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Cancer drug carriers at the nanoparticle level have gained significant importance in recent years due to their ability to 
enhance the delivery of active substances to cancer tissues, thereby improving efficacy and reducing negative side effects 
associated with traditional chemotherapy. In this study, chitosan nanoparticles were synthesized and coated with zinc-
iron oxide nanoparticles. This approach offers the advantage of targeted drug delivery to tumors. Imatinib, an anticancer 
drug, was loaded into both chitosan nanoparticles and chitosan/zinc-iron oxide nanoparticles. The addition of zinc-iron 
oxide nanoparticles significantly increased the encapsulation efficiency of the chitosan-based nanoparticles from 36% to 
77.8%. The chitosan/zinc-iron oxide nanoparticle system was selected as the drug delivery system and characterized 
using Fourier transform infrared spectroscopy, scanning electron microscopy, and energy-dispersive X-ray spectroscopy, 
and X-ray diffraction techniques. In-vitro release studies demonstrated sustained release of imatinib. These findings 
suggest that the chitosan/zinc-iron oxide nanoparticles hold promise as an effective drug delivery system for cancer 
therapy. 
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INTRODUCTION 

Cancer is a significant global public health 
issue, and its treatment has always been 
challenging. The increasing rate of patients with 
different types of cancer has raised the alarm about 
a potential health concern. An estimated 28 million 
new cancer cases will be recorded annually by 
2040, if incidence remains unchanged and 
population growth and aging follow current 
trends.1 Various cancer treatment strategies, such 
as chemotherapy and radiation therapy, have been 
used to reduce the increasing cancer rate.2 
However, these conventional methods often lack 
site-specificity and may require long-term drug 
use, leading to adverse side effects. Therefore, 
there is a pressing need for more effective 
techniques in cancer treatment. 

Nanocarrier-based drug delivery systems and 
nanoparticles are one of the promising approaches 
in cancer therapy.3,4 These systems offer the 
potential for targeted delivery of therapeutic agents 
to cancerous tissues. 

Nanoparticles based on polysaccharides have 
received significant attention in recent years  since  

 
they are physiologically stable, biocompatible, 
biodegradable, and non-toxic.5,6 Among them, 
chitosan nanoparticles are widely used due to the 
chitosan’s advantageous features, which include 
enhanced biodistribution, specificity, sensitivity, 
and minimal toxicity on normal cells.7 Chitosan-
based nanoformulations have gained attention in 
controlled release systems due to their high loading 
capacity.8 Anti-inflammatory drugs, antibiotics, 
anticancer drugs, and antidiabetic compounds were 
successfully loaded into chitosan-based 
nanocarriers.9-12 The application of chitosan 
nanocarriers in breast, prostate, and colon cancer 
has been reported by researchers.13-16 Khalaf et al. 
(2023) reviewed the potential biomedical and 
clinical applications of chitosan nanocarriers as 
new-generation materials for the future.17    
Composite nanomaterials obtained by combining 
different nanoparticles increase efficiency in 
applications.18-21 Furthermore, integrating 
nanoparticles with biopolymers has improved 
photocatalytic activity, adsorption capacity, 
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antibacterial activity, and mechanical properties, as 
demonstrated in previous studies.22-25  

Iron oxide nanoparticles are the only 
nanoparticles approved by the Food and Drug 
Administration (FDA) and the European 
Medicines Agency (EMA).26 They have garnered 
significant attention in various medical fields.27,28 
Their adequate size and shape tuning, which can 
imitate particular biological entities like proteins, 
genes, viruses, and cells, is the main draw of these 
nanoparticles. Bimetallic magnetic nanoparticles 
have also been developed in addition to iron oxide 
nanoparticles. Zinc has been reported as a 
biocompatible dopant for magnetic iron oxide 
nanoparticles.26  

