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Abstract 

Background: The present study aimed to design and investigate a topical preparation 

based on niosomal nanocarriers for local delivery of azelaic acid. 

Methods: Niosomal nanocarriers were prepared using a thin-layer hydration method. 

Physicochemical properties of nanocarriers, including size and morphology, zeta potential, 

and drug entrapment efficiency, were determined. A hydrogel containing the nano-

niosomes was prepared and investigated for viscosity, pH, release, and ex vivo skin 

permeability of azelaic acid. Rabbit skin irritation and cell cytotoxicity of the preparations 

were investigated using Draize and MTT tests, respectively.  

Results: Azelaic acid containing niosomal nanocarriers were prepared in the form of 

homogeneous spherical vesicles, with 274.3 nm size, and +46.1 mV zeta potential. Azelaic 

acid entrapment efficiency was 95.1% ± 3.8%, and niosomal nanocarriers were stable at 4 

and 25 °C for 3 months. The hydrogel released 89.6 ± 3.48% of azelaic acid in 24 h, and 

skin permeation was 77.9 ± 4.9 μg/cm2. Toxicological investigations did not show any skin 

irritation or cell cytotoxicity. 

Conclusion: The prepared topical preparation based on niosomal nanocarriers can be a 

promising approach for the local delivery of azelaic acid. It showed good 

physicochemical properties, sustained release, and increased skin permeation of 

azelaic acid, without causing any side effects. 

Keywords: Azelaic acid; Hydrogel, Niosomal nanocarriers; Topical delivery 

 

Introduction 
Azelaic acid (AZA) is a natural saturated 

dicarboxylic acid that is found in whole grains 

(barley, wheat, and rye) and animal products and is 

used in the treatment of various skin diseases, 

including acne, rosacea, and hyperpigmentation [1-

5]. In addition, the anti-androgenic activity of AZA 

is of great importance in its potential effectiveness 

for androgenic alopecia. AZA inhibits the activity of 

5-alpha reductase, the enzyme responsible for 

converting testosterone to dihydrotestosterone [6]. 

Through reduction of the dihydrotestosterone level, 

AZA inhibits its damaging effect on hair follicles, 

especially by slowing the thinning process [7, 8]. 

AZA has also shown anti-inflammatory and anti-

microbial effects through inhibition of leukotrienes 

activity and reduction of the synthesis of microbial 

proteins [9]. It also exerts its topical effect by 

normalizing the keratinization process and adjusting 

pigment production [10]. 

Original Article 
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Nano-based delivery systems have been widely 

considered for local delivery of drugs to the skin 

[11]. Nanoparticles can improve the 

physicochemical stability of drugs in the presence of 

environmental factors and increase their penetration 

through the skin [12]. Furthermore, sustained release 

of drugs increases their durability on the skin and 

improves the appearance of the formulation, which 

ultimately leads to higher patient acceptance and 

therapeutic efficacy of the formulation [13, 14].  

Other features of nanoparticles include their high 

stability, biocompatibility, and specific and 

adjustable physical and chemical properties [15]. 

Niosomes are a class of vesicular nano-carriers 

formed by self-association of non-ionic surfactants 

in an aqueous phase. They are capable of carrying 

both hydrophilic and lipophilic drugs with high 

chemical stability and biodegradability, and low 

production cost and toxicity [16]. Niosomal delivery 

systems improve pharmacokinetic parameters of the 

drugs, thereby increasing their therapeutic effects 

and reducing their side effects [17].  

In the present study, the thin-film hydration method 

was used for the preparation of niosomal 

nanocarriers loaded with AZA, which were then 

incorporated into a hydrogel preparation. Both 

niosomal and hydrogel preparations were fully 

characterized and investigated for topical delivery of 

AZA. 

Materials and Methods 
Chemicals 

Azelaic acid, Span 80, cholesterol, methanol, and 

chloroform were purchased from Merck 

(Dartmouth, Germany). Carbopol 940 was obtained 

from Sigma (St. Louis, MO, USA). All other 

reagents and solvents used were purchased from 

Pishgaman Shimi (Tehran, Iran). 

