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Abstract 

We aimed to create a gel to treat acne. It contains quercetin-loaded niosomes. The thin film hydration method formulated 

quercetin-loaded niosomes made of cholesterol, maltodextrin, and span 60. The best batch of niosomes showed entrapment 

efficiency (97.10±0.10%), particle size (62.37±2µm), zeta potential (-43.4±6mv), and polydispersity index of 0.0554. The 

best batch (F7) was composed of quercetin (50 mg), Span 60 (180 mg), cholesterol (20 mg), maltodextrin (120 mg), hydration 

time (120 s), and hydration volume (30 ml). Further, F7 was subjected to a sonicator to reduce the particle size to 593.5±2.0 

nm. Niosomes with spherical shapes were evenly dispersed, as shown by SEM analysis. Next, using a cold mechanical 

technique, quercetin niosomes loaded gel was prepared using carbopol 940. Gel exhibited a pH of 6.4, a high viscosity of 

12,500 cP, quercetin diffusion through goat skin (93.56±2.19% within six h), and a zone of inhibition against Cutibacterium 

acnes (5.2± 0.9 mm). In conclusion, niosomal gel loaded with quercetin was thus shown to be a viable delivery strategy to 

treat acne.  
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1. Introduction  

A common skin issue, acne vulgaris, is frequent 

worldwide [1]. Chronic sebaceous follicle inflammation is 

the source of a dermatological condition that manifests as 

inflammatory papules and nodules [2]. Acne is caused by 

the sebaceous glands being hypersensitive to a typical 

amount of androgens in the blood. Sebaceous glands and 

hair follicles in the middle layer of the skin are breeding 

grounds where Cutibacterium acnes (C. acnes), a normal 

skin resident, worsens the inflammation [3]. The 

condition, which interferes with normal skin functioning 

by causing itching and soreness, is thought to afflict 10% 

of adults and 85% of teenagers [4]. The proliferation of a 

bacterium formerly Propionibacterium acnes (P. acnes), 

which is now known as Cutibacterium acnes, is its main 

cause [5]. Additional bacteria, like Corynebacterium 

species, Malassezia species, and Staphylococcus 

epidermidis [6, 7, 8], may also be present on the skin and 

add to the total complexity of acne development [9]. Acne 

can be caused by various reasons, such as bacterial 

infection, cosmetic use, stress, follicular epidermal 

hyperproliferation, and excessive sebum production due 

to clogging of sebaceous glands [10]. Specifically, the 

initial stages of inflammation are influenced by a gram-

positive anaerobic bacteria called Candida acne [11]. 

During puberty, 5-alpha reductase converts testosterone to 

the more potent dihydrotestosterone (DHT) due to 

androgens, which bind to certain receptors in the 
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sebaceous glands and promote sebum output [12]. 

Because of the increased hyperproliferation of the 

follicular epidermis, sebum is retained. Once swollen 

follicles burst, pro-inflammatory chemicals are released 

into the dermis, causing inflammation [13]. Malassezia 

furfur, C. acnes, and Staphylococcus epidermis induce 

inflammation and stimulate the development of follicular 

epidermal tissue [14].  

Currently, using natural products, mainly plant-

based, to treat acne is on the rise. One such natural 

phytochemical is quercetin, which is mainly a 

polyphenol component found in broccoli, citrus fruits, 

grapes, berries, and cherries. It has been demonstrated 

that quercetin exhibits antimicrobial effects against C. 

acne [15]. Derivatives of quercetin exhibited greater 

antimicrobial or antibacterial action against gram-

negative bacteria than gram-positive bacteria [16]. 

