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Abstract  Aim: The current study aims to formulate 
ethosomal gel loaded with serratiopeptidase to improve 
bioavailability and reduce systemic side effects. Methods: 
An ethosomal gel formulation loaded with 
serratiopeptidase was developed, optimized, and evaluated 
to facilitate topical drug delivery for enhanced therapeutic 
efficacy. Ethosomes were prepared using ethanol injection 
technique and 32 factorial design was used for optimization. 
Nine distinct ethosomal formulations with two different 
concentrations of soya lecithin and ethanol were evaluated 
for their % entrapment efficiency, vesicle size, drug 
content, and zeta potential. The optimized ethosomal 
formulations were mixed into the gelling base containing 
Carbopol 934(1%), triethanolamine and methylparaben. 
The drug content, viscosity, pH, spreadability and in-vitro 
drug release study employing Franz diffusion cell were 
further assessed for the generated ethosomal gel. Results: 
The optimized serratiopeptidase loaded ethosomal 
formulation F6 with Ethanol: Soya lecithin ratio of (0:1) 
showed a low vesicle size 158.6nm, % entrapment 
efficiency of 86.58 % and ZP was found to be -18.1 and 
PDI was 0.306. The cumulative present release of 
optimized ethosomal gel (F6) was shown the maximum 
release was found to be 79.10. TEM analyses for 
ethosomes nanoparticles were identified to be in spherical 
shape. On the basis of obtained results of serratiopeptidase 
loaded ethosomes, gel was formulated by incorporation of 
optimized formulation F6 into gel base. The gel of 
serratiopeptidase-loaded ethosomes was prepared by 
utilizing carbopol 934. The viscosity was found to be 

1742±1.20, spreadability 4.3±0.11 and pH 6.32±0.12. The 
SRP formulation was found to be stable too as per ICH 
guidelines. Conclusion: The study was successfully 
completed, focusing on formulating serratiopeptidase-
loaded ethosomes for topical delivery to minimize oral side 
effects and improve drug bioavailability. This approach 
presents a more effective option for drug delivery through 
the topical route. 

Keywords Ethosomes, Serratiopeptidase, Anti-
Inflammatory, Soya Lecithin 

1. Introduction
Inflammation is a complex physiological response 

characterized by symptoms such as redness, swelling, heat, 
pain, and often, impaired organ function. It is an essential 
part of the body's defense system where inflammatory cells 
are released to protect against harmful pathogens or to 
repair tissue damage. However, when inflammation 
becomes chronic, the immune system may continue to 
release these cells even without injury or infection, leading 
to tissue damage and contributing to the development of 
various chronic diseases, including arthritis and 
Alzheimer's disease [1-3]. 

While various medications exist to manage 
inflammation use of non-steroidal anti-inflammatory drugs 
(NSAIDs) and steroids is often limited due to their 
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significant side effects, which can complicate treatment. 
The ongoing quest for safer, more effective anti-
inflammatory therapies is essential, as controlling 
inflammation is vital for safeguarding health and 
preventing the long-term damage linked to chronic 
inflammatory conditions [4-6]. 

Serratiopeptidase is a proteolytic enzyme recognized for 
its anti-inflammatory and pain-relieving properties, and it 
is often used to treat conditions like rheumatoid arthritis, 
osteoarthritis, and ankylosing spondylitis. As a BCS class 
IV drug, it has low permeability and solubility, yet it 
effectively targets cyclooxygenase enzymes (COX-I and 
COX-II), which are involved in the production of 
inflammatory mediators like prostaglandins and 
interleukins. Serratiopeptidase is used to manage various 
inflammatory disorders. It is also used to treat conditions 
such as arthritis, sinusitis, bronchitis, fibrocystic breast 
disease, and carpal tunnel syndrome, helping to reduce 
inflammation and alleviate associated symptoms [7]. 

Many peptide drugs exhibit poor oral bioavailability due 
to the stomach's acidic environment, low intestinal 
mucosal permeability, and the highly proteolytic nature of 
the gastrointestinal tract. When taken orally, 
Serratiopeptidase (SRP) has been linked to systemic side 
effects, including anticoagulant activity. Additionally, the 
drug is extensively metabolized in the liver during the first 
pass, which further diminishes its effectiveness. 
Furthermore, the use of Serratiopeptidase increases the risk 
of severe gastrointestinal adverse events, such as bleeding 
and ulcer formation [8, 9]. 

To minimize systemic side effects, enhancing 
bioavailability is a promising strategy for delivering 
Serratiopeptidase (SRP) topically. Given the adverse 
effects associated with oral administration, exploring 
alternative delivery methods for SRP is crucial. Topical 
delivery not only improves the drug's bioavailability but 
also reduces side effects while enhancing therapeutic 
efficacy. This study aims to design, characterize, and 
evaluate a Serratiopeptidase ethosomes to improve 
bioavailability and mitigate the oral side effects. 

