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ABSTRACT: This study focused on the formulation, in-vitro characterization, and evaluation of toxicity, antioxidant 
activity and skin penetration capabilities of baicalein-loaded niosome/niosomal gel as a dermal antioxidant. Baicalein-
loaded niosomes were prepared using the thin film hydration method. Particular emphasis was placed on assessing the 
effects of different types of non-ionic surfactants (Tween60, Tween80) and various chloroform-to-methanol ratios (9:1, 
7:3, 5:5 v/v) on formulation characteristics including particle size, polydispersity index, zeta potential, encapsulation 
efficiency, drug release. Cytotoxicity of different concentratons of baicalein and baicalein-loaded niosome/niosomal gel 
was evaluated on the L929 cells using the 3-(4,5-dimethyldiazol-2-yl)2,5-diphenyltetrazolium bromide(MTT) assay. F2 
coded niosome, containing Tween60 and a chloroform:methanol ratio of 7:3 v/v, was identified as the optimal 
formulation due to its excellent encapsulation efficiency, small particle size, narrow size distribution, optimal zeta 
potential, and ability to achieve the highest and sustained release. F2-gel was prepared using Carbopol980, and its 
rheological properties were also examined. Cell permeation properties of both the niosome and the niosomal gel 
through L929 cells were investigated. Antioxidant efficacy of the baicalein from both formulations permeated through 
cells was assessed using 1,1-diphenyl-2-picrylhydrazyl(DPPH●) and (2,2-Azino-bis3-ethylbenzothiazoline-6-sulfonic 
acid)(ABTS●+) assays. The study demonstrated that surfactant type and solvent system used have a significant impact 
on the overall characteristics of niosomes.  In conclusion, the high permeation of baicalein from both niosome and 
niosomal gel through cells, along with their strong capacity to scavenge DPPH● and ABTS●+ radicals, demonstrates 
that baicalein-loaded niosome/niosomal gel exhibit a potent antioxidant effect even in the deeper layers of the skin. 

KEYWORDS: Niosome; niosomal gel; baicalein; antioxidant effect; drug carrier system; controlled release system; 
anti-aging. 

 1. INTRODUCTION 

Baicalein is a naturally derived major flavonoid compound obtained from Scutellaria baicalensis, one of 
the important plants in Chinese Medicine. Baicalein also isolated from other Scutellaria species (S. hypericifolia, 
S. amoena, S. lateriflora, S. barbata, S. viscidula). It exhibits various pharmacological effects, including anticancer, 
antioxidant, anti-aging, anti-inflammatory, antimicrobial, cardioprotective, and wound-healing properties [1-
3]. 

Currently, natural-derived compounds are attracting significant interest [4]. However, active 
ingredients obtained from natural sources often exhibit stability issues and pose challenges in formulation 
with conventional carrier systems. Therefore, incorporating these active ingredients into novel carrier systems 
is considered a highly effective approach. Baicalein, a naturally derived active compound, has low water 
solubility and stability issues due to its flavonoid structure [5, 6]. This study aims to enhance the stability of 
baicalein, extend its shelf life, improve its efficacy, and enable prolonged release for sustained effects by 
encapsulating it in niosomes, one of the novel carrier systems. 

There are quite limited studies in the literature on carrier systems containing baicalein. Zhang et al. 
(2024) demonstrated that baicalein-loaded liposomes modified with hyaluronic acid and polyhexamethylene 
guanidine could be successfully used in methicillin-resistant Staphylococcus aureus infections [7]. Another 
study evaluated the effectiveness of baicalein-loaded liposomes in the treatment of pancreatic ductal 
adenocarcinoma [8]. Additionally, pseudo-ceramide liposomes have been shown to provide a more stable 
delivery system for the transdermal application of baicalein [9]. However, to the best of our knowledge, there 
are no studies in the literature investigating baicalein-loaded niosome/niosomal gel. 
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Niosomes are spherical vesicular drug delivery systems developed as stable and cost-effective 
alternatives to liposomes, widely utilized in the pharmaceutical and cosmetic industries. They consist of 
biodegradable and non-toxic non-ionic surfactants and can be either unilamellar or multilamellar. Niosomes 
exhibit a molecularly organized structure of non-ionic surfactant vesicles and can be administered via oral, 
parenteral, ocular, dermal, transdermal, vaginal, and inhalation routes [10, 11]. Niosomes are known to 
increase drug permeation through the skin by many mechanisms, including alteration of the barrier function 
of the stratum corneum; increased hydration of the stratum corneum by reducing transepidermal water loss 
and loosening of its cellular structure [12]. 