Imatinib mesylate is the first successful 
member of kinase inhibitors that functions by 
specifically inhibiting tyrosine kinases in chronic 
myeloid leukemia (CML).29 In addition, it inhibits 
the activation of platelet-derived growth factor 
(PDGF) and colony-stimulating factor 1 (CSF1) 
receptors, which regulate key cellular processes. 
Imatinib is currently used in research and the 
treatment of various solid tumors.30,31 However, 
the bioavailability of imatinib under physiological 
conditions is significantly limited due to its 
hydrophobic nature. To address this limitation, 
advanced drug delivery systems are required to 
ensure that the drug reaches the target site in 
adequate concentrations.32 Our study aimed to 
leverage the biocompatibility and non-toxicity of 
chitosan along with the superparamagnetic 
properties of zinc-iron oxide in the context of a 
cancer drug delivery system. Chitosan 
nanoparticles were synthesized and doped with 
zinc-iron oxide nanoparticles. To enhance the 
therapeutic potential of the chemotherapeutic agent 
imatinib (Gleevec), the drug was loaded onto 
chitosan/zinc-iron oxide nanoparticles. Imatinib 
has been previously loaded onto various 
nanoparticles, including poly-electrolytic lithium 
nanocapsules,33 PVP-modified gold 
nanoparticles,34 starch carbon quantum dots,35 
silver nanoparticles,36 Fe3O4-alginate 
nanoparticles,37 and Fe3O4-chitosan 
nanoparticles.38,39  

To our knowledge, this study represents the first 
synthesis and characterization of chitosan/zinc-
iron oxide nanocomposites. Additionally, it is the 
first investigation into the encapsulation of 
imatinib within these particles and the study of its 
controlled release. 

 
 

EXPERIMENTAL 
Materials  

Low molecular weight chitosan obtained from crab 
shells, with a minimum deacetylation degree of 85%, 
sodium tripolyphosphate (85% purity), glacial acetic 
acid, and zinc-iron oxide nanoparticles (ZnFe2O4 NPs) 
(particle size (BET) <100 nm and >99% purity), 
cellulose dialysis membranes were bought from Sigma-
Aldrich (Germany). Tween 80, disodium hydrogen 
phosphate heptahydrate (Na2HPO4.7H2O), sodium 
dihydrogen phosphate dihydrate (NaH2PO4.2H2O), 
sodium chloride (NaCl), and sodium hydroxide (NaOH) 
were purchased from Merck (Germany). Imatinib 
mesylate powder (>99% purity), (IUPAC name: 
methanesulfonic acid; 4-[(4-methylpiperazin-1-
yl)methyl]-N-[4-methyl-3-[(4-pyridin-3-ylpyrimidin-2-
yl)amino]phenyl]benzamide) was generously gifted by 
Novartis, Türkiye. 

 
Preparation of chitosan nanoparticles 

Chitosan nanoparticles (NPs) were prepared using 
an ionic gelation technique developed by Calvo et al. 
(1997), with minor modification.40 Briefly, 0.4 g of 
chitosan was weighed and dissolved in 100 mL of 1% 
aqueous acetic acid under magnetic stirring at room 
temperature for 12 hours. 0.2 g of sodium 
tripolyphosphate (Na-TPP) was dissolved in distilled 
water (100 mL). The TPP solution was added dropwise 
into the chitosan solution under constant stirring at room 
temperature. The mixture was stirred at 500 rpm for 1 
hour after the complete addition of TPP. The resulting 
turbid solution contains chitosan NPs. The mixture was 
centrifuged at 13000 rpm for 20 minutes (Sigma 2-16P, 
Germany), which was continued by discarding the 
supernatant. The residue was washed several times with 
ethanol/deionized water. Eventually, it was dried 
overnight at 1 bar and -50 °C in a lyophilizer. 

 
Preparation of chitosan/ZnFe2O4 nanocomposite 

ZnFe2O4 NPs were conjugated to chitosan NPs 
according to the following approach for synthesizing 
chitosan/ZnFe2O4 nanocomposite. Briefly, 100 mg of 
ZnFe2O4 NPs were weighed and dispersed in 5 mL of 
1% (v/v) Tween 80 solution using a homogenizer for 10 
min at room temperature. Next, the dispersion of 
ZnFe2O4 NPs was mixed with 5 mL of 4 mg/mL 
chitosan solution under stirring at 500 rpm and room 
temperature for one h. Then, TPP solution was added 
dropwise to this solution and centrifugation was 
performed at 13000 rpm for 20 minutes. The residue 
was washed several times with ethanol/distilled water, 
then dried overnight at 1 bar and -50 °C in the 
lyophilizer. 

