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Abstract

This study synthesized polyacetal from the reaction of polyvinyl alcohol with
para-nitrobenzaldehyde. Polyacetal/polyvinylpyrrolidone polymer blends were
prepared using solution casting. Gold nanoparticles (AuNPs) and silver
nanoparticles (AgNPs) were biosynthesized using onion peel extract as the reducing
agent. Nanocomposites were fabricated by blending polyacetal/PVP with AuNPs
and AgNPs at different ratios. XRD and FESEM characterized the AuNPs and
AgNPs. FTIR, FESEM, TGA, and DSC characterized the polyacetal, polymer
blends, and nanocomposites. DSC and TGA confirmed the improved thermal
stability of the polymer blends and nanocomposites. Nanocomposites demonstrated
higher efficacy in inhibiting lung cancer cell lines compared to the blends alone.

Keywords: Anti-cancer cell line, PVA, PVP, Polyacetal, Nanocomposite.
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1. Introduction

Cancer poses a significant global health challenge, as both incidence and mortality rates
have risen in recent decades. Developing targeted and effective anticancer therapies remains
an urgent priority. Conventional modalities like surgery, radiation therapy, immunotherapy
and hormonal treatments are commonly employed. However, chemotherapy - the use of
chemical agents to treat cancer - also plays a vital role, often in combination with other
approaches. While chemotherapy can successfully kill cancer cells, systemic administration
also affects healthy tissues, resulting in adverse side effects [1]. Seeking to improve
chemotherapy outcomes, considerable research efforts have focused on engineered drug
delivery systems capable of selectively transporting anticancer agents to tumor sites. This
strategy aims to enhance therapeutic efficacy while reducing off-target impacts, addressing a
critical unmet need given the growing cancer burden worldwide. One of the major challenges
limiting chemotherapy effectiveness is the development of drug resistance in cancer cells. As
a potential strategy to overcome resistance, researchers have increasingly investigated co-
delivery systems that can concurrently administer two or more anti-cancer agents [2].
Polymer-nanocomposite materials have emerged as promising nanocarriers for biomedical
applications such as drug delivery due to their tunable properties. Nanocomposites,
synthesized by incorporating nanoscale fillers into polymer matrices, exhibit enhanced and
customizable features compared to constituent polymers alone. Their applicability spans
nanomedicine, tissue engineering and antimicrobial technologies among others. As drug
delivery vehicles, polymer nanocomposites show potential for cancer treatment owing to
capabilities such as controlled multi-drug release and targeted accumulation at tumor sites [3].
Leveraging nanotechnology, optimized co-delivery platforms may help address the pressing
issue of resistance and improve chemotherapy outcomes against difficult-to-treat cancers.
Polyvinyl alcohol (PVA) is a polyhydroxy water-soluble polymer with a two-dimensional
hydrogen-bonded network film structure. PVA is a polymer that is semi-crystalline and has
both crystalline and amorphous phases [4]. PVA is an excellent hydrophilic polymer with
exceptional ~ physicomechanical  properties,  nontoxicity, and  biocompatibility
[5]. polyoxometalates (POMs), macroanionic groups in which an oxygen bridge binds the
metal ions in their highest oxidation states [6]. Because of their unique properties and
reactivity, they have been investigated in a number of fields, that involve catalysis, material
science, drug development, medicine, and biosensors [7]. POMs have attracted much attention
in recent years in pharmaceutical research as possible therapeutic agents such as anti-cancer,
antibacterial, and antiviral drugs. They seem to have a particularly good probability of being
widely considered as therapies in the near future [8] because of their low-cost cost of
production, easy synthesis, fast modification, and other important properties.
Polyvinylpyrrolidone (PVP) in the pharmaceutical industry, is a potential candidate for drug
delivery applications due to its non-toxic, bio-inert, and hydrophilic properties. Its ability to
form complexes with a variety of smaller molecules makes it suitable for the improvement of
the bioavailability and sustained release of drugs from drug conjugated polymeric matrices

[9].

