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This study aimed to develop curcumin (CMN)-loaded chitosan nanoparticles (C-NPs) as a potential drug delivery
system. Unique to this research was the use of a top-down method that allows for precise control over nanoparticle
size, which is critical for enhancing stability, efficacy, bioavailability, and controlled drug delivery. The study
employed advanced characterization techniques, including Fourier-transform infrared spectroscopy (FTIR), to
confirm the successful formation of C-NPs, along with an evaluation of drug loading capacity (LC) and percentage
drug entrapment (PDE). Typically, in vitro drug release studies were conducted to evaluate the sustained release
behavior of C-NPs. The results demonstrated the successful formation of C-NPs with desirable characteristics, with
a high LC (86.81% + 5.44%) and PDE (68.12% + 4.24%), indicating efficient encapsulation of CMN, which was
significantly higher compared to many existing formulations. The sustained release mechanism not only improves
bioavailability and efficacy but also facilitates targeted and combination therapies, achieving a release rate of 88.24%
+ 6.89% over 24 hours. Moreover, a short-term stability study conducted has proved that the prepared C-NPs might
be stable up to 15 days, highlighting their practical applicability. Overall, this study provides valuable insights
into the innovative development and characterization of C-NPs as a promising carrier for CMN delivery, offering
significant advancements in drug delivery systems that could lead to improved therapeutic strategies.

INTRODUCTION

Nanoparticles (NPs) are ultrafine particles with

selectively killing cancer cells. NPs can assist in delivering
anti-inflammatory drugs to treat atherosclerosis.

dimensions in the nanometer range (1100 nm). Their unique
properties such as high surface area, small size, and the ability
to be engineered for specific functions make them promising
tools for medical applications, particularly in the treatment
and diagnosis of diseases [1]. NPs can be designed to deliver
drugs directly to tumor cells, minimizing side effects on healthy
tissues. Metallic NPs can absorb light and convert it to heat,
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They improve the contrast in imaging techniques,
aiding in early diagnosis. Silver and copper NPs show
significant antimicrobial properties, useful in treating bacterial
infections. NPs can enhance the efficacy of vaccines by
improving the immune response [2]. NPs can cross the blood-
brain barrier, allowing for targeted therapies in conditions like
Alzheimer’s and Parkinson’s disease. Improved drug solubility
and bioavailability and lowered systemic side effects due to
targeted therapy. It can be engineered for various functions,
making them suitable for multiple applications. Moreover, used
for tracking disease progression through imaging. NPs hold
significant promise for the treatment of various diseases due
to their unique properties and versatility [3]. Ongoing research
and technological advancements will likely lead to innovative
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applications, improving patient outcomes and redefining disease
management approaches.

Curcumin (CMN) is a bioactive compound derived
from the turmeric plant (Curcuma longa). Known for its
vibrant yellow color, it has been used for centuries in traditional
medicine, particularly in Ayurvedic and Chinese practices.
CMN is recognized for its anti-inflammatory, antioxidant,
and potential therapeutic properties [4]. CMN inhibits various
inflammatory pathways and cytokines, making it effective in
reducing inflammation associated with conditions like arthritis
and inflammatory bowel diseases.

CMN has been studied for its potential therapeutic use in
a range of diseases, including cancer, cardiovascular conditions,
neurodegenerative disorders, diabetes, and inflammatory
diseases such as rheumatoid arthritis. It is available as a dietary
supplement and is also being evaluated in clinical trials to assess
its efficacy and safety in different patient populations [5]. CMN
is a promising therapeutic agent with a wide range of potential
applications in treating various diseases. Continued research
into its mechanisms and efficacy will help unlock its full
potential for improving health and combating diseases. While it
holds significant promise, further clinical studies are needed to
establish optimal dosages and treatment protocols.

CMN produces significant attention in past decades
for its potential therapeutic properties, including anticancer
antioxidant, and anti-inflammatory effects. However, its
therapeutic claim had been hindered primarily by its poor
bioavailability. CMN is poorly aqueous soluble, which limits its
absorption in the gastrointestinal tract (GIT). After absorption,
CMN is readily metabolized and eliminated by the liver,
resulting in low systemic availability [6]. Also, the structure
molecular structure of CMN affects its ability to permeate cell
membranes, further reducing its effectiveness. These issues
significantly influence the efficacy of CMN, necessitating design
formulation strategies to enhance its delivery and absorption.

