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ABSTRACT

Modern society faces serious environmental issues due to the use of synthetic polymers made from petroleum that do not degrade
easily. Other degradable polymers, such as polylactic acid, can cause problems in the human body, including swelling. This has led to
a growing focus on creating biodegradable polyhydroxyalkanoates (PHAs). This research aims to use PHAs as a biodegradable
microsphere matrix for incorporated medicines such as cefuroxime axetil and propolis, thereby producing drug-loaded microspheres.
Using the single-emulsion solvent evaporation technique, PHA microspheres were obtained. FTIR analysis of the extracted PHA,
unloaded PHA microspheres (UMs), and drug-loaded microspheres (DLMs) showed no significant chemical changes, confirming the
polymer's integrity, with the distinctive PHA peak remaining at 1728.22 cm™. The SEM test showed successful synthesis of uniform
and well-defined spherical particles with an average diameter of approximately 1 pm. The antibacterial activity results showed that
cefuroxime axetil had high immediate inhibition, DLMs had lower but effective inhibition, and PHA alone had no antibacterial effect.
The zeta potential test of the DLMs yielded a value of -49.5 mV, indicating excellent colloidal stability. The cytotoxicity results for DLMs
showed their potential use as targeted anticancer agents against lung cancer cells (A549), with less effect on healthy tissue (human

dermal fibroblasts).
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1. INTRODUCTION

Due to the environmental issues caused by the continuous
use of synthetic polymers of petroleum origin, the
development of biodegradable polymers has attracted the
attention of researchers [1]. Biodegradable polymers have
been explored as a potential solution to the pollution
caused by traditional plastics, such as PHAs [2]. Aliphatic
polyesters are made from sustainable feedstocks, while
PHAs are directly produced by bacteria through
fermentation of a carbon substrate under nutrient-
limitation conditions [3]. It is possible to create homo- or
copolyesters with various hydroxyalkanoic acids
depending on the microorganisms and the cultivation
environments [4]- Polyhydroxyalkanoate (PHA)
accumulates intracellularly in bacteria as a carbon
compound for energy storage [5]. Frequently used
bacterial species for PHA production include Bacillus,
Pseudomonas, and Cupriavidus, among others [6], [7].
Identification of an effective strain and enhanced PHA
production depend on the intended application, which
includes formulating the medium and fine-tuning the
culture conditions [8]. PHAs are viable substitutes because
of their wide range of properties, such as stiffness,
brittleness, rubber-like behavior, and resistance to
moisture and aroma [9], [10]. These inherent
characteristics enable PHAs to be widely used, including in
agricultural films and packaging materials [10].
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Biodegradable poly(3-hydroxybutyrate) has been used to
coat fertilizers that do not contaminate soil and release
nitrogen gradually [11]. PHA-based nanofiber membranes

have also been investigated for environmental
remediation, including water purification, air filtration, and
antimicrobial treatments [12]. PHA blends have