Antioxidant [17], anti-tumoral [18], anti-inflammatory 

[19], antimicrobial [20], antibacterial [21], and antiviral 

[16] qualities have been observed for quercetin. An 

essential player in the immune response to bacterial 

infections such as C. acnes is toll-like receptor 2 (TLR-

2). Quercetin inhibits TLR-2 synthesis, which may limit 

the immune system's ability to identify C. acnes and, as 

a result, lessen the inflammatory response [22]. TLR-2 

receptors are found on the skin's surface, and bacterial 

infections in the body that cause inflammation are 

identified [23]. Moreover, it functions within the 

bacterial body to prevent DNA supercoiling, which stops 

bacterial development [24]. The application of quercetin 

to treat acne can be made by various conventional topical 

medicines abundantly available on the market. However, 

skin membranes (mainly the structure of the stratum 

corneum) act as barriers that affect these products with 

less therapeutic action [25]. Because of this problem, the 

successful drug delivery to target an affected skin area is 

niosomes. The elastic nature of the niosome easily gets 

transported through the skin. Furthermore, the small size, 

high surface area, and flexible nature of niosomes help 

to deliver the drug to the target site [26].  

Niosomes (non-ionic surfactant vesicles) are formed 

by combining non-ionic surfactant and cholesterol to get 

tiny lamellar structures [27, 28]. Because of their 

amphiphilic character, the non-ionic surfactants in 

aqueous fluids create a closed bilayer vesicle with 

energy, either heat or physical agitation [29, 30]. 

Niosome vesicles are delivered through gel due to easy 

applicability, adherence to the skin, and higher retention 

on the skin due to its semisolid nature [26]. Herein, 

carbopol 940 is a crosslinked polyacrylic acid polymer 

carbomer. It is non-toxic and non-irritating, providing 

high viscosity and forming clear gel [31].  

The literature exhibited anti-acne niosome gel using 

betel leaf essential oil to boost stability and trans 

follicular penetration of the gel [27]. Similarly, niosomal 

nanocarriers of quercetin were formulated for enhanced 

skin delivery to study anti-tyrosinase and antioxidant 

activity [32]. Likewise, antiacne activity using topical 

niosomal gel was explored, which contained a 

combination of benzoyl peroxide and tretinoin [33]. 

Because of this literature, the current investigation 

explored the potential of niosome-encapsulated 

quercetin to treat acne. Because quercetin is lipophilic, 

adding it to niosomes was thought to improve the stratum 

corneum's permeability and characteristics by reducing 

transepidermal water loss and smoothing the skin by 

restoring skin lipids. Therefore, the current study aimed 

to create a gel containing quercetin-loaded niosomes to 

treat acne.  

2. Material and Methods 

Quercetin was procured from P. C. Chem, Mumbai, 

India. The chemicals used during the study were of 

analytical grade.  

2.1. Preparation of quercetin niosomes 

Quercetin niosomes were formulated using the thin film 

hydration method with minor modifications [34, 35]. The 

preliminary study established the quantity of quercetin to 

be loaded into niosomes. The ingredients maltodextrin, 

span 60, cholesterol, and quercetin were added in the 

mixture of chloroform: methanol (1:1) and organic 

solvent (20 ml) and finally subjected to rotary evaporator 

(Equitron Medica Instruments Mfg. Co., India). The 

composition of formulations is shown in Table 1. The 

organic solvent was vaporized at low pressure (500 mm 

Hg) by applying a vacuum and rotating the flask 

continuously at 150 rpm at 56oC till the formation of dry 

film [36]. The portion-wise hydration of the film was 

done with a phosphate buffer of pH 7.4. The vesicles 

were allowed to hydrate and mature by rotating the flask 

at 40ºC for a predetermined period. The hydrated 

niosomes dispersion formulations were kept in glass 

vials at 4ºC till further use [37].  
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Table 1.  Formulation of niosomes 

Batch 

(code) 

Quercetin 

(mg) 

Span 

60 

(mg) 

Cholesterol 

(mg) 

Maltodextrin 

(mg) 

Hydration 

Time (sec) 

Hydration 

Volume 

(ml) 

Particle 

Size (µm) 

Entrapment 

Efficiency (%) 

