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ABSTRACT 
 

Electrospinning is a promising nanotechnology-based method for fabricating drug-loaded nanofibers. In implantable drug delivery 
systems (IDDS), electrospun nanofibers can offer targeted and sustained drug release owing to their high surface area-to-volume ratio, 
tunable porosity, and ability to incorporate various therapeutic agents. This study describes the preparation of electrospun cellulose 
acetate (CA) nanofibers as sophisticated biomaterials loaded with temozolomide (TMZ), a widely used anticancer drug for treating brain 
tumors. CA nanofibers loaded with TMZ were synthesized by electrospinning CA at a constant concentration of 17% (w/v) and different 
TMZ loadings (5 mg, 10 mg, and 15 mg). Electrospun TMZ–CA nanofiber membranes were characterized by scanning electron microscopy 
(SEM), Fourier-transform infrared spectroscopy (FTIR), and ultraviolet-visible spectrophotometer (UV-Vis). SEM analysis confirmed 
uniform, bead-free fibers with increasing diameter as TMZ concentration increased. FTIR and UV-Vis spectroscopy analysis confirmed 
that TMZ retained its stability and molecular integrity within the CA matrix following fabrication. In addition, sessile drop contact angle 
studies indicated hydrophobicity, consistent with continued drug release. As TMZ loading increased, the tensile modulus, tensile strength, 
and elongation at break decreased, reflecting drug disruption in the polymer matrix. In vitro drug release studies revealed a biphasic 
profile, with 22-26% of the drug released within 8 hours, indicating sustained delivery potential. The cytotoxicity study showed that 
higher TMZ loading increased and sustained tumor cell killing. This work highlights the effectiveness of electrospinning as a fabrication 
technique to produce structurally stable, drug-loaded nanofibers, emphasizing their potential as implantable systems for localized 
chemotherapy. 
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1. INTRODUCTION 
 
The advancement of sophisticated biomaterials is necessary 
for the progress of modern drug delivery systems (DDS), 
especially in the treatment of aggressive cancers. Among 
these materials is a biocompatible and biodegradable 
cellulose derivative, cellulose acetate (CA), which has 
attracted considerable interest due to its mechanical 
properties, ease of processing, and structural flexibility. 
These properties make CA an attractive candidate for 
developing implantable drug delivery platforms, such as 
processed nanofibrous scaffolds [1-4]. 
 
Electrospinning is an innovative and scalable fabrication 
technique that can transform CA into nanofiber structures 
that mimic the extracellular matrix (ECM). Electrospun CA 
nanofibers have a high surface area-to-volume ratio, and 
their porosity and drug-loading capacity can be controlled. 
These characteristics enable both localized and sustained 
drug release, making them excellent for targeted 
chemotherapy applications [5-6]. 
 

With one of the most malignant forms of brain tumors with 
low survival rates, glioblastoma multiforme (GBM), 
strategies for modifying suitable material are crucial. 
Conventional routes of drug administration by either oral or 
intravenous are typically associated with significant 
systemic side effects resulting from the generic 
biodistribution of the drug delivery system and the 
unpredictable drug release properties, especially when 
used to treat aggressive types of cancer [7]. 
 
Temozolomide (TMZ) has been widely accepted as a 
chemotherapeutic agent primarily used to treat GBM, owing 
to its ability to cross the blood-brain barrier (BBB) and 
induce damage to tumor DNA, resulting in apoptosis [8]. 
Although TMZ is highly effective in treating GBM as a first-
line chemotherapeutic agent, it also presents several 
limitations to its use, including rapid hydrolysis of TMZ at 
physiological pH values, poor and unpredictable drug 
distribution within the body, systemic toxicity, and 
mechanisms of drug resistance developed in the tumor cells 
[9-10]. Therefore, the development of novel DDS is essential 
to improve the efficacy of TMZ therapy through sustained 
release of TMZ at the tumor site. 
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This study highlights the fabrication and characterization of 
electrospun CA nanofibers loaded with TMZ and the 
evaluation of their physicochemical properties, structural 
integrity, and potential for sustained, implantable drug 
release tailored for glioblastoma treatment. 
 