demonstrated significant potential for use in 3D-printing
applications [13]. Furthermore, substances classified as
PHAs hold significant promise for medical and
pharmaceutical uses [14]. PHAs may also be utilized in the
production of dental devices and implant materials.
Hydrophobic medications can also be encapsulated by
PHA, offering a method for more focused and efficient
therapies. In summary, PHA provides environmentally
friendly alternatives for medical devices and enhances
medication delivery, opening up new avenues in the
medical field [15]. Because PHAs decompose into non-toxic
products, they are widely used [16]. Biodegradable
polymers are employed in medicine for a number of
purposes, such as medication delivery systems [17], [18].
Synthetic biodegradable-polymer controlled drug-release
microspheres have gained significant attention in the field
of drug-delivery systems [19], [20]. Controlled drug release
has been a major reason for many studies in the field of
microsphere drug-delivery systems (DDS), from which
therapeutic agents can be released at regulated rates for
extended durations, varying from days to months, thereby
offering benefits such as reduced side effects and improved
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patient compliance [19], [21]. In 1986, Juni et al.
investigated the regulated release of the anticancer
antibiotic aclarubicin from poly-B-hydroxybutyric acid
(PHB) microspheres. This was among the first studies to
investigate the use of PHA microspheres, more specifically
those made of PHB, a biodegradable polymer within the
PHA family, for controlled pharmaceutical delivery
systems [22]. Unlike PLA, which may cause swelling, PHA
degrades into non-toxic compounds that do not cause
inflammation or swelling in the human body [23], [24]. The
non-toxic degradation of PHA made it an excellent
candidate for drug-loaded microspheres. Propolis is a
resinous substance produced by bees and is regarded as
one of the oldest herbal extracts used in medical
treatments. Its distinctive attributes are derived from its
abundance of flavonoids, phenols, and essential oils, which
bestow significant antimicrobial, anti-inflammatory, and
antioxidant characteristics, rendering it effective in tissue
healing [25], [26]. Furthermore, it has been demonstrated
that propolis extract (propolis-EXTR) improves biological
processes in stem cells, such as migration, proliferation,
and chondrogenic and adipogenic differentiation. Propolis
has also been employed as a nanocarrier system because it
can successfully lower the virulence of Cryptococcus
neoformans in animal models and penetrate an in vitro
model of the blood-brain barrier (BBB) [25]. Propolis
nanostructured lipid carriers (NLCs) have likewise been
used to encourage wound healing and greater skin-
regenerative potency [26]. Cefuroxime axetil is a semi-
synthetic, broad-spectrum cephalosporin antibiotic used to
treat a variety of conditions. It is an oral cephalosporin
prodrug that is converted in vivo into its active form,
cefuroxime, which is a 3-lactam analog [27]. Nonetheless,
the use of CA is constrained by biopharmaceutical
drawbacks such as inadequate permeability, low solubility,
and the need for frequent high concentrations [28], [29].
Nanotechnology-based formulations have been
investigated as effective methods to address the drawbacks
of uncontrolled biodistribution, unwanted adverse effects,
and high-dose administration. Active targeting can also be
effectively achieved by conjugating nanomedicines with
ligands that specifically target overexpressed receptors.
Surface-active targeting ligands on the nanoparticles
improve their capacity to target tumor cells (on-target)
rather than healthy cells (off-target). As a result, this ligand
property reduces related side effects while simultaneously
raising the therapeutic index [27]. This study aims to
explore PHA's potential for use in the manufacture of
microspheres loaded with propolis and cefuroxime axetil
for drug-delivery purposes.

2. MATERIALS AND METHODS

The PHA was extracted from a bacterial isolate obtained
from a VGO (vacuum gas oil) sample point at Karbala
refinery using methods described in previous studies [31],
[32]. One hundred milliliters of production medium in a
250 mL Erlenmeyer flask were inoculated with 1%
bacterial inoculum, and the flask was then placed in a
shaking incubator at 120 rpm and 32°C for 48 hours. The
culture was centrifuged for 15 minutes at 5000 rpm, the
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supernatant was discarded, and the pellet (biomass) was
collected and washed with an acetone-ethanol mixture
(1:1) and distilled water. Three milliliters of a 10-14%
sodium hypochlorite solution were added, followed by 3
mL of chloroform, and the mixture was incubated at 37°C
for 2 hours. It was then centrifuged again at 5000 rpm for
20 minutes, producing three layers in the test tube: the
lower layer containing PHB dissolved in chloroform, the
middle layer containing cellular debris without PHB, and
the upper layer containing sodium hypochlorite. The upper
layer was discarded using Whatman No. 1 filter paper. The
middle and lower layers were filtered, and the lower
chloroform layer containing PHB was collected. The
chloroform was then evaporated in an oven at 60°C to
obtain PHB [31], [32], using glucose as the main carbon
source. Propolis was prepared by immersing 15 g of
propolis in 75 mL of chloroform solvent, placing it in sealed
glass containers, and keeping it in a shaking incubator for
the appropriate duration. A Millipore filter (0.22 um) was
then used to filter the solutions. Following extraction, a
rotary evaporator was used to concentrate the crude
extract, and the samples were kept in a refrigerator at -20
°C until needed [32]. Polyethylene glycol (PEG) 4000 was
purchased from HiMedia Laboratories, India.