Drugs such as analgesics, hormones, scopolamine, and 
nicotine have been successfully delivered via topical 
administration as an alternative to traditional methods. 
This approach offers the advantage of bypassing first-pass 
hepatic metabolism, thereby increasing bioavailability. 
However, drug absorption and penetration present 
challenges with this route. Topical administration also 
mitigates issues like fluctuating plasma drug 
concentrations and overdose risks associated with 
corticosteroids, offering a safer, non-invasive alternative 
for drug delivery. The main challenge in effective topical 
drug administration is the stratum corneum, the skin's 
outermost layer, which serves as a barrier. To overcome 
this issue, various drug delivery systems have been 
developed to enhance the ability of drug to pass through 
the epidermal layers [10, 11]. 

Ethosomes are advanced vesicular carriers developed to 
improve drug delivery through the skin. These vesicles, 
ranging in size from 10 nanometers to several microns, are 
essentially modified ethosomes with a high ethanol content. 
The ethosomal system comprises phospholipids, ethanol 
and water, enabling it to effectively penetrate the skin and 
facilitate deeper delivery of active compounds into the skin 
layers and throughout the body. Ethanol in ethosomes 
hydrates both the ethosomal lipids and the intercellular 
lipid bilayers of the stratum corneum, allowing the flexible, 
soft vesicles to efficiently traverse these lipid barriers, thus 
improving drug absorption and efficacy [12, 13]. 

2. Materials and Method 

2.1. Materials 

Serratiopeptidase was kindly provided as a gift sample 
by Advanced Enzyme Technology, Thane, India. 
Cellophane membrane, soya lecithin, cholesterol, 
Carbopol 934 and other ingredients were bought from Hi-
Media Lab Pvt, Ltd in Mumbai, India. All other reagents 
used were of analytical grade. 

2.2. Physical Characteristics 

The drug's physical properties including appearance, 
odour, colour and texture, were thoroughly examined to 
ensure consistency, stability and overall quality. These 
characteristics played a crucial role in assessing the 
formulation’s suitability for intended topical applications. 

2.3. Compatibility Studies 

2.3.1. Fourier Transform Infrared Spectroscopy (FTIR) 
The identity of the serratiopeptidase sample was 

confirmed by comparing its Fourier Transform Infrared 
(FT-IR) spectra with the reference FT-IR spectrum of the 
pure drug. FT-IR is a powerful analytical technique that 
identifies molecular components by analyzing the 
functional groups within a molecule. The spectra of 
purified serratiopeptidase were obtained using a Shimadzu 
IR Affinity-1S spectrometer. Additionally, the 
compatibility of serratiopeptidase with soya lecithin and 
Carbopol 934, used in the formulation of an ethosomal gel, 
was assessed through IR spectroscopy. The spectral 
analysis was conducted across the range of 400 to 4000 
cm⁻¹ with a resolution of 4 cm⁻¹, ensuring precise detection 
of functional groups [14]. 

2.3.2. Estimation of Melting Point 
The melting point is a crucial parameter for both 

identifying a substance and assessing its purity. In this 
study, Differential Scanning Calorimetry (DSC) was used 
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to measure the melting point of serratiopeptidase. The gain 
insights into the physical interactions between the 
formulation components, the thermal behavior of pure 
serratiopeptidase and its physical mixture was examined 
using a DSC-60 instrument (Shimadzu, Japan). The 
analysis involved heating the sample. The samples were 
enclosed in aluminum pans and heated from 30°C to 300°C 
at a controlled rate of 5°C per minute under a nitrogen 
atmosphere providing detailed thermal data for the 
formulation [15]. 

2.4. Experimental Design 

The optimization of the ethosomal formulation was 
conducted using a two-factor, three-level (3²) full factorial 
design, with analysis performed using State Ease Inc. 
software. USA software. This method involves conducting 
experimental trials across nine possible combinations of 
the selected variables. The independent variables included 
X1: Soya lecithin concentration (% w/v) and X2: Ethanol 
concentration (% w/v), which were evaluated at low, 
medium, and high levels. The dependent variables, Y1: 
Vesicle size (nm) and Y2: Entrapment efficiency (%), were 
assessed to determine the effectiveness of the formulation. 
Throughout the process, the concentration of 
serratiopeptidase remained constant across all nine batches, 

ensuring consistency and facilitating a clear evaluation of 
how the independent variables affect the ethosomal 
formulations as shown in Table 1 [16]. 