Aging is a biological process that is influenced by a variety of internal and external factors. Oxidative 
stress is a major factor contributing to aging. It occurs when reactive oxygen species (ROS) accumulate in the 
body beyond the neutralizing capacity of antioxidant defense mechanisms. It has been associated with cellular 
deterioration, inflammatory responses, and the onset of age-related conditions, including cardiovascular 
diseases, neurodegenerative disorders, and skin aging [13-15]. 

Antioxidants serve a critical function in counteracting oxidative stress by scavenging free radicals and 
minimizing cellular damage. Recent studies highlight that both dietary intake and topical application of 
antioxidants may support skin vitality, enhance cognitive performance, and contribute to overall health and 
longevity [14-16]. 

The primary objective of this study is to enhance the stability and solubility of baicalein and develop a 
sustained-release topical antioxidant niosome and niosomal gel formulation designed for skin application to 
prevent oxidative damage caused by free radicals. Additionally, the study includes the formulation and in 
vitro characterization [encapsulation efficiency (EE), release, particle size (PS), polydispersity index (PDI), and 
zeta potential (ZP)], evaluation of antioxidant activity, cytotoxicity assessment of baicalein and baicalein-
loaded formulations using the MTT assay, and cell penetration studies in L929 mouse fibroblast cells.  

As a result, the well-characterized baicalein-loaded niosome/niosomal gel improves solubility, 
stability, and release properties, providing an effective, reliable, and stable formulation with a prolonged 
antioxidant effect on dermal tissue. In this way, free radicals are captured and stabilized, oxidation is slowed 
down or inhibited, protecting cells from oxidation-induced damage and ensuring a prolonged, more effective, 
and reliable anti-aging effect. 

2. RESULTS AND DISCUSSION  

2.1. UV-Visible Spectrophotometric Analysis of Baicalein 

The maximum wavelength of baicalein was determined as 277 nm. The standard curve was 
established using linear regression (y = 0.0659x + 0.0142), demonstrating a strong linear relationship with a 
high correlation coefficient (r² = 0.9969). 

2.2. Development and Characterization of Niosomes 

Different baicalein-loaded niosomes were prepared using the thin-film hydration method. The gel 
formulated with the optimal niosome. All the characterization properties (PS, PDI, ZP, EE%) were presented 
in Table 1. 

The emphasis on particle size and distribution in the FDA’s “Guidance for Industry” for liposomal 
drug products, recognizing them as “critical quality attributes” and key factors in the stability assessment of 
these formulations, suggests that a similar evaluation should also be applied to niosomes [17, 18]. As the 
chloroform ratio increased and the methanol ratio decreased in the solvent mixture, the particle size decreased 
(Table 1). In niosomes containing Tween 60, increasing the chloroform:methanol ratio from 5:5 (v/v) to 7:3 
(v/v) and 9:1 (v/v) resulted in a decrease in particle size from 1037 nm to 803 nm and 615 nm, respectively 
(p>0.05). In niosomes containing Tween 80, the particle size of niosomes with a chloroform:methanol ratio of 
9:1 (v/v) increased from 591.4 nm to 780.1 nm and 832.1 nm, respectively (Table 1) (p>0.05). Chloroform has 
a higher vapor pressure than methanol, leading to a faster evaporation rate. This rapid evaporation can cause 
quicker lipid aggregation, resulting in larger niosome particles. Also, the polar nature of methanol helps 
disperse lipids more homogeneously in the solvent, leading to smaller vesicles. As chloroform becomes 
dominant, lipid dissolution and self-assembly behavior change, promoting the formation of larger particles 
[19, 20]. 
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Table 1. Effect of formulation properties on characterization parameters (mean±SD) 

Formulation 
Code 

Surfactant Cholesterol:
surfactant 
(molar 
ratio) 

Chloroform
:Methanol 
(v/v) 