 

Experimental Design 

A statistical optimization approach utilizing a three-

level Box-Behnken (BB) scheme was employed to 

optimize formulation variables for the production of 

AZA-loaded niosomes, with high encapsulation 

efficiency and optimal particle size (DesignExpert® 

software, version 13, Stat-Ease Inc., Minneapolis, 

MN, USA). A total of 15 experiments (Table 1) 

were undertaken, with three independent variables 

being evaluated. The independent (high, medium, 

and low levels) and dependent variables are 

presented in Table 2. The suggested optimized 

formulation was then prepared and investigated 

(n=3) to ensure the validation of the anticipated 

results provided by the software.  
 

Table 1. Formulation design for AZA niosomes 

Factor levels in actual values 

Run 
X1=AZA amount 

(mg) 

X2=Total weight of niosomal ingredients 

(mg) 
X3=Surfactant: Cholesterol (w/w) 

1 15 100 1 

2 15 125 1.5 

3 15 125 1.5 

4 10 125 1 

5 20 125 1 

6 20 100 1.5 

7 15 125 1.5 

8 15 150 2 

9 10 100 1.5 

10 20 150 2 

11 15 150 2 

12 20 125 1.5 

13 10 150 2 

14 10 125 1.5 

15 15 100 1 

AZA: azelaic acid 
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Table 2. Design-Expert for optimization of the encapsulated AZA 

Factors (independent variables) 
Levels 

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

X1: Total weight of niosomal components (mg) 150 125 100 
X2: drug amount (mg) 20 15 10 

X3: surfactant: cholesterol 2 1.5 1 

Responses (dependent variables) Constraints 

Y1: encapsulation efficiency (%) Max 

Y2: particle size (nm) Min 

 

Niosomes preparation 

Thin film hydration was used to prepare niosomal 

nanocarriers. Certain weights of Span 80 and 

cholesterol, in different molar ratios (1:1, 1.5:1, and 

2:1), were dissolved in 30 mL of 2:1 v/v chloroform: 

methanol mixture in a round-bottom flask. 

Subsequently, 20 mg AZA was added to the lipid 

mixture. A thin film was formed in the flask after the 

solvent was evaporated using a rotary evaporator at 

35 °C.  

After complete removal of the organic solvent, 

niosomal nanocarriers were formed by hydrating the 

thin film using 20 mL phosphate-buffered saline 

(PBS, pH 7.4) at 37 °C. To create a uniform 

dispersion, the resulting suspension was subjected to 

a 5-minute sonication process in an ultrasonic bath  

[18]. Blank niosomes were prepared using the same 

method without adding AZA to the lipid mixture. 

 

Hydrogel preparation 

Materials used for preparing the hydrogels are 

tabulated in Table 3. Free or encapsulated AZA was 

added to a glass beaker, and distilled water was 

gradually added while stirring. Propylene glycol, 

methyl paraben, and propyl paraben were added as 

antimicrobial preservatives, and glycerin was used 

to provide the hydrogel with moisture retention 

properties. To create a uniform gel base, Carbopol 

was separately dispersed in distilled water and 

stirred. The solution was allowed to hydrate before 

adding to the earlier solution. In the last step, the pH 

of the mixture was adjusted to 6.8 using 

triethanolamine and subjected to ultrasonic 

homogenization in order to remove air bubbles and 

ensure a uniform texture. A similar process was 

carried out to prepare a blank hydrogel and a 

hydrogel containing blank niosomes. 

 

Table 3. Composition of the hydrogel 

Ingredients Percentage (%w/w) 

Encapsulated AZA/Blank noisome/Free AZA 0.05% 

Propylene glycol 1.5% 

Glycerin 1.5% 

Carbopol 940 0.7% 

Methyl paraben 0.2% 

Propyl paraben 0.02% 

Distilled water 96% 

Triethanolamine until pH is adjusted to 6.8 

AZA: azelaic acid 

Characterization of niosomal nanocarriers 

Physicochemical characterization 

After sufficient dilution of aliquots of the niosomal 

formulations in deionized water at 25 °C, particle 

size and zeta potentials were investigated (Zetasizer 

Nano series, Malvern Instruments, ZEN3600, UK. 