2.5. Preparation of Ethosomes Containing 
Serratiopeptidase 

The serratiopeptidase-loaded ethosomal formulation 
was made using the ethanol injection technique established 
by Touitou et al. Briefly, serratiopeptidase and soya 
lecithin were dissolved in ethanol using a magnetic stirrer 
at 700 rpm at 30°C ± 5°C in an airtight container. 
Throughout the experiment, a temperature of 30°C ± 5°C 
was maintained while the phosphate buffer solution (PBS) 
was continuously incorporated at a 200 µl/min rate into the 
ethanolic solution. For an additional 10 minutes, the 
mixture of the two solutions (PBS solution and ethanol 
solution) was maintained through stirring.[11] A milky 
ethosomal suspension was made and it was stored at 4 °C 
overnight for swelling. The ethosomal vesicles were 
filtered through 0.45 µm and 0.20 µm sterile syringe filters 
to decrease their size, followed by storage at 4°C to 
maintain stability and produce smaller vesicles. To gain 
deeper insights, nine different formulations were prepared, 
each utilizing varying ratios of phospholipid and ethanol 
show in Table 2 [17]. 

Table 1.  Variables and their levels 32 factorial design 

Variables 
Levels used actual (coded) 

Low (-1) Medium (0) High (+1 ) 

Independent variables  

X1: Soya lecithin (% w/v) 2 3 4 

X2: Ethanol (%w/v) 30 35 40 

Dependent variables  

Y1: Vesicle size (nm) Minimum 

Y2: Entrapment efficiency (%) Maximum 

Table 2.  Formulation table of serratiopeptidase entrapped ethosomes 

Formulation Soya lecithin (mg) Ethanol (ml) PBS 7.4 pH (ml) Cholesterol (mg) Drug (mg) 

F1 400 6 14 20 20 

F2 400 7 13 20 20 

F3 400 8 12 20 20 

F4 600 6 14 20 20 

F5 600 7 13 20 20 

F6 600 8 12 20 20 

F7 800 6 14 20 20 

F8 800 7 13 20 20 

F9 800 8 12 20 20 
 



 Advances in Pharmacology and Pharmacy 13(4): 500-512, 2025 503 
 

2.6. Characterization of Ethosomes Containing 
Serratiopeptidase 

2.6.1. Estimation of Vesicle Size and Zeta Potential 
The size and size distribution of serratiopeptidase 

ethosomes were determined using dynamic light scattering 
(DLS) with a Zetasizer Nano ZS. Measurements were taken 
at a backscattering angle of 173°, and all tests were 
conducted at 25°C. By using a Zetasizer, the vesicular 
formulation's zeta potential was also determined. 
Measurements of the electrophoretic mobility for vesicle 
size determination, zeta potential and polydispersity index 
were done at 250°C while the sample utilized for the 
analysis was diluted with milli-Q water [18]. 

2.6.2. Vesicle Morphology 
Ethosomes containing serratiopeptidase were envisaged 

by transmission electron microscopy method the vesicle 
size was determined and vesicle shape, surface morphology, 
lamellarity and aggregation employing different 
microscopy imaging methods to formulate 
serratiopeptidase ethosomal suspension were understood. 
Before sonication, the created vesicles were examined 
under an optical microscope to see how they formed their 
vesicular structure and shape. A uniform drop of the 
vesicular formulation was put to a spotless glass slide 
allowed to air-dry at room temperature and then examined 
under a TEM to check for vesicular shape [19]. 

2.6.3. Percentage Entrapment Efficiency 
The encapsulation efficiency of serratiopeptidase within 

the ethosomal system was quantified using the 
ultracentrifugation technique. The centrifuge tubes were 
filled with a portion of the vesicular suspension and 
centrifuged at 15000 rpm for two hours at 4 °C. Free 
serratiopeptidase drug present in the supernatant was 
separated and diluted. The UV spectrophotometry was used 
to estimate the serratiopeptidase concentration [20]. The 
particle dispersion was sonicated after being lysed with 
ethanol to determine the total amount of SRP present in the 
formed ethosomal gel. UV spectrophotometry was used to 
analyse the solution after it had been diluted and filtered 
via 0.45 nm filters [21]. 

%EE= Total drug−Unentrapped drug
Total drug

 x 100 

2.7. Formulation of Ethosomal Gel 

The serratiopeptidase entrapped ethosomal gel was 
prepared by soaking gelling agent (Carbopol 1%) for 24 hrs. 
in measured quantity. The optimized ethosomal 
formulation was centrifuged with pellets being dissolved to 
swell for 24 hours. Triethanolamine was added dropwise to 
the mixture while it was stirred at 100 rpm [22]. Methyl 
paraben was incorporated as a preservative, and the gel was 
subsequently stored in an airtight container until it was 

ready for further evaluation and formulation quantity 
shown in Table 3. 