 
2. MATERIALS AND METHODS 
 
2.1. Materials 
 
The materials used in this work are cellulose acetate (CA) 
(Sigma-Aldrich, Mn = 30,000, 39.8 wt% acetyl), 
temozolomide (TMZ, Tokyo Chemical Industry), acetone 
(Sigma-Aldrich, 99.5%), ethanol (Sigma-Aldrich, 99.5%), N-
dimethylacetamide (DMAc, Sigma-Aldrich, 99%), 
phosphate-buffered saline (PBS, pH 7.4) (ThermoFisher), 
and Tube-O-dialysis membrane (Sigma-Aldrich, MWCO 1 
kDa). 
 
 
 
 
 
 

2.2. Preparation of Nanofiber Solutions 
 
The preparation of CA/TMZ solutions was adapted from a 
previous study [11]. CA powder was dissolved in a ternary 
solvent mixture of acetone, DMAc, and ethanol at a 3:2:1 
(v/v) ratio and stirred for 6 hours to obtain a homogeneous 
CA solution at 17% w/v. TMZ was added at three 
concentrations (5 mg, 10 mg, 15 mg) to separate aliquots, 
and the mixtures were stirred for another 4 hours to obtain 
homogeneous CA/TMZ blended solutions [12]. All solutions 
were freshly prepared before the electrospinning process to 
prevent TMZ instability and degradation [13-14]. 
 
2.3. Electrospinning Process 
 
A nanofiber mat was developed from the prepared solution 
via electrospinning, as illustrated in Figure 1. Each solution 
was filled into a 5-ml syringe with a 23-gauge needle with a 
flattened tip. The needle tip was clipped to a positive-
voltage source, with the tip-to-metal collector distance fixed 
at 12 cm. The collector was wrapped in aluminum foil and 
maintained at a constant negative voltage of 11 kV. The 
solution was dispensed under a constant flow rate of 0.5 
mL/h and electrospun at ambient temperature. 
 

 
 

Figure 1. Schematic diagram of the electrospinning process. 
 

2.4. Characterizations 
 
2.4.1. Morphological Characterization 
 
The morphology of the obtained electrospun mats was 
observed using scanning electron microscopy (SEM; Hitachi 
TM-3000). Before imaging, samples were platinum-coated 
for 4 min at 10 mA using a Quorum Q150R Thin Film Coater 
to prevent charging during scanning. 
 
2.4.2. Chemical Composition of Electrospun Nanofibers 
 
To examine the functional groups of the polymer and the 
polymer-drug interaction, a Fourier transform infrared 
spectrometer (FTIR Spectrum ONE, PerkinElmer) was used 
in combination with a single ATR platinum reflection 
diamond sampling module. Before obtaining the sample 
spectrum, a baseline spectrum was collected and subtracted 
from the sample spectrum. The spectra were then analyzed 
at a resolution of 4 cm–1 over the wavenumber range 650-
4000 cm–1 [15]. 
 

2.4.3. Surface Wettability Measurement 
 
The surface wettability of the electrospun nanofiber mat 
was assessed using the sessile drop technique and 
snapshots of the contact angle system (VCA Optima, AST 
Products, Inc.). A 5 µL droplet of distilled water was placed 
on the fiber surface, and images were captured 
immediately.  
 
2.4.4. Tensile Measurement 
 
An Instron machine was used to test the mechanical 
properties of the electrospun nanofibers. The protocol was 
referred to the ASTM standard (ASTM D882-10). This tester 
can be used for small- to medium-specimen elongation with 
a force range of 30 kN. The sample was cut into 10 × 25 mm 
strips before being mounted on the tensile tester's grips. 
The sample was then pulled until failure within the force 
range of 0.5-50 N. The obtained stress-strain graph was 
used to determine Young’s modulus, tensile strength, and 
elongation at break. 
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2.4.5. In Vitro Drug Release of TMZ 
 
The nanofiber membrane’s capacity to release TMZ was 
determined using dynamic dialysis, where the fibrous 
membrane (100 mg) was placed in a dialysis tube (1 kDa 
molecular weight cut-off) containing 5 mL of PBS. The tube 
was suspended in a beaker containing 100 mL of PBS and 
2% ethanol. The beaker was placed in a shaker at a speed of 
80 rev/min at a temperature of 37 °C. At different time 
points, 3 mL of release medium was withdrawn from the 
beaker. To maintain the volume of medium in the beaker, 
the same amount of PBS solution was added after every 
withdrawal. The extracted medium was then put into an 
ultraviolet-visible (UV-Vis) spectrophotometer (Genesys 
10S UV-Vis, Thermo Scientific) to measure the amount of 
TMZ released into the medium. The absorption peak of 328 
nm was used to calculate the drug release. The drug release 
concentration was determined on the calibration curve of 
TMZ and the determined amount of electrospun nanofibers. 
The concentration is usually expressed as: 
 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 �
𝑚𝑚𝑚𝑚
𝑚𝑚𝑚𝑚�

=
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 (𝑚𝑚𝑚𝑚)
𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 (𝑚𝑚𝑚𝑚)

 

 
2.4.6. Cytotoxicity Study of Electrospun Nanofibers 
 
The cell cytotoxicity of the electrospun nanofibers was 
assessed with the U-87 MG human GBM cell line using the 
MTT assay. The GBM cell was first cultured in culture flasks 
with Dulbecco’s Modified Eagle Medium (DMEM), 10% fetal 
bovine serum (FBS), and 1% penicillin-streptomycin. The 
flasks were placed in an incubator maintained in a 
humidified environment containing 5% CO2 at 37 °C. Before 
this, extract solutions were prepared from the electrospun 
nanofibers. The nanofibers were placed in a complete 
culture medium and incubated for 24-48 hours. The 
extracts were then filtered using a 0.22 µm sterile syringe 
filter.  

The harvested GBM cells from the culture flask were seeded 
in a 96-well plate containing 3 × 104 cells/ well. After 24 
hours of incubation, the medium was removed and replaced 
with different treatment groups: blank (no cells), negative 
control (cells only), and experimental group (CA and CA-
TMZ extracts). The plates were incubated for 7 days, with 
fresh medium replaced every 48 hours. For the cytotoxicity 
study, the MTT powder was first dissolved in phosphate-
buffered saline (PBS) to a concentration of 5 mg/mL. The 
MTT solution was placed in the well plate after the medium 
was discarded and replaced with fresh medium. The well 
plate was incubated for 4 hours to allow viable cells to 
reduce MTT to formazan crystals. The medium, together 
with MTT, was removed, and 150 µL of dimethyl sulfoxide 
(DMSO) was added to each well to dissolve formazan 
crystals. For complete dissolution, the plate was shaken for 
10 min before the absorbance of each well was measured at 
570 nm using a microplate reader (Tecan Infinite M200 
PRO). The experiment was repeated for 1, 3, 5, and 7 days of 
cell incubation. 
 
 
3. RESULTS 
 
3.1. Morphological Characterization 
 
Figure 2 displays the SEM images of electrospun CA and 
CA/TMZ nanofiber mats. All SEM images revealed 
nanofibers with smooth, uniform, and cylindrical 
structures. The fibers were arranged in a randomly oriented 
and interconnected network.  The pristine CA fibers ranged 
between 100 and 300 nm. With the incorporation of TMZ, 
the fiber diameter increased with increasing TMZ 
concentration, likely due to higher solution viscosity [16]. 
The fiber diameter ranges for CA/TMZ5, CA/TMZ10, and 
CA/TMZ15 were 180-350, 220-400, and 250-450 nm, 
respectively. Despite increasing in size, the fibers retained 
consistent morphology, indicating stability during 
electrospinning and effective drug incorporation [17-18]. 
 

 
 

Figure 2. SEM images of (a) CA, (b) CA/TMZ5, (c) CA/TMZ10, and (d) CA/TMZ15 nanofibers. The scale bar represents 20 µm. 
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3.2. FTIR Analysis 
 
To compare the spectra, pristine electrospun CA was used 
as a control sample against TMZ of different weights 
integrated with CA, as depicted in Figure 3. The FTIR spectra 
studies demonstrated chemical bond peaks involving the 
active component of the CA polymer and TMZ. The 
prominent, broad peak observed for pristine CA at 3461.71 
cm-1 was attributed to the stretching vibrations of the O–H 
group [19]. Whilst in 5, 10, and 15 mg of TMZ, the spectra 
were shifted to 3474.37 cm-1, 3478.04 cm-1, and 3482.33 
cm-1, respectively. This shift may be attributed to the 
interaction between the CA polymer and TMZ, which alters 
the hydrogen-bonding environment of the OH groups. 
 
The peaks at 2944.16 cm-1 and 2887.56 cm-1 indicate 
methyl groups -CH- bond stretching correspondingly [19]. 

