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Abstract

The Topical delivery of hydrophilic compounds such as niacinamide had consistently faced challenges due to the complex structure
and inherent permeability limitations of the skin. Niacinamide, a water-soluble vitamin with sebum-regulating, anti-inflammatory,
brightening, and anti-aging properties, was widely used in the treatment of dermatological conditions. However, its limited chemical
stability and skin penetration hindered its optimal therapeutic efficacy. In this study, chitosan nanoparticles were employed as drug
carriers due to their biocompatible structure, mucoadhesive properties, and positive surface charge, aiming to enhance stability, enable
controlled release, and improve transdermal penetration of niacinamide. Chitosan nanoparticles were synthesized using the ionic
gelation method, and the resulting niacinamide-loaded nanocapsules (CS/NIA) were thoroughly characterized. Structural features of
the nanoparticles were examined via FT-IR and SEM analyses, confirming the presence of amide bonds, ether groups, and pyridine
rings. SEM images revealed particle sizes predominantly in the range of 65 to 120 nanometers, which was favorable for epidermal
penetration and minimizing systemic accumulation. In vitro drug release studies in simulated physiological conditions demonstrated
that the nanocarrier system provided a stable and controlled release profile of niacinamide over a 300-minute period, whereas the pure

form of the drug did not exhibit comparable performance.
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1. Introduction

The skin, the largest and most complex organ in the
human body, functions as the primary physiological
barrier against both external and internal factors. Due to
its multilayered architecture (epidermis, dermis, and
hypodermis), it imposes substantial restrictions on the
permeability of therapeutic compounds [1-3]. Topical
drug delivery, particularly for hydrophilic molecules
such as niacinamide (vitamin B3), presents considerable
challenges because the stratum corneum exhibits
intrinsically ~ limited  permeability toward such
compounds. Over the past decade, niacinamide has
received increasing attention as a key ingredient in
therapeutic and cosmetic formulations. This water-
soluble molecule has been shown to exert a wide
spectrum of biological effects, including skin
brightening,  anti-inflammatory  activity,  sebum
regulation, anti wrinkle properties, and protection against
oxidative stress. Consequently, it demonstrates
therapeutic potential in the management of various
dermatological conditions, such as acne,
hyperpigmentation, rosacea, melanoma, and premature
skin aging [6-9]. However, its clinical applications
remain limited owing to poor skin penetration, instability

under environmental conditions, and susceptibility to
both chemical and enzymatic degradation [10-12]. In
recent years, nanotechnology has emerged as a promising
approach to address the challenges associated with
dermal permeation and stability [13-15]. Among
different nanocarrier systems, biocompatible polymeric
nanoparticles particularly chitosan-based formulations
have gained substantial attention. Due to their
biodegradability, low toxicity, positive surface charge,
and mucoadhesive properties, chitosan nanoparticles are
highly suitable for dermal delivery [16-18]. Through
electrostatic interactions with the negatively charged
phospholipids of cell membranes and keratinocytes,
chitosan can facilitate drug penetration across the stratum
corneum. Moreover, their nanostructure enables
controlled drug release and provides protection against
degradation. Recent studies have highlighted the critical
influence of nanoparticle size and surface charge on
dermal absorption. Typically, particles smaller than 200
nm with a positive charge exhibit superior penetration
into epidermal tissues and improved local accumulation,
while simultaneously reducing systemic absorption and
minimizing adverse effects [22-24]. Furthermore,
surface modifications such as coating with peptides,
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lipids, or polyethylene glycol have been reported to
enhance the ability of nanoparticles to traverse cutaneous
barriers. The incorporation of niacinamide into chitosan
nanocarriers has attracted growing attention. Evidence
indicates that encapsulation of niacinamide within
chitosan nanoparticles not only stabilizes the compound
and protects it against chemical transformation, but also
enables sustained and controlled release, thereby
markedly enhancing its topical absorption and
therapeutic efficacy [27-30]. Experimental and animal
studies have confirmed these benefits, reporting
improved wound healing, reduced inflammation,
inhibition of lipid peroxidation, and regulation of
collagen synthesis [31-33]. Beyond niacinamide, a
variety of chitosan-based nanocarriers have been
investigated for the delivery of other bioactive
compounds with dermatological applications. Favorable
outcomes including enhanced penetration, reduced
irritation, and improved antioxidant activity have been
observed in formulations containing retinol, azelaic acid,
curcumin, and vitamin E [34-37]. Additionally, hybrid
systems that combine chitosan nanoparticles with
nanogels, nanoemulsions, or composite hydrogels have
introduced significant innovations in optimizing topical
drug delivery [38-40].Taken together, chitosan
nanoparticle systems loaded with niacinamide represent
a promising and emerging strategy to overcome the
limitations of permeability and stability associated with
this molecule. Systematic evaluation of their structural
characteristics, stability, release profile, and skin
penetration is essential for fully assessing their
therapeutic efficacy and safety. Such investigations will
pave the way for the rational design of advanced
pharmaceutical and cosmetic formulations.