Scanning electron microscopy (SEM)  was used for 

determining morphology and surface properties of 

blank and AZA-loaded niosomes (MIRA3 

TESCAN, Czech Republic). The Fourier Transform 

Infrared (FT-IR) Spectroscopy analysis of AZA, 

cholesterol, Span 80, blank niosomes, and AZA-

loaded niosomes was conducted using a Bruker 

instrument (Karlsruhe, Germany).  

 

Encapsulation Efficiency 

The synthesized niosomal dispersion was 

centrifuged (Amicon® Ultra, Millipore) at 10,000 

rpm for 20 min at 25 °C. The AZA concentration in 

the supernatant was determined using a validated 

spectrophotometric method (Perkin Elmer 

LAMBDA 15, CA, USA). The entrapment 

efficiency (EE%) was determined indirectly using 

the following equation (Eq. 1) [19]. 
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(1) 

 

In vitro release studies 

Release of AZA was studied by placing 10 mg of 

the hydrogels containing AZA niosomes or free 

AZA in two dialysis bags (MWCO 12,000, 

Scientific Labs). Dialysis bags were immersed in 

250 mL of phosphate-buffered saline (pH 7.4) 

containing 0.5% (w/v) Span 80, which was stirred at 

100 rpm while the temperature was kept at 37 °C 

using a water bath. At certain intervals, 2 mL of the 

release medium was taken out and replaced with an 

equal volume of fresh medium. The AZA 

concentration was determined using the validated 

UV spectrophotometric method. This experiment 

was carried out three times. 

 

Stability studies 

Dispersions of AZA-containing niosomes were 

stored at 25 °C and 4 °C for 3 months in the dark. 

Samples were collected on days 0, 30, 60, and 90, 

and analyzed for EE%, particle size, polydispersity 

index (PDI), and zeta potential. 

 

Characterization of niosomal hydrogels 

The pH of the prepared hydrogels was determined 

after diluting 1 g of the samples in 250 mL of water 

(4% w/v) using a calibrated pH meter (Sartorius, 

PB-11) [20]. A rotational viscometer (DVII Digital 

Viscometer, Brookfield Instruments, UK) with an 

SC34 spindle was used for investigating rheological 

properties of the hydrogels. 

 

MTT Assay 

The NIH3T3 cell line was used in an MTT (3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide) test to assess the cytotoxicity of the 

niosomal nanocarriers. The NIH3T3 cells were 

plated in 96-well plates at a density of 5,000 per well 

and exposed to different concentrations of free 

AZA, blank niosomes, and AZA-loaded niosomes 

for 24 h. There were also control wells that received 

no treatment. The MTT reagent was added to the 

wells and incubated for an extra hour to allow the 

live cells to convert MTT into formazan crystals. 

Formazan crystals were solubilized in dimethyl 

sulfoxide, and absorbance was assessed using a 

microplate reader (Synergy HTX, BioTek 

Instruments Inc., Winooski, USA). 

 

In vivo studies  

Draize Test 

The dermal irritation potential of the hydrogels and 

lactic acid as a positive control was evaluated on 

healthy female New Zealand White rabbits (3–4 kg, 

n = 3) in accordance with ISO 10993-10 and 

approved by the Institutional Ethics Committee of 

Hamadan University of Medical Sciences. Animals 

were housed under standard laboratory conditions 

with free access to food and water. Dorsal fur was 

clipped 24 h before testing, and the skin was 

examined to ensure it was intact and free of lesions. 

Hydrogel specimens were applied to the shaved 

dorsal skin and secured with a semi-occlusive 

dressing. After the exposure period, dressings were 

removed, application sites were gently rinsed with 

sterile saline, and dermal reactions were scored at 

24, 48, and 72 h. Any signs of erythema and edema 

were assessed using the Draize scale (0–4). Other 

irritation-related symptoms like dryness, cracking, or 

blistering were also noted. 