PS (nm) PDI  ZP (mV) EE (%) 

F1 Tween 60 1:1 9:1 615.3±8.2 0.084  -44.2±4.12 57.28±2.14 
F2 Tween 60 1:1 7:3 803.0±10.1 0.124  -38.6±4.43 65.03±3.25 
F3 Tween 60 1:1 5:5 1037.0±12.3 0.505 -34.6±3.27 51.40±2.16 
F4 Tween 80 1:1 9:1 591.4±6.7 0.460 -12.6±2.44 48.89±2.05 
F5 Tween 80 1:1 7:3 780.1±7.7 0.384  -12.7±2.25 54.57±252 
F6 Tween 80 1:1 5:5 832.1±8.4 0.212  -31.9±3.39 55.63±2.85 

F2-gel Tween 60 1:1 7:3 705.7±8.0 0.193 -39.8±6.25 40.64±1.98 

A smaller particle size is desirable for dermal drug delivery systems as it may enhance skin 
penetration. A smaller particle size is essential for dermal and transdermal drug delivery systems, as they can 
significantly enhance skin penetration, facilitating more effective drug absorption [21]. Hence, niosomes 
containing a chloroform:methanol ratio of 9:1 (v/v) or 7:3 (v/v) were favorable due to their smaller particle 
size. The PDI values of niosomes containing Tween 80 were generally higher than those of niosomes 
containing Tween 60. In lipid-based drug delivery systems such as niosomes, a PDI of 0.3 or less is considered 
suitable, indicating a well-distributed population of phospholipid vesicles [17]. Therefore, niosomes 
formulated with Tween 60 were considered more suitable due to their lower PDI values.  

A zeta potential of 30 mV or higher indicates a high stability of drug delivery systems, as it suggests 
strong electrostatic repulsion between particles, preventing aggregation [22]. While the zeta potentials of all 
niosomes containing Tween 60 were higher than 30 mV, the zeta potentials of niosomes containing Tween 80, 
except for F6, were considerably lower (p>0.05). This proved that the stability of niosomes containing Tween 
60 was superior. 

The encapsulation efficiency ranged between 48.89% and 65.03%. Baicalein was incorporated into the 
niosomes with a significantly high encapsulation efficiency. Therefore, all niosomes were found to be 
appropriate in terms of encapsulation efficiency. 

2.3. Cytotoxicity 

The cell viability results obtained from the MTT assay are presented in Figure 1. The viability rate 
being over 50% proves that the samples do not have cytotoxic effects, so they are biocompatible [23]. 
Accordingly, the baicalein dose that resulted in cell viability above 50% was determined to be 50 µg/mL. 
Initially, baicalein was incorporated into the niosomes at a concentration of 50 µg/mL, as determined by the 
MTT assay. However, due to the encapsulation efficiency being around 50%, 100 µg/mL of baicalein was 
incorporated into the niosomes. As a result, as shown in Figure 1, the amount of baicalein loaded into the 
niosomes and released at the 24-hours remained below 50 µg/mL. Therefore, the niosome formulation was 
not found to be cytotoxic. It has been also proven that baicalein-loaded niosome and the niosomal gel is not 
cytotoxic (Figure 1). Statistical analysis revealed no significant differences in cell viability among the free 
baicalein (50 µg/mL), the corresponding niosomal formulation, and the niosomal gel containing the same dose 
(p > 0.05), indicating that all formulations were well tolerated and suitable for cellular applications (Figure 1).  
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Figure 1. Effects on L929 cell viability of different concentrations of baicalein and baicalein loaded 
niosome/niosomal gel (error bars represent standard deviations, n = 6). Statistical analyses by one-way 
Anova comparison test. * p<0.05 

2.4. Drug release 

As can be seen from the Figure 2, niosomes containing Tween 60 showed similar or higher relase 
than niosomes containing Tween 80. Additionally, the release was higher in niosomes with 
chloroform:methanol ratios of 7:3. Besides, the lowest release was always observed in the formulation 
with chloroform:methanol ratios of 5:5. Considering all aspects, it can be concluded that niosomes 
containing Tween 80 and Tween 60 with chloroform:methanol ratios of 7:3 may be the most optimal 
formulations. The amount of baicalein released at 24 hours from niosomes containing Tween 60 (F2) 
was higher than that from niosomes containing Tween 80 (F5). In addition, due to the higher 
encapsulation efficiency of the niosomes containing Tween 60 (65.03%) compared to those containing 
Tween 80 (54.57%), F2 coded niosome was selected as the final ideal formulation. 

