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ABSTRACT 

Objective: To prepare and optimise peel-off face mask gel containing silymarin for the management of acne and evaluate its performance in vitro. 

Methods: This study established Silymarin's identity using Proton NMR and FTIR. A total of 17 peel-off facemask gels containing silymarin were 
subsequently prepared as per Box Behnken Design and the influence of the formulation components on the critical evaluation parameters was 
investigated. The optimised formulation was selected based on criteria of maximum spreadability and minimum drying time. The optimised 
formulation was then subjected to various in vitro evaluation parameters like organoleptic properties, Physiochemical properties, antioxidant 
activity, antimicrobial activity and stability studies. 

Results: Statistical analysis from the Box Behnken Design (BBD) revealed that ethanol concentration had a significant inverse relationship with 
drying time (coefficient: –5.56, p<0.0001), while PVA and Carbopol negatively influenced spreadability (p<0.0001). The optimized formulation, 
containing 6.01% PVA, 0.632% Carbopol, and 8.3% ethanol, exhibited a drying time of 22.56 min and spreadability of 4.25 cm, with a residual error 
of 5.15% for drying time and 3.19% for spreadability from predicted values and overall desirability of 0.925. The formulation showed desirable 
organoleptic properties, a viscosity of 7700±435.88 cP, and a pH of 5.45±0.25, making the formulation suitable for topical application. 2,2-Diphenyl-
1-picrylhydrazyl (DPPH) scavenging activity confirmed the antioxidant potential of the peel-off facial mask with an IC 75 value of 525µg/ml. 
Antimicrobial studies showed a 22.1 mm zone of inhibition against S. aureus, comparable to standard clindamycin gel (23.4 mm). In vitro diffusion 
studies indicated a sustained drug release (68.1% at 24 h) with Korsmeyer–Peppas model fitting (R² = 0.981, n = 0.481), confirming diffusion-based 
release mechanism. Stability testing confirmed the formulation retained its key properties under room and accelerated conditions for 30 days. 

Conclusion: The developed formulation satisfied all the in vitro evaluation criteria for peel-off face mask gels and has potent antioxidant and anti 
microbial potential. However, further in vivo studies of the formulation in suitable animal models are required to validate its therapeutic efficacy.  
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INTRODUCTION 

Acne vulgaris is one of the most common chronic inflammatory skin 
conditions that affects people of all ages, especially adolescents. The 
key factors that play a role in the pathogenesis of acne include 
increased sebum production, Bacterial colonisation, especially 
Cutibacterium acne and Staphylococcus aureus, oxidative stress and 
inflammatory responses [1, 2]. Even though the condition is not life-
threatening, acne severely impacts the psychological well-being of the 
affected individuals, leading to a lack of self-confidence, social isolation 
and depression [3]. Various medications are available for managing 
acne, such as benzoyl peroxide, antibiotics and retinoids [4]. However, 
all these medications have only a modest efficacy and numerous side 
effects. Additionally, due to the global increase in antibiotic resistance, 
the use of antibiotics as monotherapy for acne is discouraged.  

Recently, there has been a renewed interest in phytomedicines as an 
alternative therapy for the management of acne. Among the various 
plant-based medicines explored for anti-acne activity, silymarin has 
interested researchers due to its antioxidant, free radical scavenging, 
and anti-inflammatory activity [5]. Silymarin reduces the pro-
inflammatory mediators released by Cutibacterium acne, scavenges 
the released free radicals, and reduces oxidative stress, thus playing 
a key role in reducing the factors responsible for the pathogenesis of 
acne [6]. In this context, silymarin can be considered a key 
therapeutic option in managing acne.  

A Peel off face mask gel is one of the suitable skin care products that 
can be used for facial-related conditions such as acne [7]. It is applied 
as a gel onto the skin, which, upon drying, forms a thin and transparent 

elastic malleable layer that can be peeled off [8]. These formulations 
can also help to shrink pores and increase the impact of the active 
constituents on the skin due to the barrier created by the plastic film. 
Moreover, they moisturise the skin and make it clean and firm due to 
the occlusive nature of the polymer used in the film [9]. 

In this work, the response surface methodology (RSM) approach, 
based on Box Behnken Design(BBD) was used to analyse the impact 
of various formulation variables on the essential properties of peel-
off face mask gel and thus optimise the final formulation. The Box 
Behnken design was chosen among the various RSM designs since it 
is easier to determine variable comparisons in experiments with 
minimum runs [10]. 