The single-emulsion solvent-evaporation technique was
used to make the microspheres [33], [34], as shown in
Figure 1. To make the unloaded PHA microspheres (UMs),
two solutions were prepared in separate 50 mL glass
beakers using a magnetic stirrer. The first solution
contained 0.4 g of PHA and 10 mL of chloroform, while the
second contained 0.4 g of PEG and 10 mL of water. No heat
was applied. Using a medical syringe, the first solution was
added dropwise to the second under high stirring speed.
The emulsion mixture was then left on the magnetic stirrer
with continuous high stirring until all the chloroform had
evaporated, with no heat applied at room temperature.
Additional water could be added to cool the mixture or
prevent cluster formation. The mixture was centrifuged at
5000 rpm for three minutes after all of the chloroform had
evaporated. [t was then rinsed with water, centrifuged, and
cleaned three or four times. After that, the remaining
material was dried for 24 h at 30 °C to remove any
moisture. For the drug-loaded microspheres (DLMs), the
difference was the addition of a suitable amount of
cefuroxime axetil (0.1 g) and propolis (0.1 mL) to the first
solution to achieve a 1:4 (w/w) drug-to-polymer ratio.

Solvent Evaporation
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Figure 1. Microspheres synthesis using solvent evaporation
technique.



Fourier transform infrared spectroscopy (FTIR) was
utilized to analyze the chemical makeup of PHA in three
samples: extracted PHA, unloaded PHA microspheres, and
drug-loaded PHA microspheres. An inert material, such as
100-200 mg of potassium bromide (KBr), was mixed with
1-2 mg of PHA powder and compressed into a thin pellet.
The samples' infrared spectra were recorded between 500
and 4000 cm-1 in wave number. Differential scanning
calorimetry (DSC), a thermal analysis method used to
examine a material's melting and crystallinity, was
employed to analyze how the polymer reacts to
temperature changes and to identify important thermal
transitions such as the glass transition and melting. Three
samples were analyzed using DSC: extracted PHA,
unloaded PHA microspheres, and drug-loaded PHA
microspheres. A small amount of powder, typically
between 5 and 10 mg, was weighed accurately and placed
in a DSC aluminum pan, which was then sealed with a lid.
The reference was an empty metal pan. Heat flow as a
function of temperature was measured using DSC. The
samples were heated from 24+1 °C to 250 °C at a scanning
rate of 5 °C/min. Scanning electron microscopy (SEM) is an
advanced technique used to characterize the morphology
and texture of materials at the micrometer level. Its main
objective in this regard is to furnish highly detailed images
of the sample surface in order to visualize underlying
structures and how these structures interact with one
another. With the help of a concentrated electron beam,
SEM can obtain conclusive data regarding particle form,
arrangement, and abnormalities, including voids or pores
if present. The sample was dried, placed on a special holder,
then inserted into and fixed within the device. Particle
charge affects how particles interact with one another and
how long they remain dispersed in a liquid medium,
regardless of whether the charge is strongly positive or
negative. This analysis is particularly crucial in domains
such as pharmaceutical delivery systems, where
maintaining formulation stability and efficacy requires
preventing particle agglomeration, or clumping. In this
study, the stability of microspheres in a water dispersant
was evaluated using zeta-potential analysis.