Although numerous studies have investigated the impact of the surfactant type and the 
cholesterol-to-non-ionic surfactant ratio on niosome properties [24, 25], research examining the 
influence of solvent ratio or type remains limited. Solvent properties (the chloroform:methanol ratio) 
are to impact the fluidity and permeability of the niosomal bilayer. Baicalein is a flavonoid with limited 
water solubility, making its interaction with solvent systems crucial for effective delivery. A solvent 
mixture that optimally balances polarity can improve baicalein's solubility, enhancing its encapsulation 
efficiency and release rate from niosomes. In the study, various chloroform:methanol ratios (9:1 v/v, 7:3 
v/v, and 5:5 v/v) were evaluated to determine their effect on baicalein release from niosomes (Figure 
2). Chloroform and methanol differ significantly in polarity and hydrogen-bonding capabilities. 
Chloroform is a non-polar solvent, whereas methanol is polar and capable of hydrogen bonding. 
Furthermore, Gupta et al. (2015) demonstrated that specific ratios of methanol–chloroform binary 
solvent mixtures can influence solvent–solvent interactions via hydrogen-bonding networks, thereby 
affecting the solvation dynamics [26]. 

The 7:3 ratio exhibited the highest and sustained baicalein release, which can be attributed to 
the physicochemical properties of both the solvents and baicalein. The 7:3 (v/v) ratio may confer 
optimal membrane characteristics, enhancing baicalein release. In contrast, higher chloroform content 
(9:1 v/v) could lead to a more rigid, hydrophobic membrane, hindering drug release, while equal parts 
chloroform and methanol (5:5 v/v) might result in excessive membrane fluidity, compromising stability 
and controlled release. 
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Figure 2. In vitro drug release from niosomes containing a) Tween 60 b) Tween 80 

As a conclude, the type of surfactant used in the niosome formulation as well as the properties 
of the solvent system used have a significant impact on all the characterization properties of niosomes 
including the drug release profile. 

Drug release of optimal niosome (F2) and niosomal gel (F2-gel) was shown in Figure 3. 
Although 86.1% of baicalein was released from niosomes within 24 hours, the release was reduced to 
53.6% in the niosomal gel, presumably due to the increased viscosity of the gel matrix compared to the 
niosome. Nevertheless, the F2-gel exhibited satisfactory cellular permeation (49.8±3.5%) and retained 
sufficient antioxidant activity (Table 2). 

 
 

 
 

                        Figure 3. In vitro drug release from noisome (F2) and niosomal gel (F2-gel) 
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Table 2. Antioxidant activity of the baicalein-loaded niosome and the niosomal gel  

 DPPH• 
(Inhibition% ± SD) 

ABTS+• 
(Inhibition% ± SD) 

F2-niosome 70.78 ± 1.59 47.38 ± 2.59 

F2-niosomal gel 63.77 ± 1.03 40.75 ± 1.56 

 

2.5. Viscosity 

Viscosity of F2-gel as a function of shear rate at 25°C was shown in Figure 4.  

 

                             Figure 4. Viscosity of F2-gel as a function of shear rate at 25°C  

The gel showed pseudoplastic behavior as a decrease in the viscosity of the gel was observed with the increase in 
shear rate. It was related to Carbopol 980, the gelling agent used [27, 28]. At low shear rates (e.g., 50 s⁻¹, where the viscosity 
is around 30 mPa·s), the gel exhibits a more viscous and dense structure. However, as the shear rate increases, particularly 
in the range of 100–500 s⁻¹, its viscosity decreases, indicating shear-thinning behavior. This property facilitates easier 
application, allowing the gel to spread more smoothly when dispensed from a tube or applied with fingers, demonstrating 
its favorable spreadability. 