Table 3.  Formulation Table of Serratiopeptidase Loaded Entrapped 
Ethosomal Gel 

Ingredient Quantity 

Ethosomal suspension 20 ml 

Carbopol 934 1% 

Triethanolamine 0.005% 

Methyl paraben 0.01% 

2.8. Evaluation of Ethosomal Gel 

2.8.1. Physical Characteristics 
The formulated ethosomal gel was tested for colour, 

homogeneity and presence of foreign particles and texture. 

2.8.2. pH 
The pH of the ethosomal gel was measured using a pH 

meter. To prepare the sample, 1 gram of the gel was 
dissolved in 10 milliliters of distilled water. Before usage, 
the pH meter was calibrated using a phosphate buffer with 
pH values of 4 and 9. 

2.8.3. Viscosity 
The viscosity of the serratiopeptidase ethosomal gel was 

determined using a Brookfield viscometer at a standard 
temperature of 35°C. A disc spindle was employed, 
operating at a precise speed of 100 rpm, to ensure accurate 
readings. The viscosity of the gel was then recorded. 

2.8.4. Spreadability 
The spreadability of the prepared SRP ethosomal gel was 

measured using the parallel plate method. A glass plate 
with a diameter of 1 cm and a weighted 0.5gm of the gel 
were placed on it and a second glass plate was then placed 
on top. The weight was allowed to settle for 5 minutes 
There was a rise in diameter recorded. Good spreadability 
requires very little spreadability time [23]. 

S = W x L
T

 

W= Weight on the slide (2slide) 
L= Slide Length 
T= Time required to separate the two slides 

2.8.5. Measure Drug Content of SRP-Loaded Ethosomal 
Gel Formulation 

The drug content in the formulated ethosomal gel was 
determined using UV spectrophotometry at a wavelength 
of 276 nm. For the analysis, 1 g of the prepared gel was 
dissolved in an ethanol mixture and sonicated for 15–30 
minutes. Subsequently, 1 ml of this solution was 
transferred into a 10 ml volumetric flask, diluted with 
ethanol to the final volume, and analyzed at 276 nm. 
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2.8.6. In-vitro Diffusion Study 
In-vitro release studies of the serratiopeptidase 

ethosomal gel were conducted using a Franz diffusion cell 
with a dialysis membrane, which had been soaked in PBS 
7.4 for 24 hours prior to the experiment. The dialysis 
membrane was securely clipped between the donor and 
receptor compartments. On the dialysis membrane the gel 
(1gm) was uniformly spread. A dissolving medium 12ml of 
PBS 7.4 was used in the receptor compartment. The entire 
setup was kept in constant motion on a magnetic stirrer for 
24 hours at a speed of 100 rpm with temperature of 37°C ± 
5°C and temp was maintained by using a magnetic bead in 
the receptor compartment. At regular intervals, the sample 
was removed from the sampling port of 0, 1, 2, 3, 5, 6, 7, 8, 
9 and 24 hours and it was replaced with equal volumes of 
fresh dissolving medium. The samples were analyzed 
spectrophotometrically at 276 nm to determine the 
cumulative drug release percentage. A graph of percent 
cumulative drug release over time was used to assess each 
gel formulation [24]. 

2.9. Stability Studies 

Accelerated stability studies were performed on the F6-
optimized batch. The gel was kept at room temperatures at 
25°C and 4°C for 60 days while being monitored for 
changes in colour, odour, pH, and viscosity. The changes 
were noted at the end of the 60th day [25]. 

2.10. Statistical Analysis 

Statistical analysis was carried out using GraphPad 
Prism version 8.0, and data are presented as mean ± 
standard deviation (SD). A two-way ANOVA was applied, 
followed by a Student's t-test, to assess the statistical 
significance of the results. 

3. Result and Discussion 

3.1. Physical Characteristics 

Serratiopeptidase powder was visually observed and it 
appeared as a faint yellow crystalline powder. 

3.2. Drug and Polymer Compatibility Study 

3.2.1. Compatibility Studies by FT-IR Spectroscopy 
The FTIR analysis of the ethosomal formulation of 

serratiopeptidase revealed that the functional group peaks 
were preserved, indicating no interference and confirming 
the chemical compatibility between serratiopeptidase and 

the formulation components. Specifically, the FTIR 
spectrum of serratiopeptidase displayed a distinct peak at 
3288.77 cm⁻¹, corresponding to the presence of an amino 
group (N-H stretching), which is critical for the protein's 
structural integrity. A strong peak at 2932.92 cm⁻¹ was 
attributed to the methylene group (C-H aliphatic stretching), 
signifying the presence of aliphatic chains. The prominent 
peak at 1652.10 cm⁻¹ was identified as the carbonyl group 
(C=O stretching), a key functional group involved in 
hydrogen bonding and molecular interactions. Additionally, 
the symmetric stretching vibration of the aromatic ring at 
1539.26 cm⁻¹ (C=C ring stretching) and the carbonyl group 
(C-O) at 1075.53 cm⁻¹ were observed, further confirming 
the intact structure of the drug within the formulation. The 
polar covalent bond associated with the C-F group was 
detected at 771.33 cm⁻¹, indicating the presence of 
fluorinated compounds as shown in Figure 1. 