 
Preparation of imatinib encapsulated 
chitosan/ZnFe2O4 nanocomposites 

To encapsulate the imatinib drug, 3 mg of imatinib 
was dissolved in 10 mL of methanol-ethanol solution 
and added to the chitosan/ZnFe2O4 dispersion in the 
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methanol-ethanol solution. Then, the same procedure 
was applied for the nanoparticle preparation. After 
gelation with TPP was performed, the mixture was 
stirred for one hour at room temperature. The resultant 
solid was separated using a centrifuge (1300 rpm, 20 
min), washed with ethanol/distilled water, and dried in 
the lyophilizer to obtain the final 
chitosan/ZnFe2O4/imatinib nanoparticles. 

The chemical structure of imatinib and the synthesis 
procedures of chitosan/ZnFe2O4 and imatinib-loaded 
chitosan/ZnFe2O4 nanocomposite are presented in 
Figure 1. 
 
Encapsulation efficiency 

The chitosan/ZnFe2O4/imatinib nanocomposite 
supernatant was separated to determine the 
encapsulation efficiency. The imatinib content of the 
supernatant was estimated by measuring its absorbance 
at 266 nm. At this wavelength, absorbance 
measurements were recorded for imatinib mesylate at a 
concentration range of 2-15 mg/L, and a standard 
calibration curve was drawn. Imatinib concentration 
was calculated from the calibration curve equation. 
After that, the encapsulation efficiency (EE) as a percent 
was calculated using Equation (1):  
EE (%) = 
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑖𝑖𝑖𝑖𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑐𝑐𝑇𝑇𝑖𝑖𝑐𝑐𝑐𝑐𝑖𝑖𝑇𝑇𝑐𝑐𝑇𝑇𝑇𝑇𝑖𝑖𝑇𝑇𝑖𝑖−𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐 𝑖𝑖𝑖𝑖𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑐𝑐𝑇𝑇𝑖𝑖𝑐𝑐𝑐𝑐𝑖𝑖𝑇𝑇𝑐𝑐𝑇𝑇𝑇𝑇𝑖𝑖𝑇𝑇𝑖𝑖

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑖𝑖𝑖𝑖𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑐𝑐𝑇𝑇𝑖𝑖𝑐𝑐𝑐𝑐𝑖𝑖𝑇𝑇𝑐𝑐𝑇𝑇𝑇𝑇𝑖𝑖𝑇𝑇𝑖𝑖 
 x100                                                                             

(1) 
where total imatinib concentration refers to the amount 
of imatinib added to the medium during the 
chitosan/ZnFe2O4/imatinib nanocomposite preparation 

process, and free imatinib refers to the amount of 
imatinib remaining in the supernatant separated from 
the solid phase after the nanoparticles precipitate. 
 
Characterization of the prepared nanocomposite 

The structural properties of the chitosan NPs, 
chitosan/ZnFe2O4 nanocomposite, and 
chitosan/ZnFe2O4/imatinib nanocomposite were 
analyzed by Fourier transform infrared (FTIR) 
spectroscopy using a single reflectance ATR cell by 
accumulating 64 scans with a resolution of 4.0 cm–1. All 
data were recorded in the 4000–400 cm–1 spectral range. 

The particle morphology of the chitosan/ZnFe2O4 
nanocomposite was investigated using an LEO Supra 
VP 35 field emission scanning electron microscope (FE-
SEM) system. 

To verify the ZnFe2O4 crystalline phase, X-ray 
diffraction (XRD) analysis was performed. The XRD 
patterns were determined by a Philips X’Pert Pro 
powder diffractometer (Eindhoven, Netherlands) using 
Cu Kα radiation (λ = 1.5418Å, 40 kV, 40 mA).  