2.6. Permeation studies 

Niosomes have demonstrated enhanced skin penetration capabilities, attributed to their ability to 
merge with skin cell membranes, facilitating deeper drug delivery [12].  Niosomes have superior properties to 
prevent baicalein's low solubility, low skin permeability and instability problems and to ensure effective 
passage through the skin. In our study, cell permeation percentages of baicalein from F2 coded niosome, and 
the F2-gel at the end of 24 hours were found to be 57.4±0.6% and 49.8±3.5%, respectively. These results indicate 
that baicalein exhibits notably high penetration into L929 mouse fibroblast cells, indicating that both the F2 
and F2-gel are able to penetrate the skin effectively. There are a limited number of direct studies on the skin 
penetration of baicalein. However, there are studies showing that the skin penetration of similar flavonoid 
compounds can be enhanced using vesicular systems. In a study conducted by Yucel et al., aspasomes 
containing ferulic acid, a similar flavonoid compound, were proven to enable effective skin penetration [29]. 
In another study, it has been shown that the bioavailability, stability, antioxidant, antiaging, and wound-
healing properties of baicalin [30], the glucuronic acid conjugate form of baicalein with higher water solubility, 
can be enhanced through transdermal administration using biovesicles. 

Several studies have shown that niosomes can enhance the skin permeability of drugs, similar to our 
study [12]. Yen et al. demonstrated that the niosomal hydrogel increased the rate and amount of transport of 
diclofenac through the skin even compared to the commercial drug [31]. Soni et al. have shown that 
modifications in the formulation significantly impact the characterization of niosomes, and that well-
formulated methotrexate-loaded niosomes may be effective for transdermal cancer treatment [32]. Another 
study has demonstrated that the use of niosomal gel improved drug penetration and, consequently, its 
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therapeutic efficacy compared to the conventional gel [33]. Considering all these factors, our study highlights 
the significance of successfully produced baicalein-loaded niosomes. 

2.7. Antioxidant activity 

Radical scavenging capabilities of the baicalein-loaded niosome and the niosomal gel are given in 
Table 2. 

DPPH● radical scavenging activity above 50% is generally accepted as an indication of strong 
antioxidant potential [34]. As shown in Table 2, the DPPH● radical inhibition capacity of both the formulations 
was determined to be above 64%. Therefore, both the niosome and the niosomal gel demonstrated strong 
antioxidant activity. However, the ABTS+• radical inhibition effects of the formulations were found to be 
lower compared to their DPPH● inhibition effects (p>0.05). This difference may be attributed to the structural 
and physicochemical differences between the DPPH● and ABTS+• radicals, as well as the solubility 
characteristics of baicalein [35]. DPPH● is more lipophilic radical compared to ABTS+•, it tends to interact 
more effectively with lipophilic antioxidants. Since baicalein also has poor water solubility, it interacts more 
efficiently with the lipophilic DPPH● radical, leading to a higher observed inhibition compared to the ABTS+• 
assay. In addition, the lower radical scavenging activity of the niosomal gel could be due to the lower amount 
of drug loaded into the gel and the increase in viscosity caused by the gel matrix. Nevertheless, both the 
baicalein-loaded niosome and the niosomal gel demonstrated high inhibition of both DPPH● and ABTS+• 
radicals, indicating that the developed formulations possess strong antioxidant potential. 

3. CONCLUSION 

Baicalein-loaded niosomes were successfully prepared via the thin film hydration method. Niosomes 
generally exhibited an appropriate size with a narrow size distribution, as well as an ideal zeta potential close 
to -30 mV. Furthermore, their encapsulation efficiency was considered optimal, and they exhibited favorable 
in vitro release properties.  

This study focused on the formulation, in vitro characterization, and evaluation of toxicity, antioxidant 
activity and skin penetration capabilities, with particular emphasis on assessing the effects of surfactant type 
and solvent property variations on formulation characteristics. Although niosomes containing Tween 60 
generally exhibited larger particle sizes compared to those containing Tween 80, they had a narrower size 
distribution and better stability. The increase in the amount of chloroform in the solvent system also facilitated 
the formation of smaller particle sizes. Finally, the niosomes with a 7:3 chloroform: methanol ratio 
demonstrated superior in vitro release, and thus, the ideal formulation was determined to be the F2 
formulation with Tween 60 and a 7:3 chloroform:methanol ratio. Afterward, baicalein-loaded niosomal gel 
was obtained using the F2 niosome formulation and Carbopol 980. These results indicate that the properties 
of the surfactant type and the solvent system used, have a significant impact on the overall characterization of 
niosomes including the drug release profile.  

