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The current research explored a green approach for the fabrication and in situ immobilization of gold
nanoparticles over a polymeric composite of starch combined with sodium lignosulfonate (ST-LS/Au NPs). It
also assessed their catalytic activity and anti-cancer effects. The mixed polymeric ST-LS composite functioned
as a reducing-stabilizing agent to cap the gold nanoparticles. Field-Emission Scanning Electron Microscopes
(FE-SEM), Fourier Transform Infrared Spectroscopy (FT-IR), Energy Dispersive X-ray Electron Spectroscopy
(EDX)-elemental mapping, Transmission Electron Microscopy (TEM), and X-ray diffraction (XRD) were
used to examine the synthesized ST-LS/Au NPs. The powdered XRD analysis of ST-LS/Au NPs nanoparticles
revealed their crystallinity, with distinct peaks observed at 20 values of 38.4°, 47.6°, 67.2°, and 77.2°. These
peaks indicate the presence of pure gold nanoparticles in an fcc lattice. According to JCPDS No. 65-2870, the
prominent reflection, consistent with the (111) plane at 38.4, confirms the formation of nanocrystals. TEM
images revealed that the ST-LS/Au NPs nanoparticles exhibited a globular shape, averaging approximately
10 nm in size. Additionally, we chose to utilize Suzuki-Miyaura coupling (SMC) reactions to determine and
evaluate the catalytic performance/efficacy of the gained ST-LS/gold nanoparticles composite. We could easily
utilize this catalyst over 9 times in the catalytic testing period. This catalyst exhibits great applicability and
extension for different aryl halides as well. The antioxidant activity was assessed by investigating its potential
biological applications through the DPPH (diphenyl-1-picrylhydrazyl) radical scavenging assay, which gave
promising results. Additionally, the study expanded to incorporate the 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) colorimetric assay [3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium
Bromide], aiming to evaluate its effect on the inhibition of growth of human pancreatic and hepatoma cancer
cell lines (MIA PaCa2 and HepG2). The results highlighted significant cytotoxic effects.

1. Introduction Cross-mating reactions are important in synthetic organic chemistry

for C-C bond formation [6-9]. Among these, the Suzuki-Miyaura

Gold nanoparticles (AuNPs) have numerous applications owing to
their distinctive characteristics [1,2]. AuNPs have intrigued researchers
due to their applications across various fields, including engineering,
pharmacology, medicine, biotechnology, energy, and environmental
sectors, in contrast to their bulky counterparts [3-5]. These materials
find applications in catalysis, biomedical fields, recording media,
electronics, and sensing technologies [2,3]. AuNPs have garnered the
attention of scientists due to their antioxidant, UV filter, antifungal, and
antibacterial properties among metal oxides. Various chemical methods,
such as gold reaction with hydrothermal synthesis, precipitation
method, steam, and transfer alcohol, have been proposed for AuNP
formulation [2-5].

mating reactions for creating stable C-C bonds are pivotal for biphenyl
formative and discrete syntheses [10]. Suzuki-Miyaura reactions
generally occur in similar conditions in the presence of a phosphine
ligand and a palladium accelerator. Such situations display privileged
practice and pickup [11]. Nonetheless, the costly reagents, lengthy
reaction times, and extreme temperatures appear to be critical and
demand profound attention in the field of industrial application [9-11].

Nanobiotechnology, which combines nanoscience with biology, has
been a hopeful and encouraging field arena for medical studies in the
last few years [12-16]. Nanoscience plays a crucial role in multiple
diagnostic methods, drug delivery vesicles, clinical practices, and cancer
treatments [17-20]. The structural attributes and biological effects of
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Scheme 1. Schematic production of ST-LS/Au NPs nanocomposite and its usage in
the SMC reactions.

nanoparticles have attracted considerable attention from researchers
for applications in pharmaceutical science [21-23].

Knowing the excellent biomedical properties and associative
abilities of these two biopolymers (sodium lignosulfonate combined
starch), we opted to design a polymeric composite of starch combined
with sodium lignosulfonate (ST-LS) combo-polymer in our research for
the bio-inspired synthesis of ST-LS/Au NPs (Scheme 1). Furthermore,
the ST-LS/Au NPs nanocomposite was explored for its possible
biological applications, specifically focusing on its antioxidant potential
using the 2,2-Diphenyl-1-Picrylhydrazyl (DPPH) radical scavenging
assay. Additionally, its ability to inhibit the growth (proliferation) of
pancreatic cancer cell lines such as MIA PaCa2, as well as hepatocellular
carcinoma cells like HepG2, was evaluated by assessing cytotoxicity in
terms of cell viability percentage, using the 3-(4,5-dimethylthiazol-2-
yD-2,5-diphenyltetrazolium bromide (MTT) colorimetric assay.