However, in the FTIR spectra of CA/TMZ nanofiber mat, 
these peaks were displaced to 2946.58cm-1 and 2889.16cm-

1 for CA/TMZ5, 2946.31cm-1 and 2886.21cm-1 for 
CA/TMZ10, and 2946.08cm-1 and 2887.40cm-1 for 
CA/TMZ15. The carbonyl group C=O stretching vibration at 
1737.90 cm-1 in pristine CA has been shifted to 1737.68 cm-
1 in CA/TMZ5, 1737.92 cm-1 in CA/TMZ10, and 1740.08 
cm-1 in CA/TMZ15, with little difference in the spectral 
shifts. The -CH2- deformation vibration at 1429.43 cm-1 for 
pristine CA has been shifted to 1431.73 cm-1 for CA/TMZ5 
and CA/TMZ10, and to 1431.97 cm-1 for CA/TMZ15 mat. 
The interaction of CA with TMZ was confirmed by widening 
peaks at 1034-1228cm-1 due to overlapping simple peaks. 
The C-O-C stretching vibration in pristine CA, initially at a 
spectrum of 1034.88 cm-1, has been shifted to 1035.74 cm-

1, 1035.87 cm-1, and 1039.01 cm-1 for CA/TMZ5, CA/TMZ10, 
and CA/TMZ15, respectively. 

 

 
Figure 3. FTIR spectra of CA and CA/TMZ nanofibers. 

 
3.3. Surface Wettability 
 
Surface wettability of electrospun CA nanofibers containing 
different TMZ concentrations was evaluated using water 
contact angle (WCA) measurements, as detailed in Table 1. 
The WCA values offer valuable information about the 
hydrophilic or hydrophobic nature of the nanofiber 
surfaces, which plays a critical role in their interaction with 

aqueous environments - an essential factor in drug delivery 
applications. Pristine CA nanofibers showed a moderately 
hydrophobic surface with an average WCA of 128.26° [20]. 
As TMZ loading increased, the contact angle gradually 
increased, reaching 136.36° at the highest loading of 15 mg. 
This upward trend suggests that higher TMZ concentrations 
enhance the surface hydrophobicity of the nanofibers. 
 

 
Table 1 Water contact angle of electrospun CA and CA/TMZ nanofibers 

 
Sample name Mean ± standard deviation of WCA (°) 

CA 128.26 ± 1.12 

CA/TMZ5 134.00 ± 0.99 

CA/TMZ10 135.70 ± 0.58 

CA/TMZ15 136.36 ± 0.97 

3.4. Structural Integrity and Mechanical Properties 
 
The mechanical properties of the nanofibers made via 
electrospinning are defined by Young’s modulus, ultimate 
tensile strength, and percent elongation at break as 
summarized in Table 2. The results of the mechanical 
testing of pristine CA nanofiber had a tensile modulus of 

0.65 MPA. The tensile modulus gradually decreased as TMZ 
loading increased, yielding values of 0.64, 0.57, and 0.47 
MPa. The decrease in tensile modulus indicates that the 
addition of TMZ reduced the stiffness of the nanofibers. The 
tensile strength decreased from 2.33 MPa for pristine CA to 
1.74 MPa for CA/TMZ15, indicating a loss of mechanical 
integrity as the drug concentration increased. In addition to 
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a decrease in tensile strength, there is a decrease in 
elongation at break from 21.12% for pristine CA to 18.96% 

for CA/TMZ15, which may indicate a slight loss of ductility 
due to reduced flexibility with the inclusion of TMZ [21]. 

 
Table 2 Mechanical properties of electrospun CA and CA/TMZ nanofibers 

 
Sample 
name 

Tensile Modulus 
(MPa) 

Tensile 
Strength (MPa) 

Elongation at 
Break (%) 