2.1. Antibacterial Activity Test

The test was conducted using two bacterial strains, one
Gram-positive and one Gram-negative, namely
Staphylococcus and Escherichia coli, cultured on two plates
of Mueller-Hinton agar, which were incubated at 37°C for
24 h. The bacterial suspension was adjusted to a 0.5
McFarland standard (approximately 1x10% CFU/mL). The
test was conducted according to Clutterbuck et al. (2007)
[32], with some adjustments. Three samples were used for
comparison: (1) cefuroxime axetil powder, (2) PHA
microspheres loaded with cefuroxime axetil and propolis,
and (3) PHA microspheres. Filter paper was cut into 5 mm
disk shapes and deposited into 3 mL Eppendorf tubes filled
with the samples mentioned above and shaken together.
Later, the disks were used in the test and were placed on
the cultured Mueller-Hinton agar.
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2.2. Cytotoxicity MTT assay

The MTT experiment was used to determine how PHA
microspheres loaded with cefuroxime axetil and propolis
affected cell survival and cytotoxicity. GraphPad Prism
version 10 (GraphPad Software Incorporated, La Jolla,
California) was used to determine the IC50, calculate
mean#SD values, and draw graphs. Between 5 x 10% and 1
x 10* cells were seeded in each well of a 96-well plate. The
cells were then left to adhere for 24 hours at 37 °C with 5%
CO,. The cells were exposed to different concentrations of
the drug-loaded PHA microspheres for 24 to 72 hours.
Medium alone was added to the control wells to serve as a
control. Then 10-20 pL of MTT solution (5 mg/mL in PBS)
was added to each well. After that, the plates were
incubated for another three to four hours so that
mitochondrial dehydrogenases in living cells could convert
MTT into purple formazan crystals. After incubation, the
supernatant was carefully removed. Then 100-150 pL of
dimethyl sulfoxide (DMSO) was added to dissolve the
formazan crystals. A microplate reader was used to
measure the absorbance at 570 nm, with the background
set to 630 nm. To determine the cell-survival rate, the
following mathematical equation was used:

0D of treated cells
0D of control cells

Cell viability = x100% (1)

In words, cell viability was calculated from the absorbance
values of treated, control, and blank wells and then
expressed as a percentage. Nonlinear regression analysis
was used to determine the half-maximal inhibitory
concentration (IC50). After three replicates for each trial,
the results were presented as the mean with a standard
deviation (SD). The test was based on work done by
Maurya et al. (2011) [36].

3. RESULTS AND DISCUSSION

3.1. Fourier Transform Infrared Spectroscopy
analysis

The FTIR spectrum of the extracted substance, as shown in
Figure 2, clearly demonstrated the hallmarks of PHA,
beginning with a pronounced sharp absorption at 1735.93
cm™ that reflects the ester carbonyl (C=0) stretch and
serves as an indicator of PHA. Peaks were also observed at
1288.45 cm™* and 1188.15 cm™, which correspond to C-0
and C-O-C stretching vibrations and confirm the presence
of ester linkages in the polymer backbone. The spectrum
also featured absorptions at 2978.09 cm™ (C-H stretching),
1458.18 cm™ (CH, bending), and 1381.03 cm™ (CH;
bending), all of which underscore the aliphatic nature of
the polymer chain. These spectral signatures align closely
with previously reported FTIR data for poly(3-
hydroxybutyrate) and related PHA copolymers, thereby
confirming that the extracted substance is PHA [37], [38].
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Figure 2. FTIR for (A) drug-loaded PHA microspheres, (B)
unloaded PHA microspheres, and (C) extracted PHA.

The FTIR test of the unloaded PHA microspheres showed
similarities to the extracted PHA, with only small
deviations, as shown by the peaks at 1728.22 cm™ for ester
carbonyl (C=0) stretching, 1288.45 cm™* for C-O stretching,
1188.15 cm™ for C-0-C stretching, 2978.09 cm™ for C-H
stretching, 1458.18 cm™? for CH, bending, and 1381.03
cm™* for CH; bending. This indicates that synthesis of the
PHA microspheres did not affect the chemical composition
or structure of the PHA. These slight deviations may be
caused by the physical processing conditions of
microsphere formation, such as high-shear mixing and
solvent evaporation. There was also a rise in peaks at
3417.86 cm™ and 3464.15 cm™, which may be due to
water residue or PEG residue [39], [40].

