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Introduction
Acne vulgaris is a common inflammatory disorder of the 
pilosebaceous glands, making it one of the most prevalent 
dermatological conditions worldwide.1 Acne can persist 
throughout the adolescent years and negatively impact self-
esteem. While there is no definitive cure for acne, many 
patients can discover a treatment regimen that effectively 
reduces the occurrence of lesions.2 Oral administration of 
various medications, such as oral contraceptives, certain 
antibiotics, and isotretinoin, is frequently prescribed to 
address chronic acne. However, there is a lack of robust 

evidence regarding the evaluation of the effectiveness of 
systemic acne treatments. 1 Recent research indicates that 
for over 20 years, SPN has been used in tablet dosage 
form for the treatment of cutaneous diseases, specifically 
acne vulgaris, due to its proven efficacy.3 Clinical studies 
have demonstrated the anti-acne effects of spironolactone 
(SPN), and the outcomes of the treatment have been 
consistently positive.4 

Research has shown that daily oral administration of 
SPN at a dosage of 200mg has proven to be an effective 
alternative treatment for women with acne vulgaris.5 
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Article info Abstract
Purpose: Spironolactone (SPN), which is classified as an anti-androgen, has demonstrated 
efficacy in treating acne. This study aimed to utilize ultrasonication to create a chitosan-coated 
nano lipid carrier (NLC) for enhancing the delivery of SPN to the skin and treating acne.
Methods: Various hydrophilic-lipophilic balance (HLB) values were investigated to optimize 
the SPN-NLCs. Photon correlation spectroscopy, attenuated total reflectance-Fourier transform 
infrared spectroscopy (ATR-FTIR), transmission electron microscopy (TEM), and differential 
scanning calorimetry (DSC) were employed to characterize the solid state of SPN in nanoparticle 
form. Additionally, the optimized formulation was used in a double-blind, randomized 
clinical trial.
Results: Reducing the HLB of the surfactant mixtures resulted in a reduction in the size of SPN-
NLCs. The formula with the smallest particle diameter (238.4 ± 0.74 nm) and the lowest HLB 
value (9.65) exhibited the highest encapsulation efficiency (EE) of 79.88 ± 1.807%. Coating 
the optimized SPN-NLC with chitosan increased the diameter, polydispersity index (PDI), zeta 
potential (ZP), and EE. In vitro skin absorption studies demonstrated sustained release profiles for 
chitosan-coated SPN-NLC. In the double-blind trial, a gel containing chitosan-coated SPN-NLC 
effectively treated mild to moderate acne vulgaris, leading to improved healing and reduced 
lesion count after 8 weeks of therapy compared to the placebo. It successfully addressed both 
non-inflammatory and inflammatory lesions without adverse effects on the skin.
Conclusion: The findings indicate that chitosan-coated SPN-NLCs have the potential as 
nanoparticles for targeted SPN delivery to the skin, offering novel options for the treatment of 
acne vulgaris.
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The main limitation in utilizing SPN has been its low 
solubility in aqueous solutions at physiological pH, 
which hampers its oral administration. Moreover, SPN 
exhibits poor absorption from the gastrointestinal system, 
and its therapeutic efficacy is limited due to variable 
oral bioavailability and potential endocrine-related 
adverse effects.6 Therefore, finding alternative routes of 
administration for SPN other than oral is crucial. Topical 
delivery of SPN is considered an ideal and accessible 
approach due to its various advantages observed in 
previous studies.7 Therefore, the extent of SPN permeation 
into the skin largely depends on the physicochemical 
properties of the material and the formulation of the 
vehicle used for topical delivery.8 With a molecular 
weight of 416.57 Da, a melting point of 212 °C, and a log 
P value of 2.78, SPN is considered an appropriate choice 
for topical administration. These properties contribute 
to SPN penetration and absorption into the skin.9 In 
certain situations, the penetration of organic chemicals 
through the skin may not be desirable. Therefore, in cases 
where systemic absorption is not necessary and increased 
absorption could lead to heightened adverse effects, some 
efforts need to minimize epidermal penetration.10

Nanostructured lipid carriers (NLCs) are a relatively new 
type of colloidal drug delivery system that combines liquid 
and solid lipids. They offer improved drug encapsulation 
efficiency and release characteristics compared to 
traditional lipid-based carriers. These nanoparticles are 
composed of lipids that are non-irritating and non-toxic, 
making them well-tolerated for application on inflamed 
or injured skin.11 The small size of NLCs allows for 
direct interaction with the stratum corneum, the outer 
layer of the skin, thereby enhancing the penetration of 
encapsulated substances into the deeper layers of the 
skin, such as the dermis. This property facilitates the 
efficient delivery of therapeutic agents to the desired site 
of action.7 The utilization of this nanovehicle has played a 
crucial role in improving the dermal absorption of various 
pharmaceutical substances. Some of these substances are 
cyproterone acetate, isotretinoin, tretinoin, and adapalene. 
The use of the nanovehicle has demonstrated enhanced 
delivery and efficacy of these substances in dermatological 
applications.12-14 The positive outcomes observed in recent 
clinical trials using a topical preparation of SPN NLCs, 
which provides further evidence for the potential use of 
these nanovehicles in localized delivery of SPN. These 
trials demonstrated favorable results in acne patients, with 
no reported systemic hormonal alterations. This suggests 
that utilizing nanovehicles for localized SPN delivery 
could be a promising approach for acne treatment.7,15,16 
Shamma and Aburahma conducted a study that effectively 
demonstrated the presence of SPN in scalp hair follicles. 
They also showed that SPN-encapsulated NLCs could 
reduce androgen synthesis within sebaceous glands and 
block the androgen binding site in cutaneous papillae. 
This research suggests that utilizing SPN-encapsulated 

NLCs for follicular delivery of therapeutic agents could 
be an effective treatment for alopecia.17 The effectiveness 
of 5% SPN gel in acne treatment was demonstrated by 
a significant reduction in overall lesion numbers and 
acne incidence score. However, the efficacy in treating 
non-inflammatory lesions (comedones) was found to be 
higher than inflammatory lesions (papules and pustules). 
This difference is attributed to the limited ability of 
SPN to penetrate specific microenvironments within 
inflammatory acne lesions.16

Despite there have been a few investigations on the 
usage of NLC to enhance SPN cutaneous delivery, none 
of the researchers have examined the influence of dual 
surfactants and their hydrophilic-lipophilic balance 
(HLB) number on the production of SPN-encapsulated 
NLC and local delivery. SPN was selected as a lipophilic 
pharmaceutical substance for encapsulating into NLC 
through an ultrasonication process. Then the optimum 
SPN-NLC was coated with chitosan and applied on the 
skin for additional research. Furthermore, the effect of the 
dermal application of the chitosan-coated SPN-NLC gel in 
patients with acne vulgaris was studied in a double-blind, 
randomized clinical trial.

Materials and Methods 
Materials
SPN was provided by Behdashtkar Co. (Tehran, Iran). 
Palmitic acid, Oleic acid, Tween 80, Span 80, acid acetic, 
propylparaben, methylparaben, and triethanolamine 
were obtained from Merck Co. (Germany). Chitosan low 
molecular weight was purchased from SIGMA (Germany). 
Carbopol 941 was provided by BF Goodrich (Cleveland, 
Ohio, 6 USA).

SPN-NLC preparation
To prepare SPN-NLC, an ultrasonication method was 
employed.18 A magnetic heater-stirrer was used to melt 
a combination of palmitic acid, Span 80, oleic acid, and 
SPN at 95 °C. The aqueous phase, including Tween 80 and 
water, was heated to 75-80 °C. The warmed aqueous phase 
was then mixed with the lipids and SPN combination to 
form a pre-NLC using a magnetic stirrer. The resulting 
mixture was sonicated at 50% amplitude for 7.5 minutes 
and immediately placed in an ice bath while being agitated 
at 300 rpm. More details about the formulation can be 
found in Table 1.

For the production of chitosan-coated SPN-NLC, 100 mg 
of low molecular weight chitosan was dissolved in 100 ml of 
1% glacial acetic acid in water and Tween 80. This chitosan 
solution was added dropwise to 80 ml of the raw NLC while 
stirring at 400 rpm. Stirring was continued for 3 hours after 
the addition of the chitosan solution. This process was 
carried out using the optimum formulation (F5).

Characterization of preparations
The mean diameter, polydispersity index (PDI), and 
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zeta potential (ZP) of the NLC were determined using 
a Zetasizer Nano-ZS device equipped with dynamic 
light scattering (DLS) technology (Malvern Instruments 
Ltd., UK). 3 The interaction between the components 
was assessed using a Cary 630 FTIR spectrophotometer 
with a diamond attenuated total reflectance (ATR) 
attachment (Agilent Technologies Inc., CA, USA). 
Infrared spectra were obtained in the range of 4000-400 
cm-1 with a resolution of 2 cm-1. 19 Differential scanning 
calorimetry (DSC) measurements were carried out using 
a pyris6 instrument (PerkinElmer, Norwalk, USA). 
The morphological characteristics of the nanoparticles 
were examined using an EM 208S transmission electron 
microscope (TEM) (Philips, Netherlands).