Based on these considerations, an attempt was made in this study to 
prepare a peel-off face mask gel containing silymarin using the RSM 
approach for the management of facial acne. The association of 
silymarin in a peel-off face mask gel is expected to lead to the 
development of a natural skin care product that is easily applicable 
and commercially viable. 

MATERIALS AND METHODS 

Materials 

Silymarin was procured from Yarrow Chem Products, Dombivali, 
Mumbai, India. Polyvinyl alcohol (PVA), Propylene glycol, 
methylparaben, Carbopol 934 P NF, Ethanol, DPPH (analytical 
grade), Nutrient agar and triethanolamine were purchased from 
HiMedia Laboratories Pvt. Ltd., Mumbai, India. All other chemicals 
and reagents used were of analytical grade. 
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Methods 

Identification of silymarin by FT-IR 

Fourier Transform Infrared Spectroscopy (FTIR) was used to 
identify functional groups in silymarin with the help of an ATR 
(Attenuated Total Reflectance) accessory. Initially, the background 
measurements were taken with an empty ATR accessory. A small 
quantity of silymarin was then placed on the ATR crystal, and the 
spectrum was recorded between 500-4000 cm-1 at 4 cm-1 resolution 
[11]. 

Identification of Silymarin by NMR spectroscopy 

Nuclear magnetic resonance (NMR) spectroscopy is an analytical 
technique used to determine a compound's molecular structure by 
observing the magnetic properties of atomic nuclei. The ¹H and ¹³C 
NMR spectra of silymarin were recorded in DMSO (dimethyl 
sulfoxide)-d6 using a 400MHz spectrometer at NMR Lab Services, 
Mangalore University, Mangalore.  

Preparation of Silymarin-based peel-off facial mask gel 

The base formula for the preparation of the face mask is shown in 
table 1 was established based on a literature survey, and the 
ingredients' concentration was determined based on screening 
studies. Only the concentrations of the key ingredients were varied 
as per the experimental design, as shown in table 2. The preparation 

method remained the same for all the formulations, with only a 
difference in the concentration of the ingredients used. 

Initially, distilled water was heated in a beaker at 80 °C, followed by 
adding Poly Vinyl Alcohol(PVA) with continuous stirring to obtain 
the dispersion. The PVA dispersion was then subjected to 
homogenisation until the PVA was dissolved completely, and a clear 
solution was obtained. In another beaker containing the remaining 
portion of distilled water, propylene glycol and Carbopol were 
added. The PVA solution was then added to the Carbopol solution. 
To the resultant mixture, weighed quantities of silymarin (0.05g) 
dissolved in about 8 ml of ethanol and propyl paraben were added. 
Triethanolamine was added to the final mixture to adjust the pH to a 
near-neutral range. The prepared formulation was then undisturbed 
for 72h to allow for the removal of air bubbles and allow sufficient 
time for polymer hydration before any evaluations were carried out. 

Experimental design 

A Box Behnken Design was used to statistically assess how different 
formulation variables impact the performance of the peel-off face 
mask gel. The three formulation variables which had a significant 
effect on the peel-off facial mask gel and their ranges were selected 
based on screening studies. These values were entered in the Design 
Expert software®(Version 7, Stat-Ease Inc., Minneapolis, MN, USA) 
and the software generated 17 runs with five centre points. Table 2 
shows the three formulation variables along with their responses. 

 

Table 1: Composition of silymarin peel-off facemask gel 

Ingredients Quantity (%w/w) Use 
Silymarin 0.05 Active ingredient 
Polyvinyl alcohol 6-14 Film-forming agent 
Carbopol 934 P NF 0.5-2.5 Gelling agent 
Ethanol 1-10 Solvent/Solubliser 
Propylene glycol 3 Humectant 
Methyl paraben 0.1 Preservative 
Triethanolamine 0.2 pH adjuster 
Distilled water q. s. q. s. 
 

Table 2: Formulation variables and their levels considered for Box Behnken design 

 Formulation variables Levels 
Low(-1) Medium(0) High (1) 

Polyvinyl Alcohol (PVA) (%) 6 10 14 
Carbopol (%) 0.5 1.5 2.5 
Ethanol (%) 1 5.5 10 
Responses Constraints 
Drying Time Minimise 
Spreadability Maximise 
 

Characterisation of peel-off facial mask gel 

Organoleptic properties 

Evaluation of organoleptic properties such as visual appearance, 
colour and odour of the face mask was carried out to determine the 
aesthetic appeal of the formulation. The colour of the preparation 
was evaluated by observing it in bright light, whereas the odour was 
checked by smelling the preparation for its fragrance. 