The FTIR spectrum of the physical mixture showed a 
shift in peak configuration, suggesting that the drug and 
excipients were compatible and interacted favorably. 
Ethanol plays a pivotal role in this formulation by softening 
the vesicle membrane, which results in a reduction in 
membrane thickness and disrupts the hydrocarbon chains 
within the vesicular bilayer. This disruption facilitates the 
encapsulation process, enhancing the entrapment 
efficiency of serratiopeptidase. Furthermore, ethanol 
provides steric stabilization and imparts a net negative 
charge to the ethosomal system, which likely contributes to 
a reduction in vesicular size, improving the formulation's 
stability and drug delivery potential. 

3.2.2. Differential Scanning Calorimetric Studies 
The DSC thermograms of serratiopeptidase, cholesterol, 

soya lecithin, the physical mixture, and the optimized 
formulation (F6) are shown in Figure 2. Pure 
serratiopeptidase exhibited a clear endothermic peak at 
215°C, confirming its melting point and indicating its 
crystalline structure. Cholesterol, Carbopol 934, and soya 
lecithin displayed distinct peaks at 149°C, 230.8°C, and 
50.78°C, respectively, corresponding to their known 
melting points, which find out their purity. However, the 
thermogram of the optimized formulation (F6) showed a 
marked difference. The characteristic melting peaks of 
serratiopeptidase and the excipients were nearly absent, 
suggesting successful entrapment of serratiopeptidase 
within the ethosomal matrix. This entrapment likely led to 
a transition from a crystalline to an amorphous state. The 
disappearance of these peaks in the F6 thermogram 
indicates that the formulation process altered the physical 
state of the drug, potentially enhancing its solubility and 
bioavailability, thereby improving its overall therapeutic 
efficacy. 
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Figure 1.  FTIR spectrum of physical mixture of hydroquinone, phospholipid, Carbopol 934 
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Figure 2.  DSC thermogram of cholesterol, SRP-ETH formulation, Serratiopeptidase, Physical mixture, Soya lecithin 

3.3. Systematic Optimization Studies Using QbD 

Table 3 depicts these attributes of the selected output 
variables from experimental runs. The polynomial equation 
is shown in the following general form. 

Y = β0 + β1X1 + β2X2 + β12X1X2 + β11X1
2 + β X 2 (1) 

The model's F-value of 9.51 indicates statistical 
significance (p = 0.0003). This high "Model F-Value" 

implies that there is only a 0.03% likelihood that the result 
is due to random noise. Model terms with a p-value (Prob > 
F) less than 0.0500 are considered significant, while those
with a p-value greater than 0.1000 are not. The Predicted 
R² value of 0.9408 is in close agreement with the Adjusted 
R² value of 0.9221, demonstrating a strong fit of the model. 
The Adequate Precision, which assesses the signal-to-noise 
ratio, is adequate with a ratio exceeding 4; here, the ratio of 
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304.24 suggests a strong signal. Thus, the quadratic model 
is suitable for exploring the design space. 

3.3.1. Effect of Independent Variables on Vesicle Size of 
Serratiopeptidase Loaded Ethosomes 

Table 5 displays the vesicle sizes for SRP-ETH 
formulations. The F6 formulation yielded the smallest 
vesicles at 158 nm, while the F9 formulation produced the 
largest vesicles at 324 nm. The impact of independent 
variables on vesicle size is described by the following 
quadratic equation: Y1 represents vesicle size, X1 denotes 
the percentage of phospholipids, and X2 indicates the 
percentage of ethanol as shown in Figure 3. The equation 
shows that ethanol has a negative effect on vesicle size, 
while phospholipids have a positive impact. Consequently, 
vesicle size increases with higher phospholipid percentages 
and decreases with higher ethanol concentrations. ANOVA 
results for vesicle size, presented in Table 4, show the 