CA 0.65 2.33 21.12 

CA/TMZ5 0.64 2.21 20.02 

CA/TMZ10 0.57 2.02 19.97 

CA/TMZ15 0.47 1.74 18.96 

3.5. In Vitro Drug Release of TMZ 
 
Graph 4 shows the in vitro drug release profile of TMZ at 
different concentrations over the evaluation period. The 
profiles proved the importance of the drug-polymer 
interaction. To obtain a proper release profile, it was first 
necessary to obtain a calibration curve for the drug, in 
which absorbance values were plotted against the standard 
concentrations of the drug from 5–100 µg/mL. The 
calibration curve was linear, indicating that as the 
absorbance of the drug solution increased, the drug 
concentration increased proportionally, consistent with the 
Beer-Lambert law. The slight positive intercept was 
probably due to baseline absorbance or instrumental error, 
which is inherent in all spectrophotometer readings. Thus, 
from this linearity, the UV-Vis. A spectrophotometric 
detection method for accurate quantification of the drug in 
solution has been validated [22]. The calibration curve 
equation, along with its high coefficient of determination 
(R2), confirmed that absorbance measurements can reliably 
quantify unknown TMZ concentrations in future 
formulation or drug release studies. This calibration step is 
vital in determining the drug loading and assessing the 
release performance of the CA-TMZ nanofiber system. 

Biphasic release was detected in all CA/TMZ nanofibers, 
with an initial burst followed by sustained release. The 
release within the first 8 hours for CA/TMZ5, CA/TMZ10, 
and CA/TMZ15 was measured at approximately 25%, 26%, 
and 22%, respectively. The initial burst seen in the first few 
hours (Hours 1-8) was likely due to the drug dissolving and 
diffusing from the nanofiber matrix into the surrounding 
environment. CA/TMZ10 exhibited the highest initial burst, 
while CA/TMZ15 had the lowest initial burst. It is expected 
that with higher drug concentration, the drug release 
percentage will be higher. However, at some point, the 
concentration would be saturated and aggregated, thus 
slowing the release rate. At higher concentrations, 
hydrophobic interactions between TMZ and CA also 
increased, causing the drug to adhere to the polymer matrix 
rather than diffuse out. From Hours 10 onwards, the release 
rate has slowed due to slower diffusion of the drug, as the 
concentration difference between the nanofiber and the 
surrounding medium decreases. The observed release 
profile aligns with the typical behavior of nanofiber-based 
drug delivery systems [23]. 
 

 

 
Figure 4. Drug release percentage of CA/TMZ nanofibers. 

 
3.6. Cytotoxicity of CA/TMZ Extract 
 
The bar graph in Figure 5 presents the cytotoxicity (%) over 
time (Day 1, 3, 5, 7) for electrospun CA nanofibers loaded 
with TMZ at different drug loadings (CA/TMZ5, CA/TMZ 10, 
and CA/TMZ15) as well as a drug-free control (CA). Over the 
course of study, CA consistently showed low toxicity (~5-

15%). The drug-loaded groups (CA/TMZ5, CA/TMZ 10, and 
CA/TMZ15) exhibited increased cytotoxicity in terms of 
dose- and time-dependency. CA/TMZ5 showed a gradual 
increase in cell toxicity from ~28% on Day 1 to ~67% on 
Day 7. As the concentration of TMZ increased, cell toxicity 
also increased, with CA/TMZ10 and CA/TMZ15 exhibiting 
cytotoxicity of 52-86% and 71-83%, respectively. However, 
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on Day 7, CA/TMZ10 shows higher cytotoxicity than 
CA/TMZ1,5, despite its lower TMZ concentration, 
suggesting better sustained and effective delivery.  

 

 

 
 

Figure 5. Cell toxicity of CA and CA/TMZ nanofibers. 
 
 

4. DISCUSSION 
 
The study demonstrates that CA nanofibers can serve as a 
viable matrix for sustained TMZ delivery. Electrospun fibers 
possessing a smooth surface, morphology with no defects, 
and controllable diameter have been made with the drug 
incorporated into them. Recent investigations have placed 
specific emphasis on the importance of electrospun fibers 
with uniform diameter and smooth surface propagation, 
relating these properties to improved performance of the 
resulting materials [24-25]. The increase in drug loading led 
to an increase in fiber thickness, which agrees with previous 
studies showing that drug incorporation can vary the 
viscosity and conductivity of a solution [26]. With respect to 
morphology, it was found that in the majority of the 
electrospun fibers, their cylindrical shape, random 
orientation, and interconnected porous structure were 
retained. These are the key attributes for effective drug 
delivery. 
 