Encapsulation efficiency (EE%)
To determine the EE% of SPN in the NLCs, the SPN-NLCs 
were subjected to centrifugation for 90 minutes at 27,000 
rpm using a HERMLE Z36HK centrifuge (Germany). The 
resulting supernatant was filtered through a 0.22 μm pore 
size filter, and the amount of free drug in the supernatant 
was quantified using a Knauer XDB-C18 column (5 μm, 
4.6 × 250 mm) at a wavelength of 238 nm. The mobile 
phase used was a mixture of 70% acetonitrile and 30% 
ultrapure water (v/v), delivered at a flow rate of 0.8 ml/
min. The EE was calculated using equation 1. 3

% 100Winitial WfreeEE
Winitial

− = × 
 

In vitro drug release
In vitro release test was conducted by putting the 
samples in immersion cells covered by a cellulose acetate 
membrane with a molecular weight cut-off (MWCO) 
of 12 kDa and sealed with a stopper. These cells were 
then placed in modified USP dissolution apparatus 
II. To minimize the volume of dissolution media, the 
vessels were replaced with 250 mL beakers, and 70 mL of 
phosphate buffer solution with pH = 5.8 was used as the 
dissolution media in each beaker. At specific intervals (2, 
4, 6, 8, and 24 hours), 5 mL of the dissolution medium was 
withdrawn and filtered through a 0.22 μm filter paper. 
The filtered samples were then analyzed using high-
performance liquid chromatography (HPLC), and the 
amount of substance present at 238 nm was quantified 
(refer to section 2.4 for specific HPLC parameters). 
After each sample collection, 5 mL of phosphate buffer 
solution was added back to the dissolution media to 
maintain a constant volume.3

Gel preparation
To prepare the plain gel, Carbopol 941 was dispersed in 
preserved water at a concentration of 8% w/v and left for 
24 hours. The Carbopol solution was then neutralized 
by adding 300 mg of triethanolamine. To prepare the 
chitosan-coated SPN-NLC (1%) gel, 160 g of chitosan-
coated SPN-NLC (containing 1.8 g of SPN) was mixed Ta
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with 20 g of plain gel using a propeller homogenizer at 400 
rpm. Similarly, to obtain the SPN-NLC (1%) gel, 160 g of 
SPN-NLC (containing 1.8 g of SPN) was mixed with 20 g 
of plain gel using a propeller homogenizer at 400 rpm. To 
create SPN 1 % simple gel, a specific quantity of SPN was 
dispersed in deionized water and combined with plain gel 
through the same mixing procedure.

In vitro skin absorption
The animal studies conducted in this research were 
approved by the MAZUMS’ Ethics Review Board for 
Animal Research under registration code IR.MAZUMS.
REC.1399.691. Male Wistar rats weighing between 120 
and 150 g were used for the experiments. The rats were 
anesthetized with a combination of 87 mg/kg ketamine 
and 13 mg/kg xylazine. Their abdominal skin was then 
carefully cut using electric hand scissors. After 48 hours, 
the rats were euthanized by inhalation of chloroform, and 
the abdominal skin was surgically removed. The excised 
skin was thoroughly washed to remove any adhering fats 
and then treated with normal saline for 24 hours at 4 
°C before the diffusion studies began. Franz cells were 
used for the experiments. The removed skin was placed 
between the donor and receiver compartments, with 
the dermis facing the receiver medium. The receiver 
compartment was filled with buffer phosphate, and 
the diffusion cells were maintained at a temperature 
of 32 ± 0.5 °C with agitation at 150 rpm. In the donor 
chamber, 5 grams of SPN-NLC gel containing 50 000 
µg of SPN and 5 grams of chitosan-coated SPN-NLC 
gel with an equivalent amount of SPN in SPN-NLC gel 
were evenly applied to the shaved dorsal regions. The 
donor chamber was isolated from the environment. At 
predetermined intervals (2, 4, 6, 8, 10, and 24 hours), 
5 mL of samples were collected from the receiver 
compartment, and an equal volume of fresh 5 mL buffer 
phosphate was added to maintain the volume. The 
amount of SPN in the collected samples was evaluated 
using HPLC at a wavelength of 238 nm. 3

SPN skin retention assessments
After the completion of the penetration experiment, the 
excised skin samples were removed from the diffusion 
cells. The skin samples were washed three times with 
deionized water to remove any residual formulation 
and then dried. The amount of SPN retained in the skin 
was determined. The washed skin samples were cut 
into smaller pieces using clippers and placed in a tube. 
They were then digested in water for 24 hours. After the 
digestion period, the samples were sonicated for 1 hour 
at room temperature in a bath sonicator. This step was 
performed to ensure the complete extraction of SPN 
from the skin. The supernatant obtained after sonication 
was separated from the skin debris and passed through a 
syringe filter with a pore size of 0.22 µm to remove any 
particulate matter. The filtered solution was then used to 

determine the amount of SPN using HPLC at a wavelength 
of 238 nm.3

Clinical trial design
In the randomized controlled trial, specific criteria were 
used to select the volunteers. Those who had received 
systemic or local anti-acne medication within the past 
3 months or during the study were excluded from 
participation. Pregnant volunteers, individuals planning 
to become pregnant, lactating volunteers, and individuals 
with cutaneous disorders that could interfere with the 
assessment of hyperpigmentation were also excluded. The 
study included 40 cases of mild to moderate acne. The 
severity of acne was assessed using the global acne grading 
system (GAGS rating), with scores ranging from 1 to 30. 
Participants within the age range of 8 to 65 years (22 ± 5.76) 
were eligible for inclusion in the study. These criteria were 
used to ensure that the study participants had a specific 
acne severity level and were not affected by factors that 
could potentially interfere with the study outcomes, such as 
previous medication usage or specific medical conditions. 20

After obtaining signed informed consent, individuals 
who expressed dissatisfaction with their previous acne 
treatments were enrolled in the double-blind clinical 
research investigation. Prior to the start of the trial, 
the Mazandaran University of Medical Sciences ethics 
board provided their approval with the registration code 
IRCT20120707010203N11.

During the initial appointment, each patient completed 
a detailed questionnaire that gathered information about 
their demographics, acne history, and clinical background. 
Subsequently, the participants were randomly assigned 
to one of two therapy groups: Treatment group received 
chitosan-coated SPN-NLC gel + clindamycin 2% 
solution, while placebo group received chitosan-coated 
NLC gel + clindamycin 2% solution. Both the therapists 
and participants were unaware of the specific therapy 
assigned to each group, ensuring a double-blind study 
design. Participants were instructed to cleanse their 
faces with non-medicinal soaps in the morning and 
evening and ensure they were thoroughly cleaned and 
dried. Throughout the 8-week course of the study, each 
participant received two tubes of the prepared gel and was 
instructed to apply approximately 2 cm (around the size of 
a knuckle) of the gel to the affected area each morning and 
evening, gently massaging it for approximately 2 minutes. 
The gel was applied specifically to acne lesions and left 
on for 2-3 hours before being rinsed off. Non-medicated 
cosmetics were allowed during the research period.

Participants were regularly questioned about their 
compliance with the treatment procedure and any 
adverse effects they experienced. Throughout the study, 
participants were prohibited from using any other 
medications or acne-related skincare products to ensure 
the efficacy and safety of the tested therapies.

Clinical evaluations
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Acne vulgaris, the most prevalent skin disorder, is 
characterized by the presence of comedones or intense 
inflammatory lesions. The development of comedones 
in acne-prone skin is attributed to the overproduction of 
the male hormone androgen and sebaceous glands.21 The 
two main types of noninflammatory lesions in acne are 
closed comedones (whiteheads) and ripen comedones 
(blackheads). If the contents of these lesions rupture, 
they can develop into inflammatory papules and pustules. 
Additionally, larger and more painful lesions like cysts 
and nodules can form. Acne papules are solid, inflamed 
bumps on the skin that typically have a cone-shaped 
appearance. Unlike pustules, they do not have a pus-filled 
tip. Conversely, pustules display a notable amount of pus, 
appearing red at the base and featuring a yellow or white 
center surrounded by small, inflamed round lesions.22,23

At every clinical examination, the participants’ 
facial lesion numbers were evaluated for alterations 
(noninflammatory lesions: open and closed comedones; 
inflammatory lesions: papules and pustules) (0 and 
8 Weeks). During each examination, the evaluation 
involved assessing the frequency, type, and distribution of 
acne lesions. The preceding two equations were utilized 
for the overall evaluation and to calculate the treatment’s 
efficiency.16

Total Lesion Count (TLC) = comedones + papules + pustules

Acne Severity Index (ASI) = papules + (2 pustules) + 
(comedones/4).

The multi-test equipment was used to evaluate the 
inflammation, irritation, itching, and redness of the skin 
at every session (MC 900; Enviro derm, Gloucestershire, 
UK). From the base, the indications and complaints were 
assessed every two weeks. 7

Statistic evaluation
The data was analyzed using SPSS version 22.0, developed 
by IBM (USA). ANOVA was conducted to assess the 
identified parameters, followed by the Tukey test as the 
post hoc test. The student’s t-test was used to examine 
changes in skin-related factors. A significance level of 
P < 0.05 was considered statistically significant.