Homogeneity 

Homogeneity was initially evaluated by placing a small quantity of 
the gel between two glass slides and visually observing for the 
presence of lumps, aggregates, or phase separation microscopic 
image analysis of the gel was carried out to observed any internal 
consistency and particle distribution [12]. 

pH 

The formulation's pH was measured using a digital pH meter 
(Eutech Instruments pH 700, Singapore), the recordings were taken 
in triplicate, and the average reading was considered. Before 
carrying out the measurement, the pH meter was calibrated using 
standard buffer solutions at pH 4.0, 7.0, and 10.0, respectively. 

Drying time 

To evaluate the time the facemask gel took to dry, a weighed amount of 
gel was placed on a glass plate and spread evenly, forming a uniform 
mask layer. The plate was then incubated at 37 °C±0.5 °C to simulate the 
skin temperature. The formulation was observed every 5 min till the 
surface of the facemask was dried completely. Three such measurements 
were carried out, and the average value was recorded [13]. The study 
was conducted under ambient laboratory humidity conditions (Relative 
Humidity: 40–50%), but RH was not actively controlled. 

Spreadability 

To assess the spreadability, an accurately weighed quantity of the 
formulation (1g) was placed at the center of a glass slide having the 
dimensions (7.5 cm × 2.5 cm) glass slide and a second glass slide 
having the same dimensions was placed right above the primary 
slide. A fixed weight of 100 g was placed on the glass slide, and the 
formulation was allowed to spread for about a minute. The weight 
was removed, and the diameter of the formulation was measured 
using a stainless steel ruler with 1 mm precision to evaluate the 
spreadability. The procedure was repeated three times, and results 
were recorded as mean±SD, and Spreadability was reported as the 
diameter of the circular spread zone (cm) [14]. 
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Viscosity  

The viscosity of a formulation indicates the difficulty of flowing 
through it, and in order to assess the flow behaviour of the facemask 
gel, viscosity was measured at spindle speeds ranging from 0.5-
50rpm using Spindle no 64 at 25 °C±0.5 °C [15]. 

Extrudability 

Extrudability measurement is essential to understand the ease with 
which the gel formulation can be extruded from the tubes. The 
assessment was carried out by transferring a weighed amount of the 
sample into a collapsible tube with a standard nozzle having a 
diameter of 5 mm. After the formulation was loaded onto the tube, a 
known weight was placed at the crimp of the tube, and the cap was 
opened, allowing the contents to flow freely. The extruded formulation 
was weighed and calculated for extrudability percentage [16]. The 
formula for calculating the extrudability is as follows. 

Extrudability (%) = (weight extruded/total weight loaded) *100 

Antioxidant activity 

The antioxidant activity of the silymarin face mask gel was evaluated 
using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging 
assay. A 0.1 mmol DPPH solution in methanol was prepared/and a 
known quantity of silymarin gel was equivalent to 200-500µg of 
silymarin was taken and vortexed with methanol to ensure a 
homogenous dispersion and mixed with 1 ml of 0.1 mmol DPPH 
solution. Then, the reaction mixture was kept in the dark for 30 min. 
Absorbance was measured at 517 nm using an ELISA reader. 
Methanol containing DPPH served as the blank. The percentage of 
DPPH inhibition was calculated using the formula [17]. IC75 values 
were determined from the regression equation for % inhibition vs. 
concentration curve for both pure silymarin and the formulated gel. 

 

Antimicrobial activity of silymarin 

The antimicrobial activity of peel-off facial mask gel against 
Staphylococcus Aureus (ATCC 25923) was evaluated. Briefly, 7g of 
nutrient agar was dissolved in 250 ml of distilled water and 
sterilised using an autoclave for 30 min at 121 °C. The agar medium 
was cooled to 40-45 °C, and 20 ml of the solution was poured into 
the sterilised petri plates in a sterile area and incubated 37±1  °C for 
24 h. Bacterial cultures were adjusted to 0.5 McFarland standard 
(~1.5 × 10⁸ CFU/ml) prior to inoculation on nutrient agar plates. 
After incubation, the microorganisms were spread upon the 
solidified agar medium using sterilised inoculum, and the 
microorganisms were incubated for 1 d to form bacterial colonies. 
After the colonies were formed, four wells were created using a 
sterile cork borer, to which 1 ml of the blank solution, Placebo face 
mask gel, Optimised peel-off facial mask gel and marketed 
Clindamycin gel (1%w/w) were added and incubated for 1 day 
37 ± 1 °C and observed for the zone of inhibition [18]. The average 
size of the zone of inhibition was assessed. 