FTIR analysis was performed to assess the extent of 
unwanted bond formation and confirm the functional 
groups of the polymer-drug [27]. The presence of TMZ may 
influence molecular interactions that caused the OH 
stretching band to shift. This shift can indicate the change in 
the hydrogen-bonding network due to the encapsulation of 
TMZ into the CA matrix [19]. The addition of TMZ can also 
influence the surface hydrophobicity of the electrospun 
nanofibers. This was likely due to changes in surface 
chemistry and morphology caused by TMZ incorporation. 
The presence of hydrophilic functional groups on the fiber 
surface or the surface roughness may be altered by the 
addition of TMZ, thereby lowering the surface energy and 
enhancing water repellency. Similar trends have been 
observed in other electrospun polymer-based drug delivery 
systems, where higher drug loadings increased water 
contact angles due to diminished exposure of hydrophilic 
polymer and surface modifications [28]. High wettability 
can enhance water penetration, swelling, and drug 
diffusion, whereas a hydrophobic surface can permit slow 
drug release. By measuring the wettability, the drug release 
profile can be predicted and tailored [29]. 

To ensure structural integrity during surgical placement 
and residence within brain tissue, implantable systems 
need to undergo mechanical performance evaluation. The 
decrease in tensile modulus when TMZ concentration 
increased was likely due to the interference with polymer 
chain packing. This was due to a disruption of 
intermolecular hydrogen bonding within the CA matrix 
upon incorporation of the drug molecules. The reduction in 
tensile strength might be due to phase separation caused by 
poor TMZ dispersion, as defect formation during the 
electrospinning process can act as stress concentrators 
[21]. A tolerance without significant compromise can be 
observed in the CA matrix at low TMZ levels, as the 5 mg 
TMZ loading exhibited only a slight 2.21 MPa reduction in 
strength. Heterogeneity can also influence the ductility of 
electrospun nanofibers during drug distribution. At higher 
TMZ loading concentrations, polymer chain mobility may be 
restricted, or regions within the nanofiber structure may 
become brittle [30]. Although the mechanical properties 
decreased with TMZ loading, all samples remained within 
acceptable ranges for soft tissue implantation. The balance 
between mechanical support and drug-release efficiency 
can be ensured [31]. 
 
A desirable biphasic pattern was observed in the drug-
release study. The result was consistent with prior reports 
on electrospun drug carriers, where the initial burst 
addresses the acute therapeutic needs, and release was 
maintained at therapeutic levels [32]. Over the 8 hours, the 
22-26% release was suitable for short- to mid-term 
treatment windows, such as in the application of 
postoperative anti-tumor implants. Nanofibers were 
explored for their ability to control and sustain the release 
of active pharmaceutical ingredients, owing to the high 
surface area and fiber porosity. A previous study showed 
that drug release from nanofiber matrices was typically 
driven by a combination of diffusion and polymer 
degradation [23]. The rate of release was primarily 
influenced by the matrix composition and environmental 
factors, for example, pH and temperature. The initial burst 
release detected within the first few hours was a typical 
feature of nanofiber-based drug delivery systems. This can 
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be linked to the release of drug molecules from the surface 
or outer layer of the nanofibers. The release can be 
specifically controlled by modifying the fiber shape, the 
polymer molecular weight, and the amount of drug loaded 
into the nanofiber structure [33]. As the release progressed, 
the rate decreased, likely due to a reduction in the 
concentration gradient. Consistent with the previous study, 
the observed drug release over extended periods was 
attributable to continued diffusion of the drug through the 
fiber matrix [34]. 
 
In a cytotoxic study of the electrospun nanofibers, the 
results showed a sustained, controllable cytotoxic effect on 
GBM cells over 7 days. This addresses the limitation of 
conventional TMZ chemotherapy, in which the drug has a 
short half-life of 1.8 hours [35]. The electrospun nanofiber 
without the drug exhibited consistently low toxicity, 
confirming that CA nanofibers are non-toxic [36]. 
 
 
CONCLUSION 
 
The results of this study showed the successful fabrication 
of electrospun CA nanofibers loaded with TMZ. The 
characterization of their structural, chemical, and drug-
release properties was explored. Effective drug 
encapsulation, stable morphology, sustained release, and 
hydrophobic surface characteristics suitable for localized 
implantation were demonstrated. The structural integrity 
also supported the suitability of the electrospun nanofibers 
as implantable systems. Finally, the cytotoxic study has 
confirmed TMZ's ability to kill cancer cells. Overall, these 
findings support the potential application of CA/TMZ 
nanofibers as a controlled-release platform for 
glioblastoma therapy. In future work, the in vivo 
biocompatibility study, degradation behavior analysis, and 
long-term therapeutic efficacy in clinical settings can be 
explored. 
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