The point of zero charge (PZC) value of the ZnFe2O4 
NPs and chitosan/ZnFe2O4 nanocomposite was 
determined by the pH drift method.41 The pH of the 0.1 
mol L−1 NaNO3 was adjusted to a value between 2 and 
12 using 0.1 mol L−1 HCl or 0.1 mol L−1 NaOH. Each 
type of nanoparticles (0.1 g) was added to 20 mL of the 
pH-adjusted solution in a capped vial, separately. The 
vials were shaken up in a shaker and equilibrated for 24 
h. The final pH was measured and plotted against the 
initial pH. The pH at which the curve crosses the pHinitial 
= pHfinal line was taken as the PZC. 

 

 
 

Figure 1: Synthesis procedure of (a) chitosan/ZnFe2O4 and (b) chitosan/ZnFe2O4/imatinib nanocomposites 
 
In vitro imatinib release from 
chitosan/ZnFe2O4/imatinib nanocomposite 

The chitosan/ZnFe2O4/imatinib nanocomposite was 
weighed as 3 mg, added into 10 mL of 0.1 mol L−1 
phosphate buffered saline solution (pH=7.4), and 
sonicated for 5 min. The dispersion was transferred into 
a dialysis tube with a molecular cutoff of 14000 Da and 

dipped into 25 mL of a 0.1 M phosphate-buffered saline 
solution (PBS, pH=7.4). The solution was stirred at 37 
°C and 100 rpm. The solution containing the released 
imatinib drug was withdrawn every 5 minutes during the 
first half hour and every 30 minutes at the end. Its 
imatinib content was measured by monitoring the 
absorbance at 266 nm. The collected solution was then 
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mixed with an equal volume of PBS. The drug release 
assay was performed in triplicate. 

 
Analysis of the in vitro release kinetics  

The zero-order (Eq. 2), first-order (Eq. 3), Higuchi 
(Eq. 4), and Korsmeyer-Peppas (Eq. 5) kinetic models 
were used to evaluate the in vitro drug release:  
Qt = Q0 + k0 t                  (2) 
logQt = logQ0 – k1 t / 2.303                (3) 
Qt = kH t1/2                  (4) 
Mt / M∞ = k t n                 (5) 
where Qt is the concentration of drug (mol/L) released 
at time t, Q0 is the initial concentration of drug in 
solution, k0 is the zero-order release constant (expressed 
as concentration/time), the constant k1 is first order 
(expressed in time units, min-1), kH t1/2 is the dissolution 
constant of the Higuchi equation (expressed in time 
units, min1/2), Mt is the amount of drug released at time 
t, M∞ is the total amount of drug released at infinite time, 
k is the release rate constant (expressed as min-n) and n 
is the release exponent, which indicates the type of 
release mechanism. 
 
RESULTS AND DISCUSSION 
Process yield of chitosan NPs and 
chitosan/ZnFe2O4 nanocomposite 

The optimal conditions for chitosan NPs were 
found by trying the various formulations and 
calculating the process yield. The effect of 

formulation variables, such as chitosan and TPP 
concentration, on process yield was examined. 
Mixing time was chosen as a process variable. In 
the experiments conducted for a selected 
parameter, all other parameters were kept constant. 
While investigating the effect of chitosan 
concentration on the reaction yield, the TPP 
concentration was kept constant at 2.0 mg mL-1, 
and the chitosan concentration was varied at 2.0, 
3.0, and 4.0 mg mL-1. The solution obtained after 
60 minutes of mixing was subjected to 
centrifugation and lyophilization. Finally, the 
percentage process yield was calculated using the 
equation below: 
Process yield (%) = 𝑤𝑤𝑐𝑐𝑖𝑖𝑤𝑤ℎ𝑇𝑇 𝑇𝑇𝑜𝑜 𝑖𝑖𝑇𝑇𝑖𝑖𝑇𝑇𝑎𝑎𝑇𝑇𝑐𝑐𝑇𝑇𝑖𝑖𝑐𝑐𝑇𝑇𝑐𝑐𝑎𝑎 𝑜𝑜𝑇𝑇𝑐𝑐𝑖𝑖𝑐𝑐𝑓𝑓

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑖𝑖𝑇𝑇𝑎𝑎𝑖𝑖𝑇𝑇 𝑇𝑇𝑜𝑜 𝑎𝑎𝑎𝑎𝑖𝑖𝑎𝑎𝑇𝑇𝑇𝑇𝑖𝑖𝑐𝑐𝑐𝑐
   (6)    

The percentage yields of the various 
nanoparticle formulations are presented in Table 1. 
It was observed that the highest efficiency was 
obtained with 4.0 mg mL-1 chitosan.  