F1 50 180 20 120 80 20 108.5±0.3 68.48±0.16 

F2 50 180 20 120 90 20 96.24±0.3 71.97±0.6 

F3 50 180 20 120 120 20 90.99±0.1 86.45±0.8 

F4 50 180 20 120 105 30 84.87±0.2 90.52±0.2 

F5 50 180 20 120 120 10 96.23±0.3 93.70±0.42 

F6 50 180 20 120 105 20 76.46±0.3 92.45±0.43 

F7 50 180 20 120 120 30 62.37±0.3 97.10±0.10 

F8 50 180 20 120 90 10 52.03±0.1 94.68±0.25 

F9 50 180 20 120 90 30 39.73±0.2 75.76±0.24 

F10 50 180 20 120 105 10 38.13±0.3 90.33±0.10 

 

 

2.2. Characterization of niosomes 

2.2.1. Particle size 

The particle size of niosomes was determined using a 

plane-polarized light microscope [Metzer Optical 

Instruments Pvt. Ltd.] [38].  

2.2.2. Entrapment Efficiency  

The entrapment efficiency of drug-loaded niosomes was 

determined after separating an unentrapped drug, which 

was performed by cooling centrifugation (Remi, C-

24DL) at 12,000 rpm for 30 min at 4°C [39]. UV 

spectroscopy quantified the amount of the drug at 256 

nm (UV spectrophotometer/1800 Shimadzu, Japan). 

Lastly, equation (1) was used to determine the 

entrapment efficiency [39, 40]. 

𝐸𝐸 [%] =
𝑇𝑜𝑡𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑑𝑟𝑢𝑔 𝑎𝑑𝑑𝑒𝑑−𝑓𝑟𝑒𝑒 𝑑𝑟𝑢𝑔 𝑖𝑛 𝑠𝑢𝑝𝑒𝑟𝑛𝑎𝑡𝑒𝑛𝑡  𝑥 100

𝑇𝑜𝑡𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑑𝑟𝑢𝑔 𝑎𝑑𝑑𝑒𝑑
       (1) 

 

2.2.3. Scanning electron microscopy      

The surface appearance of the best batch of niosomes 

was examined using scanning electron microscopy 

(SEM). The formulation was secured using double-sided 

adhesive tape on an aluminum stub. A vacuum 

evaporator covered the formulation with gold-palladium 

(Au/Pd). At 25 kV accelerating voltage, the morphology 

was analyzed using an electron microscope (SEM 

Quanta-200-EDX system, ICON labs, Mumbai) fitted 

with a digital camera [40, 41]. Further, the surface 

characteristics of the chosen formulation of quercetin 

niosomes were noted using a scanning electron 

microscope. 

2.2.4. Sonication of niosomes 

The dispersion of niosomes (best batch) was sonicated at 

ultrasonicator (Ultrasonic Probe Sonicator, PCI 

Analytics, India) to get small and uniform size vesicles 

[39] using three cycles with 5 min break and one cycle 

run for 30 s to reduce the size. The sonication caused 

bubble formation, which affected lipid membranes [42].  

2.2.5. Measurement of zeta potential and polydispersity 

index (PDI)  

Colloidal properties of the niosomal formulations were 

studied in terms of particle size and PDI using a zeta sizer 

(SZ-100, Horiba Scientific). The homogeneity of 

vesicles was examined using PDI. Niosomes (0.1 ml) 

was diluted with phosphate buffer pH 7.4 to 100 ml. The 

instrument was operated at 25ºC and 90ºC scattering 

angle [35]. A stable formulation was indicated by a value 

larger than ± 30 mV [38, 42].  

2.3. Preparation of niosomes gel formulation 

Niosomes were further transformed into the gel using a 

cold mechanical process. Carbopol 940 was used as a 

gelling agent due to its hydrophilic and bioadhesive 

qualities. Niosomes (4.8 g) was covered with carbopol 

940 (2%), shaken with a mechanical stirrer for 30 min, 

and left to swell overnight. Triethanolamine and 

methylparaben were added to the niosomal gel to attain 

pH and preservative action. The bath sonication method 

was used to get rid of the air bubbles. Similarly, the 

control gel was prepared by directly adding quercetin to 

the gel (without niosomes F0) [43].   
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2.3.1. Characterization of gel formulation 

2.3.1.1. Drug content  

Gel (10 mg) was added to 100 ml methanol, sonicated 

for 10 min, filtered (membrane filter 0.45 μm), and the 

filtrate was analyzed by UV spectrophotometer (1800, 

Shimadzu, Japan) at 256 nm to quantify quercetin [44]. 