Results and Discussion
Properties of the SPN-NLC preparation
The NLC encapsulating SPN was prepared using the 
ultrasonication technique. Different ratios of binary mixes 
of two surfactants (Tween 80 and Span 80) were used to 
achieve various HLB levels and enhance the SPN-NLC 
formulation. The particle diameter of the nanoparticles was 
a key focus of this study. Table 1 presents the hydrodynamic 
diameter of the nanoparticles, while the PDI values in 
Table 1 represent the particle size distribution, indicating 
the uniformity or heterogeneity of the particle sizes. The 

PDI values range from 0 to 1, and a value greater than 0.6 
indicates a broad distribution of particle diameters in the 
sample. A PDI value above 0.6 suggests a wide range of 
particle sizes within the specimen.18 

Table 1 illustrates that reducing the HLB value of binary 
surfactant combinations from 15 (F1) to 9.6 (F5) resulted 
in a significant decrease in the diameter of SPN-NLC 
nanoparticles from 538.3 ± 12.342 to 238.4 ± 0.74 nm 
(P < 0.05). In order to achieve a formulation with a lower 
HLB, the amount of Span 80 (a surfactant with a minimum 
HLB value) needs to be increased, which facilitates the 
entrapment of more pharmaceutical substances into the 
nanoparticles. Optimal HLB values during the production 
process are expected to result in smaller emulsion droplets. 
As the HLB value of a dispersion approaches the required 
HLB of the lipids, particles with smaller diameters are 
generated, resulting in a more stable system.24 This could 
explain why F5 exhibited a smaller diameter with a lower 
PDI. The inclusion of binary surfactant combinations in 
the formulations can also improve preparation stability. 
By dispersing surfactants with higher HLB values in the 
aqueous phase and surfactants with lower HLB values 
in the oil phase, the use of minimum/maximum HLB 
surfactant blends ensures enhanced stability of the 
emulsion droplets.25 Achieving surfactant film stability at 
the interfaces between the reservoirs in each stage can be 
accomplished by distributing the surfactant with a lower 
HLB value in the lipid phase. This arrangement promotes 
the formation of a stable film, which helps maintain the 
integrity of the interfaces and enhances the overall stability 
of the system.26 

The significant decrease in interfacial tension between 
the lipid and aqueous phases, leading to improved 
homogenization of the lipid in the aqueous medium, 
could account for the smaller diameter of nanoparticles 
containing a high content of two surfactants with higher 
and lower HLB values. Consequently, the incorporation 
of these surfactants can contribute to the reduction in 
nanoparticle size.3 Elmowafy et al demonstrated that a 
formulation with a low HLB number can effectively reduce 
the diameter of hydrophobic pharmaceutical substances, 
such as atorvastatin, when entrapped in NLCs.27

The PDI of the NLC formulation prepared using a 
binary combination of surfactants was 0.6, indicating an 
acceptable size distribution of the NLCs. The ZP of the 
various preparations was found to be negative, ranging 
from -4.300 ± 0.355 mV (F1) to -2.800 ± 0.454 mV (F5). 
This negative ZP can be attributed to the dipolarity of the 
ethoxy segments present in nonionic surfactants, which 
leads to the development of a negative electrical charge 
around the nanoparticles.28 When binary combinations 
of Span and Tween surfactants are used instead of a 
single surfactant, there is a higher probability of forming 
a rigid barrier around the nanoparticles, leading to 
the enhancement of their negative charge. This can 
be attributed to the increased presence of Span in the 
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formulation, which results in fewer surfactants like Tween 
80 binding to the nanoparticles. As a consequence, the ZP 
of the nanoparticles decreases. 29 Due to the low critical 
micelle concentration of Tween 80 (approximately 0.015 
mM), it is necessary to minimize the amount of Tween 80 
subunits in the dispersion media. This is to ensure that the 
surfactant remains in its monomeric form and does not 
form micelles, which could have an impact on the stability 
and properties of the formulation.30 This indicates that 
instead of participating in micelle formation, surfactant 
subunits are more likely to adsorb onto the hydrophobic 
surface of lipids. Surfactants align themselves with 
their hydrophobic moiety in the lipid phase and their 
hydrophilic moiety in the aqueous phase at the interface of 
two immiscible fluids, such as water and lipids. Nonionic 
surfactants have been observed to fully cover the surfaces 
of nanoparticles, providing stability and preventing 
aggregation.29 Excessive amounts of the secondary 
surfactant (in this case, Span) can hinder the primary 
surfactant’s ability to provide an effective coating.18 The 
addition of a secondary surfactant, particularly in large 
quantities, may disrupt the surfactant film surrounding 
the nanoparticles, resulting in a decrease in the ZP. In this 
study, the ZP values were not considered a primary factor 
for selecting the optimal preparation. The NLCs were 
effectively protected by nonionic surfactants such as Tween 
80 and Span 80, which provided steric stabilization, despite 
having a very low ZP, thereby ensuring greater stability. 18

The evaluation of EE% revealed that it ranged from 
56.31 ± 0.656% (F1) to 79.88 ± 1.807% (F5) for the 
different preparations. The EE% can be influenced by 
the pharmaceutical’s miscibility and solubility in the lipid 
medium, as well as the polymorphism of the lipid phase. 30 
Formulations with lower HLB levels, such as the one with 
an HLB level of 9.65 and smaller particle sizes, exhibited 
the highest EE%. Previous research has indicated that 
formulations or lipids with lower HLB levels are more 
favorable for enhancing the solubility of hydrophobic 
substances like SPN. Consequently, NLC formulations 
with lower HLB levels can effectively entrap a greater 
amount of medication within the lipid matrix.

The new approach for producing SPN-NLC offers 
advantages over previously disclosed techniques as it 
eliminates the need for an organic solvent. Furthermore, 
the impact of the Span: Tween ratio on SPN EE in NLC 
has not been investigated in prior studies. The prepared 
NLC formulation was incorporated into a gel base, 
allowing for the development of a pharmaceutical dosage 
form. The optimized SPN-NLC formulation achieved a 
particle diameter of 238.4 ± 0.7 nm, a PDI of 0.397 ± 0.005, 
a ZP of -2.8 ± 0.4 mV, and a drug encapsulation percentage 
of 79.88 ± 1.80%. Due to desirable and acceptable 
characteristics, including the smallest particle size and 
appropriate PDI, as well as having the highest SPN EE, the 
F5 formulation was selected as the optimum SPN-NLC 
and was employed for coating with chitosan.

Table 1 demonstrates the influence of chitosan on the 
average particle diameter of chitosan-coated SPN-NLCs. 
With a 2% emulsifier content, the average particle diameter 
of chitosan-coated SPN-NLCs increased from 238.4 ± 0.74 
nm (F5) to 408.8 ± 2.37 nm. Due to the electrostatic 
interaction between the negatively charged surface of NLCs 
and the positive charge of chitosan, the surface charge 
of chitosan-coated SPN-NLCs was significantly altered 
from -2.8 ± 0.454 mV (F5) to + 7.3 ± 0.368 mV (P < 0.05). 
Additionally, the PDI value showed a significant change 
from 0.397 ± 0.005 (F5) to 0.505 ± 0.005. The presence 
of the positively charged chitosan coating resulted in an 
increase in the average particle diameter, PDI value, and 
ZP of chitosan-coated SPN-NLCs.31 Table 1 provides 
the encapsulation efficiency of SPN-encapsulated NLCs 
and chitosan-coated SPN-NLCs. It can be observed that 
chitosan-coated SPN-NLCs exhibited slightly higher 
encapsulation efficiency (81.16 ± 0.565%) compared to F5 
SPN-NLCs (79.88 ± 1.807%), although the difference was 
not statistically significant (P > 0.05). The increased EE% 
observed in chitosan-coated SPN-NLC, in comparison 
to uncoated SPN-NLC (F5), is likely a result of the larger 
particle size in the coated NLC system. The larger particles 
offer more space for encapsulating the bioactive materials 
within the core or matrix of the particles, leading to higher 
EE%. Additionally, the interaction between the positive 
charge of chitosan and the negative charge of uncoated 
SPN-NLC contributes to the higher EE% in the chitosan-
coated SPN-NLC.32,33

TEM examination
Formulation 6 (F6) was chosen as the optimal preparation 
to show nanoparticle microscopy images, as shown in 
Figure 1. Figure 1 depicts spherical chitosan-coated NLC 
particles, clearly exhibiting the presence of the chitosan 
coat surrounding the NLCs.

The difference in size between the DLS and TEM 
results can be attributed to several factors: Measurement 
technique, Sample preparation, Instrument limitations, 
and Sample characteristics. The measurement technique is 
one of the most important factors that affect size variation. 
The authors discussed the reason for this difference in 

Figure 1. TEM pictures of F6 (chosen preparation)
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size between DLS and TEM results. DLS measures the 
hydrodynamic size of particles or molecules in a solution, 
while TEM directly images the size of individual particles 
using an electron beam. DLS provides an average size 
based on the Brownian motion of particles, whereas TEM 
provides direct visualization of individual particles.26

DSC investigation
Figure 2 illustrates the DSC behavior of pure SPN, pure 
palmitic acid, chitosan, F5, and F6 (chitosan-coated SPN-
NLC) powders. In the DSC graph of SPN and palmitic 
acid, a distinct sharp endothermic peak was observed at 
212 °C and 60 °C, respectively, indicating their melting 
points. The DSC thermograms of chitosan in Figure 2 
show a small endothermic peak which was probably 
related to the elimination of moisture content in range of 
100 to 118 °C.19,34 According to the report, it was found 
that DSC does not typically give information about the 
glass transition temperatures or melting temperatures 
of polysaccharides. Additionally, our study revealed that 
no DSC peak was observed for chitosan, indicating that 
there will be no thermal changes for chitosan up to 300 
°C.35,36 Figure 2 also demonstrates the DSC behavior 
of F5 preparation, where only one endothermic peak 
corresponding to the melting point of palmitic acid is 
observed, but the main endothermic peak of the drug 
has disappeared. This suggests that the drug may be in 
an amorphous phase within the preparation, potentially 
due to the solubilization of SPN in a polymeric matrix. In 
all the DSC graphs shown in Figure 2, the melting peaks 
of the drug and palmitic acid are absent in the chitosan-
coated SPN-NLC formulation. This indicates that the 
coating process with chitosan has been successfully carried 
out, possibly resulting in the presence of amorphous 
SPN in the preparations. The DSC graph of F6 exhibits 
the melting peak of chitosan, albeit with lower intensity. 
This lower intensity can be attributed to the fact that the 
preparation contains a lower level of chitosan compared to 
pure chitosan in the DSC traces.