2- Experimental method

2-1- Chemicals:

Chitosan (degree of deacetylation 75-85%) was
purchased from Merck, Germany.Acetic acid (glacial,
>99%) was obtained from Merck, Germany.Sodium
hydroxide (NaOH, pellets, >98%) was supplied by
Merck, Germany.Sodium tripolyphosphate (TPP, >95%)
was purchased from Sigma-Aldrich, USA.Niacinamide
(>99%) was obtained from Merck, Germany.All other
chemicals used were of analytical grade and sourced from
Merck, Germany or Sigma-Aldrich, USA.

2-2- Instruments:

pH meter (Metrohm, Switzerland) was used for
monitoring and adjusting the pH of solutions.Magnetic
stirrer (IKA, Germany) was employed for continuous and
uniform stirring.Centrifuge (Hettich, Germany) was used
for separation of nanoparticles.UvV-Vis
spectrophotometer (Shimadzu, Japan) was applied to
evaluate the in vitro release of niacinamide at 765
nm.Fourier-transform infrared spectrometer (FTIR)
(Bruker, Germany) was used for functional group
characterization.Scanning electron microscope (SEM)

(ZEISS, Germany) was employed to investigate the
morphology and size of nanoparticles.Dynamic light
scattering (DLS) and zeta potential analyzer (Malvern
Zetasizer Nano ZS, UK) was used to determine particle
size, polydispersity index (PDI), and zeta
potential.Incubator shaker (Memmert, Germany) was
used for in vitro release studies under simulated body
fluid (SBF) conditions at 37 °C.

2-3-Synthesis of Chitosan Nanoparticles (CS) via
lonic Gelation Method

To prepare the chitosan solution, 1 gram of chitosan
powder was dissolved in 100 mL of 1% (v/v) acetic acid
solution. The mixture was placed on a magnetic stirrer at
800 rpm and was stirred continuously until a
homogeneous clear or slightly opalescent solution was
obtained. The dissolution process took several hours; to
accelerate it, the temperature was maintained between
40°C and 60°C. The pH of the chitosan solution was then
adjusted using a pH meter (or pH paper if a meter was
unavailable). A 1 M sodium hydroxide (NaOH) solution
was added dropwise to the chitosan solution under
continuous stirring until the pH reached the range of 4.6—
4.8. It was critical not to exceed this pH range, as chitosan
tended to precipitate at higher pH values.

2-4- Preparation of Tripolyphosphate (TPP) Solution
(0.25 mg/mL)

To prepare the TPP solution, 25 mg of sodium
tripolyphosphate (TPP) was dissolved in 100 mL of
deionized water. The solution was stirred thoroughly
using a magnetic stirrer to ensure complete and uniform
dissolution of TPP.

2-5- Formation of Chitosan Nanopatrticles (CS) via
lonic Gelation Method

The TPP solution was slowly added dropwise to the
chitosan solution using a micropipette or burette,
maintaining a volumetric ratio of 1:3 (i.e., one part TPP
to three parts chitosan). For instance, 30 mL of TPP
solution was added to 90 mL of chitosan solution. The
mixture was stirred on a magnetic stirrer at 800 rpm for
45 minutes at room temperature. During this process,
chitosan nanoparticles gradually formed, resulting in a
turbid suspension.