Cell culture studies have proven that baicalein-loaded niosome and the niosomal gel can be used safely, 
are biocompatible, penetrate into skin and have high antioxidant effects, thus accelerating skin vitality and 
providing a significant anti-aging effect by acting even in the lower layers of the skin.  

As a conclude, these findings highlight the promising potential of baicalein-loaded niosomes/niosomal 
gel for transdermal drug delivery applications. Our study will contribute to the formulation of plant-derived 
active substances, which have several drawbacks such as stability and solubility limitations that restrict their 
use, into drug delivery systems, particularly baicalein-loaded niosomes/niosomal gels, and aid in their future 
market introduction.  

4. MATERIALS AND METHODS 

Baicalein, 3-(4,5-dimethyldiazol-2-yl)-2,5-diphenyltetrazolium bromide(MTT), penicillin/streptomycin 
solution, fetal bovine serum (FBS), Dulbecco's Modified Eagle Medium (DMEM) and dimethyl sulfoxide 
(DMSO) for cell culture, chloroform and methanol were purchased from Sigma-Aldrich (USA). Carbopol 980 
was kindly gifted from the Abdi İbrahim Pharmaceutical, Industry and Trade Company (Turkey). L929 mouse 
fibroblast cells were obtained from the American Type Culture Collection (ATCC® CCL-1™) (USA). Cell 
culture flasks and plates were purchased from Corning® (USA). Cedex, Trypan Blue solution and Smart Slides 
were acquired from Roche (Switzerland).  

4.1. UV-Visible Spectrophotometric Analysis of Baicalein 
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The quantification of baicalein was performed using a UV-Vis spectrophotometer (Shimadzu 1800, 
Japan). The absorption spectrum of baicalein was recorded over a wavelength range of 200–600 nm. A series 
of baicalein solutions (1–15 µg/mL) were prepared from a stock solution. The standard calibration curve was 
generated using linear regression analysis, expressed by the equation: y = ax + b, where x represents the 
baicalein concentration (µg/mL) and y denotes the corresponding absorbance. 

4.2. Niosome/niosomal gel 

Niosomes were prepared using the thin-film hydration method [36]. This method is commonly used 
in niosome formulation involving the dissolution of surfactant and cholesterol in an appropriate organic 
solvent, such as chloroform, methanol, ethanol, or ether [10]. In the study, different formulations of cholesterol 
and non-ionic surfactants (molar ratio of 1:1) were prepared by accurately weighing the required amounts of 
each component and transferring them into a round-bottom flask. Subsequently, the solvent system 
(chloroform:methanol) was added at varying ratios (9:1, 7:3, and 5:5 v/v), and the mixture was subjected to 
rotary evaporation to form a thin film. Initially, the active ingredient was added during the hydration step; 
however, due to low encapsulation efficiency, it was instead dissolved in methanol and incorporated during 
the film formation process. After solvent evaporation, the resulting thin films were hydrated using an 
ultrasonic water bath. 

To obtain a niosomal gel with the selected optimal niosome formulation, 1% w/w Carbopol 980 was 
used. The niosomes were incorporated into the gel, and a magnetic stirrer was used to ensure homogenization. 

4.3. Cytotoxicity 

The L929 mouse fibroblast cell line was cultured in DMEM enriched with 1% penicillin-streptomycin 
and 10% FBS in an incubator at 37 ◦C under 5% CO2 atmosphere. The medium was changed with fresh 
medium every 48 h. Cytotoxicity of baicalein solutions (400–25 µg/mL) and baicalein loaded optimum 
formulation on the L929 cell line were determined using MTT test. Cells (10.000 cells/well) were seeded in 96-
well tissue culture plates for testing and incubated overnight in the incubator. After the medium was removed, 
100 µL of the samples was added to the wells and incubated for 24 hours in the incubator. After the incubation, 
the contents of the wells were removed, and 100 µL of fresh DMEM and 13 µL of MTT solution was added. 
The plates were then tightly wrapped with aluminum foil and incubated for 2 hours at 37°C in a 5% CO₂ 
environment. At the end of the incubation period, the contents of the wells were discarded, and 100 µL of 
DMSO was added. The wells containing only the culture medium were used as the control group, with cell 
viability set at 100%, and the results were expressed as a percentage. The resulting purple color was measured 
spectrophotometrically at 570 nm using a microplate ELISA reader (Biotech Synergy HT, USA) [23].  