ATR-FTIR evaluation
The possible chemical interaction of SPN with the other 
components of the formulation was analyzed by ATR-
FTIR spectroscopy. The ATR-FTIR spectra of pure SPN, 
palmitic acid, oleic acid, Tween 80, Span 80, chitosan, and 
F6 formulation were reported in Figure 3. The characteristic 
peaks in the ATR-FTIR spectrum of SPN were identified 
at 2949 cm−1 & 2893 cm−1 (C-H stretching), 1765 cm−1 
(C = O stretching of lactone), 1690 cm−1 (C = O stretching 
of thioacetyl group), 1673 cm−1 (C = O stretching of α, 
β-unsaturated ring), and 1618 cm−1 (C = C stretching). 

The ATR-FTIR spectrum of chitosan showed the main 
peaks at 3600-3100 cm-1 (N-H & O-H stretching), 2915 
cm-1 & 2863 cm-1 (C-H stretching), and 1060 cm-1 & 1022 
cm-1 (C-O stretching).

The ATR-FTIR spectrum of palmitic acid indicated the 

peaks 3400-2400 cm-1 (O-H stretching of the carboxylic 
acid group), 2915 cm−1 & 2848 cm−1 (C-H stretching), and 
1697 cm−1 (C = O stretching of the carboxylic acid group). 

The spectrum of Tween 80 displayed the peaks at 3502 
cm-1 (O-H stretching), 2922 cm-1 (-CH2-asymmetric 
stretching), 2859 cm-1 (-CH2- symmetric stretching), and 
1735 cm-1 (C = O stretching).

The spectrum of Span 80 showed the peaks at 3401 
cm-1 (O-H stretching), 2923 cm-1 (-CH2- asymmetric 
stretching), 2854 cm-1 (-CH2- symmetric stretching), and 
1739 cm-1 (C = O stretching). 

Figure 2. DSC graph of Spironolactone, Palmitic acid, Chitosan, F5 and F6

Figure 3. ATR-FTIR spectra of F6 formulation, Spironolactone, Chitosan, 
Palmitic acid, Tween 80, Span 80, and Oleic acid
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The spectrum of oleic acid presented the peaks at 
3400-2400 cm-1 (O-H stretching of the carboxylic acid 
group), 3007 cm-1 (C-H stretching of C = C-H), 2923 
cm-1 (-CH2- asymmetric stretching), 2854 cm-1 (-CH2- 
symmetric stretching), 1708 cm-1 (C = O stretching of the 
carboxylic acid group), and 1284 cm-1 (C-O stretching of 
the carboxylic acid group).

According to the ATR-FTIR findings, there was no 
chemical interaction between the SPN and other materials 
of the F6 preparation, since the characteristic peaks of 
SPN including C = O and C = C stretching peaks can be 
detected in the ATR-FTIR spectrum of the F6 formulation 
without shift.

Release of the drug in in vitro condition
Modulating the drug release from nanoparticles (NPs) has 
been found to have a direct impact on the bioavailability 
of pharmaceutical substances.37 In diffusion-controlled 
release studies, it was observed that chitosan-coated NLC 
exhibited a gradual release of SPN over time. During the 
initial 2 hours, only 1.673 ± 0.709 percent of SPN was 
released, followed by a sustained release profile reaching 
28.244 ± 1.769 percent after 24 hours. This release pattern 
can be attributed to the regulated release pathways and 
diffusion of SPN from the lipid core matrix of the NLC 
and the chitosan coating into the dissolution medium. 
Notably, the release rate of SPN from chitosan-coated NLC 
was significantly slower compared to SPN-NLC (Figure 4) 
(P < 0.05). In vitro release experiments confirmed that the 
release of SPN from chitosan-coated NLC exhibited a 
longer and more sustained profile over 24 hours. These 
results indicate that the chitosan-coated NLC formulation 
provides a controlled release of SPN. The presence of 
SPN in the lipid matrix, enriched lipid core, and chitosan 
shell surrounding the NLC contribute to the extended-
release rate of the pharmaceutical substance. The chitosan 
coating acts as a barrier, leading to a reduction in release 
rates and prolonging the path of the drug from the core 
of the nanoparticles to the external release medium.38 
Likewise, the formulation of coumarin as chitosan-SLN 
resulted in improved efficacy and bioavailability, as well 
as enhanced release behavior of the preparations. The 
chitosan-SLN formulation exhibited prolonged release 
profiles, contributing to the sustained delivery of the drug. 
This prolonged release pattern enhances the therapeutic 
effectiveness of the drug and improves its bioavailability 
by maintaining a consistent concentration of the drug in 
the target site over an extended period.39

Skin absorption test
Pharmaceutical substance penetration into and throughout 
the skin is a determining factor in assessing the suitability 
of preparation for transdermal (penetration throughout 
the skin) or dermal (penetration into the epidermis 
and dermis) applications. While rat skin has commonly 
been used in cutaneous penetration studies, it has been 

increasingly recognized that human skin provides more 
accurate permeability data compared to rat skin. Extensive 
research has shown that the use of human skin yields 
more reliable and relevant results in assessing cutaneous 
permeability. Therefore, the utilization of human skin 
in cutaneous penetration studies is preferred to obtain 
more accurate insights into the penetration behavior of 
pharmaceutical substances.40 Furthermore, human skin is 
less absorbent than that of rats.41,42 In order to assess the 
effectiveness of chitosan-coated SPN-NLC formulations 
compared to SPN-NLC, rat skin was employed as a model 
for cutaneous evaluation. The choice of rat skin as a 
template was made with the specific aim of studying and 
comparing the performance of the formulations under 
investigation.

The results demonstrated that the permeation of SPN-
NLC gel through the epidermal layers was significantly 
higher compared to chitosan-coated SPN-NLC gel 
(P < 0.05). The receptor compartment analysis showed 
that the amount of SPN detected in the SPN-simple 
gel was greater (1559.547 ± 124.113 µg/cm2) than in 
the chitosan-coated SPN-NLC gel (342.142 ± 24.466 
µg/cm2) and SPN-NLC gel (607.546 ± 82.890 µg/cm2) 

Figure 4. Cumulative percent of drug release from preparations

Figure 5. The total average extent of spironolactone permeated across rat 
epidermis (records are average and SD of three assessments, n = 3)
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(Figure 5) (P < 0.05). Additionally, the average amount 
of SPN retained in the dermis was significantly lower for 
SPN-simple gel (332.297 ± 10.321 µg/cm2) compared to 
chitosan-coated SPN-NLC gel (2166.842 ± 240.279 µg/
cm2) and SPN-NLC gel (1146.881 ± 204.679 µg/cm2) 
(P < 0.05) (Figure 6).

The enhanced transdermal permeation of the lipid-based 
nanocarrier encapsulating SPN can be attributed to the 
specific characteristics of SPN and the barrier properties 
of the stratum corneum. One factor that contributes 
to the ability of SPN to penetrate the epidermis is its 
lipophilic nature. Additionally, the chemical composition 
of NLCs has been shown to significantly influence the 
permeation of SPN and its associated substances through 
the rat dermis. NLCs have been found to provide better 
occlusion and increased moisture to the stratum corneum, 
thereby impacting the transdermal penetration of active 
substances in the formulation.43

The aim of a skin uptake assessment for SPN in acne 
treatment would typically be to evaluate the absorption 
and penetration of SPN into the skin when applied 
topically. By assessing the skin uptake of SPN, researchers 
can determine the drug’s ability to reach its target site in 
the skin and exert its intended therapeutic effects.

Specifically, the assessment may involve studying factors 
such as the rate and extent of SPN absorption, the depth of 
penetration into the skin layers, and the concentration of 
the drug in various skin compartments. This information 
helps in understanding the pharmacokinetics and 
bioavailability of topically applied SPN.

Additionally, the assessment may aim to compare the 
skin uptake of different formulations or delivery systems 
of SPN, such as gels, creams, or nanoparticle-based 
formulations. It can help determine which formulation 
optimally enhances drug penetration and ensures 
effective acne treatment. Also, skin uptake assessment 
was to be conducted for SPN nanoparticles in acne 
treatment, the aim would likely be to evaluate the ability 

of the nanoparticle formulation to enhance the delivery 
and penetration of SPN into the skin for acne treatment. 
Nanoparticle-based formulations can improve drug 
stability, increase drug solubility, and allow for controlled 
release and targeted delivery to the desired site.