2.3.1.2. Determination of pH 

The dispersion's pH was measured using a digital pH 

meter (LAB MAN Scientific Instrument, India). 

2.3.1.3. Viscosity measurements 

Viscosity was measured using a Brookfield viscometer 

(LVDVE, USA) with spindle 64 running at 60 rpm. An 

appropriate container filled with gel was set beneath the 

viscometer. The spindle was lowered and submerged 

into the gel until the spindle shaft reached an immersion 

mark [38, 45].  

2.3.1.4. Texture profile analysis  

Firmness, tackiness, and work of adhesion are a few 

characteristics that can be used to assess the spreadability 

of the formulation [44]. A texture analyzer (Brookfield 

Engineering Corporation, USA) was used to examine 

each of these attributes using the following parameters: 

a probe sample holder (TA3)/100 was filled with sample, 

where the following parameters were applied: test type 

set at compression mode, a tapered cone with the target 

value of 10 mm, trigger force of 2.0 g and lowering and 

return speed of 0.5 mm/s [46].  

2.3.1.5. In-vitro diffusion study 

Franz diffusion cell assembly with 20 ml capacity (DBK 

Instruments, India) was used to get in vitro drug release. 

The receptor compartment of the cell was filled with 

diffusion medium pH 7.4 phosphate buffer solution 

(diffusion medium). Niosomes, control gel (without 

niosomes), and niosomal gel, each containing 390 mg 

(equal to 4 mg of quercetin), were studied by placing on 

the dialysis membrane-135 (LA398-1MT, molecular 

weight cut off 12 to 14 kD, HiMedia Laboratories Pvt. 

Ltd., India),  flat width of 33.12 mm which was 

previously soaked in phosphate buffer pH 7.4 for 24 h. It 

was positioned between two compartments. The 

magnetic stirrer at 100 rpm was used to stir the diffusion 

medium at 37±0.5°C. Further, 1 ml of the aliquot was 

taken out at predetermined intervals and reintroduced 

with the same media volume. The aliquots were analyzed 

by UV spectrophotometry (1800, Shimadzu, Japan) at 

256 nm to quantify quercetin [39, 47].  

2.3.1.6. Ex-vivo study   

Fresh abdominal goat skin was used to perform an ex 

vivo study, free of visible damage. After gently rinsing 

the skin with buffer to get rid of any dirt, the hair of the 

skin was gently removed with scissors [45]. Franz 

diffusion cell (20 ml) (DBK Instruments, India) was used 

where the skin was positioned between the two cell 

compartments with an effective diffusional area of 3.14 

cm². Niosomal gel (390 mg) and control gel (390 mg) 

(without niosomes), both containing equivalent to 4 mg 

of quercetin, were put on the skin of the donor 

compartment. A pH 7.4 phosphate buffer solution was 

introduced into the recipient compartment, which was 

continuously stirred at 50 rpm and maintained at 

37±0.5°C. At predefined intervals of 30 min, 1 ml 

aliquots were removed from the receiver compartment 

and replaced with an equal volume of fresh phosphate 

buffer solution. The sample was subjected to 

spectrophotometric analysis at 256 nm [48]. By 

determining the steady-state flux (Jmax) and examining 

the proportion of drug diffused, the ex vivo permeation 

of quercetin across the membrane was investigated. 

Jmax was determined using the following equation (2):  

     Jmax = (
dQ

dt
)/A                                           (2)   

 

Where DQ/dt - Skin permeation rate, which is the slope 

of the cumulative amount of permeated quercetin vs. 

time, A = the effective diffusion area of the skin 

(3.14cm²). 

2.3.1.7. Antimicrobial assay 

The microbial strain Cutibacterium acnes (MTCC 1374) 

was used to test the antimicrobial sensitivity of 

quercetin-loaded niosomes, quercetin niosomal gel, and 

control gel (without niosomes) using the cup plate 

method. Samples were tested against C. acnes using 

medium Muller-Hinton agar, wherein a 7 mm diameter 

was bored and filled with the above samples (2.5 mg/ml). 