model's significance with an F-value of 9.51 (p = 0.0003), 
a value that occurs in only 0.03% of trials due to random 
noise. Significant model terms have p-values less than 
0.0500, while values above 0.1000 are considered non-
significant. The Predicted R² of 0.9408, aligning closely 
with the Adjusted R² of 0.9221, indicates an excellent fit. 
The Adequate Precision ratio of 304.24 indicates a robust 
signal, making the quadratic model well-suited for 
exploring the design space. Figures A and B, featuring 2D 
contour plots and 3D response surface graphs, demonstrate 
the impact of independent variables on vesicle size. These 
visualizations show that increasing phospholipid 
percentage from 2% to 4% significantly enlarges vesicle 
size, whereas increasing ethanol concentration from 30% 
to 40% reduces vesicle size. Factor A (phospholipid 
percentage) shows a steep slope, indicating its major role 
in determining vesicle size, while Factor B (ethanol 
concentration) has a minor effect. 

Table 4.  Regression analysis for responses Y1 (entrapment efficiency, %) and Y2 (vesicle size) of SRP-ETH, fitted to various polynomial models 

Response SS DF MS F-value P-value R2 Adjusted R2 Model significance 

Y1 138.37 5 27.67 31.31 0.0086 0.9812 0.9799 Significant 

Y2 304.24 5 60.25 9.54 0.0463 0.9408 0.9221 Significant 

Table 5.  Particle size, % EE, Zeta potential, Drug content, PDI 

Formulation Vesicle size (nm) Entrapment efficiency (%) PDI Zeta potential (-mV) Drug content ± SD* 

F1 178.3 ± 14.02 72.83 ± 1.98 0.348 ± 4.78 12.1 46.32 ± 1.468 

F2 210.4 ± 21.12 75.28 ± 2.14 0.360 ± 6.23 13.2 62.83 ± 1.106 

F3 222.6 ± 8.58 77.39 ± 0.26 0.430 ± 7.35 12.9 65.63 ± 0.605 

F4 198.6 ± 16.69 80.01 ± 2.51 0.369 ± 9.56 18.4 76.22 ± 1.221 

F5 172.6 ± 13.25 83.51 ± 1.23 0.333 ± 3.15 17.2 79.36 ± 1.525 

F6 158.6 ± 18.36 86.58 ± 2.01 0.306 ± 7.96 18.1 84.03 ± 0.987 

F7 302.3 ± 26.31 76.80 ± 0.79 0.378 ± 5.43 16.4 59.92 ± 0.775 

F8 305.6 ± 19.35 78.36 ± 1.43 0.438 ± 6.14 13.2 72.34 ± 0.708 

F9 324.5 ± 11.73 79.31 ± 1.49 0.497 ± 12.64 12.2 77.93 ± 1.069 

*Data expressed as Mean ± SD, n=3 
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Figure 3.  2D Contour Plot (A) and 3D Response Surface Plot (B) illustrate the influence of phospholipid and ethanol concentrations on the particle 
size of serratiopeptidase-loaded ethosomal formulations 
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3.3.2. Effect of Independent Variables on % Entrapment 
Efficiency of Serratiopeptidase Loaded Ethosomes 

Table 5 presents the entrapment efficiency results for the 
SRP-ETH formulations. The F6 formulation achieved the 
highest entrapment efficiency at 86.58%, while F1 
recorded the lowest at 72.83%. The following quadratic 
equation describes the influence of independent factors on 
the percentage of entrapment efficiency (EE). In the 
quadratic equation, X1 represents the percentage of 
phospholipids, X2 denotes the percentage of ethanol, and 
Y2 indicates the percent entrapment efficiency (EE). The 
equation reveals that ethanol concentration negatively 
affects EE, while phospholipid concentration positively 
influences it. Thus, EE of ethosomes increases with higher 
phospholipid levels and decreases with higher ethanol 
concentrations. The large coefficient for X2 suggests that 
ethanol has a more substantial impact on EE compared to 
phospholipids. ANOVA results for entrapment efficiency, 
shown in Table 4, indicate that the model is deemed 
significant with an F-value of 31.31 (p = 0.0033), 
indicating only a 0.33% chance that such a high "Model F-
Value" is due to random noise. Both model terms, X1 and 
X2, are significant (p < 0.05). The Adjusted R² value of 
0.9799 closely matches the Predicted R² value of 0.9812, 
demonstrating the model's robustness. The Adequate 
Precision ratio of 138.37 signifies a strong signal, making 
the quadratic model suitable for exploring the design space. 

Figures A and B demonstrate the related 2D-contour 
plots and 3D-response surface graphs indicating the 
influence of independent variables on the % EE shown in 
Figure 4. These graphs demonstrated that greater 
serratiopeptidase entrapment efficiency was seen in 
ethosomes when phospholipid content increased from 2% 
to 4%. On the other hand, it was found that as ethanol levels 
increased from 30% to 35%, the percentage of EE 
significantly increased. However, when the ethanol 
concentration was raised to 40% the percent EE 
significantly decreased. In terms of entrapment efficiency, 
factor A exhibits a little bend while factor B exhibits a steep 
slope. It indicates that one of the most significant parameters 
determining the efficiency of drug entrapment was the 
amount of ethanol. 