The assessment might involve investigating parameters 
such as the particle size, surface charge, and composition 
of the SPN nanoparticles to optimize skin penetration. 
Additionally, the assessment may evaluate the release 
kinetics of SPN from the nanoparticles, as well as the 
drug’s accumulation in the skin layers, to determine its 
effectiveness in treating acne lesions. Furthermore, the 
skin uptake assessment may compare the efficacy of SPN 
nanoparticles with other conventional formulations, such 
as creams or gels, to determine their relative advantages 
in terms of drug delivery and therapeutic outcomes.3,44,45

Fluconazole and quercetin solid lipid nanoparticle 
(SLN) formulations have also demonstrated an increased 
localization of the substances in the skin.20,46 Research 
has shown that chitosan, as a biopolymer, can be used to 
control the release rate of substances in transdermal drug 
delivery systems. The bioadhesive properties of chitosan 
play a significant role in both dermal and transdermal 
applications. The stratum corneum, consisting of closely 
packed keratinocytes, has negative charges similar to 
epithelial cells. The interaction between the positive 
charges of chitosan and the negative charges of the 
epidermis contributes to its bioadhesive property, which 
can enhance percutaneous permeation.47-52

Silva et al conducted a study on the cutaneous delivery 
of clobetasol propionate using NLC and chitosan-coated 
NLC formulations. The effectiveness of cutaneous delivery 
was confirmed through comprehensive in vitro cutaneous 
penetration investigations, along with the quantification of 
the pharmaceutical substance in various skin layers based 
on their physicochemical properties. The results showed 
that chitosan-coated NLC exhibited significantly higher 
drug accumulation in the cutaneous layer compared 
to uncoated NLC, with an increase of more than 80-
fold. In contrast, the uncoated NLC formulation did not 
demonstrate any significant cutaneous accumulation.53

Properties of demography
In this study, a total of 40 participants with mild to 
moderate acne were studied. Among them, 20 participants 
(50%) were assigned to receive treatment with chitosan-
coated SPN-NLC gel along with clindamycin 2% solution 
(treatment group), while the other 20 participants (50%) 
were assigned to receive treatment with chitosan-coated 
NLC gel without SPN along with clindamycin 2% solution 
(placebo group) (Figure 7). The participants in both 
groups were evaluated over an 8-week therapy period. The 
average age range in the treatment and placebo groups 
was 20.65 ± 3.884 and 19.65 ± 3.183 years, respectively. 
There were no significant differences in age between 
the subgroups (P = 0.3788). The average ratings for 

Figure 6. The extent of spironolactone penetrating the epidermis layers (local 
targeting). * P < 0.05 in comparison to the SPN-simple gel, # P < 0.05 in 
comparison to the chitosan-coated SPN-NLC gel
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inflammatory and non-inflammatory lesions were found 
to be comparable between the two groups.
Treatment effectiveness based on non-inflammatory and 
inflammatory lesion scores
Figure 8a and 8b show the reductions in non-
inflammatory and inflammatory lesions during the 
treatment period, respectively. While comparing week 8 
to week 0, the mean count of non-inflammatory lesions 
in the treatment group was considerably fewer than in 
the placebo group (P < 0.0001). The average count of 
the non-inflammatory lesion (comedones) declined in 
the treatment and placebo groups, from 26.45 ± 6.66 to 
10.00 ± 3.9 and 28.15 ± 6.97 to 20.25 ± 6.29 respectively. 
The decrement of non-inflammatory lesions in the group 
receiving chitosan-coated SPN-NLCs was evaluated 
and found to be effective after 8 weeks of therapy with 
standard acne medicines. Figure 8b depicts the decline 

in inflammatory lesions through time. The number of 
pustules in the chitosan-coated SPN-NLC gel recipient 
group was 0.25 ± 0.44 at first, and 0.2 ± 0.523 in the control 
group. There is no considerable difference between the 
two groups, according to the evaluation (P = 0.7464), and 
there is no significant difference between the groups at 
the end of 8 weeks of treatment due to complete healing. 
At the start of the research, the count of papules in the 
drug-receiving group was 7.75 ± 1.713 and 5.3 ± 2.430 in 
the control group. When the two groups are compared at 
the start of the study, the amount of inflammatory popular 
lesions in the drug group is higher than in the placebo 
group (P = 0.0007). After 8 weeks of therapy, the number 
of papules in the drug-receiving group was 4.05 ± 1.099 
and 3.95 ± 1.572 in the placebo group. After 8 weeks of 
treatment, there was no considerable difference between 
the two groups in terms of the count of inflammatory 
lesions (P = 0.8169). The intragroup analysis also revealed 
that after eight weeks of therapy, the group receiving a 
topical product containing chitosan-coated SPN-NLCs 
gel had a greater reduction in lesions (P = 0.0001) than 
the placebo group. Acne vulgaris dermatologic healing in 
the treatment group could be supported by a considerable 
decline in sebum production, which is excessive in acne 
and could contribute to the dermatologic healing of acne 
vulgaris in the treatment group.54 The 5% local SPN cream 
has shown effectiveness in acting as an anti-androgen 
in human sebaceous glands. It works by antagonizing 
dihydrotestosterone receptors, leading to a decrease in the Figure 7. Profiles of a randomized trial

Figure 8. (a) An average number of the non-inflammatory lesions from baseline, and (b) An average number of the inflammatory lesions from baseline (mean ± SD). 
**** P < 0.0001 for intragroup analysis in the treatment group. #### P = 0.0001 for intragroup analysis in the treatment group. $$$$ P = 0.0001 for comparison 
between treatment and placebo groups in the 8th week
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levels of dihydrotestosterone, a hormone associated with 
sebum production and acne.16 According to the study 
conducted by Califano et al, the administration of 5% SPN 
cream resulted in complete resolution of acne in 30% of 
the participants, while 65% of the participants showed 
significant improvement and recovery from acne.55 Malek 
Afzali et al conducted a randomized placebo-controlled 
study to investigate the effectiveness of a 5% SPN gel in 
the treatment of facial acne.16 Kelidari et al conducted 
a randomized controlled trial to evaluate the efficacy 
of a 1% SPN-NLC gel compared to a 5% SPN gel in the 
treatment of facial acne.7

Effectiveness on TLC and ASI
In Figure 9a, a statistically significant difference was 
observed (comparing week 8 to week 0) in the treatment 
groups regarding a decrease in ASI (P < 0.001). The ASI 
in the treatment group decreased significantly from 
14.9 ± 3.436 at the beginning to 6.562 ± 2.011 at the end 
of the trial (week 8). Comparing the two groups after 8 
weeks of therapy revealed that the rate of ASI reduction in 
patients who received chitosan-coated SPN-NLC gel with 
conventional acne treatment was significantly higher than 
the group receiving placebo with conventional treatment 
(P < 0.0001). The TLC in the treatment and control 
groups was 34.95 ± 7.11 and 33.65 ± 7.45, respectively, 
at the start of the trial, and the index was significantly 

reduced to 14.05 ± 4.43 and 24.62 ± 6.61 after 8 weeks of 
therapy (Figure 9b). SPN-loaded chitosan-coated NLC gel 
showed a significant reduction in the number of lesions 
compared to single conventional acne treatment during 
the treatment period.

The chitosan-coated NLC was selected due to the fact 
that the chitosan-coated formulations can enhance skin 
penetration of active ingredients compared to the uncoated 
formulation. Scalia et al investigated the enhancement of 
in vivo human skin penetration of resveratrol by chitosan-
coated lipid microparticles. 56 The investigation’s findings 
revealed that the cream with chitosan-coated lipid 
microparticles (LMs) was able to improve the penetration 
of resveratrol into the stratum corneum of humans, unlike 
the conventional uncoated LMs. The concentration of 
resveratrol in the horny layer has a significant impact, 
as it facilitates diffusion into the epidermis - the primary 
location for its efficacy.

Also, the other benefit of chitosan usage is its 
antibacterial effect which can have a considerable effect 
on Acne treatment. Chitosan, a natural biopolymer, has 
significant potential for its antibacterial applications. 
With the implementation of appropriate techniques for 
nanoparticle synthesis, it is possible to create durable 
and highly effective chitosan nanoparticles for numerous 
industrial uses. The utilization of chitosan nanoparticles 
either independently or combined with other substances 
has demonstrated its inhibitory effects against both G− 
and G + bacteria.57

Malek Afzali et al previously conducted a randomized 
placebo-controlled trial to assess the effectiveness of 
a 5% SPN gel in the treatment of facial acne.16 In their 
study, Malek Afzali et al observed significant reductions 
in TLC and ASI in both the placebo and SPN groups. 
They suggested that the alcoholic concentration of the 
gel may have contributed to these improvements in both 
groups. Similar findings were observed in the placebo 
group, indicating a potential impact of the gel formulation 
itself. However, the chitosan-coated SPN-NLC gel may 
have provided additional benefits by targeting specific 
cutaneous structures, such as pilosebaceous structures 
including hair follicles and sebaceous glands. This 
alternative pathway for NLC cutaneous penetration could 
result in greater uptake of smaller molecules during the 
post-administration period. Additionally, Kelidari et al 
demonstrated that SPN-NLC significantly reduced the 
TLC index during acne therapy, further supporting the 
potential efficacy of NLC-based formulations.7

In a study conducted by Walton et al, local administration 
of SPN at concentrations of 3% and 5% did not have any 
impact on sebum secretion in individuals. The researchers 
hypothesized that the lack of an anti-androgen effect from 
the local SPN cream may be attributed to the carrier used 
in the formulation. They suggested that the carrier needed 
to be effective in delivering the medication to the specific 
sebaceous glands in order to exert its anti-androgenic 