Optimization of TPP concentration was carried 
out by selecting chitosan concentration of 4.0 mg 
mL-1 and a mixing time of 60 min. Under these 
conditions, nanoparticles were produced by 
changing the concentration of TPP between 1.0 
and 4.0 mg mL-1. The highest reaction yield was 
obtained with 2.0 mg mL-1. 

 
 

Table 1 
Optimization of chitosan NPs 

 
Formulation 

No. 
Chitosan concentration 

(mg mL-1) 
TPP concentration 

(mg mL-1) 
Stirring 

time (min) 
Yield 
(%) 

1 4.0 2.0 60 42 
2 3.0 2.0 60 37 
3 2.0 2.0 60 22 
4 4.0 3.0 60 25 
5 4.0 1.5 60 13 
6 4.0 1.0 30 10 
7 4.0 2.0 30 32 
8 4.0 2.0 90 38 

 
Finally, the optimization of magnetic stirring 

time was carried out. The chitosan and TPP 
concentrations were kept constant at 4.0 mg mL-1 
and 2.0 mg mL-1, respectively. The mixing time 
was varied as 30, 60, and 90 min. The highest 
reaction yield (42%) was obtained with a stirring 
time of 60 min. 

To optimize the amount of ZnFe2O4, 10, 50, and 
100 mg particles were weighed and conjugated to 
the chitosan NPs, as described in the experimental 
section. The yield of completely dried 
chitosan/ZnFe2O4 nanocomposite was calculated. 

The highest reaction efficiency (52%) was 
obtained with 100 mg ZnFe2O4.  

 
Characterization of the chitosan/ZnFe2O4 
nanocomposite  

The FTIR spectra of chitosan, chitosan NPs, 
chitosan/ZnFe2O4 nanocomposite, and 
chitosan/ZnFe2O4/imatinib nanocomposite are 
given in Figure 2. The FTIR spectrum of imatinib 
(Fig. 2a) shows multiple peaks between 1724 cm-1 
– 409 cm-1. These peaks were observed at 2988 cm-

1 (C–H bending), 1724 cm-1 (C=O band), 1557, and 
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1363 cm-1 (aromatic C=C, C=N stretching 
vibration, respectively), 1286 cm-1 (C–N stretching 
vibration), 1136 cm-1 (C–O stretching vibration), 
and 878 cm-1 (out-of-plane aromatic C–H 
deformations), which was compatible with the 
study of Jalabubu et al. (2018).41 These peaks were 
also present in the FTIR spectrum of the 
chitosan/ZnFe2O4/imatinib nanocomposite (Fig. 
2b), which means it was physically entrapped into 
the nanocomposite. The FTIR spectrum of the 
chitosan/ZnFe2O4/imatinib nanocomposite also 
showed a strong band in the region 3610–3180 
cm−1 corresponding to the N–H stretching of 
chitosan. Imatinib mesylate is a molecule that 

shows polymorphism, and drug components can 
consist of polymorphic mixtures.42 Lin et al. 
(2019) reported polymorphic transformation from 
α-form to β-form in methanol solution.43 Szczepek 
et al. (2010) showed that the peaks that appeared 
in the α-form in the IR band between 2706–2492 
cm−1 disappeared in the β-form.44 Therefore, the 
peaks that are not visible in Figure 1a and appear 
in Figure 1b in the range 2494–2600 cm−1 show the 
polymorphic transformation of imatinib in the 
composite preparation process. Figure 2c and 
Figure 2d present the FTIR spectra of chitosan NPs 
and chitosan/ZnFe2O4 nanocomposite, 
respectively. 