Nanotechnology holds immense promise for advancing materials science through precisely
manipulating matter at the nanoscale level of 1-100 nm. At this dimension, materials exhibit
unique properties divergent from their bulk forms due to quantum mechanical effects. Gold
nanoparticles (AuNPs) in particular have widespread applicability across diverse fields such
as biomedical research [10]. As AuNPs are biocompatible, non-toxic and can be readily
synthesized, they represent one of the most commonly investigated types of metallic
nanoparticles. Their tunable size- and shape-dependent optical features have enabled
applications including drug/gene delivery, imaging, and photothermal cancer therapy.
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Moreover, AuNP surfaces allow facile conjugation with targeting ligands, facilitating
functionalization for specialized biomedical applications. Due to these advantageous traits,
AUNPs offer an attractive nanotechnological platform for developing innovative diagnostic
and therapeutic systems at the nanoscale. Gold nanoparticles have witnessed significant
developments in their use in biological applications, either used alone or in conjunction with
other types of nanoparticles for the delivery of drugs, photothermal therapy, or as diagnostic
tools in a variety of medical applications [11]. Silver nanoparticles (AgNPs) are the most
well-known and widely used nanoparticulate material and have different catalytic, electric,
and antibacterial properties [12,13]. The addition of nanoparticles enhanced the mechanical,
thermal, optical, and antibacterial properties of nanocomposites [14]. The aim of this study is
to investigate the influence of the gold and silver nano particles on the anticancer activity of
the prepared compounds.

2. Experimental
2.1 Preparation of the poly acetal

All the used synthetic compounds were purchased from CHEM-LAB, Fluka, HIMEDIA,
Aldrich and CDH companies. To prepare poly acetal, poly vinyl alcohol (PVA)( 1g) was
dissolved in 25 mL of di methyl sulfoxide (DMSO) and stirred for 30 minutes at room
temperature. Para nitro benzaldehyde (1g) was dissolved in 20 mL of ethanol with 3 drops of
concentrated H2SO4 and stirred for 30 minutes at 50 °C temperature. The mixture of para nitro
benzaldehyde and polyvinyl alcohol was heated for 9 hours with reflex at a temperature of
50°C with stirring. A few drops of (LN) NaOH solution were added to the produced mixture
to adjust the pH level to 7. The product was filtered after cooling, and it was then dried for 24
hours at 50 °C in an oven [15]. The synthesis of polyacetal (PA) is shown in Figure 1.

CHO
W a0, Enan W\
noot —
OH OH -H0 © © !
NO,
PVA P-nitro benzaldehyde
polyacetal

Figure 1: The preparation steps of poly cyclic acetal

2.2 Polymer blend preparation

The solution casting method in which the polymers were dissolved and mixed then the
solvent was removed by drying to create a solid layer, was used to prepare polymer blends by
dissolving the polyacetal and the PVP then mix them together as follows: 1 g of poly acetal
was dissolved in 100 ml of DMSO with stirring at 50 °C, 5 g of PVP was dissolved in 100 ml
of water to prepare a 5 wt% solution of the polymer and 15 and 10 ml of PA and 5 and 10 ml
of PVP polymer were mixed to produce a homogenous solution for 30 minutes. The mixed
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solution was poured into petri dishes and dried for 24 hours at 50 °C in the oven. Different
ratios were mixed to prepare PA/PVP polymer blends [16].

2.3 Biosynthesis of gold and silver Nanoparticles

An onion peel crude extract was prepared as follows: 10 g of onion peel powder was
mixed with 100 mL of deionized water. The mixture was heated to 50°C for 2 hours to
facilitate extraction of active compounds from the powder. The heated solution was then
filtered to remove insoluble material. The filtrate was dried in an oven at 50°C to obtain a
powdered crude extract. For synthesis of gold nanoparticles using the extract, 0.01 g of the
dried crude extract powder was dissolved in 100 mL of deionized water to make a 100-ppm
onion peel extract solution. This extract solution served as both the reducing and stabilizing
agent in the synthesis. The extract is known to contain polyphenolic compounds that can
induce the reduction of gold ions to form gold nanoparticles when added to a chloroauric acid
solution, as well as cap proteins and sugars that stabilize the formed nanoparticles [17].

For the preparation of HAuCl4.3H.O, AgNOs Solutions, stock solutions were made by
the following procedure: (1 g) of gold chloride trihydrate (HAuCl4.3H.O) was dissolved in
100 mL of deionized water. Then, 2 mL of the stock solution was taken and completed to 100
mL to prepare (100 ppm). By mixing (0.016g) of AgNOs with (100 ppm) of deionized water
in 100 mL, AgNOs was prepared [18]. After 10 mL of gold chloride solution, 3 mL of
aqueous onion peel extract, and silver nitrate were mixed, and the solution was then stirred for
10 minutes at 25 °C [18]. The color of the gold changed from yellow to purple, while the
color of the silver changed from colorless to brown which confirm the formation of AuNPs
and AgNPs. A centrifuge (10000 ppm) was used to separate the nanoparticles then the
precipitate was taken and diluted with deionized water [18].