Figure 9. (a) ASI from baseline, and (b) TLC index from baseline (mean ± SD). 
*** P < 0.001 for intragroup ASI reduction analysis in the treatment group. 
#### P < 0.0001 for comparison of ASI between treatment and placebo 
groups in the 8th week. $$$ P < 0.001 for intragroup TLC reduction analysis 
in the treatment group
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effects.58 Pilosebaceous units are being studied for their 
potential use as depots for local treatment as well as a 
transfer mechanism for systemic medication delivery. 
Furthermore, the hair follicles itself is the specific target 
for various hair follicle-associated disorders, including 
acne.59 Certain researchers propose that the presence of 
a lipid coating or lipophilic properties of substances may 
enhance their absorption into hair follicles. This is because 
hair follicles are rich in sebum, which provides a lipophilic 
environment. The sebum present in hair follicles creates a 
favorable milieu for the penetration and accumulation of 
lipophilic substances, potentially facilitating their targeted 
delivery and efficacy in treating hair follicle-related 
conditions.60 The pilosebaceous unit, which includes the 
hair follicle and associated sebaceous glands, has been 
recognized as a highly absorptive structure compared 
to the outermost layer of the skin (corneocytes). This 
makes follicular delivery a significant pathway for the in 
vivo uptake of locally administered drugs. Studies have 
shown that particle sizes larger than 10 µm tend to remain 
on the skin surface, while particles ranging from 3 to 10 
µm can concentrate within the hair follicles. Particles 
smaller than 3 µm can penetrate and enter the follicles, 
potentially facilitating targeted drug delivery to this 
specific area of the skin.61 Indeed, the particle diameter of 
the chitosan-coated SPN-NLC used in this study (408 nm) 
suggests that it has the potential to enter the hair follicles 
and contribute to the reduction of lesions. Compared to 
conventional formulations, the lipid components present 
in NLC can have an impact on the interactions with the 
skin’s dermal layer. Lipid-based vehicles can adhere to the 
skin’s surface, leading to localized interactions with the 
superficial junctions between corneocyte structures and 
the pathways between corneocyte cells. This, in turn, can 
facilitate drug permeability by reducing the compactness 
of corneocytes and increasing the size of intercorneocyte 
gaps. These effects of lipid-based particles may enhance 
the penetration and distribution of SPN in the skin, 
particularly within the hair follicles, thereby potentially 
improving the therapeutic outcomes for treating skin 
lesions.62

Patient compliance and side effects of products
Figure 10 presents the data regarding the participants’ 
skin conditions in both groups. The results indicate that 
there were no significant differences between the two 
groups in terms of redness, inflammation, itching, and 
burning sensations (Figure 10a). This suggests that the 
use of the chitosan-coated SPN-NLC gel did not lead 
to notable changes or adverse reactions compared to 
the placebo group. Additionally, the feedback from the 
patients regarding the product’s characteristics, such as its 
smell, appearance, spreadability, and consistency, showed 
high levels of satisfaction (Figure 10b). 

The importance lies in ensuring that pharmaceutical 
substance delivery platforms not only effectively release 

the desired substance but also avoid causing significant 
irritation, redness, and inflammation. Balancing both 
objectives is crucial for the success of such platforms as 
it allows for effective delivery without adverse effects on 
the skin.25 

In topical formulations, skin irritation is a common 
adverse effect that is often associated with the quantity of 
the pharmaceutical substance present in the formulation. 
To mitigate this adverse effect, it is important to regulate 
the release of the pharmaceutical substance from the 
formulation. By enhancing intra-follicular penetration 
and reducing skin absorption, the adverse effects of the 
formulation can be effectively controlled.13 Previous 
research has advocated for the use of lipidic nanoparticles 
as promising vehicles to enhance the therapeutic efficacy 
of local medications and mitigate adverse effects.62

Conclusion
SPN was successfully encapsulated within chitosan-
coated NLC, which was prepared using a combination 
of nonionic surfactants with varying HLB numbers and 
palmitic acid. Solid-phase studies confirmed that SPN 
maintained its amorphous form in the formulation 
without any chemical interactions with other components 
of the chitosan-coated SPN-NLC. The optimized NLC 
formulation exhibited a small particle size with a narrow 
size distribution, and the EE was approximately 82%. The 
results of this randomized double-blind trial confirmed 
that the treatment with chitosan-coated SPN-NLC 
was well-tolerated and led to significantly improved 
healing of mild to moderate acne vulgaris after 8 weeks 
of therapy compared to the beginning condition. The 
formulated gel effectively treated both non-inflammatory 
and inflammatory lesions without causing any adverse 
effects on the skin. However, further clinical evaluation 
is necessary to assess the efficacy of the chitosan-coated 
SPN-NLC gel in a larger sample size and across different 
locations.

Acknowledgments
Current study supported by an award from the research council of 
Mazandaran University of Medical Sciences, Sari, Iran.

Authors’ Contribution
Investigation: Zohreh Hajheydari, Amin Goodarzi, Seyyed 
Mohammad Hassan Hashemi, Seyyed Mobin Rahimnia.
Methodology: Zohreh Hajheydari, Amin Goodarzi, Seyyed 
Mohammad Hassan Hashemi, Seyyed Mobin Rahimnia.
Supervision: Majid Saeedi, Katayoun Morteza-Semnani, Jafar 
Akbari, Seyyed Sohrab Rostamkalaei.
Writing–original draft: Seyyed Mohammad Hassan Hashemi.
Writing–review & editing: Majid Saeedi, Seyyed Mobin Rahimnia.

Competing Interests
No potential conflict of interest was reported by the authors.

Ethical Approval
All animal investigations were authorized by the MAZUMS’ 
Ethics Review Board for Animal Research under registration 
code≠IR.MAZUMS.REC.1399.691. The clinical trial procedures 



SPN-chitosan-coated-NLC: an anti-acne agent

Advanced Pharmaceutical Bulletin, 2024, Volume 14, Issue 1 173

were carried out according to the guidelines of the Ethics 
Committee of Mazandaran University of Medical Sciences 
(IRCT20120707010203N11).

Funding 
This study was funded by the Mazandaran University of Medical 
Sciences Research Council, Sari, Iran.

References
1. Williams HC, Dellavalle RP, Garner S. Acne vulgaris. Lancet 

2012;379(9813):361-72. doi: 10.1016/s0140-6736(11)60321-8
2. Zaenglein AL. Acne vulgaris. N Engl J Med 2018;379(14):1343-

52. doi: 10.1056/NEJMcp1702493
3. Kelidari HR, Saeedi M, Akbari J, Morteza-Semnani K, Gill P, 

Valizadeh H, et al. Formulation optimization and in vitro skin 
penetration of spironolactone loaded solid lipid nanoparticles. 
Colloids Surf B Biointerfaces 2015;128:473-9. doi: 10.1016/j.
colsurfb.2015.02.046

4. Kim GK, Del Rosso JQ. Oral spironolactone in post-teenage 
female patients with acne vulgaris: practical considerations for 
the clinician based on current data and clinical experience. J 

Clin Aesthet Dermatol 2012;5(3):37-50.
5. Muhlemann MF, Carter GD, Cream JJ, Wise P. Oral 

spironolactone: an effective treatment for acne vulgaris in 
women. Br J Dermatol 1986;115(2):227-32. doi: 10.1111/
j.1365-2133.1986.tb05722.x

6. Dong Y, Ng WK, Shen S, Kim S, Tan RB. Preparation 
and characterization of spironolactone nanoparticles by 
antisolvent precipitation. Int J Pharm 2009;375(1-2):84-8. doi: 
10.1016/j.ijpharm.2009.03.013

7. Kelidari HR, Saeedi M, Hajheydari Z, Akbari J, Morteza-
Semnani K, Akhtari J, et al. Spironolactone loaded 
nanostructured lipid carrier gel for effective treatment of mild 
and moderate acne vulgaris: a randomized, double-blind, 
prospective trial. Colloids Surf B Biointerfaces 2016;146:47-
53. doi: 10.1016/j.colsurfb.2016.05.042

8. Akbari J, Saeedi M, Enayatifard R, Morteza-Semnani 
K, Hashemi SMH, Babaei A, et al. Curcumin niosomes 
(curcusomes) as an alternative to conventional vehicles: a 
potential for efficient dermal delivery. J Drug Deliv Sci Technol 
2020;60:102035. doi: 10.1016/j.jddst.2020.102035

9. Sora DI, Udrescu S, Albu F, David V, Medvedovici A. Analytical 

Figure 10. (a) The adverse effect of product and placebo on patients, (P > 0.05) (b) Patients’ compliance after application of the product and placebo (P < 0.05)

https://doi.org/10.1016/s0140-6736(11)60321-8
https://doi.org/10.1056/NEJMcp1702493
https://doi.org/10.1016/j.colsurfb.2015.02.046
https://doi.org/10.1016/j.colsurfb.2015.02.046
https://doi.org/10.1111/j.1365-2133.1986.tb05722.x
https://doi.org/10.1111/j.1365-2133.1986.tb05722.x
https://doi.org/10.1016/j.ijpharm.2009.03.013
https://doi.org/10.1016/j.colsurfb.2016.05.042
https://doi.org/10.1016/j.jddst.2020.102035


Saeedi et al

Advanced Pharmaceutical Bulletin, 2024, Volume 14, Issue 1174

issues in HPLC/MS/MS simultaneous assay of furosemide, 
spironolactone and canrenone in human plasma samples. 
J Pharm Biomed Anal 2010;52(5):734-40. doi: 10.1016/j.
jpba.2010.03.004

10. Goffin V, Henry F, Piérard-Franchimont C, Piérard GE. 
Penetration enhancers assessed by corneoxenometry. 
Skin Pharmacol Appl Skin Physiol 2000;13(5):280-4. doi: 
10.1159/000029934