 

Skin Penetration Study 

A Franz diffusion cell comprising a recipient 

chamber with 15.0 mL capacity and 2.54 cm2 

diffusion area, operating at 37 °C, was utilized. A 

modified technique was used for preparing mouse 

skin from the abdominal region [21]. Hydrogels 

containing AZA-loaded noisomes and free AZA 

were directly applied to the skin, and AZA 

concentration in the receptor fluid was determined 

after 2, 4, 6, 8, 12, 16, and 24 h. 

 

Statistical analysis 

All experiments were performed in triplicate, and 

data are presented as Mean ± SD. All charts were 

drawn using GraphPad Prism (version 7), and the 

software was used for statistical analysis of data for 

determination of any significant differences between 

investigated groups (p<0.05). 
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Results and Discussion 
Experimental design and optimization 

Table 4 summarizes the particle size, PDI, and EE% 

of 15 different AZA-loaded niosomes synthesized 

according to the Box–Behnken experimental design. 

Statistical analysis of the obtained data for the 

highest adjusted and predicted R2 showed the 

quadratic linear method as the significant method for 

predicting particle size and EE%. Table 5 shows the 

characteristics of the optimized formulation 

predicted by the significant method. 

 
Table 4. Particle size, PDI, zeta potential, and EE% of the azelaic acid-loaded niosomes prepared according to box–behnken design (n=3) 

EE% PDI Zeta potential (mV) 
Particle size 

(nm) 
Run 

86.25±5.48 0.209±0.048 43.16±3.6 274 .5±16.7 1 

84.5±4.35 0.321±0.061 50.13±5.7 265 .6±11.3 2 

91.42±4.77 0.354±0.074 54.37±3.1 276 .8±19.1 3 

70.81±5.38 0.338±0.085 53.24±3.9 214 .2±13.4 4 

93.43±6.73 0.549±0. 091 51.36±2.7 482 .9±23.4 5 

85.12±9.74 0.383±0.070 43.73±2.3 434 .7±27.1 6 

75.95±6.17 0.445±0.074 48.33±3.4 216 .3±16.2 7 

80.23±7.36 0.226±0.042 55.46±3.1 230 .8±12.9 8 

73.49±6.51 0.365±0.083 46.83±2.7 264 .4±18.3 9 

96.75±7.72 0.417±0.067 53.15±3.8 287 .2±11.5 10 

88.56±6.84 0.304±0.076 46.83±3.2 264 .7±14.8 11 

90.18±8.93 0.437±0.039 43.17±2.5 413 .1±18.7 12 

67.47±3.65 0.293±0.064 47.36±2.9 184 .7±13.6 13 

83.73±5.11 0.303±0.056 45.26±3.6 387 .4±26.8 14 

92.66±8.27 0.457±0.080 49.83±3.3 312 .3±15.3 15 

AZA: azelaic acid, PDI: polydispersity index, EE%: entrapment efficiency 

 
Table 5. Results of regression analysis for EE% and particle size 

 Model 

Adeq 

Precision 
Pred R-square Adj R-Square R-Square 

SD %CV P value 

EE%  Quadratic 4.111 0.4363 0.2911 0.7468 7.45 8.92 0.001 

Particle size Linear 5.757 0.0325 0.3611 0.4980 17.54 23.53 <0.0001 
 

EE%: entrapment efficiency 

 

Effect of different formulation variables on the 

characteristics of the niosomes were shown by 

polynomial equations (Equations 1,2) and 3D 

response surface plots (Figure 1). In these plots, A, 

B, and C indicate AZA amount, total weight of 

niosomal ingredients, and surfactant: cholesterol 

ratio.  

EE (%) = +83.60+10.32 × A +4.83 ×B +3.64 × C                  

(1) 

Size=+300.63 +68.69 A +60.25 B +19.41C                           

(2) 

 

A                                                                        B 

   
Figure 1. Response plots showing the effect of formulation parameters on A) entrapment efficiency and B) particle size 

 

Niosomes with very small size deliver their content 

to the deeper layers of the skin [22]. According to 

Equation 2, both independent variables (drug 

amount and the total weight of niosomal 
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components) had a positive effect on the size of 

niosomes. Primary studies have shown that at a 

constant total weight of niosome components, 

increasing the ratio of surfactant to cholesterol from 

1 to 2 led to a significant decrease in the size of 

niosomes. Cholesterol concentration can increase 

the hydrophobicity of the bilayer, leading to 

decreased surface free energy and vesicle size [23]. 