In vitro drug diffusion studies 

In vitro drug diffusion studies of silymarin peel-off face mask gel and 
silymarin hydrogel without film-forming agents were carried out 
using a Franz diffusion cell with an area of 1.772 cm2 and a receptor 
compartment with a capacity to hold 12 ml of liquid. Phosphate 
buffer saline(PBS), having a pH of 7.4, served as the diffusion 
medium since silymarin was freely soluble in the aqueous PBS 7.4 
Solution. The cellophane dialysis membrane (MWCO 12–14 kDa, 
HiMedia®, India) was pre-soaked in PBS pH 7.4 for 30 min prior to 
use. The membrane integrity was confirmed by visual inspection for 
uniformity and absence of perforations and leakage before assembly. 
The receptor chamber was filled with 12 ml PBS (pH 7.4) maintained 
at 37 ± 0.5 °C and stirred at 400 rpm. To estimate the drug release, 
1g of the facemask gel was placed on the cellophane dialysis 
membrane between the donor and receptor compartments. At 
predetermined intervals for up to 24h, 1 ml of the receptor medium 
was withdrawn and replenished with the 1 ml of PBS to maintain the 
sink condition. The withdrawn samples were analysed for the drug 
content using a UV spectrophotometer (UV-1601 Shimadzu, Japan) 

at 287 nm [19, 20, 27]. The drug release data was then fitted into 
various mathematical models like Zero order, first order, Higuchi 
and Korsmeyer–Peppas and the model having the highest regression 
coefficient (R2) was considered as the best fit.  

Physicochemical stability 

Three samples of the optimised peel-off mask gel were stored in 
polyethene bottles at 5±1 °C (low temperatures, 22±1 °C (room 
temperature) and 45±2 °C (Accelerated temperature), respectively. 
The samples were analysed after 30 days for the organoleptic 
properties (Colour, order, Homogeneity), Drying time, pH, 
Spreadability, Extrudability and Viscosity, and the values were 
recorded. An average of three measurements were considered. 

RESULTS AND DISCUSSION 

Identification of silymarin 

The identity of the silymarin was confirmed by FTIR and NMR 
techniques. As observed in FTIR spectra shown in fig. 1, silymarin 
functional peaks were obtained at 3396.73 (O–H stretching), 2927.12 
(Carbon-hydrogen bonds, C–H stretching), 1709.04(Carbonyl groups, 
C=O stretching, esters), 1633.59 (Amide groups, C=O stretching), 
1509.72 (C-O stretching), 1459.78(alkanes group, C-H bending), 
1362.60 C-H bending (alkanes group), 1267.15, 1024.73, 1160.56 (C-O 
alcohol), 734.43, 633.59 cm-1 (C-H aromatics group).  

Further, the proton NMR spectra of silymarin as shown in fig. 2, depict 
the presence of twenty-two protons in the structure. The most 
deshielded proton of the hydroxyl group exhibited a singlet at δ 11.88 
ppm attached to a (C-5) benzene ring adjacent to fused tetrahydro-
pyran-one [29]. The peaks for C-7 and C-3 hydroxyl groups protons 
were observed at δ 9.13 and δ 10.84 ppm. The multiplet peaks were 
depicted for aromatic hydrogens atoms present in two benzene rings 
at δ 6.75–7.09 ppm. The singlet peak for the proton of the methoxy 
group was observed at δ 3.78 ppm attached to C-12 of the benzene 
ring system. The proton of the methine group present in the pyranone 
and dioxane showed a chemical shift from δ 5.01 to δ 5.88 ppm. These 
results confirmed the silymarin identity. 

Experimental design 

While considering the different responses that affect the 
performance of the peel-off face mask gel, drying time and 
spreadability were chosen as crucial factors that affect the quality of 
the formulation. In the case of peel-off facial mask gel, the film must 
dry as quickly as possible upon application of the formulation. 
Polyvinyl alcohol and ethanol were considered formulation variables 
since they most impact the drying time. Spreadability is another 
essential response that was chosen since it impacts the applicability 
of the formulation. Face mask gels having poor spreadability will be 
challenging to apply and will impact customer satisfaction 

.n, failing commercialisation. The parameter that influences this 
response is the concentration of the Carbopol. Thus, PVA, Ethanol 
and Carbopol were chosen as independent variables, with the 
responses being drying time and spreadability. 