3.4. Estimation of Zeta Potential, Vesicle Size Along 
with Polydispersity Index (PDI) 

The system was used to measure the vesicle size, zeta 
potential, and polydispersity index (PDI) of each of the 
nine formulations. The serratiopeptidase-loaded ethosomes 
varied in size from 158.3 nm to 324.5 nm. Vesicle size 
decreased with increasing ethanol concentration within the 
2% to 4% range and increased with higher phospholipid 
concentrations. Sonication was employed to achieve the 
desired vesicle size. The result shown in Table 5. 
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Figure 4.  2D Contour Plot (A) and 3D Response Surface Plot (B) illustrate the impact of phospholipid and ethanol concentrations on the percent 
entrapment efficiency of serratiopeptidase-loaded ethosomal formulations 

3.5. Vesicle Morphology and Shape 

The vesicle morphology and shape were determined by 
transmission electron microscopy (TEM). The unilamellar, 
nanoscale vesicles were visible in the image. The images 
demonstrated the vesicle's nearly spherical shape and 
consistent size. TEM image is presented in Figure 5. 

  

Figure 5.  Transmission electron microscopy of optimized formulation 

3.6. Estimation of Drug Content of Ethosomal 
Suspensions 

All of the nine formulations had drug contents that 
ranged from 46.32±1.468 to 77.93±1.069. The formulation 
with the maximum drug content is 77.93±1.069 while the 
formulation with the lowest drug content is 46.32±1.468. 

The results are shown in Table 5. 

3.7. Determination of Entrapment Efficiency 

Entrapment efficiency refers to the percentage of the 
total drug successfully incorporated into the gel 
formulation. Calculating this efficiency is crucial, as it 
directly influences the system’s drug delivery capacity and 
retention properties. Table 5 presents the entrapment 
efficiency results for the SRP-loaded formulations. Among 
them, the F6 formulation exhibited the highest entrapment 
efficiency at 86.58%, while the F1 formulation showed the 
lowest at 72.83%. These results indicate that the 
entrapment efficiency of ethosomes increases with a higher 
proportion of phospholipid. However, increasing the 
ethanol concentration leads to a decrease in entrapment 
efficiency. This improvement is due to the drug's 
hydrophilic properties, which enhance its interaction with 
the vesicle membrane and thus increase drug entrapment. 
The entrapment efficiency notably improves when ethanol 
concentration ranges between 2% and 4%, likely due to 
ethanol's co-solvent effect. Since serratiopeptidase is 
hydrophilic and soluble in ethanol, higher ethanol 
concentrations promote greater drug solubilization and thus 
increase drug entrapment within the vesicle's lipid bilayers 
and hydro-ethanolic core. 
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3.8. Formulation of Ethosomal Gel 

The gel base was prepared using the optimized F6 batch. 
1% Carbopol 934 was combined with the appropriate 
quantities of optimized pellets (following centrifugation) 
and ethosomal solution to create the gel. This mixture was 
allowed to swell at a temperature of 30°C ± 5°C for 24 
hours. After swelling, the mixture was stirred using a 
magnetic stirrer at 100 rpm. Triethanolamine was then 
added to the mixture to form the gel, and methyl paraben 
was incorporated as a preservative. Carbopol 934 was 
selected for this formulation due to its hydrophilic nature, 
bioadhesive properties, and compatibility with the 
vesicular structure, all of which contribute to the desired 
viscosity. Additionally, Carbopol 934 is known for its 
effectiveness in thick formulations, clarity in water or 
hydro-alcoholic topical gels, and its ability to produce 
transparent gels, making it an ideal choice for this 
preparation. 

3.9. Evaluation of Ethosomal Gel 

3.9.1. Physical Appearance 
All prepared formulations exhibited a faint yellow color, 

a smooth texture, and high homogeneity and consistency, 
with no lumps or grittiness. The physical evaluation results 
for all gel formulations confirmed these desirable 
characteristics shown in Table 6. 

3.9.2. pH 
In order to prevent skin irritation, the pH of the 

serratiopeptidase-loaded ethosomal formulation was found 
to be 6.32±0.12 and the pH of plain gel was found to be 
7.3±0.25. The pH result of the formulation is shown in 
Table 6. 

3.9.3. Viscosity 
Using a Brookfield viscometer, the viscosity of gels was 

measured. Serratiopeptidase-loaded ethosomal gel was 
found to have a viscosity of 1742±120 cPs, while plain gel 
had a viscosity of 1592±112 cPs. 