Therefore, further increase of the ratio of surfactant 

to cholesterol would increase the size of niosomes, 

probably due to the formation of multilamellar 

and/or multivesicular particles during the hydration 

step [25].    

The response surface plot for the effect of AZA 

amount, combined weight of components, and the 

ratio of surfactant to cholesterol on EE% showed a 

synergistic influence of all the independent variables 

on the EE%. A rise in the total fat available for 

hydration may explain this observation, which 

results in the formation of multilamellar and/or 

multivesicular vesicles with greater room for AZA 

[24].  

Finally, in order to reach the optimal conditions, the 

appropriate ratio of surfactant to cholesterol should 

be chosen, which will result in having nanoparticles 

with the right size and the highest possible amount 

of loading. As mentioned earlier, the size reduction 

depends on the increase in the surfactant-to-

cholesterol ratio, and the right amount of cholesterol 

is also necessary to achieve the favorable factors 

mentioned above. 

As shown in Table 3, all niosomes had acceptable 

PDI values of less than 0.5. Zeta potential or total 

charge of nanovesicles, is commonly used as a 

diagnostic tool to assess the stability of niosomal 

dispersions. A colloidal system can be considered 

stable if its ZP value falls between ±20 mV. The 

AZA niosomes showed positive zeta potential 

values, resulting in electrical repulsion between the 

particles. 

 

Table 6. Suggested formulation by Design Expert® 13.0.0 software 

Suggested niosomal formulation Predicted characteristics Observed characteristics 

Drug 

amount 

(mg) 

Niosome 

amount 

(mg) 

cholesterol: 

surfactant (v/v) 
Particle size (nm) EE 

(%) 

Particle size (nm) 
Mean±SD 

EE (%) 

Mean±SD 

20 150 1.54 274.359 95.123 287.2±2.12 96.1±1.3 

EE%: entrapment efficiency 

Characterization of the niosomes 

Figure 2 displays SEM image of the optimized 

formulation of AZA-loaded niosomes. It can be 

observed that niosomes are formed as spherical 

particles with a uniform shape and size.  

 

 
Figure 2. Scanning electron microscopy image of the optimized 

formulation of azelaic acid-loaded niosomes 

 

Figure 3 shows FT-IR spectra of blank and AZA-

loaded niosomes along with the ingredients used for 

preparing them. The FT-IR spectrum of Span 80 

shows distinct absorptions at (1173,1085), 

(2925,2855), and 3399 cm–1 related to C–O, C–H, 

and O–H stretching, respectively. For cholesterol, 

noticeable absorptions were detected at 2,800–

3,000, 3452, 1,035–1,378, 1,506, and 1,674 cm–1 

corresponding to C–H, O–H, CH2 bending, C–C in 

aromatic ring, and C═C.  

Blank niosomes showed absorptions at 1,125 and 

1,747 cm–1, indicating the presence of a combination 

of Span 80 and cholesterol. The FT-IR spectrum of 

AZA shows typical bands coming from the aliphatic 

chain at 2,926 cm−1 and 2,840 cm−1 as well as a high 

intensity band related to two free carboxyl groups at 

1,688 cm−1. The FT-IR spectrum of AZA-loaded 

niosomes shows successful encapsulation of AZA in 

niosomal nanocarriers. For example, the C=O 

stretching peak of AZA at 1,688 cm-1 is observed 
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with some shift to 1693 cm-1 and reduced intensity, 

and CH2 stretching peaks at 2,840 cm-1 and 2,926 

cm-1 have shifted to 2,845 cm-1 and 2,932 cm-1 [28, 

29]. 