2.4 Preparation of Gold and Silver Nanocomposites

The nanocomposite film was synthesized as follows: 15 mL of poly acetal was combined
with 5 mL of polyvinylpyrrolidone (PVP) in a container. Separately, gold nanoparticles
(AuNPs) and silver nanoparticles (AgNPs) were prepared to a concentration of 100 ppm by
reducing their respective salts. Then, 20 mL each of the AuNP and AgNP solutions were
added to the poly acetal/PVVP mixture. The combined components were stirred for two hours
to ensure homogenization. Subsequently, the fully blended mixture was poured into petri
dishes and allowed to dry at 50°C for 24 hours to form films [18].

2.5 Anticancer Activity
2.5.1 Cell Cultures

The A1549 lung cancer cells were maintained in RPMI-1640 cell culture medium
supplemented with 10% fetal bovine serum, 100 units/mL penicillin, and 100 pg/mL
streptomycin to support cell growth. The cells were passaged using trypsin-EDTA, reseeded
at 80% confluence, and grown at 37 °C twice weekly [19,20].

2.5.2 Cytotoxicity Assays

The cytotoxic effects of polymer blends and nanocomposites were evaluated using 96-well
plates and the MTT test [ 21,22]. In each well, 104 cells from each of the cell lines were
planted. Cells were treated with nanocomposites in a range of concentrations after 24 hours or
after the formation of a confluent monolayer. Cell viability was assessed 48 hours after the
treatment by removing the medium, adding 28 L of an MTT solution containing 2 mg/mL,
and incubating the cells for 2.5 h at 37 °C. Following removal of the MTT solution, the
residual purple formazan crystals in each well were dissolved by adding 130 pL of dimethyl
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sulfoxide (DMSO). The plates were then incubated for 15 minutes at 37°C with shaking to
ensure full solubilization of the formazan crystals. The absorbance of each well was
subsequently measured at 492 nm using a microplate spectrophotometer. The percentage of
cytotoxicity, or the extent of inhibition of cell growth, was then calculated using the following
formula that has been reported previously [24,25]:

% Cytotoxicity = (1 — Absorbance of treated cells/Absorbance of untreated cells) x 100
Where the absorbance values correlate to the number of viable cells, with lower absorbance in
treated wells indicating higher cytotoxicity from test materials. This quantitative assay thus
allowed assessment of potential anti-proliferative effects of the synthesized nanomaterials.
The inhibition rate was calculated using the eqution (A-B/A x100), where A represents the
optical density of the control and B represents optical density of the samples [26]. The cells
were poured into 24-well micro-titration plates at a density of 1 105 cells mL-1 and incubated
for 24 h at 37 °C to assess the morphology of the cells under an inverted microscope.
Later cells were treated with polymer blends and nanocomposites for 24 hours. The plates
were then coated with crystal violet dye and they were then incubated at 37 °C for 10-15 min
[24]. It required several mild washes with tap water to thoroughly remove the colour off the
spot. A digital camera attached to the microscope was used to take pictures while the cells
were being evaluated under an inverted microscope at a 100x magnification [27,28,29].

2.5.3 Statistical analysis
An unpaired t-test was utilized to statistically analyze the collected data in GraphPad Prism
6. The average and standard deviation of three measurements were used to present the results.

3. Results and Discussion
3.1 Scanning Electron Microscopy (SEM)

SEM microscopy was used to characterize the morphology and dimensions of the
synthesized compounds, based on a prior reported method [30]. Figure 2 shows the SEM
images of the polyacetal, PA/PVP blend, AuNPs, AgNPs, and Au,Ag nanocomposites.
Figures 2A and 2B specifically depict the surface morphology of the AuNPs and AgNPs,
respectively. Analysis of the SEM images revealed that the AgNPs exhibited an average
diameter of 29.45 nm with a spherical shape, while the AuNPs had an average diameter of
41.61 nm and also appeared spherical in morphology.
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Figure 2: Scanning Electron Microscopy of (a- AuNPs) and (b- AgNPs) (c- polyacetal)., (d-
PVP), (e- polymer blend 1), (f- polymer blend 2), (g - Nanocomposite (PA/ PVP -AuNPs), (h-
(PA/ PVP-AgNPs)
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3.2 Analysis of X-ray diffraction (XRD)