Chitosan, a deacetylated derivative of chitin, has
emerged as a promising biopolymer for nanoparticle-based
drug delivery systems. Its unique properties, including
biocompatibility, biodegradability, and cationic charge, make
it an attractive candidate for various biomedical applications.
Chitosan exhibits excellent biocompatibility with human
tissues, reducing the risk of adverse immune responses [7].
It is biodegradable, ensuring safe elimination from the body
after drug delivery. The cationic nature of chitosan allows
for electrostatic interactions with negatively charged drug
molecules, facilitating encapsulation and controlled release.
Chitosan can be modified to respond to specific stimuli, such as
pH or temperature, enabling targeted drug delivery to specific
tissues or cells. Chitosan can improve the solubility of poorly
water-soluble drugs, enhancing their bioavailability [8].

Chitosan could improve the solubility of CMN due to
its hydrophilic nature by increased solubility facilitates better
absorption in the GIT. Chitosan NPs could be engineered to
provide a controlled release of CMN which helps to maintain
therapeutic levels over an extended period, reducing the need
for frequent dosing. Also, chitosan can enhance the targeting
NPs to specific tissues or cells by improving the efficacy of
CMN, especially in cancer therapy [9].

The biocompatibility of chitosan reduces adverse
reactions, making it a suitable candidate for drug delivery
applications. This property reduces the risk of long-term
accumulation and toxicity and it exhibits inherent antimicrobial
activity and is principally beneficial in tissue engineering and
wound healing applications [10]. Chitosan can successfully
load a wide range of therapeutic agents, especially proteins and
peptides, hydrophilic and hydrophobic drugs. Its adaptability
improves its suitability for a range of therapeutic methods and
permits the administration of various types of drugs. Chitosan
has good mucoadhesive properties, allowing it to cling to
mucosal surfaces (e.g., nasal cavity, GIT, and so on). This
adhesion increases the overall bioavailability, absorption, and
extends the residence time at the site of action [11].

Controlled release systems allow for a gradual and
sustained release of CMN over an extended period, which
helps to maintain therapeutic drug levels in the bloodstream,
optimizing its anti-inflammatory, antioxidant, and anticancer
effects. Modifying the surface properties of chitosan
nanoparticles could achieve targeted delivery to specific tissues
or organs of tumors [12]. This localized delivery enhances
the therapeutic efficacy of CMN while minimizing systemic
availability.

Targeted delivery of CMN can exert its effects directly
where needed, such as in cancerous tissues, while limiting
exposure to healthy tissues and this selective action minimizes
potential side effects, making treatments safer. Sustained
release formulations could extend the duration of action of
CMN, allowing for less frequent dosing. This convenience can
significantly improve patient adherence to treatment regimens
[13]. By providing a steady state release of CMN, patients
may experience more consistent relief of symptoms, leading
to improved quality of life and further inspiring adherence to
treatment.

Despite these challenges, ongoing research is focused
on addressing these limitations and further exploring the
potential of chitosan for nanoparticle-based drug delivery.
By optimizing chitosan formulations and exploring novel
delivery strategies, researchers aim to create more effective
and safe therapeutic approaches. Chitosan is a versatile and
promising material for nanoparticle drug delivery systems
[8]. Its favorable properties enhance the efficacy and safety
of therapeutics, making it a valuable tool in modern medicine.
Ongoing research will further explore its potential, leading to
innovative drug delivery solutions.

This study will systematically optimize the formulation
parameters of curcumin-loaded chitosan nanoparticles (C-NPs),
focusing on enhancing CMN encapsulation efficiency and
controlled release profiles. Also, the current study employs a
comprehensive range of characterization techniques to assess
the physical and chemical properties of C-NPs, providing
a more detailed understanding of their behavior and efficacy
[14,15]. The long-term stability assessments under various
environmental conditions, contributing valuable data on the
shelf-life and practical applicability of C-NPs and explore the
mechanisms of CMN release from C-NPs, focusing on how
environmental factors influence release kinetics, thereby filling
a critical knowledge gap [16].
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MATERIALS AND METHODS

The CMN supply was acquired from SRL Pvt. Ltd.
located in Mumbeai, India. Chitosan was purchased from S.D.
Fine Chem. Pvt. Ltd, Mumbai, India. Sodium deoxycholate and
glycerine from Hi Media in Mumbai, India. This study made
use of internally produced double distilled water, analytical
grade chemicals, and reagents.