For the drug-loaded PHA microspheres, more deviations
were observed, some peaks faded away, and new peaks
appeared. This suggests that interactions occurred.
However, the distinctive PHA peak at 1728 cm™?!
corresponding to ester carbonyl (C=0) stretching
remained, as did the C-O and C-O-C stretching bands at
approximately 1288 cm™* and 1188 cm™, respectively, and
the C-H stretching band near 2978 cm™. In the drug-loaded
polymer, the appearance of a new peak at 1111 cm™* may
be caused by C-O stretching and C-OH bending between
1362 and 1039 cm-1, resulting from alcohols, ethers,
esters, and carboxylic acids representing functional groups
in phenolic compounds found in propolis extracts. It may
also correspond to C-O-C stretching vibrations
characteristic of ether linkages, possibly attributable to the
B-lactam ring or sugar moiety present in cefuroxime axetil.
The band at 2885 cm™ is likely due to C-H stretching
vibrations from aliphatic chains in cefuroxime axetil or to
symmetrical and asymmetrical C-H stretching in propolis.
There was also broadening at approximately 3425 cm™
and an increase in intensity, which could be due to O-H
stretching vibrations arising from hydrogen-bonding
interactions between the hydroxyl groups of propolis
phenolics [41], [42]. The band at 1465 cm™ can be
associated with CH, and CH; bending vibrations of
flavonoid structures in lignin components of propolis [43],
[44]. These results demonstrate the successful
introduction of cefuroxime axetil and propolis into the PHA
microspheres. The new peaks and slight shifts may indicate
chemical interactions, such as hydrogen bonding, without
significant chemical alterations to the PHA matrix.
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3.2. Differential Scanning Calorimetry analysis

The first DSC graph (A in Figure 3) of the extracted PHA
shows a melting temperature (Tm) that matches values
reported for PHA and polyhydroxybutyrate (PHB), or
poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV), in
previous studies [38], [45]. The second graph (B in Figure
3) shows a small new deviation peak at 78 °C, which
indicates leftover PEG in the microspheres [46]. Also, there
is a decrease in the PHA Tm and heat absorbed, indicating
a decrease in crystallinity. In the third DSC graph (C in
FIGURE 3), there is a new peak at 233 °C, which may
indicate a degradation or some reaction to the added
substances. Also, there is a stronger peak at 63 °C, which
indicates more leftovers of PEG due to Improper washing
or differences in the arrangement of the microsphere's
composition [46]. There is also an increase in Tm and heat
absorbed this again indicates an increase in crystallinity.
The experiment proves that loading the drug into the
microspheres does not significantly change the thermal
properties of the polymer, only a decrease in crystallinity.
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3.3. Scanning Electron Microscope (SEM)

The SEM images prove the successful fabrication of PHAs
microspheres with an average diameter of approximately 1
pum. The microspheres have relatively uniform and well-
defined spherical shapes. However, the distribution of the
microspheres is not entirely homogeneous, and noticeable
agglomeration is observed. So, the current method requires
some modifications to improve particle dispersion. To
minimize microsphere clustering, further optimization of
the solvent evaporation method or the utilization of
alternative evaporation techniques and equipment may be
necessary. To examine the surface morphology and
structural properties of the microspheres, a more detailed
SEM analysis with higher magnification is required.
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Figure 4. (A) loaded PHA microspheres under SEM (B) PHA
microspheres under SEM.

3.4. Antibacterial Activity Test

The test diameter results were sample 1=20 mm, sample
2=12 mm, and sample 3=0 mm for the Staphylococcus
aureus strain, while for the Escherichia coli, it was sample
1=15 mm, sample 2=10 mm, and sample 3=0 mm, as shown
in Figure 5. This proves Cefuroxime Axetil has an Instant
higher inhibition zone, while the loaded PHA microspheres
had a lower inhibition zone, but it was still effective
because it had Cefuroxime Axetil and Propolis in its
structure. For PHA microspheres, there was no inhibition
zone, which means that the PHA has no Antibacterial effect
alone. Additional tests are needed to calculate drug release
rates. Also, trying different combinations and different
concentrations of the added substances is needed to
enhance the effectiveness of the microspheres.
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Figure 5. Mueller Hinton Agar (A) Staphylococcus aureus
(B) Escherichia coli.