 

 
Figure 2: FTIR spectra of (a) pure imatinib, (b) chitosan/ZnFe2O4/imatinib nanocomposite, (c) chitosan nanoparticles, 

(d) chitosan/ZnFe2O4 nanocomposite 
 

 
Figure 3: (a) SEM image and (b) Particle size distribution histogram of chitosan/ZnFe2O4 nanocomposite 
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Figure 4: EDX analysis of chitosan/ZnFe2O4 

nanocomposite 
Figure 5: XRD spectra of (a) chitosan/ZnFe2O4 

nanocomposite and (b) ZnFe2O4 NPs 
 
FESEM evaluated the size and morphology of 

the chitosan/ZnFe2O4 nanocomposite. The FESEM 
image of chitosan/ZnFe2O4 nanocomposite is 
shown in Figure 3a. As seen in Figure 3a, 
chitosan/ZnFe2O4 nanocomposite is spherical and 
the size distribution is monodisperse. The radius 
values of 40 spherical particles in the image were 
analyzed using ImageJ 1.52a software. The 
average particle size was calculated as 35 nm. The 
histogram of the size distribution is given in Figure 
3b. Nanocomposites with a diameter of less than 
100 nm have been identified as ideal for targeted 
therapeutic administration at cancer sites, as they 
can be efficiently distributed within the capillaries 
of cancerous tissues.45  

Moreover, SEM-EDX analysis was performed 
to show the existence of chitosan shell and 
ZnFe2O4 on the surface of the nanocomposite. The 
results confirmed the presence of Fe, C, N, O, Zn, 
and P in Figure 4. The percentages of each element 
are given on the graph. 

Figure 5 shows the XRD pattern of commercial 
ZnFe2O4 NPs and the synthesized 
chitosan/ZnFe2O4 nanocomposite. ZnFe2O4 NPs 
were identified by indexing the peaks with JCPDS 
No. 22-1012. There is consistency between the 
diffractograms of the synthesized 
chitosan/ZnFe2O4 nanocomposite (Fig. 5a) and the 
ZnFe2O4 NPs (Fig. 5b). The presence of ZnFe2O4 

NPs in the nanocomposite is confirmed by the 
characteristic peaks at two theta (2θ) values of 
approximately 29.9, 35.3, 43.1, 56.8, 62.2°. These 
peaks correspond to the (220), (311), (400), (511), 
and (440) Bragg reflections of the cubic spinel 
structure, respectively. The XRD spectrum of 
chitosan/ZnFe2O4 nanocomposite also shows a 
broad band at 2θ=20°, indicating an amorphous 
structure of chitosan inclusion. 

The point of the zero charge of commercial 
ZnFe2O4 NPs was determined at pH 8.0 and 
chitosan/ZnFe2O4 nanocomposite at pH 6.5. 

Different zero charge points of the ZnFe2O4 and 
chitosan/ZnFe2O4 particles indicate composite 
formation. The zero charge points of 
chitosan/ZnFe2O4 NPs show that the composite 
particles are negatively charged in the 
physiological environment (pH = 7.4). The reason 
for the homogeneous distribution of the particles 
and the absence of any aggregation observed in the 
experiments is that the charged composite material 
particles repel each other in the physiological 
environment and provide a stable dispersion. 
 
Drug loading  

The maximum absorption wavelength for 
imatinib was determined over the range of 200 nm 
to 350 nm (Fig. 6a). The absorbance of imatinib 
was measured at 266 nm, and a calibration curve 
was constructed to determine the imatinib 
concentration encapsulated into chitosan/ZnFe2O4 
nanocomposite (Fig. 6b). According to the 
determined imatinib concentration, the 
encapsulation efficiency of chitosan NPs was 
calculated as 32.3% ± 2.1. Whereas 
chitosan/ZnFe2O4 nanocomposite encapsulated the 
imatinib with an efficiency of 74.3% ± 3.8. Since 
imatinib was loaded to the chitosan/ZnFe2O4 
nanocomposite more than two times compared to 
the chitosan NPs, the release study of imatinib was 
carried out with chitosan/ZnFe2O4 nanocomposite.  