The plates were incubated for 48 h at 37°C. The 
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antimicrobial capability of samples was assessed by 

measuring the size of the zone of inhibition [38, 49]. 

3. Results and Discussion 

3.1. Preparation of niosomes 

Quercetin-loaded niosomes were formulated using the 

thin film hydration technique. The vesicle-forming 

capacity of sorbitan monostearate (Span 60) and 

cholesterol were studied, varying the parameters of 

hydration time and hydration volume (Table 1). Here, 

the role of cholesterol was to stabilize the vesicles. 

Maltodextrin was incorporated into niosomes to enhance 

the stability of vesicles and provide flexibility to 

surfactant and cholesterol [37]. F7 niosomes formulation 

was selected as the best batch by considering the smallest 

particle size and maximum entrapment efficiency. 

3.2. Characterization of niosomes 

3.2.1. Particle size 

Particle size of niosomes (F1 to F10) was ranged from 

38.13 to 108.5 µm (Table 1). Here, by decreasing 

hydration time, the particle size was found to be 

decreased. The change in hydration time was a strategy 

to control nanovesicle size. The particle size of batch F7 

was found to be 62.37±0.3 µm.  

3.2.2. Entrapment Efficiency  

The entrapment efficiency of quercetin niosomes was 

68-97% (Table 1). Furthermore, the lipophilicity of 

quercetin (log P=1.82±0.32) contributed to the high 

entrapment efficiency. Furthermore, the addition of 

cholesterol in the niosomes enhanced the hydrophobicity 

of the bilayer. Thus, enhancement in drug entrapment 

was observed within the bilayers and, thus, fewer drug 

leakage, ultimately resulting in high entrapment 

efficiency [48]. Since formulation F7 displayed the 

highest entrapment efficiency (97±2.2%) than other 

batches, it was considered the best batch [39].  

3.2.3. Scanning Electron Microscopy  

A scanning electron microscopy image of F7 revealed 

spherical-shaped, uniform-size isolated vesicles of 

niosomes (Fig. 1). These results revealed the uniform 

loading of quercetin and process parameters. 

 

Figure 1. SEM image of niosomes 

3.2.4. Polydispersity index, particle size, and zeta 

potential 

The polydispersity index (F7) was found to be 0.0554, 

which specified the uniformity of particles in a 

dispersion medium. Particle size (Fig. 2a) of the F7 batch 

of niosomes was found to be 62.37±0.3 µm prior to 

sonication, while it showed a reduction in particle size 

after sonication to 593.5±2.4 nm. Thus, the small size of 

niosomes favored easy penetration through paracellular 

pathways into the skin through the skin's pores to 

sebaceous glands and hair follicles where acne lesions 

typically persist. Niosomes designed for anti-acne 

applications should ideally have a particle size 

between 300 - 700 nm [38]. This size range effectively 

targets sebaceous follicles within the skin, which are the 

primary sites of acne development. The ultra-sonication 

of niosomes reduced the size and contributed to a large 

surface area [50]. Further, the zeta potential (Fig. 2b) of 

the F7 formulation was found to be -43.4 mV due to the 

presence of maltodextrin [49], which represented the 

stability of the dispersion. Thus, the agglomeration was 

prevented due to strong electric charges on the surface of 

the particles. The adequate charge of quercetin was 

represented as a numerical value of zeta potential that 

helped the mobility and thus hindered aggregation of 

particles [51]. Thus, phase separation was not observed 

due to the high zeta potential value. Further, negative 

zeta potential imparted electrostatic repulsion amongst 

vesicles, which further prohibited agglomeration of 

vesicles [52].  
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Figure 2. Characterization of niosomes (a) Particle size and 

(b) Zeta potential 
 

3.2.5. Characterization of gel formulation 

The actual niosomal gel photograph is shown in Fig. 3 (c). 