Compatibility study

To evaluate a potential interaction (difference in
structure) between the drug and excipients, Fourier-transform
infrared spectroscopy (FT-IR) analysis was conducted [17].
In an FT-IR spectrophotometer (JASCO/FT-IR-6300, Japan),
the IR spectra of the solid samples were examined in the solid
powder using the KBr disc method in the wavenumber range of
4,000—400 cm™ at a scan speed of 1 cms™.

Preparation of C-NPs

Dissolve 200 mg of chitosan in 1% acetic acid to obtain
a solution with a concentration of 20 mg/ml and stirred the
solution until fully dissolved. Dissolve 100 mg of CMN in 1 ml
of ethanol (90%) to achieve a concentration of 10 mg/ml. Add
this solution to the chitosan solution while stirring for 10 min
at 650 RPM continuously to ensure thorough mixing. Prepare
150 mg of sodium deoxycholate solution (15 mg/ml) separately
(Fig. 1). Slowly add the sodium deoxycholate solution dropwise
to the chitosan-curcumin mixture while stirring vigorously [18].
Sonics & Materials VCX 750, Inc., Newtown, USA was used to
sonicate the solution for 15 minutes (Amplitude 45%; pulse rate
9/3seconds) at 25°C. Pour the C-NP solution into a petri-dish,
cover with aluminum foil, poke holes in it, and freeze dried
(Christ, Alphal-2 LD plus, Germany) overnight for 48 hours
at —40°C. The frieze-dried powder was collected and used for
further analysis. Blank nanoparticles were prepared with the
similar described procedure without the drug, CMN.

Construction of calibration curve

CMN content was calculated through the use of UV
Spectrophotometric methodology. CMN was dissolved in a
small quantity of ethanol (0.1 ml) and the required volume
was added to produce a stock solution with 1 mg/ml of CMN.
For the preparation stock solution up to 9 ug/ml concentration,
distilled water was used for further dilution. To measure Amax
in the 200-800 nm region, aliquots of these solutions were
placed into a quartz cell and exposed to a UV spectrophotometer
(Agilent Cary 60 UV—Vis Spectrophotometer, USA.) at the
wavelength of 425 nm. Double distilled water was used as a

Figure 1. Various stages for the preparation of C-NPs. (a) stirring the solution,
(b) prepared C-NPs, (c) petri-dish containing C-NPs for freeze-drying, and (d)
freeze-dried solid C-NPs.

blank. The standard calibration curve was created by plotting
concentration versus absorbance, and several concentrations of
CMN solution were created within the 1-9 pg/ml range [19].
The selected concentration range should ideally fall within the
linear response of the detection by UV-Vis spectroscopy method
to ensure the concentrations are in this range helps in obtaining
a reliable calibration curve, which is critical for quantitative
analysis particularly important in drug delivery systems where
effective doses can be low.

Percentage drug entrapment (PDE (%))

The supernatant collected during the NP formulation
was used to calculate the PDE (%) of CMN in C-NPs [20].
After centrifugation for 15 minutes at 6,000 rpm, the clear
supernatant was collected, and UV-visible spectroscopy was
used to analyze it at 425 nm. The drug percentage %EE was
computed using equation (3).

A quantity of CMN in C-NPs
% EE (%) = x 100 3)
Total amount of CMN Used

Percentage loading capacity (LC)

Once the freeze-dried C-NPs were dissolved in 0.5 ml
of ethanol and the required amount of distilled water for dilution,
were filtered through a 0.45 um membrane filter. A UV-Vis
spectrophotometer was then used to detect the concentration of
the solution at 425 nm [20]. The following formula was utilized
to calculate the DL capacity of C-NPs.

Quantity of CMN in C-NPs
LC (%)= x 100 2)
Quantity of C-NPs Obtained

Assay and product yield

The free CMN, NPs, and C-NPs (equal to CMN weight)
were sonicated (for 10 minutes with 90 rpm stirring speed) after
a 0.5 ml ethanol dilution. UV absorbance was measured and
additional dilutions were made using distilled water. The drug
content was measured using a standard calibration curve at a
wavelength of 425 nm, and the material balance was calculated
concerning that content [21]. The yield % concerning the initial
amount was calculated using the following formula.