11. Müller RH, Petersen RD, Hommoss A, Pardeike J. 
Nanostructured lipid carriers (NLC) in cosmetic dermal 
products. Adv Drug Deliv Rev 2007;59(6):522-30. doi: 
10.1016/j.addr.2007.04.012

12. Stecová J, Mehnert W, Blaschke T, Kleuser B, Sivaramakrishnan 
R, Zouboulis CC, et al. Cyproterone acetate loading to 
lipid nanoparticles for topical acne treatment: particle 
characterisation and skin uptake. Pharm Res 2007;24(5):991-
1000. doi: 10.1007/s11095-006-9225-9

13. Shah KA, Date AA, Joshi MD, Patravale VB. Solid lipid 
nanoparticles (SLN) of tretinoin: potential in topical 
delivery. Int J Pharm 2007;345(1-2):163-71. doi: 10.1016/j.
ijpharm.2007.05.061

14. Liu J, Hu W, Chen H, Ni Q, Xu H, Yang X. Isotretinoin-
loaded solid lipid nanoparticles with skin targeting for topical 
delivery. Int J Pharm 2007;328(2):191-5. doi: 10.1016/j.
ijpharm.2006.08.007

15. Shaw JC. Spironolactone in dermatologic therapy. J Am 
Acad Dermatol 1991;24(2 Pt 1):236-43. doi: 10.1016/0190-
9622(91)70034-y

16. Malek Afzali B, Yaghoobi E, Yaghoobi R, Bagherani N, Dabbagh 
MA. Comparison of the efficacy of 5% topical spironolactone 
gel and placebo in the treatment of mild and moderate acne 
vulgaris: a randomized controlled trial. J Dermatolog Treat 
2012;23(1):21-5. doi: 10.3109/09546634.2010.488260

17. Shamma RN, Aburahma MH. Follicular delivery of 
spironolactone via nanostructured lipid carriers for 
management of alopecia. Int J Nanomedicine 2014;9:5449-
60. doi: 10.2147/ijn.s73010

18. Saeedi M, Morteza-Semnani K, Akbari J, Siahposht-Khachaki 
A, Firouzi M, Goodarzi A, et al. Brain targeting of venlafaxine 
HCl as a hydrophilic agent prepared through green lipid 
nanotechnology. J Drug Deliv Sci Technol 2021;66:102813. 
doi: 10.1016/j.jddst.2021.102813

19. Saeedi M, Morteza-Semnani K, Siahposht-Khachaki A, 
Akbari J, Valizadeh M, Sanaee A, et al. Passive targeted drug 
delivery of venlafaxine HCl to the brain by modified chitosan 
nanoparticles: characterization, cellular safety assessment, 
and in vivo evaluation. J Pharm Innov 2023. doi: 10.1007/
s12247-023-09733-6

20. Bose S, Du Y, Takhistov P, Michniak-Kohn B. Formulation 
optimization and topical delivery of quercetin from solid lipid 
based nanosystems. Int J Pharm 2013;441(1-2):56-66. doi: 
10.1016/j.ijpharm.2012.12.013

21. Mitchell T, Dudley A. Acne: The at Your Fingertips Guide. 
Class Publishing Ltd; 2002.

22. Brieva J, McCracken GA, Diamond B. Update and treatment of 
acne vulgaris. Medical Update for Psychiatrists 1997;2(6):161-
3. doi: 10.1016/s1082-7579(97)00066-6

23. Ramli R, Malik AS, Hani AF, Jamil A. Acne analysis, grading 
and computational assessment methods: an overview. 
Skin Res Technol 2012;18(1):1-14. doi: 10.1111/j.1600-
0846.2011.00542.x

24. Rostamkalaei SS, Akbari J, Saeedi M, Morteza-Semnani 
K, Nokhodchi A. Topical gel of metformin solid lipid 
nanoparticles: a hopeful promise as a dermal delivery system. 
Colloids Surf B Biointerfaces 2019;175:150-7. doi: 10.1016/j.
colsurfb.2018.11.072

25. Radmard A, Saeedi M, Morteza-Semnani K, Hashemi SMH, 

Nokhodchi A. An eco-friendly and green formulation in lipid 
nanotechnology for delivery of a hydrophilic agent to the 
skin in the treatment and management of hyperpigmentation 
complaints: arbutin niosome (arbusome). Colloids Surf 
B Biointerfaces 2021;201:111616. doi: 10.1016/j.
colsurfb.2021.111616

26. Attwood D, Florence AT. FASTtrack Physical Pharmacy. 
Pharmaceutical Press; 2012.

27. Elmowafy M, Ibrahim HM, Ahmed MA, Shalaby K, 
Salama A, Hefesha H. Atorvastatin-loaded nanostructured 
lipid carriers (NLCs): strategy to overcome oral delivery 
drawbacks. Drug Deliv 2017;24(1):932-41. doi: 
10.1080/10717544.2017.1337823

28. Abismaïl B, Canselier JP, Wilhelm AM, Delmas H, Gourdon 
C. Emulsification by ultrasound: drop size distribution and 
stability. Ultrason Sonochem 1999;6(1-2):75-83. doi: 10.1016/
s1350-4177(98)00027-3

29. Shah R, Eldridge D, Palombo E, Harding I. Optimisation and 
stability assessment of solid lipid nanoparticles using particle 
size and zeta potential. J Phys Sci 2014;25(1):59-75.

30. Boskabadi M, Saeedi M, Akbari J, Morteza-Semnani K, 
Hashemi SMH, Babaei A. Topical gel of vitamin A solid 
lipid nanoparticles: a hopeful promise as a dermal delivery 
system. Adv Pharm Bull 2021;11(4):663-74. doi: 10.34172/
apb.2021.075

31. McIlwee HA, Schauer CL, Praig VG, Boukherroub R, Szunerits 
S. Thin chitosan films as a platform for SPR sensing of ferric 
ions. Analyst 2008;133(5):673-7. doi: 10.1039/b717736d

32. Bashiri S, Ghanbarzadeh B, Ayaseh A, Dehghannya J, Ehsani 
A. Preparation and characterization of chitosan-coated 
nanostructured lipid carriers (CH-NLC) containing cinnamon 
essential oil for enriching milk and anti-oxidant activity. LWT 
2020;119:108836. doi: 10.1016/j.lwt.2019.108836

33. Luo Y, Zhang B, Cheng WH, Wang Q. Preparation, 
characterization and evaluation of selenite-loaded 
chitosan/TPP nanoparticles with or without zein coating. 
Carbohydr Polym 2010;82(3):942-51. doi: 10.1016/j.
carbpol.2010.06.029

34. Chandra D, Molla MTH, Bashar MA, Islam MS, Ahsan 
MS. Chitosan-based nano-sorbents: synthesis, surface 
modification, characterisation and application in Cd(II), 
Co(II), Cu(II) and Pb(II) ions removal from wastewater. Sci Rep 
2023;13(1):6050. doi: 10.1038/s41598-023-32847-3

35. Güven UM, Başaran E. In vitro-in vivo evaluation of olopatadine 
incorporated chitosan nanoparticles for the treatment of 
ocular allergy. J Drug Deliv Sci Technol 2021;64:102518. doi: 
10.1016/j.jddst.2021.102518

36. Corrigan DO, Healy AM, Corrigan OI. Preparation and 
release of salbutamol from chitosan and chitosan co-spray 
dried compacts and multiparticulates. Eur J Pharm Biopharm 
2006;62(3):295-305. doi: 10.1016/j.ejpb.2005.09.008

37. Pancholi K, Stride E, Edirisinghe M. In vitro method to 
characterize diffusion of dye from polymeric particles: a 
model for drug release. Langmuir 2009;25(17):10007-13. doi: 
10.1021/la900694k

38. Wang JY, Wang Y, Meng X. Chitosan nanolayered cisplatin-
loaded lipid nanoparticles for enhanced anticancer efficacy 
in cervical cancer. Nanoscale Res Lett 2016;11(1):524. doi: 
10.1186/s11671-016-1698-9

39. Luo Y, Teng Z, Li Y, Wang Q. Solid lipid nanoparticles for oral 
drug delivery: chitosan coating improves stability, controlled 
delivery, mucoadhesion and cellular uptake. Carbohydr Polym 
2015;122:221-9. doi: 10.1016/j.carbpol.2014.12.084