3.2.5.1. Drug content and pH of the gel 

The niosomal gel showed a pH of 6.4, attuned to the 

skin's pH [53]. Thus, irritation upon application of the 

niosomal gel to the skin was avoided [54]. However, skin 

pH is normally acidic (between 4 and 6). The acidic pH 

of the stratum corneum layer of the skin is essential for 

optimal functioning of the skin's natural barrier system. 

A shift or increase in the skin's pH inclines the skin to 

several inflammatory and infectious dermal infections, 

such as acne vulgaris [55]. 

3.2.5.2. Viscosity measurement 

Niosomal formulation displayed a maximum viscosity of 

12500 cP [53]. Span 60 increases the viscosity of 

niosomal gel as it forms a stabilizing network within the 

gel and prevents niosomes from moving freely, thus 

increasing resistance to flow [54]. Thus, the more 

viscous the formulation, the more adherence to the target 

skin surface. The low-viscosity gels (viscosity of less 

than 15,000 cP) were preferred to treat skin disorders like 

acne [56]. The more viscous gel helps to retain the acne 

on the skin surface. 

3.2.5.3. Spreadability of gel 

The spreadability of gel is a measure of how easily it can 

be applied to the skin. It is a combination of rheological 

properties, including its viscosity, structure, and visco-

elasticity of gel. A gel with good spreadability is well 

distributed on the skin, which further adheres to the skin 

and shows a good effect [46]. The work of adhesion at 

the load versus time profile is the maximum peak force 

attained throughout the compression cycle. It was 

calculated as the ratio of the area under the tackiness 

curve to the area under the firmness curve. Niosomal gel 

(Fig. 3a) and control gel (Fig. 3b) showed the following 

values: the tackiness values were 205 and 100g, 

respectively, and firmness was found to be -97 and -50 

mm, respectively. Niosomal gel showed less viscosity, as 

indicated by the less steep curve in Fig. 3b, which 

depicted better spreadability. The spreadability of the 

formulation is inversely related to the viscosity. The 

spreadability of the niosomal gel was found to be 

20.5±1.45 g cm/s. The lower viscosity of niosomal gel 

was the presence of vesicles of niosomes [57].   

 

 
Figure 3. Texture analysis of (a) niosomal gel, (b) control gel; (c) actual photo of formulation of gel 
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3.2.5.3. Spreadability of gel 

The spreadability of gel is a measure of how easily it can 

be applied to the skin. It is a combination of rheological 

properties, including its viscosity, structure, and visco-

elasticity of gel. A gel with good spreadability is well 

distributed on the skin, which further adheres to the skin 

and shows a good effect [46]. The work of adhesion at 

the load versus time profile is the maximum peak force 

attained throughout the compression cycle. It was 

calculated as the ratio of the area under the tackiness 

curve to the area under the firmness curve. Niosomal gel 

(Fig. 3a) and control gel (Fig. 3b) showed the following 

values: the tackiness values were 205 and 100g, 

respectively, and firmness was found to be -97 and -50 

mm, respectively. Niosomal gel showed less viscosity, as 

indicated by the less steep curve in Fig. 3b, which 

depicted better spreadability. The spreadability of the 

formulation is inversely related to the viscosity. The 

spreadability of the niosomal gel was found to be 

20.5±1.45 g cm/s. The lower viscosity of niosomal gel 

was the presence of vesicles of niosomes [57].   

3.2.5.4. In vitro drug diffusion of niosomal gel 

The rate at which quercetin diffused from the niosomal 

gel demonstrated the delivery process of the medication. 

The drug diffusion was 99.1% after six hours (Fig. 4). 

According to the results of drug diffusion (as shown in 

Fig. 4), niosomes and niosomal gel exhibited higher and 

longer behavior of drug diffusion than control gel 

(without niosomes). Quercetin niosomal gel resulted in a 

noticeably slower diffusion profile than niosomes within 

six hours. The drug was released faster (99.15±0.13% 

within six hours) through niosomes, while it was 

comparatively slower initially in the case of niosomal gel 

(98.34±0.36% within six hours). The initial quick 

diffusion of quercetin from the exterior portion of the 

niosomal gel was rapid, followed by a slower rate [58]. 