3.5. Cytotoxicity MTT assay

The treatment's cytotoxicity against human dermal
fibroblasts (HDFN) and lung cancer cells (A549) is shown
by MTT tests. At 400 pg/mL, the mean and standard
deviation of HDFN cells were much higher than those of
A549 cells, at 72.02 +0.87 and 38.42 + 1.10 (mean and SD,
respectively). The fact that HDFN cells lived longer at 400
pg/mL shows that the treatment is less harmful or
incompatible with normal fibroblasts, as shown by the
higher mean and lower SD. (Table 1)

Table 1. Comparison of mean and SD cell inhibition of A549 with
HDFN treated with drug-loaded PHA microspheres
(25,50,100,200, 400¢pg/mL)for 24h.

A549

(00) (o mean SD mean SD
72.02 0.87 38.42 1.10
76.81 1.21 49.57 1.75
88.07 0.94 61.535 1.06
93.48 0.40 74.15 2.08
95.48 0.23 87.03 1.85

Table 1 illustrates how the polymer attacks cancer cells
while simultaneously safeguarding healthy ones. When the
quantity is 400 pg/mL, A549 cells become less active,
which suggests that there is more cell death for cancer cells.
As aresult, this treatment has a lot of potential for treating
cancer. This harmful effect could be caused by a number of
things. The molecules that make up cancer cells, like A549,
are very different from those that make up normal cells.
This makes it harder for cancer cells to take in and use
substances. Baskar et al. say that A549 cells may be more
vulnerable to harmful chemicals because their death
pathways are not working properly. The longer life span at
the studied concentration is probably because HDFN cells
are not cancerous and may have stronger protection
against oxidative stress and other damage to cells caused
by treatment. The best treatment dosage is very important
because it affects how harmful the treatment is to both
normal and cancerous cells. Some substances, whether
they are man-made or natural, may be able to target cancer
cells only while protecting healthy cells from harm,
according to an early study. Zhao and others created
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nanoparticles that hold PTX using a biodegradable material
known as Poly(glycolide-co-e-caprolactone)-b-D-a-
tocopheryl polyethylene glycol 2000 succinate, which are
smooth and 200 nanometers in size[47]. These were
smooth-surfaced 200-nm nanoparticles. They had better
drug loading and encapsulation than PLGA nanoparticles.
These nanoparticles outperformed Taxol in vitro against
A549 lung cancer cells. PTX loaded with nanoparticles
showed better results in stopping the tumor than Taxol.

The statistical study showed a significant difference in the
viability of HDFN cells compared with A549 cells. This
suggests that the therapy could be used to treat cancer. To
determine whether the substance could be used for
targeted cancer treatment, gene-expression studies or
apoptosis tests should be used to investigate the molecular
processes underlying selective cytotoxicity.

100
&~ HDFN
-u A549
° 1C50=134.2
X
2
= 50
3 -
2 1C50=26.36
0 1 1 1 1 1 1
0 100 200 300 400 500
Conc.(ug/ml)

Figure 6. IC50 of HDFN and A549 treated with polymer
(polyhydroxy alkinate + polyethylene glycol).