 

Stability of azelaic acid-loaded niosomes 

Results of the stability tests, including particle size, 

PDI, zeta potential, and EE% are presented in Table 

7. As can be deduced from these data, the optimized 

formulation demonstrated excellent stability in terms 

of particle size, polydispersity index, zeta potential, 

and encapsulation efficiency while displaying no 

evidence of aggregation, precipitation, or phase 

separation throughout a 90-day storage period at 

both 25 °C and 4 °C. It can be concluded that this 

niosomal formulation stays stable for at least three 

months when stored at 4 °C or room temperature. 

 

 
Figure 3. Fourier Transform Infrared spectra of a) 

Cholesterol, b) Span 80, c) blank niosomes, d) azelaic acid, 

and e) azelaic acid-loaded niosomes 

 
 

Table 7. Size, PDI, zeta potential, and EE% of stability samples of the optimized azelaic acid-loaded niosomes. Results are shown as mean ± 

SD (n=3) 

EE 
 (%) 

Zeta potential (mV) PDI Size 

(nm ) 
Day of storage Temperature 

96.37±4.32 53.5±2.1 0.6±0.038 287.12±8.5 0 
94.29±3.8 49.8±3.4 0.5±0.042 311.37±9.2 30 

93.41±4.79 55.1±2.7 0.5±0.028 301.48±7.1 60 Co 4 

 91.58±3.83 61.9±2.9 0.5±0.034 324.59±9.7 90 

91.75±4.21 51.3±3.2 0.6±0.047 281.82±6.8 0 

89.52±3.48 48.5±2.2 0.5±0.033 308.36±7.3 30 

87.19±4.06 52.7±3.5 0.5±0.021 319.18±8.9 60 Co5 2 
 87.94±3.88 63.1±3.1 0.5±0.039 362.04±9.4 90 

AZA: azelaic acid, PDI: polydispersity index, EE%: entrapment efficiency 

 

Characterization of the hydrogels 

Figure 4 shows digital images of four hydrogel 

formulations, including blank hydrogel, and 

hydrogels containing free AZA, blank niosomes, 

and AZA-loaded niosomes. All hydrogels 

demonstrated a consistent and uniform texture, with 

a milky white appearance and were devoid of any 

observable particles. Physical characteristic of the 

hydrogels containing free AZA or AZA-loaded 

niosomes are summarized in Table 8. Both pH and 

viscosity did not show significant difference in the 

two investigated hydrogels. Moreover, obtained 

values are appropriate for topical preparations [27]. 

 

 

Table 8. Physical properties of the hydrogels. Results are shown as mean ± SD (n=3) 

Formulation pH Homogeneity Viscosity (cP) Appearance 

AZA niosomal hydrogel 7.3±0.4 good 14500 ±842 Milky white 

Free AZA hydrogel 6.95±0.2 good 13810 ±630 
Transparent, 

colorless 

AZA: azelaic acid 
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Figure 4. Photographs of A) blank hydrogel, B) free azelaic acid hydrogel, C) blank niosomal hydrogel, and D) AZA-loaded niosomal 

hydrogel 

In Vitro release studies 

Release profile of the hydrogels containing free 

AZA (HD) or AZA-loaded niosomes (HND) are 

shown in Figure 5. Niosomal hydrogel showed 

nearly complete release of AZA during 24 h. It also 

showed a prolonged release profile with slower 

release rate after the first 8 h. On the other hand, free 

AZA hydrogel showed a rapid release profile, with 

45.3% ± 1.89 of the total AZA released within the 

first hour compared with 11.3% ± 0.92 for the 

niosomal hydrogel. 

 

 
Figure 5. Release profile of azelaic acid from the prepared 

hydrogels (n=3, error bars show SD) 

 

The two primary mechanisms that limit the rate of 

drug release from nanocarriers are the rate of 

diffusion and dissolution [30]. The lipophilic nature 

of AZA is the reason for its slow release after being 

entrapped in lipid matrix of the niosomes [31].  