. Total weight of the C-NPs
Product Yield (%) = x 100

Total weight of ingredients

In vitro drug release

An activated dialysis membrane bag (dialysis
membrane 110 (LA 395); molecular weight cutoff of 12,000);
Hi-media, Mumbali, India) was used to release CMN from NPs
in vitro drug release study. It was filled with 1 ml of C-NPs,
hermetically sealed, and submerged in 100 ml of phosphate
buffer pH 6.8 and release medium at 37°C + 1°C while
being stirred magnetically (650 rpm) [22]. To keep the sink
condition for up to 24 hours, 5 ml of the aliquot was withdrawn
at prearranged intervals (1, 2, 3, 6, 8, 12, and 24 hours) and
replaced with a new medium (fresh buffer pH 6.8). Following
appropriate  dilutions, spectrophotometric measurements
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were made of the CMN concentration in the samples, and the
cumulative percentages of CMN released from the NPs were
computed and shown against time.

Release Kinetics

To provide a more comprehensive understanding
of the drug release mechanism, Higuchi, Hixson Crowell,
Korsmeyer Pappas, and release exponent (n) equation models
were utilized to calculate the dissolution release kinetics of
the NP formulations using both first-order and zero-order
calculations [23]. To determine the pattern of release from the
SLN, the regression coefficient factor (R?) and other parameters
were computed.

Stability study

To conduct a short-term stability study of the prepared
C-NP, Mohamed ef al. [21] described the method. Briefly, the
changes in PDE (%), DC (%), and in vitro drug release at room
temperature (25°C + 2°C) for 15 days were determined [21].

Statistical analysis

The obtained data are displayed as the mean value and
the standard deviation based on three measurements that were
taken in triplicate. Following one-way analysis of variance for
the statistical analysis of the data using PRISM version 2022
software, the student’s #-test was employed.

RESULTS AND DISCUSSION
FTIR outcome

Figure 2 displays the FT-IR spectra of Free CMN,
sodium deoxy cholate, chitosan, and C-NPs that were used to
prepare the C-NPs. The wavenumbers for each spectrum and the
characteristics of the functional bands observed. Two peaks in
the CMN spectra, at 3322.14 and 3020.22 cm™, corresponding
to — OH (alcohol) stretch vibrations, were present, suggesting
the existence of two hydroxyl groups. It was evident from the
peaks at 1739.88 and 1631.29 cm™ that the structure contained
C=0 (carbonyl) groups. According to the earlier investigation
published by Mohamed ez al. [21] the C—H (alkane) stretch
vibrations at 2931.01 and 2851.09 cm™ and the C=C (aromatic)
stretch vibrations at 15889.87 and 1510.23 cm™ were also
noticeable [21].

Sodium deoxycholate FT-IR spectra (Fig. 2a) revealed
a broad band in the 3410-3188 cm™ range, associated with
stretching the O—H bond. Furthermore, the carboxylate ester
group assignable -C=0O group in sodium deoxycholate had a
strong peak at 1561cm™. The stretched C—H bond is responsible
for the peaks at 2929 and 2871 cm™'. At 1042 cm™, a second,
distinct peak emerged, which was attributed to CCO bonds [24].

The peaks of the CCO bonds in sodium deoxycholoate
and the —C=0O group of the carboxylate ester group were
completely decreased, as seen in Figure 2b. This is explained
by the COO- group in sodium deoxycholoate’s involvement
in the complexation with the skeleton of polymer structure.
Furthermore, the stretching C=O originating from each
chitosan is displaced, with respective locations of 1734 and
1678 cm™.. The intensity of N-H and O-H peaks from chitosan

altered due to interactions with CMN, indicating hydrogen
bonding. Aromatic C=C stretching vibrations from CMN were
typically seen between 1508.28—1598.71 cm™ indicates the
CMN successfully incorporated, moreover, shifts in the C=0
peak position observed, indicating interaction with chitosan
[25]. A similar result was reported by Kumbhar et al. [26] and
they demonstrate that these groups play a significant role in the
complexation of the sodium deoxycholate molecule with its
functional groups [26].

Determination of 2.

The A of CMN was determined first by scanning the
solution of CMN in a UV spectrophotometer and the A was
found to be 425 nm as shown in Figure 3a.