4.4. Particle size, polydispersity index, zeta particle 

The PS, PDI, and ZP of the niosomes were analyzed using a Zetasizer (Malvern, Nano ZS90) (n=3). 
The results were reported as mean ± standard deviation. 

4.5. Encapsulation efficiency and drug release 

The prepared niosomes were vortexed for 5 minutes to achieve homogeneity. 1 mL of the niosomal 
suspension centrifuged at 15.000 rpm for 30 minutes at 4°C. The supernatant was collected, and the amount 
of unencapsulated baicalein in the niosomes was analyzed using a UV spectrophotometer. Encapsulation 
efficiency was determined using the equation provided below (n=3). The results were reported as mean ± 
standard deviation. 
Encapsulation Efficiency (EE%) = (Total baicalein amount−Unencapsulated baicalein in the supernatant
)/Total baicalein amount X 100 

In vitro release studies were conducted using the dialysis membrane method [25]. Baicalein-loaded 
niosomes were placed into a dialysis membrane and transferred into a tube. Then, 2 mL of distilled water was 
added, and the tube was placed in a shaking water bath set at 37°C with a shaking rate of 50 rpm. At 
predetermined time intervals (1, 2, 4, 8, and 24 hours), the release medium was collected and replaced with an 
equal volume of fresh distilled water to continue the measurement for the subsequent time points. The in vitro 
release of the active ingredient was analyzed using the collected samples. The amount of released active 
ingredient was determined using a validated quantification method with a UV spectrophotometer (n=3).  

4.6. Viscosity of niosomal gel 
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The viscosity of the niosomal gel was measured using Brookfield DV3T Rheometer (USA) at 25°C with 
spindle CP-52, across a shear rate range of 50–500 s-1. The results were reported as the mean ± standard 
deviation (n=3). 

 

4.7. Cell permeation studies 

L929 mouse fibroblast cells were used for the cell permeation studies. The cells were cultured as a 
monolayer on specialized six-well cell culture inserts with a pore size of 0.4 µm. Once the monolayer was 
established, the inserts were positioned between the apical and basolateral compartments of the diffusion 
chamber, and the experiment was initiated. The temperature of the system was maintained at 37°C. The 
experimental duration was determined to align with the in vitro release study. At the end of the experiment, 
the amount of baicalein that permeated from the apical to the basolateral compartment was quantified using 
a UV spectrophotometer (n=3) [37]. 

4.8. Antioxidant activity 

4.8.1. DPPH● Radical Scavenging Activity 

DPPH● radical scavenging effects of the samples (the amount of baicalein that permeated through 
L929 cells from the formulations) were determined using the method proposed by Gyamfi and colleagues [38]. 
The samples and Tris-HCl buffer (50 nM, pH 7.4) were mixed and a DPPH solution (0.1 mM) was formed in 
methanol. Absorbance was measured at 517 nm via UV spectrophotometer, after 30 min incubation period in 
darkness at room temperature (n=3).  

4.8.2. ABTS●+ Radical Scavenging Activity 

ABTS●+ radical scavenging effects of the samples (the amount of baicalein that permeated through 
L929 cells from the formulations)  were determined using the method proposed by Re and colleagues [39]. An 
ABTS+ radical solution (7 mM) with the absorbance adjusted to 0.700 (±0.030) at 734 nm was obtained for 
analysis. The reaction kinetics were monitored and documented at 734 nm in 1 min intervals for 30 min, 
utilizing 990 μL of the freshly prepared radical solution and 10 μL of the sample solutions (n=3).  

4.9. Statistical analyses 

Statistical analyses were performed using SPSS version 27.0 for Windows. One-way ANOVA was 
employed to assess statistical significance, with a p-value of less than 0.05 considered statistically significant. 
Data are presented as mean ± standard deviation (SD). 
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