AgNPs and AuNPs were evaluated for their crystallinity using X-ray diffraction (XRD)
analysis. Figure 3a and b display the XRD results of the AuNPs and AgNPs that were
prepared. The gold nanoparticles AuNPs exhibited peaks at 38°, 44°, and 49° that matched
Braggs planes (111), (200), and (220), respectively, demonstrated that the AuNPs had a face-
centered cubic structure. In accordance with (JCPDS 04-0784), AgNPs likewise showed a
2theta degree ranging from 10 to 80 [31]. According to (JCPDS 04-0783), the peak for
AgNPs produced at 2theta values 38°, 49°, and 69° corresponds to Braggs reflection (200),
(200), and (220), respectively [32].
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Figure 3: The (A-AuNPs) and (B-AgNPs) XRD patterns.

3.3 Characterization of Polyacetal, PVP, Polymer blend FT-IR Analysis

Figure 4A shows the polyacetal FT-IR spectrum, which is assigned as follows: The broad
band is attributed to the vibrations of (OH stretching vibration) at (3386) cm™, (C-H
symmetric stretch) at 2917 cm?, (C=C) at (1606, 1434) cm?, (C=C), (C-O-C bending
vibration), at 1103 cm™, and (C-H are stretching vibration), at 950 cm™. The PVP FTIR
spectrum Figure 4B had a peak at 3423 cm™, which indicates O-H stretching. Vibrational
bands corresponding to C-H bending and CH2 wagging of the pyridine ring were observed at
1425 cm1 and 1278 cm™, respectively. Peaks attributed to CH2 rocking and N-C=0 bending
were also identified at 1016 cm™ and 567 cm™, respectively [33]. Figure 4C FTIR spectrum
for the prepared polymer blend revealed a broad band at 3393cm™, which was attributed to
the stretching vibration of PVP's hydroxyl group (OH). The existence of a hydroxyl group
(OH) is demonstrated by the band at about 1017 cm™. A pyridine ring (C=N)-related band
appeared at 1458 cm™ [34].
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Figure 4: FTIR Spectrum(a-polyacetal), (b- PVP), (c- polymer blend)

6831



Hadi and Younus Iragi Journal of Science, 2024, Vol. 65, No. 12, pp: 6824- 6841

3.4 Thermal Analysis (TGA, DSC)

The thermogravimetric analysis and differential scanning calorimeter (TGA, DSC) has
been used to analyze PVA, PVP, Polyacetal, PA/PVP polymer blend, and PA/PVP Au, Ag
nanocomposites at temperatures ranging from 25°C to 1000°C at a constant rate of 10C°/ min.
Figure 5a shows the polyacetal TGA curve. TG analysis revealed mass loss occurred in five
stages as shown in Figure 5a. The initial stage from room temperature to 100°C resulted in a
mass decrease of 6.759% corresponding to evaporation of volatile compounds in the sample.
The second stage from 100-200°C showed an approximate mass loss of 11.04%. From 200-
400°C (third stage), mass declined by around 23.82% associated with further decomposition.
Between 400-500°C (fourth stage), a mass reduction of approximately 18.29% was
attributable to decomposition of side groups. Finally, the fifth stage above 500°C exhibited
roughly 19.15% mass loss linked to polymer chain degradation [35]. The accompanying DSC
curve in Figure 5a identified the glass transition temperature (Tg) of polyacetal as 86.76°C. A
melting endothermic peak was also observable at 326.32°C, relating to the melting
temperature (Tm) of the polymer. These thermal analyses provided important
physicochemical characterization of the synthesized nanocomposite [36]. The TGA curve of
the PA/PVP polymer blend in Figure 5b showed five stages of mass loss, the first of which
had a mass loss of (-5.315%). The second stage showed an approximate weight loss of (-
4.696%), the third stage showed an approximate weight loss of (-12.21%), the fourth stage
showed an approximate weight loss of (-43.61%), and the fifth stage showed an approximate
weight loss of (-7.075%). The PA/PVP polymer blend's DSC curve in Figure 5b showed a Tg
of (91.30°C). The TGA curve for the PA/PVP-Au nanocomposite in Figure 5¢ showed four
stages of mass loss, the first of which had a mass loss of (-9.959%). The second stage showed
an estimated weight loss of (-10.72%), the third stage showed an approximate weight loss of
(-57.58%), and the fourth stage showed an approximate weight loss of (-20.93%). The
PA/PVP-Au nanocomposite's DSC curve in Figure 5¢ showed a Tg of (102.18°C). The
PA/PVP-Ag Nanocomposite Figure 5d TGA curve showed five phases of mass loss, the first
of which had a mass loss of (-10.11%). TG analysis of the PA/PVP-Au nanocomposite
revealed mass loss occurred in five stages, as shown in Figure 5b. The second stage from 100-
200°C exhibited an average mass decrease of 7.847%. From 200-300°C (third stage), the
average mass loss was approximately 15.60%. In the range of 300-500°C (fourth stage), an
average mass reduction of about 38.50% took place. The final stage above 500°C showed an
average mass decline of around 25.37%. For the PA/PVP-Ag nanocomposite (Figure 5d), the
DSC curve identified the glass transition temperature (Tg) as 104.95°C and melting
temperature (Tm) as 465.21°C. All thermal values were relatively higher compared to the
individual components, demonstrating that polymer blending and metal nanoparticle
coordination improved the thermal stability, likely through enhanced interactions imparting
rigidity to the nanocomposites. These results indicate the successful fabrication of thermally
stable nanocomposites for applications requiring resistance to elevated temperatures. It has
also been noted that the blend film only exhibits one Tg on its thermogram. This shows that
the PA and PVP polymers are well blended together and that there are hydrogen bonding
interactions between them in the blend. These results suggest that Nano-Au & Ag can
enhance the thermal stability of nanocomposites at such a very low concentration, as
illustrated in Figure 5.
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Figure 5: Thermal analysis (TGA, DSC) (a- Polyacetal), (b- Polymer blend), (c-
Nanocomposite (PA / PVP -AuNPs)), (d- Nanocomposite (PA/ PVP -AgNPs)).
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3.5 Anticancer cell line