Each formulation was prepared and evaluated in triplicate to ensure 
reproducibility. The results reported in table 3 are expressed as 
mean±standard deviation (SD) for each response (Drying Time and 
Spreadability). The statistical analysis of these response variables is 
provided in table 4. 

Influence of formulation variables on the drying time 

As shown in table 4 and fig. 3, only ethanol concentration 
significantly impacted the drying time. Ethanol had a negative 
coefficient of -5.56, indicating that ethanol concentration was 
inversely proportional to the drying time. This can be attributed to 
the volatile nature of ethanol, which acts as a drying enhancer and 
also evaporates faster than water. Furthermore, PVA concentration 
positively affected the drying time, which means that an increase in 
PVA concentration leads to longer drying times. This observation is 
because PVA acts as a plasticiser and interacts with water to form a 
thick mass, making it difficult for the water to evaporate, which 
causes the mask to fail to dry out quickly [21]. 
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Fig. 1: FTIR spectra of pure silymarin 

 

 

Fig. 2: Proton NMR spectra of pure silymarin 

 

Table 3: Responses recorded for box behnken design 

Formulations Factors Responses 
A: PVA (%)  B: Carbopol (%) C: Ethanol (%) Drying time (min)* Spreadability (cm)* 

F1 10 1.5 5.5 30.5±0.8 4.05±0.10 
F2 6 2.5 5.5 28±0.7 3.72±0.11 
F3 10 1.5 5.5 27.5±0.6 4±0.09 
F4 10 2.5 10 33±0.9 3.65±0.12 
F5 6 0.5 5.5 25.5±0.6 4.38±0.08 
F6 10 1.5 5.5 29±0.8 4.05±0.10 
F7 10 1.5 5.5 31.5±0.9 4.03±0.11 
F8 6 1.5 1 36±1.0 4.1±0.12 
F9 6 1.5 10 22±0.7 4.22±0.10 
F10 14 1.5 10 28±0.9 3.9±0.11 
F11 10 2.5 1 40±1.0 3.6±0.13 
F12 10 1.5 5.5 30±0.7 4.02±0.10 
F13 10 0.5 10 23.5±0.6 4.3±0.09 
F14 14 2.5 5.5 35±1.1 3.58±0.14 
15 14 1.5 1 37±0.9 3.92±0.10 
16 10 0.5 1 38±1.0 4.28±0.12 
17 14 0.5 5.5 27±0.7 4.18±0.10 

*value are expressed as mean±SD (n = 3) 
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Table 4: ANOVA analysis, significant model term and regression coefficient values for the responses 

 Drying time (Quadratic model) Spreadability (Quadratic model) 
Polynomial term Coefficient P value Coefficent  Pvalue 
Model  <0.001  <0.001 
Intercept 29.70  4.03  
A-PVA 1.94 0.0025 -0.1050 <0.0001 
B-Carbopol 2.75 0.0003 -0.3237 <0.0001 
C-Ethanol -5.56 <0.0001 +0.0212 0.0737 
AB* 1.37 0.0548 +0.0150 0.3290 
AC* 1.25 0.0746 -0.0350 0.0443 
BC* 1.87 0.0164 +0.0075 0.6161 
A²* -1.85 0.0155 +0.0062 0.6674 
B²* 1.02 0.1217 -0.0713 0.0014 
C²* 2.90 0.0016 -0.0012 0.9310 
R2 0.9767  0.9941  
Adjusted R2 0.9467  0.9864  
Predicted R2 0.9404  0.9319  
Adequate Precision 19.7162  39.0949  

*AB: Interaction between PVA and Carbopol, AC: Interaction between PVA and Ethanol, BC: Interaction between Carbopol and Ethanol, A2: 
Quadratic term for PVA, B2: Quadratic term for Carbopol, Quadratic term for ethanol 
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Fig. 3: Contour plots depicting the combination effect of formulation variables on the drying time 
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Influence of formulation variables on the spreadability 