2-6- Preparation  of  Chitosan-Niacinamide
Nanoparticles (CS/NIA) via lonic Gelation

To prepare  chitosan—niacinamide  nanoparticles
(CS/NIA), chitosan solutions were prepared following
the previously described procedure, except that the final
pH was adjusted to 4.7 in order to provide optimal
conditions for electrostatic interactions between the
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polycationic chitosan and the polyanionic TPP.
Subsequently, 5 mL of niacinamide solution was
gradually added to 15 mL of the chitosan solution, and
the resulting mixture was gently stirred to ensure
homogeneity.  Thereafter, 2 mL of sodium
tripolyphosphate  (TPP) solution was introduced
dropwise into the system to initiate the ionic gelation
process, allowing nanoparticles to gradually form. The
obtained suspension was subjected to centrifugation at
500 rpm for 30 minutes at room temperature to facilitate
particle separation and improve uniformity. Finally, the
pH of the CS/NIA nanoparticle suspension was measured
to be 5.9, confirming the stable formation of
nanoparticles under the experimental conditions.

2-7- In Vitro Niacinamide Release from Chitosan
Nanoparticles

The release study was conducted by dispersing 25 mg of
the CS/NIA sample in 35 mL of simulated body fluid
(SBF) with a pH of 7.40. The mixture was incubated at
37 °C and stirred at 100 rpm for 5 hours (300 minutes).
At predefined time intervals, 0.5 mL aliquots were
withdrawn for analysis of niacinamide concentration.
The release profile of niacinamide was monitored using a
UV-Vis spectrophotometer at a wavelength of 765 nm
over the 5-hour period.

3- Results

3-1- FTIR Spectrum of Chitosan Nanoparticles (CS)
A broad absorption band observed in the range of 3200—
3400 cm™! corresponds to the stretching vibrations of O—
H and N-H functional groups. The characteristic peaks at
approximately 1650 cm™ and 1580 cm™ are attributed to
the presence of amide groups within the chitosan
structure. Additionally, the absorption band detected in
the range of 1020-1070 cm™ is indicative of ether
linkages (C—O-C) in the chitosan backbone.
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Figure 1. FT-IR spectrum of cr;itosan nanoparticles (CS).
3-2- FTIR Spectrum of Niacinamide-Loaded
Chitosan Nanoparticles (CS/NIA)

The broad absorption band observed in the range of
3200-3400 cm™ corresponds to the stretching vibrations

of N-H and O—H groups. The sharp peak between 1650
1680 cm™ is attributed to the C=0 stretching vibration,
indicative of niacinamide's carbonyl structure. The
absorption bands in the range of 1230-1320 cm™
correspond to C—N stretching vibrations, while the peaks
observed in the region of 1500-1600 cm™ are associated
with C=C stretching within the pyridine ring of
niacinamide.
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Figure 2. FT-IR spectrum of niacinamide-loaded
chitosan nanoparticles (CS/NIA).

3-3- SEM Analysis of Chitosan Nanoparticle (CS)
Structure

Based on scanning electron microscopy (SEM) images at
magnifications of 20,000x and 50,000%, it can be
concluded that chitosan nanoparticles were successfully
synthesized. The high-resolution images clearly reveal
the shape and distribution of the particles, confirming
their nanometric scale. The morphology of the particles
appeared predominantly as irregular, rod-like, and
occasionally sheet-like structures, which was consistent
with the physical properties of chitosan and the nature of
the synthesis process. A more comprehensive assessment
of particle distribution across the images showed that
most particles fell within the 65-120 nm range. This size
range remained well within the nanoscale and was highly
suitable for applications such as drug delivery, tissue
engineering, and biomedical use. The observed high
particle density, relatively uniform dispersion, and
distinct particle boundaries suggest effective control over
the nanoparticle fabrication process. Additionally, the
moderately rough surface texture may contribute to an
increased specific surface area, thereby enhancing the
performance of the nanoparticles in various applications.
In conclusion, the evidence supports that the chitosan
nanoparticle synthesis was successful, producing
particles with appropriate size and desirable
morphological characteristics.
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Figure 3. SEM images of chitosan nanoparticles (CS)