40. Schmook FP, Meingassner JG, Billich A. Comparison of human 
skin or epidermis models with human and animal skin in in-
vitro percutaneous absorption. Int J Pharm 2001;215(1-2):51-
6. doi: 10.1016/s0378-5173(00)00665-7

https://doi.org/10.1016/j.jpba.2010.03.004
https://doi.org/10.1016/j.jpba.2010.03.004
https://doi.org/10.1159/000029934
https://doi.org/10.1016/j.addr.2007.04.012
https://doi.org/10.1007/s11095-006-9225-9
https://doi.org/10.1016/j.ijpharm.2007.05.061
https://doi.org/10.1016/j.ijpharm.2007.05.061
https://doi.org/10.1016/j.ijpharm.2006.08.007
https://doi.org/10.1016/j.ijpharm.2006.08.007
https://doi.org/10.1016/0190-9622(91)70034-y
https://doi.org/10.1016/0190-9622(91)70034-y
https://doi.org/10.3109/09546634.2010.488260
https://doi.org/10.2147/ijn.s73010
https://doi.org/10.1016/j.jddst.2021.102813
https://doi.org/10.1007/s12247-023-09733-6
https://doi.org/10.1007/s12247-023-09733-6
https://doi.org/10.1016/j.ijpharm.2012.12.013
https://doi.org/10.1016/s1082-7579(97)00066-6
https://doi.org/10.1111/j.1600-0846.2011.00542.x
https://doi.org/10.1111/j.1600-0846.2011.00542.x
https://doi.org/10.1016/j.colsurfb.2018.11.072
https://doi.org/10.1016/j.colsurfb.2018.11.072
https://doi.org/10.1016/j.colsurfb.2021.111616
https://doi.org/10.1016/j.colsurfb.2021.111616
https://doi.org/10.1080/10717544.2017.1337823
https://doi.org/10.1016/s1350-4177(98)00027-3
https://doi.org/10.1016/s1350-4177(98)00027-3
https://doi.org/10.34172/apb.2021.075
https://doi.org/10.34172/apb.2021.075
https://doi.org/10.1039/b717736d
https://doi.org/10.1016/j.lwt.2019.108836
https://doi.org/10.1016/j.carbpol.2010.06.029
https://doi.org/10.1016/j.carbpol.2010.06.029
https://doi.org/10.1038/s41598-023-32847-3
https://doi.org/10.1016/j.jddst.2021.102518
https://doi.org/10.1016/j.ejpb.2005.09.008
https://doi.org/10.1021/la900694k
https://doi.org/10.1186/s11671-016-1698-9
https://doi.org/10.1016/j.carbpol.2014.12.084
https://doi.org/10.1016/s0378-5173(00)00665-7


SPN-chitosan-coated-NLC: an anti-acne agent

Advanced Pharmaceutical Bulletin, 2024, Volume 14, Issue 1 175

41. Jung EC, Maibach HI. Animal models for percutaneous 
absorption. In: Shah VP, Maibach HI, Jenner J, eds. Topical 
Drug Bioavailability, Bioequivalence, and Penetration. New 
York, NY: Springer; 2014. p. 21-40. doi: 10.1007/978-1-4939-
1289-6_2

42. Godin B, Touitou E. Transdermal skin delivery: predictions 
for humans from in vivo, ex vivo and animal models. Adv 
Drug Deliv Rev 2007;59(11):1152-61. doi: 10.1016/j.
addr.2007.07.004

43. Schäfer-Korting M, Mehnert W, Korting HC. Lipid nanoparticles 
for improved topical application of drugs for skin diseases. 
Adv Drug Deliv Rev 2007;59(6):427-43. doi: 10.1016/j.
addr.2007.04.006

44. Enayatifard R, Akbari J, Saeedi M, Morteza-Semnani K, Parvin 
S, Hashemi SMH, et al. Investigating the effect of coated 
lipid nano particles of spironolactone with chitosan on their 
properties. J Mazandaran Univ Med Sci 2018;28(162):25-36. 
[Persian].

45. Kelidari HR, Saeedi M, Akbari J, Morteza-Semnani K, Valizadeh 
H, Maniruzzaman M, et al. Development and optimisation of 
spironolactone nanoparticles for enhanced dissolution rates 
and stability. AAPS PharmSciTech 2017;18(5):1469-74. doi: 
10.1208/s12249-016-0621-0

46. Gupta M, Vyas SP. Development, characterization and in 
vivo assessment of effective lipidic nanoparticles for dermal 
delivery of fluconazole against cutaneous candidiasis. 
Chem Phys Lipids 2012;165(4):454-61. doi: 10.1016/j.
chemphyslip.2012.01.006

47. Mi FL, Wu YB, Shyu SS, Schoung JY, Huang YB, Tsai YH, et al. 
Control of wound infections using a bilayer chitosan wound 
dressing with sustainable antibiotic delivery. J Biomed Mater 
Res 2002;59(3):438-49. doi: 10.1002/jbm.1260

48. Thein-Han WW, Stevens WF. Transdermal delivery controlled 
by a chitosan membrane. Drug Dev Ind Pharm 2004;30(4):397-
404. doi: 10.1081/ddc-120030934

49. Kählig H, Hasanovic A, Biruss B, Höller S, Grim J, Valenta 
C. Chitosan-glycolic acid: a possible matrix for progesterone 
delivery into skin. Drug Dev Ind Pharm 2009;35(8):997-1002. 
doi: 10.1080/03639040902755189

50. Li X, Kong X, Zhang Z, Nan K, Li L, Wang X, et al. Cytotoxicity 
and biocompatibility evaluation of N,O-carboxymethyl 
chitosan/oxidized alginate hydrogel for drug delivery 
application. Int J Biol Macromol 2012;50(5):1299-305. doi: 
10.1016/j.ijbiomac.2012.03.008

51. Ammar HO, Ghorab M, El-Nahhas SA, Kamel R. Polymeric 
matrix system for prolonged delivery of tramadol 

hydrochloride, part I: physicochemical evaluation. AAPS 
PharmSciTech 2009;10(1):7-20. doi: 10.1208/s12249-008-
9167-0

52. He W, Guo X, Zhang M. Transdermal permeation enhancement 
of N-trimethyl chitosan for testosterone. Int J Pharm 
2008;356(1-2):82-7. doi: 10.1016/j.ijpharm.2007.12.050

53. Silva LA, Andrade LM, de Sá FA, Marreto RN, Lima EM, Gratieri 
T, et al. Clobetasol-loaded nanostructured lipid carriers for 
epidermal targeting. J Pharm Pharmacol 2016;68(6):742-50. 
doi: 10.1111/jphp.12543

54. Berson DS, Shalita AR. The treatment of acne: the role of 
combination therapies. J Am Acad Dermatol 1995;32(5 Pt 
3):S31-41. doi: 10.1016/0190-9622(95)90418-2

55. Califano L, Cannavò S, Siragusa M, Girardi R. [Experience in the 
therapy of acne with topical administration of spironolactone 
as an antiandrogen]. Clin Ter 1990;135(3):193-9. [Italian].

56. Scalia S, Trotta V, Iannuccelli V, Bianchi A. Enhancement of 
in vivo human skin penetration of resveratrol by chitosan-
coated lipid microparticles. Colloids Surf B Biointerfaces 
2015;135:42-9. doi: 10.1016/j.colsurfb.2015.07.043

57. Chandrasekaran M, Kim KD, Chun SC. Antibacterial activity of 
chitosan nanoparticles: a review. Processes 2020;8(9):1173. 
doi: 10.3390/pr8091173

58. Walton S, Cunliffe WJ, Lookingbill P, Keczkes K. Lack of effect 
of topical spironolactone on sebum excretion. Br J Dermatol 
1986;114(2):261-4. doi: 10.1111/j.1365-2133.1986.
tb02807.x

59. Zhai Y, Zhai G. Advances in lipid-based colloid systems as 
drug carrier for topic delivery. J Control Release 2014;193:90-
9. doi: 10.1016/j.jconrel.2014.05.054

60. Münster U, Nakamura C, Haberland A, Jores K, Mehnert W, 
Rummel S, et al. RU 58841-myristate--prodrug development 
for topical treatment of acne and androgenetic alopecia. 
Pharmazie 2005;60(1):8-12.

61. Wosicka H, Cal K. Targeting to the hair follicles: current status 
and potential. J Dermatol Sci 2010;57(2):83-9. doi: 10.1016/j.
jdermsci.2009.12.005

62. Pardeike J, Hommoss A, Müller RH. Lipid nanoparticles 
(SLN, NLC) in cosmetic and pharmaceutical dermal 
products. Int J Pharm 2009;366(1-2):170-84. doi: 10.1016/j.
ijpharm.2008.10.003

63. Garcês A, Amaral MH, Sousa Lobo JM, Silva AC. Formulations 
based on solid lipid nanoparticles (SLN) and nanostructured 
lipid carriers (NLC) for cutaneous use: a review. Eur J Pharm 
Sci 2018;112:159-67. doi: 10.1016/j.ejps.2017.11.023

https://doi.org/10.1007/978-1-4939-1289-6_2
https://doi.org/10.1007/978-1-4939-1289-6_2
https://doi.org/10.1016/j.addr.2007.07.004
https://doi.org/10.1016/j.addr.2007.07.004
https://doi.org/10.1016/j.addr.2007.04.006
https://doi.org/10.1016/j.addr.2007.04.006
https://doi.org/10.1208/s12249-016-0621-0
https://doi.org/10.1016/j.chemphyslip.2012.01.006
https://doi.org/10.1016/j.chemphyslip.2012.01.006
https://doi.org/10.1002/jbm.1260
https://doi.org/10.1081/ddc-120030934
https://doi.org/10.1080/03639040902755189
https://doi.org/10.1016/j.ijbiomac.2012.03.008
https://doi.org/10.1208/s12249-008-9167-0
https://doi.org/10.1208/s12249-008-9167-0
https://doi.org/10.1016/j.ijpharm.2007.12.050
https://doi.org/10.1111/jphp.12543
https://doi.org/10.1016/0190-9622(95)90418-2
https://doi.org/10.1016/j.colsurfb.2015.07.043
https://doi.org/10.3390/pr8091173
https://doi.org/10.1111/j.1365-2133.1986.tb02807.x
https://doi.org/10.1111/j.1365-2133.1986.tb02807.x
https://doi.org/10.1016/j.jconrel.2014.05.054
https://doi.org/10.1016/j.jdermsci.2009.12.005
https://doi.org/10.1016/j.jdermsci.2009.12.005
https://doi.org/10.1016/j.ijpharm.2008.10.003
https://doi.org/10.1016/j.ijpharm.2008.10.003
https://doi.org/10.1016/j.ejps.2017.11.023