 

Skin permeability test  

Figure 6 shows profile of permeation of AZA from 

the hydrogels containing free AZA (HD) or AZA-

loaded niosomes (HND). Results showed greater 

capacity of the niosomal hydrogel for delivering 

AZA to the skin in comparison to the hydrogel 

containing free AZA. Both profiles showed a 

significant decrease in the rate of AZA permeation 

through the skin after the first 8 h. Moreover, the 

niosomal hydrogel was found to significantly 

enhance drug concentration in the epidermis and 

dermis layers, compared to the free AZA hydrogel 

(p<0.05). Cumulative amounts of permeated AZA 

were 77.9 ± 4.9 μg/cm2 and 93.4 ± 6.1 μg/cm2 for 

free and niosomal hydrogels, respectively.  

 

 
Figure 6. Percentage of azelaic acid passed through mouse skin 

after 24 h (n=3, error bars show SD). 

 

MTT test  

Figure 7 shows outcomes of MTT assays 

investigating the impact of hydrogels containing free 

AZA (HD) or niosomal AZA (HND), along with 

blank niosomes (HN) on cells viability. It was found 

that the viability of NIH3T3 cell line increased upon 

increasing the free AZA concentration over 48 h, 

demonstrating a dose-dependent proliferative effect. 

A previous study has reported the anti-proliferative 

activity of AZA on mouse keratinocytes which is in 

line with its beneficial effect in some skin disorders 

caused by alteration of keratinocytes differentiation 

[32].  

However, the amount of AZA loaded in the 

hydrogel or niosomes in the present study is much 

lower than the concentration range tested in this 

study. These results indicate that AZA can be a 

proliferative agent at low concentrations. The 

hydrogel containing blank niosomes showed toxic 

effect at concentrations higher that 5 µg/ml. 

Previous studies have shown the same dose-

dependent toxicity for blank niosomes that helps the 
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researchers determine the safe concentration of the 

niosomal material in the formulation. The same 

dose-dependent toxicity was observed for the 

hydrogel containing AZA loaded niosomes. 

However, due to the protective effect of AZA, 

significant toxicity was observed at 10 µg/ml, 

compared with the control. Overall, it can be 

concluded that the AZA-loaded niosomal 

preparation should be used at safe concentrations 

within the hydrogel formulation.

 
Figure 7. Percent viability of NIH3T3 cells treated with different concentrations of samples (n=3, error bars show SD) 

 

Draize test 

Based on the results of the Draize test (Table 9), 

application of AZA-loaded niosomal hydrogel did 

not cause any skin irritation. No signs of erythema 

or edema was observed in the treated skin areas 

throughout the 3-day treatment period as shown in 

Figure 8. Furthermore, absence of dryness, cracking, 

or blistering indicates the non-irritant nature of the 

formulation. Therefore, these nanocarriers can be 

deemed appropriate for topical drug delivery in the 

treatment of androgenic alopecia, given their 

minimal propensity to cause skin irritation or any 

unfavorable reactions [33]. 

 

 

 

 
Figure 8. Photographs of rabbit skin after 72 h of treatment with A) free AZA hydrogel, B) blank niosomal hydrogel, C) azelaic acid 

niosomal hydrogel, D) blank hydrogel, and E) control  
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Conclusion 
Results of this study suggest that AZA in nano-

niosomes particles is a promising candidate for the 

development of topical formulations for the 

treatment of skin disorders and hair loss. The 

physicochemical properties of AZA in nano-

niosomes particles ensure its stability and efficient 

delivery to the target site. Furthermore, its ability to 

inhibit 5-alpha reductase enzyme activity and 

promote hair growth makes it a potential therapeutic 

agent for androgenic alopecia.  

However, further studies are needed to address 

several important aspects. First, it is essential to 

evaluate the pharmacokinetic and pharmacodynamic 

profiles of the niosomal nanocarriers in human 

subjects to confirm their safety and efficacy. Second, 

it is necessary to optimize the formulation of the 

niosomal nanocarriers to improve their stability and 

drug entrapment efficiency. Third, it is important to 

investigate the effect of the niosomal nanocarriers on 

other aspects of hair growth, such as hair thickness 

and density. Finally, it is crucial to determine the 

potential side effects of the niosomal nanocarriers, 

such as skin irritation or allergic reactions, in a large 

population of subjects. 
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