The damaging effects of the polyhydroxyalkanoate +
polyethylene glycol (PHA + PEG) mixture are clearly
different in HDFN (human dermal fibroblasts) and A549
(human lung cancer) cells, as demonstrated by the IC50
values from the MTT test. HDFN cells showed an IC50 of
134 pg/mL, whereas A549 cells showed an IC50 of only 26
ng/mL. These results indicate that the PHA + PEG mixture
is more harmful to cancer cells than to normal fibroblasts,
making it a potential option for targeted cancer treatment.
The higher IC50 value for HDFN cells indicates that a larger
concentration of the PHA + PEG blend is needed to reduce
fibroblast viability by 50%, which means it is less harmful
to normal cells. The lower IC50 value for A549 cells shows
that cancer cells are more sensitive to the treatment and
therefore require a much lower concentration to achieve
the same level of inhibition. This differential response is an
important step toward reducing the harmful side effects of
traditional chemotherapy and suggests that PHA + PEG
may be useful as a targeted cancer treatment. IC50 values
differ between normal and cancerous cells because of
differences in their molecular and metabolic behavior.
Cancer cells such as A549 are more likely to respond to
treatments that interrupt cell function because of their
rapid growth, altered apoptosis mechanisms, and
increased metabolic activity. Normal cells, including HDFN,
have stronger regulatory mechanisms, including better
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DNA repair and apoptosis pathways, which help protect
them from treatment-induced damage (Ahmad etal., 2019)
[48]. Based on these results, using PHA + PEG nanoparticles
to treat cancer might effectively kill cancer cells while
doing little harm to healthy tissues. Future research should
focus on testing PHA + PEG in living organisms,
understanding its mode of action, and checking for any
long-term adverse effects to better assess its possible
medical uses [47], [48], [49]. In addition, trying different
combinations and concentrations of the incorporated
substances is needed to enhance the effectiveness of the
microspheres.

3.6. Zeta potential test

Zeta-potential measurements were used to assess the
stability of the PHA drug-loaded microspheres; the test
revealed how these particles sustained their dispersion
and resisted aggregation over time. In general, a stable
dispersion is indicated by a zeta potential greater than +30
mV or less than -30 mV, while values closer to zero suggest
an increase in agglomeration and instability over time [50],
[51]. The zeta-potential test of the drug-loaded PHA
microspheres showed a value of -49.5 mV, indicating
excellent colloidal stability [52], as shown in Figure 7. This
highly negative surface charge suggests strong
electrostatic repulsion between the microspheres, which
effectively prevents aggregation and supports long-term
dispersion in suspension. As shown in previous studies,
stable particles are indicated by zeta-potential values of
+30 mV; hence, the measured zeta potential verifies that
the created PHA microspheres have the required surface
properties to resist agglomeration. These findings point to
the effective design of a stable drug-delivery system with
desirable physicochemical characteristics for biomedical
uses.

Zeta Potential Distribution
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Figure 7. Zeta potential result of PHA drug loaded microspheres.

4. CONCLUSION

In this study, the produced PHA was characterized and
used to synthesize PHA-loaded microspheres. FTIR and
DSC analyses of the extracted substances showed patterns
matching PHA and PHB in previous studies. FTIR and DSC
also showed that the synthesis of PHA microspheres and
the incorporation of cefuroxime axetil and propolis did not
affect the chemical composition or structure of the PHA.



The SEM test confirmed the successful synthesis of
symmetric spherical microspheres with an average
diameter of approximately 1 pm. Antibacterial activity
demonstrated the success and effectiveness of adding
cefuroxime axetil and propolis by giving PHA antibacterial
properties that it did not have before their addition. The
MTT assay also showed differential cytotoxicity of the PHA
microspheres loaded with cefuroxime axetil and propolis
against human lung cancer cells (A549) compared with
normal human dermal fibroblasts (HDFN). At a
concentration of 400 pg/mL, the microspheres reduced
A549 cell survivability to 38.4%, while HDFN cells
maintained 72.0% survivability, indicating that the drug-
loaded PHA microspheres effectively inhibit cancer-cell
proliferation with minimal harm to healthy tissues. The
zeta-potential test of the drug-loaded PHA microspheres
showed a value of -49.5 mV, indicating excellent colloidal
stability and suggesting that the microspheres will not
readily agglomerate in the bloodstream. While the
synthesis of drug-loaded microspheres was successful,
more testing is still needed to measure drug-loading
efficiency, drug-release rates, and in vivo performance to
assess tumor regression and systemic toxicity.
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