One of the key factors determining the applicability of peel-off 
facemask gel is its spreadability. As seen in table 4 and fig. 4, the 
PVA and Carbopol concentrations had a significant negative effect 
on the spreadability of the facemask gel, whereas ethanol 
concentration had a positive effect, even though it was not 
significant. This can be explained by the fact that the higher the 
PVA concentration, the greater the viscosity due to hydrogen 

bonding between the OH group of PVA and the aqueous vehicle 
used in the formulation; consequently, there is a decrease in the 
spreadability. Also, an increase in the Carbopol concentration 
makes the formulation thicker and results in formulations with 
poor spreadability. Thus, formulations with low concentrations of 
PVA and carbopol lead to fluidity, and formulations with high 
concentrations of PVA and carbopol lead to thick formulations. 
Hence, an intermediate range is preferred for optimal 
spreadability and applicability [22]. 
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Fig. 4: Contour plots depecting the combination effect of formulation variables on the spreadability 

 

Optimisation of peel-off facemask gel 

The peel-off facemask gels were optimised using the numerical 
optimisation option in the Design Expert software®. The criterion for 
optimization was based on minimum drying time and maximum 
spreadability. In the case of formulation variables, the criteria for 
ethanol concentration were set to minimum as higher ethanol 
concentrations cause skin irritation. During the numerical 
optimization, spreadability was assigned a higher importance level (5) 
to maximize its value, while drying time was assigned a moderate 
importance level (3) to minimize it. These priorities were based on the 

formulation’s ease of application and patient compliance after 
applying the constraints on spreadability and drying time, the design 
expert software suggested the optimal formulation with an overall 
desirability value of 0.925. Desirability values of more than 0.9 are 
considered acceptable. The suggested formulation was then prepared 
and evaluated to check the validity of the predicted responses. The 
difference between the predicted and observed responses was 
negligible and their residual errors were less than within the limit as 
shown in table 5, demonstrating the validity of the optimisation 
process and robustness of the model used. The optimised formulations 
were then selected for further investigations. 

 

Table 5: Point prediction of the optimised peel-off facial mask 

 PVA (%) Carbopol (ml) Ethanol (%) Drying time (min)  Spreadability (cm) Overall desirability 
Predicted responses 6.000 0.614 5.000 21.4 4.390  

0.925 Actual Responses   22.56 4.25 
 Residual error (%) 5.15 3.19  
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Evaluation of the optimised peel-off facemask gel 

Physiochemical properties  

The developed peel off mask gel demonstrated physiochemical 
properties that are comparable to the marketed topical anti-acne 
formulations. The optimised peel-off facemask gel was observed to 
be slightly yellowish with a semi-solid consistency and did not have 
any unpleasant odour. The formulation had no lump formation or 
presence of any aggregates, and there were no signs of 
sedimentation, indicating its homogeneous nature. Microscopic 
examinations of the gel revealed the consistent nature of the gel 
without any major lumps, as shown in fig. 5. Microscopic or 
rheological measurements (e. g., shear stress, yield point) would 
provide a more robust evaluation. These parameters are 
recommended for future in-depth studies to support product quality 
claims the optimised formulation had a near-neutral pH of 
5.45±0.25, which is close to the skin pH range, indicating that the 
formulation meets expectations of a topical formulation as being 
non-irritant to the skin. It is expected that a peel-off facial mask 
should dry in 15-30 min after application. The optimised peel-off 
facial mask had a drying time of 22±1 min which is within the range 
observed for marketed peel off facial mask and the masks could be 
peeled off without any signs of tearing or cracking. The spreadability 
of the facemask gel depends on the force applied, the duration of 
application, and the gel thickness. The peel-off face mask was found 
to be easily spreadable without any resistance, as indicated by its 
spreadability value, which is shown in table 6. The spreadability 
value reported as the diameter of the spread gel layer was within the 
4-7 cm range observed for peel-off face mask gels [28]. Further, the 
viscosity of the peel off face mask was found to be slightly lower 
than that of a commercially available peel-off face mask; however, 
this facilitated the easy spreading of the face mask gel without 
compromising the film strength. It was observed that the viscosity of 

gel decreased with an increase in rpm (shear rate), indicating that 
gel displayed pseudoplastic flow behaviour as shown in fig. 6. The 
pseudoplastic flow behaviour is ideal for facemask gel because it 
allows easier spreading of the gel with mild force at the same time 
maintaining its consistency at rest. The values obtained for viscosity, 
as indicated in table 6, were in line with the reported literature for 
peel off face mask gel. The percentage of extrudability shown in the 
table of the gel formulation indicates that the gel can be easily 
extruded from the gel upon applying a moderate force. 