Polymer blend, Nanocomposites' cytotoxic effect on cancer cells was investigated. To
assess the blend's anticancer efficiency, nanocomposites were tested for their ability to inhibit
the growth of the lung cancer cell line A1549. Figures 6, 7 & 8 from the results of this
research demonstrate that blends of nanocomposites had a very significant cytotoxic effect
against human cancer cell lines. The results demonstrate that blends and nanocomposites can
inhibit cell line growth, and that this effect is concentration dependent. Through aggregation
and trapping, the nanoparticles' NPs direct affect the tumor cells. The process further defined
by the retention and penetration effect that irregular lymphatic flow and angiogenic vessels
impose on cancerous cells. As a result, when compared to normal cells, these NPs accumulate
more or more specifically inside cancerous cells. The results indicated that Nanocomposites
have more inhibition effect than the polymer blend. Results indicated cytotoxic effect on
A1549 cells, with ICso values of 35.78 g/mL for (a), 20.62 g/mL for (b), and 25.92 g/ml for

(c), and 38.05 pg/mL for (d), and 22.09 pg/mL for (e), and 28.43 pg/mL for (f) [37]. As
shown in Figure 6.
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treated with Nanocomposite (Gold 100 ppm). (f) Nanocomposite (PA/ PVP -AgNPs) A1549
cells undergo morphological alterations after being treated with Nanocomposite (Silver 100

ppm) cells undergo morphological alterations after being treated with Nanocomposite (Silver
100 ppm).

Figure 7: A1549 cell morphology after treatment with polymer blend 1 and its

nanocomposites (a- Control) (b- Polymer blendl), (c- Nanocomposite PA/ PVP —AuNPs), (d-
Nanocomposite PA/ PVP -AgNPs)
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Figure 8: A1549 cell morphology after treatment with polymer blend 2 and its
nanocomposites (a- Control) (b- Polymer blend2), (c- Nanocomposite PA/ PVP —AuNPs), (d-
Nanocomposite PA/ PVP -AgNPs)

Conclusion

In this work, the anticancer activities of the prepared polyacetal, PA/PVP polymer blend
with different ratios, gold & silver nanocomposites were investigated. The obtained
compounds were studied by FT-IR, SEM, DSC-TGA and XRD spectroscopy. The anticancer
activity of the nanocomposites against the A1549 lung cancer cell line was evaluated. The
results revealed that due to the presence of Au and Ag nanoparticles, the activity increased
toward the A1549 lung cancer cell line, and that nanocomposites have demonstrated more
anticancer activity than polymer blends.
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