

where in patients with osteoarthritis and related conditions, the 

loss of articular cartilage in the area causes joint pain, 

tenderness, stiffness, crepitus, and local inflammation. 

Aceclofenac is also reported to be effective in other painful 

conditions such as dental and gynaecological conditions [42-43]. 

Orally administered SRP has been reported to show systemic 

side effects like anticoagulant effects and is conventionally 

given in the form of enteric coated tablet formulations Topical 

formulations of Aceclofenac and SRP would be useful to treat 

local inflammations and may prove to be more effective 

compared to non steroidal anti -inflammatory agents.  Topical 

gel can be clinically effective, safe, and cost-efficient treatment 

compared to an oral formulation. NSAID’s having excellent 

anti-inflammatory and analgesic activity but NSAID’s produces 

undesirable serious adverse effects like GIT ulceration, liver and 

kidney trouble especially in case of oral administration. In view 

of adverse drug reaction associated with oral formulations, many 

NSAID’s are increasingly administered by topical route. 
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The developed formulation G2 is a viable alternative to 

conventional topical gels as it provides sustained delivery. 

Moreover, the natural mucilage, used in the gel, possess anti-

inflammatory properties suggesting to exert a synergistic action 

of niosomal gel system at the target site to improve overall 

effect. Thus, it can be concluded that the niosomes loaded gel 

can be a promising potential drug delivery system for topical 

application to efficiently target local pains for prolonged periods 

and to reduce the frequency of application of gels as compared 

to conventional gels. 
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