 

 

Fig. 5: Microscopic Image of the optimized peel off face mask gel 
at 45X, indicating uniform consistency of the gel

 

Table 6: Physicochemical properties of the optimised peel-off face mask gel 

Parameters Observation 
Colour Slightly Yellowish 
Odour Odourless 
Homogeneity No Aggregates 
pH* 5.45±0.25 
Drying time (min)* 22±1 
Viscosity (Cp)*• 7700±435.88 
Spreadability (cm)*# 4.2 ±1.3 
Extrudability*(%) 10.2±0.2% 

*Data are expressed as mean±SD (n=3), #Spreadability values represent the diameter (in cm) of gel spread after 1.0 g of sample was pressed 
between two glass slides under a 100 g weight for 1 min, • Viscosity measured at 10 rpm with Spindle no 64 at 25±0.5 °C 
 

 

Fig. 6: Viscosity of the optimized peel off face mask gel at different Shear rates (0.5-50rpm) using spindle no 64 
 

Antioxidant activity 

One of the primary factors linked with acne is oxidative stress, which 
leads to a cascade of inflammatory processes that lead to the 

development of acne. In this context, it is essential for any 
formulation meant to treat acne to have antioxidant potential. Thus, 
the antioxidant potential of the optimised peel off facial mask gel 
was assessed by DPPH radical scavenging assay. This assay is based 
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on the fact that when DPPH, a free radical molecule, reacts with 
antioxidant chemicals via the process of H atom donation, it changes 
colour from purple to pale yellow, as determined by a UV-vis 
spectrophotometer set at 517 nm. The greater the free radical 
potential of the compound, the greater the antioxidant activity. The 
antioxidant activity of the optimized peel-off facial mask gel was 
assessed using the DPPH radical scavenging assay and compared 
with pure silymarin. As shown in fig. 7 the gel formulation 
containing 0.05% w/w silymarin, demonstrated a DPPH scavenging 
activity of 70.27% when 1 g of formulation (equivalent to 500 µg of 

silymarin) was tested. In comparison, pure silymarin exhibited 84% 
scavenging at the same concentration (500 µg/ml). Also, IC 75 
values of pure Silymarin was found to be 345µg/ml, whereas for the 
formulation, it was 525µg/ml. From the results, it can be inferred 
that the activity appears slightly lower in the formulation, This is 
expected due to the encapsulation of silymarin within the polymeric 
gel matrix, which may reduce immediate availability. Nevertheless, 
the formulation retained a significant portion of silymarin's 
antioxidant potential, indicating that the gel matrix does not 
substantially hinder the radical scavenging efficacy. 

 

 

Fig. 7: DPPH scavenging assay of pure silymarin and silymarin peel-off facial mask 

 

Antimicrobial activity 

The test results shown in fig. 8, revealed that all the tested samples 
could successfully inhibit the growth of S. Aureus. Among the tested 
samples, the standard Clindamycin gel exhibited the largest zone of 
inhibition at 23.4 mm±0.5 mm, confirming its strong antimicrobial 
effect. Whereas the optimised peel-off facemask had an inhibition zone 
of 22.1 mm±1 mm. One-way ANOVA analysis of the data revealed that 
there was no significant difference between the marketed and 
silymarin formulations(p<0.05), demonstrating comparable potential 

of both the formulations against S. Aureus. The control and Placebo 
formulation did not show any inhibition. The findings align with the 
literature, suggesting that silymarin exerts antibacterial activity by 
altering bacterial cell membrane permeability and adhesion [23, 24]. 
By their polyphenolic nature, they are also believed to suppress the 
metabolic process in bacteria and prevent ATP and DNA biosynthesis 
required for bacterial growth [25, 26]. These results suggest potential 
antimicrobial benefits, though MIC (Minimum Inhibitory 
Concentration)/MBC (Minimum Bactericidal Concentration) data will 
be required to confirm potency and therapeutic relevance. 