3-4- Comparative Evaluation of Niacinamide Release

A comparative assessment of niacinamide release under
two conditions—pure niacinamide  (NIA) and
niacinamide incorporated into chitosan nanoparticles
(CS/NIA) demonstrated a significant enhancement in
release performance in the presence of chitosan.
According to the release profile, the NIA sample
exhibited a gradual and limited release, reaching
approximately 18% after 100 minutes and remaining
stable through 300 minutes. In contrast, the CS/NIA
formulation showed a more rapid increase in drug
release, reaching 31% at 100 minutes and maintaining
approximately 32% up to 300 minutes. This marked
improvement was attributed to the presence of chitosan,
a biocompatible polymer known for its mucoadhesive
properties, swellability, and ability to form porous
matrices. These characteristics enhanced drug
permeability and solubility, prolonged residence time,
and facilitated more controlled and efficient drug release.
Based on the observed kinetic behavior, chitosan played
a critical role in enhancing both the rate and extent of
niacinamide release. This supported the potential of
CS/NIA systems as effective candidates for controlled-
release formulations in pharmaceutical or cosmetic
applications.

Drug release(%)

o 31 32 3?2

100 150 200 250 300
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Figure 4. Comparative release profile of niacinamide: free
niacinamide  (NIA) vs.  niacinamide-loaded  chitosan
nanoparticles (CS/NIA) over a period of 300 minutes in
simulated body fluid (SBF) at pH 7.4 and 37 °C.

3-5- Dynamic Light Scattering (DLS), Polydispersity
Index (PDI), and Zeta Potential

The physicochemical features of the prepared
nanoparticles were presented in Table 1. Chitosan
nanoparticles without drug (CS-NPs) displayed a mean
hydrodynamic diameter of 120 + 1.9 nm with a low
polydispersity index (0.12 + 0.02), which reflected a
narrow size distribution and good colloidal uniformity.
After niacinamide incorporation (CS/NIA), the average
particle size was reduced to 98.2 + 7.8 nm, while the PDI
showed a modest increase (0.23 + 0.02). Such a decrease
in particle size was likely related to molecular
interactions between niacinamide and the protonated
amino groups of chitosan, leading to a denser packing of
the polymer chains during nanoparticle formation. The
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surface charge of the systems, expressed as zeta potential,
was measured at +23.1 + 0.1 mV for CS-NPs and +20.7
+ 0.8 mV for CS/NIA. Despite the slight drop in zeta
potential upon drug loading, the values remained well
above the #20 mV threshold, which was generally
considered sufficient for maintaining electrostatic
stabilization of nanoparticle suspensions. In addition, the
encapsulation efficiency of niacinamide in the chitosan
matrix reached 934 + 2.1%. This high value
demonstrated the strong interaction between niacinamide
and chitosan and confirmed the suitability of the
ionotropic  gelation approach for efficient drug
entrapment.

Table 1. Characterization of chitosan nanoparticles (CS-NPs)
and niacinamide-loaded chitosan nanoparticles (CS/NIA)

Sample | Size PDI zp
(nm) (mV)

(%) EE

CS-NPs | 120£1.9 | 0.124£0.02 | 23.1+0.1 | —

CS/NIA | 98.2+7.8 | 0.23+£0.02 | 20.7+0.8 | 93.4£2.1

4-Conclusion

The findings of this study clearly demonstrated that the
use of chitosan nanoparticles as a drug delivery carrier
presented a novel and effective strategy for enhancing the
performance of niacinamide in transdermal applications.
The physicochemical properties of chitosan, including its
positive surface charge, biocompatibility, and ability to
enable controlled release, contributed significantly to
improved penetration, stability, and localized efficacy of
the active compound. FT-IR analysis and SEM imaging
confirmed the successful synthesis of nanoparticles and
the chemical interactions between chitosan and
niacinamide. In vitro drug release studies further
indicated that the CS/NIA system provided a stable and
sustained release profile, which was a key advantage over
the pure form of niacinamide, as it extended the duration
of action and reduced premature degradation. Moreover,
the synergistic combination of chitosan’s anti-
inflammatory, regenerative, and antibacterial properties
with niacinamide’s therapeutic effects offered a
promising pathway for the development of advanced skin
care formulations. These innovative systems not only
held great potential for treating dermatological disorders
but were also highly relevant to the cosmetic industry,
where efficacy, safety, and clinical appeal were essential
for commercialization and standardization.
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