3.9.4. Spreadability 
The spreading value of the ethosomal gel affects its 

therapeutic effects. Serratiopeptidase-loaded ethosomal gel 
had a spreadability range of 6.3±0.11gm/cm/sec while 

plain gel had a spreadability of 5.9±0.19 gm/cm/sec. The 
result shown in Table 6. 

Table 6.  Gel Appearance, Spreadability, Viscosity and pH of ethosomal 
formulation 

Evaluation parameter Plain gel Ethosomal gel 

Appearance Faint yellow Faint yellow 

Spreadability* (gm.cm/sec) 5.9±0.19 6.3±0.11 

pH* 7.3±0.25 6.32±0.12 

Viscosity* (cPs) 1592±1.12 1742±1.20 

*Data expressed as Mean ± SD, n=3 

3.9.5. Diffusion Study 
An in-vitro permeation study was performed using a 

Franz diffusion cell to compare the serratiopeptidase-
loaded ethosomal gel with a plain serratiopeptidase gel, 
evaluating their performance across a dialysis membrane. 
Over a 24-hour period, the total cumulative drug release 
was measured. The results demonstrated that the ethosomal 
gel achieved a cumulative drug release ranging from 6.84 
to 79.10 µg/cm², while the plain gel ranged from 2.28 to 
50.08 µg/cm², demonstrating significantly enhanced skin 
permeation with the optimized ethosomal formulations as 
show in Figure 6. The increased ethanol content in the 
ethosomes initially reduced the size of the vesicle double 
layer. Ethanol interacts with the polar head groups of the 
stratum corneum lipids, reducing their phase transition 
temperature. This disruption in the lipid bilayer structure 
increases fluidity and decreases lipid density. This 
disruption enhances skin permeability. The study revealed 
that increasing ethanol concentration from 30% to 40% v/v 
enhanced permeability. However, higher ethanol 
concentrations resulted in a significant reduction in 
permeation. 

3.9.6. Stability Study 
Formulation of SRP-ETH gel showed no change in 

appearance after 60 days of storage. The pH of the 
formulation increased after 30 days. This shows the 
proximity of drug and polymer over a prolonged period. 
The values of viscosity showed a slight deviation. Hence, 
it can be concluded that the formulation exhibited an 
acceptable stability profile at room temperature for a period 
of two months. Tables 7, 8 show data for pH, viscosity for 
room temperature and accelerated temperature. 
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Figure 6.  In vitro release profile of F6 and Plain Gel of serratiopeptidase 

Table 7.  Stability study of ethosomal gel at 4°C 

Evaluation parameter 
Optimized formulation F6 Gel Temperature (4°C/45%RH) 

0 30 days 60 days 

Appearance Faint yellow colour Faint yellow colour Faint yellow colour 

Viscosity* (cPs) 1742±1.23 1713±1.19 1696±1.55 

pH* (gm.cm/sec) 6.3±0.74 6.1±0.68 6.0±0.59 

*Data expressed as Mean ± SD, n=3 

Table 8.  Stability study of ethosomal gel at 25°C 

Evaluation parameter 
Optimized formulation F6 Gel Temperature (25°C/75%RH) 

0 30 days 60 days 

Appearance Faint yellow colour Faint yellow colour Faint yellow colour 

Viscosity* (cPs) 1742±1.12 1725±2.3 1707±1.39 

pH* (gm.cm/sec) 6.3±1.8 6.4±1.2 6.8±1.26 

*Data expressed as Mean ± SD, n=3 

4. Conclusions 
This study represents a notable advancement in the 

formulation of ethosomes encapsulating serratiopeptidase, 
achieved by carefully optimizing the concentrations of 2%-
4% soya lecithin and 30%-40% ethanol within a pH 7.4 
phosphate buffer solution. Utilizing a 3² factorial design, 
the SRP-ETH 6 formulation emerged as the most effective, 
exhibiting a unilamellar vesicular structure with smaller 
vesicle size and higher entrapment efficiency—key factors 
for targeted drug delivery. Differential Scanning 
Calorimetry (DSC) confirmed the amorphous state of 
serratiopeptidase within the ethosomes, ensuring its stable 
incorporation. The SRP-ETH 6 ethosomes were 
successfully integrated into a carbopol gel matrix, which 
underwent thorough characterization, including pH, 
viscosity, drug content, and spreadability assessments. This 

ethosomal gel demonstrated enhanced bioavailability and 
reduced systemic side effects, positioning it as a promising 
alternative for topical drug delivery, with the potential to 
significantly improve therapeutic outcomes compared to 
conventional methods. 
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