 
In vitro release study of imatinib 
       Since the main transport of the drug will be in 
the physiological environment with blood, the in 
vitro drug release experiment was conducted at pH 
7.4. The in vitro release of imatinib-loaded 
chitosan/ZnFe2O4 nanocomposite is presented in 
Figure 7. The release was calculated as the 
cumulative amount provided up to each specified 
time point. Imatinib was rapidly released during 
the first hour and 53% of the loaded drug was 
released within one hour.
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Figure 6: (a) UV spectrum and (b) Standard calibration curve of imatinib mesylate 

 

 
Figure 7: Cumulative drug release profile of imatinib from chitosan/ZnFe2O4 nanocomposite 

 
This rapid initial drug release for the first hour 

could be due to the well-known burst effect, which 
results from some drug quantities being localized 
on the surface of the nanocomposite and easily 
released by diffusion.46 After the initial rapid 
release, a slower release profile of imatinib was 
observed between 2 and 5 hours. A sustained 
release curve of imatinib with nearly 91.6% of the 
drug released after five hours. The release profile 
is compatible with polymer-coated NPs given in 
the literature for imatinib.34,37 In the study of 
Karimi-Ghezeli et al. (2019), only 40% of imatinib 
was released in 120 minutes from Fe3O4-chitosan 
NPs.38 Since the nanocomposite showed almost a 
full release profile in our study, it could be 

suggested as a delivery system for anticancer 
agents. 
 
In vitro release kinetics and release mechanism 

The correlation coefficients and the rate 
constants were investigated for the different kinetic 
models of the chitosan/ZnFe2O4 nanocomposite. 
The data obtained from the mathematical models 
are listed in Table 2. The slopes of the lines 
correspond to the release rate constants (k) in the 
zero-order and Higuchi models, while the value for 
k in the first-order model was obtained from the 
equation: slope = –k/2.303.The value of the release 
exponent (n) is related to the slope of the line in the 
Korsmeyer-Peppas model.  

 

 
 

Figure 8: Korsmeyer-Peppas model for the mechanism of drug release 
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Table 2 
Release kinetic parameters calculated 

 

Mathematical model Correlation 
coefficient (R2) 

k0 
(min-1) 

k0 
(min-1) 

kH 
(min-1) n kKP 

(min-1) 
Zero order 0.889 1.63.10-4     
First order 0.625  8.08.10-3    
Higuchi’s model 0.880   3.28.10-4   
Korsmeyer-Peppas 0.988    4.24.10-1 9.59.10-2 

 
The release kinetics of the chitosan/ZnFe2O4 

nanocomposite showed the highest linearity (R2 
=0.988) in fitting Korsmeyer-Peppas model 
kinetics. Figure 8 shows the linear regression graph 
corresponding to Korsmeyer-Peppas model.  

Korsmeyer-Peppas is a simple model known as 
“Power law”, describing drug release from a 
polymeric system. Korsmeyer-Peppas model 
describes some release mechanisms 
simultaneously, such as the diffusion of water into 
the matrix, swelling of the matrix, and dissolution 
of the matrix.47 The release exponent of the 
Korsmeyer-Peppas (n) indicates the mechanisms to 
describe how the active compound is released from 
their matrix. Since it is under the value of 0.5, the 
solvent diffusion is much greater than the process 
of polymeric chain relaxation. Thus, the kinetics of 
this phenomenon are characterized by diffusivity.48 
 
CONCLUSION 

In this study, the chitosan/ZnFe2O4 
nanocomposite was successfully prepared. FTIR 
spectroscopy was used to provide insight into the 
chemical composition of the composite 
nanoparticles synthesized. The morphological 
properties and chemical composition were 
determined by FESEM and EDX, respectively. 
Imatinib was encapsulated into the synthesized 
nanocomposite. The nanocomposite provided a 
high drug-loading capacity. Imatinib was released 
from the chitosan/ZnFe2O4 nanocomposite into 
PBS buffer and showed a drug release for up to 5 
h. Based on the findings, we conclude that the 
synthesized nanocomposite system showed 
potential as a delivery system for imatinib. It could 
be applied to lessen the adverse effects of 
conventional chemotherapy.  
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