The viscous nature of gel and the entrapment of quercetin 

in the bilayer structure of niosomes exhibited a slower 

drug diffusion profile. Thus, drug diffusion was retarded 

by the following barriers: the first barrier was the 

niosomal bilayer, and the second barrier was the 

carbopol gel matrix. However, such a type of delayed 

behavior was beneficial for transdermal delivery. 

Initially, the fast drug diffusion caused saturation of the 

epidermis, while later, gradual slow diffusion of the drug 

was used to attain a high concentration gradient, thus 

successfully delivering the drug at the target site [38, 59].  

 

 
Figure 4. In vitro drug release of niosomes, niosomal gel and 

control gel 

 

3.2.5.5. Ex-vivo permeation study 

Nanoparticles with a diameter of 5–7 nm can penetrate 

through the intercellular route, while nanoparticles with 

a diameter of 36 nm can penetrate through the aqueous 

pores. Niosomes with particle size within the 200-300nm 

range are required for optimal skin permeation. This 

nano-sized range favors penetration through the skin's 

stratum corneum, enhancing drug delivery efficacy [26]. 

Ex-vivo permeation study through the goat skin 

exhibited the transport of control gel (without niosomes) 

and quercetin niosomal gel, as shown in Fig. 5, which 

represented 62.84±1.34% within six hours and 

93.56±2.19% within six hours. Earlier, similar results 

were obtained for the permeation of quercetin [32].  

 

 

 
Figure 5. Ex-vivo study of control gel and niosomal gel 
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Herein, treatment of acne favors drug permeation till 

deep into the skin in the middle layer at the hair follicles 

and sebaceous glands. Herein, niosomes enhanced the 

residence time of the drug in the epidermis, potentially 

enhancing its permeation. The quercetin niosomal gel 

(93.56±2.19% till six hours) penetrated the skin faster 

than the control gel (62.84±1.34% till six hours) due to 

the small vesicle size of niosomes. 

Additionally, the niosomal gel significantly showed 

greater diffusion than the control gel [59]. Considering 

flux, the niosomal gel depicted more diffusion (0.0032 

µg/cm2/min) than the control gel (0.00089 µg/cm2/min) 

within six hours of diffusion study. Thus, the niosomal 

gel demonstrated a 3.2-fold improvement over the 

control gel. This may be due to lipid-based vesicles 

(niosomes), encapsulated drugs and facilitated 

penetration through the membrane, and improving 

solubility of poorly soluble drugs. The lipid bilayer of the 

niosome fused with the skin lipid layer facilitated drug 

transportation, enhancing flux. 

3.2.5.6. Antimicrobial activity  

Quercetin-loaded niosomes, quercetin niosomal gel, and 

control gel (without niosomes) revealed 5.6±1.2, 5.2±0.9 

and 3.9±0.6 mm zone of inhibition against C. acnes (Fig. 

6). Niosomes represented better antimicrobial activity as 

compared to control gel. Herein, improved drug 

penetration was attributed to better permeation through 

the medium due to small niosomes and better diffusion 

through the medium compared to the control gel without 

niosomes. This resulted in a larger zone of inhibition than 

the control gel. However, adding niosomes into a gel 

further reduced the permeation of the drug compared to 

niosomes, which was revealed in less zone of inhibition 

[60, 61]. 

 
Figure 6. Zone of inhibition against Cutibacterium acnes of 

A: control gel, B: quercetin loaded niosomes C: quercetin 

niosomal gel  

4. Conclusion 

Quercetin-loaded niosomes were prepared for the 

treatment of acne. Niosomes favored the permeation of 

the drug and enhanced the residence time of the drug in 

the epidermis. Due to the small vesicle size, quercetin 

niosomal gel penetrated the skin faster than the control 

gel. Further, niosomes exhibited better antimicrobial 

activity against Cutibacterium acne than the control gel. 

Thus, due to their small vesicle size, niosomes proved 

beneficial in targeting deep-seated skin infection acne. In 

conclusion, the anti-acne gel of quercetin-loaded 

niosomes was considered to have a successful delivery. 
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