 

 

Fig. 8: Images depicting the inhibition zone of a) Control (no treatment) b) Placebo peel off face mask gel c) Optimised peel off face mask 
gel d) Clindamycin gel (Marketed formulation) 
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In vitro drug diffusion studies 

The results obtained from the comparative diffusion study 
performed between the optimized silymarin peel-off gel formulation 
and a silymarin hydrogel without film-forming agents is shown in 
fig. 9. The hydrogel released silymarin significantly faster, achieving 
64.7% release at 6 h and 93.6% at 24 h, compared to 35.8% and 
68.1% for the peel-off gel. This difference in drug release at the same 
time intervals indicates that sustained release potential of the peel-
off gel, attributed to the polymeric matrix of PVA and Carbopol, 
which delays drug diffusion by forming a semi-occlusive film. These 
findings indicate that a simple hydrogel form of silymarin may be 
useful for rapid onset of action; however, for conditions such as acne 
where patient compliance is necessary, the peel-off facial mask gel 
with its sustained release effect helps to reduce dosing frequence 
and will enhance the skin contact due to the occlusive effect of film-
forming agents. These findings are supported by reported 

literatures, which suggest that PVA enhances film strength and 
adhesion, while Carbopol influences rheology and release rate, both 
contributing to controlled drug delivery within the limited 
application window [21, 22]. Although the peel-off gel formulation is 
removed from the skin after approximately 22 min, the sustained 
release behaviour observed in vitro is still relevant. This is because 
drug diffusion into the upper layers of the stratum corneum begins 
immediately upon application and continues as long as the 
formulation is in contact with the skin. However, further ex vivo 
studies or studies carried out using Strat M membrane can only 
confirm this phenomenon mere in vitro data is not sufficient. Kinetic 
analysis of the release showed that regression coefficient for 
Korsmeyer–Peppas model in the case of silymarin facemask gel was 
0.981 with n value of 0.481, suggesting a anomalous (Non-Fickian) 
diffusion where drug release is governed by both diffusion and 
matrix relaxation. This aligns with the use of PVA and Carbopol, 
which form a semi-occlusive film, sustaining silymarin release. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9: In vitro diffusion of silymarin from hydrogel and peel off face mask gel carried out in Franz diffusion cell using Phosphate buffer 
7.4S as the diffusion medium 

 

Physiochemical stability 

As observed from table 7, there were no changes in most of the 
evaluated parameters at low and room temperatures. At cold 
conditions, slight aggregation was seen in the gel formulation 
compared to Room and Accelerated conditions, which may indicate 
phase separation or polymer aggregation under low temperature. 

However, this clumping was partially reversible upon gentle mixing. 
Also, at accelerated conditions, the formulations dried slower due to 
the evaporation of ethanol, which also increased the viscosity of the 
formulation, making it difficult to spread the gel. Thus, the 
formulation can be stored best at room temperature without 
affecting its stability and the formulation may not be suitable for 
cold climatic conditions. 

 

Table 7: Stability studies of the optimised facemask gel at different storage conditions 

Parameters Temperature conditions 
Cold (5±1 °C) Room (22±1 °C) Accelerated (45±1 °C) 

Colour  Slightly Yellowish Slightly Yellowish Slightly Yellowish 
Odour Odourless Odourless Odourless 
Homogeneity Slight clumps No Aggregates No Aggregates 
pH* 5.41±1.41 5.47±0.25 4.95±1.08 
Drying time (min) 21 24 35 
Viscosity (cp)* 7674±11 7700±23 8210±21 
Spreadability (cm)* 4.1 ±0.89 4.2 ±1.3 4.2 cm±1.5 
Extrudability 10.5% 10.2% 10.4% 

*Data are expressed as mean±SD (n=3) 
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CONCLUSION 

In this study, silymarin was identified using modern analytical 
techniques such as FTIR and NMR. The individual influence of 
formulation variables on the responses and their combination effect 
was assessed with the help of response surface plots and ANOVA 
analysis. The analysis showed that ethanol concentration 
significantly impacted drying, whereas PVA and carbopol 
significantly affected spreading time. The negligible difference 
between predicted and actual responses demonstrated the 
robustness of the design mode. The optimised face mask gel 
formulation had an aesthetic appearance without any foul odour. 
Moreover, the formulation had a neutral pH and had good 
applicability. Further, the viscous nature of the preparation enables 
the sustained release of silymarin, as is evident from the in vitro 
diffusion studies. Although the optimized peel-off antioxidant 
activity and inhibition effect of the formulation against S. Aureus 
make it promising for managing facial acne, further studies in 
cytokine inhibition essays for IL-6, TNF alpha which are involved in 
acne physiology along with in vivo evaluation in acne models, are 
needed to comprehensively validate the therapeutic efficacy of the 
formulation. Further, as the optimized formulation contains ethanol 
as a permeation enhancer, future studies involving skin irritation 
assays and human patch testing are necessary to assess the 
dermatological safety of the formulation, particularly in the sensitive 
skin population. 
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