LC (%) and PDE (%)

Although the C-NPs showed an optimal LC (>80%),
additional parameters such as reaction time, temperature, or
the ratio of the drug to Na precursor may need to be further
improved. PDE (%) and LC (%) percentages of C-NPs ranged
from 68.12% = 4.24 % and 86.81% =+ 5.44 %, respectively (Table
1). Chitosan has a positive charge at physiological pH, which
enhances its interaction with negative and neutral charged drugs.
This electrostatic attraction can significantly increase the amount
of drug that can be loaded onto the NP. Also, the porous nature of
chitosan NPs allows for the accommodation of a larger volume
of both hydrophilic and hydrophobic drugs [10]. At 425 nm (p >
0.05), the highest absorption of C-NPs was observed between 200
and 400 nm, accounting for about 80% of the total output sustained.
This measurement falls within the reference (label amount) range
0f 95% to 105% of CMN. Because of its smallest size and highest
formulation for LC (86.81% + 5.44 %) and PDE (68.12% + 4.24 %)
in this study. The results showed that the ratio of CMN to chitosan
in C-NP was 1:2 and that CMN had a lipophilic property (log p =
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Figure 2. FTIR spectrum of (a) Free CMN, (b) sodium deoxycholate, (c)
chitosan, and (d) C-NPs.
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3.29). This implies that adding a positively charged carrier, like
Na-+, would improve PDE. By optimizing the CMN-to-chitosan
ratio and leveraging the lipophilic nature of CMN along with ionic
interactions, the overall PDE of the C-NPs might be improved [10].

Drug content and yield

The quantity (content) of CMN present in the prepared
C-NPs varies from 91.27% + 3.34 % and the material loss
concerning the CMN content was calculated to be 3.71%+ 0.44
% of the material (Table 1). According to a previous study [21],
lower material loss was seen with C-NPs after the product was
obtained. This was caused by an increase in the concentration
of chitosan concentration.

The presence of Na" can contribute to the stability of
NP by reducing aggregation through electrostatic repulsion. A
higher concentration of chitosan typically leads to increased
viscosity of the solution, which can improve the encapsulation
of CMN within the NPs. This effect due to the thicker solution
led to better encapsulate of the drug molecules during the
process of preparation of NPs [27].

In vitro CMIN release

Figure 4 presents the cumulative release profiles of
CMN from C-NPs. The drug release behavior of C-NPs was
evaluated in vitro dissolution study using simulated stomach fluid
at a pH of 6.8. The results indicated an initial burst release of
24% + 2.08%, with a total release of 88.23% + 8.91% over 24
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hours. This sustained release mechanism allows for prolonged
dosage release, while the initial burst release effectively reaches
the desired plasma concentration. The release model that best
fits the data was selected based on the correlation coefficient
values from various models [28]. Initially, there was a significant
difference observed, but in later, mostly p values were found to be
significant. The C-NPs demonstrated sustained release, providing
a slower and more controlled drug delivery. Maintaining a pH of
6.8 for the release of CMN was a strategic choice, as it reduces the
toxicity of CMN to healthy tissues. In a related study, Mohamed
et al. [21] found that isoniazid-based silver nanocrystals exhibited
a controlled and prolonged release of the drug, lasting up to 180
minutes. The release rate was 3—4 times higher than that of free
isoniazid at both pH 5.7 (weakly acidic) and pH 7.2 (neutral)
conditions. The release of drugs from NP can be influenced by the
ionization state of the drug and the polymer matrix. Many drugs,
including CMN and isoniazid, have functional groups that can
become protonated or deprotonated depending on the pH of the
environment, affecting solubility and release rates. The studies
have shown that CMN release from chitosan nanoparticles is
significantly higher in acidic conditions (pH 5.0) compared to
neutral conditions (pH 7.4). The acidic environment can enhance
the solubility of CMN, leading to increased release rates [21].
The porous and biodegradable nature of chitosan
NPs allows the release of encapsulated CMN in a controlled
and sustained manner and the C-NP matrix might slow down
the diffusion of the drug out of the particles. The hydrophilic
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Figure 3. (a) UV Scan (at the concentration 9 pg/ml in the range of 200 to 800 nm) and (b) standard calibration curve of CMN.

Table 1. PDE (%), LC (%), drug content, and materials yield values of C-NPs.

Code PDE (%) LC (%) Drug content (%) Material loss (%)
Day 0

B-NPs - - - 2.19+0.21

C-NPs 68.12+4.24 86.81 +5.44 91.27+3.34 3.71+0.44
Day 15

C-NPs 65.25 £ 6.81* 78.34 £ 8.15%* 86.87 +6.91* -

*p < 0.05 indicate the significant. NPs- Blank NPs;

C-SLN-Curcumin loaded NPs (mean +SD, n = 3);
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nature of chitosan helps in swelling and forming a gel-like layer
around the NPs upon contact with buffer (pH 6.8) and acts as a
barrier for controlling the release rate [29]. The C-NP containing
chitosan degrades and releases the drug in a sustained manner
with the rate of degradation can be tailored by modifying the
chitosan structure.

Release Kinetics

Subsequently analyzed the in vitro release data using the
zero order, Highuchi, and Korsmeyer-Peppa models, the correlation
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coefficients (R?) were discovered to be, respectively, 0.984, 0.971,
and 0.985 (Table 2). The drug release mechanism is described
by the release best suited Korsmeyer-Peppa’s model based on 1
and release exponent “n” of Korsmeyer-Peppa’s kinetic model. A
value of “n” of 0.539 indicates that the release pertains to both the
erosion and diffusion mechanisms together [30]. As the polymer
erodes, drug molecules are gradually released into the surrounding
medium and the rate of drug release often controlled by the rate of
polymer degradation with a typical constant and sustained release
profile over time. The diffusion mechanism is usually considered
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Figure 4. [n vitro CMN release from C-NPs at (a) 24 hours (day 0) and (b) day 15 with the pH 6.8. Each value represented as mean + SD.

Table 2. In vitro CMN release kinetics of Free CMN and various C-NPs.

Correlation coefficient (r?) Release exponent (n)

Codes Zero-order First order Higuchi Hixon Crowell Korsmeyer- Peppas
Free CMN 0.823 +0.06 0.972 £ 0.04 0.863 £ 0.04 0.651 +0.03 0.910+0.04 0.441 +£0.05
C-NP1 0.687 +0.08 0.941 +£0.02 0.914 +£0.08 0.446 +0.05 0.988 £ 0.21 0.539 +0.06
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Figure 5. Mechanism of CMN release kinetics of various models such as (a) zero-order, (b) first order, (c) Higuchi model, (d) Hixson-Crowell model, (e)
Korsmeyer-Peppas model, and (f) cumulative drug release from C-NP.
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by an initial burst release, followed by a slower, sustained release.
The release rate is influenced by factors such as the size of the drug
molecules, the porosity of the polymer, and the degree of swelling
of the matrix [31,32].

n = 0.539. This value suggests that the drug release
from the dosage form is slightly deviating from Fickian diffusion
(Fig. 5). It indicates that there might be some additional factors,
such as polymer relaxation or swelling, influencing the release
process. The value is close to 0.5 and slightly above, suggesting
that the release is not purely diffusion-controlled (Non-Fickian
Diffusion). These results revealed as the polymer matrix might be
undergoing relaxation, which can affect the diffusional pathways
[33]. Other factors, such as interactions between the drug and the
matrix, might also play a role. Similar findings were found by
Zhokh and Strizhak [34], who showed that the diffusion regime
is considerably impacted by the pore hierarchy in the models that
currently treat the pore size dependency of the diffusivity [34].

The Korsmeyer-Peppas model provides valuable
insights into the mechanism of nanoparticle drug release. By
understanding the release exponent, researchers can tailor the
properties of NPs and polymeric matrices to achieve desired
drug release profiles for various therapeutic applications.

Stability study

The prepared C-NPs were evaluated for the PDE (%),
LC (%), Drug content (%), and in vitro drug release after 15th
day. The observed results were 65.25+6.81, 78.34 + 8.15, 86.87
+ 6.91, and 92.13 £ 8.27 respectively (Table 2). This result
indicates the prepared NPs using chitosan as a rigid polymer
protect the drug and resist or little changes from the above
parameters even through quality of the product are significant
(p < 0.05) [35]. A similar study was conducted by Walbi
and co-workers [36] on curcumin-loaded lecithin/chitosan
nanoparticles at 30°C + 1°C for 45 days with the determination
of particle size, zeta potential, PDI, and %drug content and their
result revealed that there were no significant changes shown,
which has the good argument with the present study [36].

CONCLUSION

This study demonstrates the successful synthesis of
C-NPs with favorable physicochemical properties, including
high LC capacity (86.81% =+ 5.44%) and encapsulation
efficiency (68.12% +4.24%). FTIR analysis confirmed effective
encapsulation, while in vitro release studies indicated a sustained
release profile, aligning with the Korsmeyer-Peppas model,
which suggests both erosion and diffusion mechanisms. These
findings highlight the potential of C-NPs as effective carriers for
CMN, enhancing its solubility, stability, and sustained release.
The promising results authorize that further investigation into
their in vivo performance and clinical applications such as cancer
treatment, anti-inflammatory activity, and so on, concrete the
way for improved therapeutic strategies, necessitating further
in vivo studies to confirm efficacy and safety for clinical use.
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