2. Materials and Methods

2.1. Materials

Sodium lignosulfonate (NaLS), starch, HAuCl,, CH,COOH, NaOH,
DI H,O, and ethanol were purchased from Sigma Aldrich. UV-Vis
spectrometric analysis was performed using an Agilent Cary 100
spectrophotometer. The cell line, MTT reagent, and DPPH were obtained
from Fieser Ltd., USA. fourier transformed infrared spectroscopy (FT-IR)
spectra were recorded using a Bruker VERTEX 80V spectrophotometer.
Field emission scanning electron microscopy (FE-SEM) was performed
with a TESCAN MIRA3 microscope, equipped with an Energy dispersive
x-ray spectroscopy (EDX) analyzer. Transmission electron microscopy
(TEM) images were provided using a Philips CM10 microscope,
operating at 200 kV. For x ray diffraction (XRD) studies, Co Ka radiation
(wavelength 1.78897 A) was employed, with a power capacity of 40
keV and 40 mA. Diffraction data were recorded within a 26 range of
10° to 80°.

2.2. Fabrication of the ST-LS/Au NPs

In a round bottom flask, Lignosulfonate (LS) and Starch (ST) (0.1 g
each) were added to 50 mL DI-H,O and sonicated for 2 hs at 60°C. Then,
a solution of HAuCl, (20 mg in 10 mL water) was added dropwise under
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the same conditions while sonicating for 30 mins. The reduction of
Au®" to Au NPs was confirmed by the color change of the solution from
yellow to dark wine. The obtained solid (ST-LS/Au NPs) was isolated
using a centrifuge, rinsed in de ionized (DI) water, and dehumidified in
a vacuum furnace. The amount of Au in the final composite calculated
by the Inductively coupled plasma-optical emission spectroscopy (ICP-
OES) technique was 0.058 mmol/g.

2.3. General way for Suzuki-Miyaura coupling

We added the ST-LS/Au NPs catalyst (10 mg, 0.02 mol%) to the
mixture of phenylboronic acid (1 mmol), aryl halide (1 mmol), and
K,CO, (2 mmol) in 3 mL H,0-EtOH (1: 1), warmed it up mildly at 50°C
for a specific time period. After consuming the original material (as
corroborated by thin layer chromatography (TLC) (n-hexane/acetone;
4:1), we infused 10 mL of EtOAc into the flask and separated the catalyst
over a centrifuge. Finally, we purified the organic mixture, dehumidified
Na,SO,, and refined it using perpendicular chromatography to give the
correlated biphenyl that was discerned by 'H NMR and '*C NMR.

2.4. Investigating of the antioxidant effects of ST-LS/Au NPs

The DPPH method, originally developed by Brand-Williams, is
a widely used technique for assessing the antioxidant capacity of a
substance by measuring its ability to neutralize the DPPH free radical.
This colorimetric method functions by scavenging free radicals in the
process of which the purple DPPH solution loses its color by accepting
a hydrogen atom or free electron. This change in color results in a
decrease in the absorption value of DPPH free radicals at 517 nm. To
prepare the working solution, 2 mg of the DPPH powder was dissolved
in 30 mL of ethanol. To assess the ability of ST-LS/Au NPs to inhibit
free radicals, 0.5 mL of various concentrations of the nanoparticles,
prepared through serial dilution, were placed in microtubes. Each
microtube was then filled with equivalent volumes of DPPH. Butylated
hydroxytoluene (BHT), a synthetic antioxidant, served as the positive
control, and ethanol was used as the negative control. The free radical
inhibition was quantified using the IC_, value, which represents the
concentration of the substance required to inhibit 50% of the free
radicals. This index can be calculated using the following formula:

% DPPH scavenging or inhibition (%) = [(A;-As)/A ] X100 (@D)

A= absorbance of reference, As = Absorbance of samples

2.5. Cytotoxic effects of ST-LS/Au NPs

In vitro cytotoxicity studies were conducted using the MTT
colorimetric assay on several standard hepatocellular and pancreatic
carcinoma cell lines, including MIA PaCa2, and HepG2, to evaluate the
effects of the ST-LS/Au NPs nanocomposite on inhibiting abnormal cell
growth. The cell lines were first cultured. An appropriate culture medium
was selected, comprising 10% RPMI (Roswell Park Memorial Institute
Medium), fetal bovine serum (FBS), and antibiotics (streptomycin
and penicillin) to maintain optimal growth conditions of humidified
incubation with 5% CO, at 37°C. Once the cells reached approximately
80% confluence, they were washed with fresh medium and centrifuged
at 3000 rpm for 5 mins. The cell pellet was resuspended in 5 mL of
culture medium and incubated under the same conditions (5% CO,,
37°C, and adequate humidity). Live cell counting and contamination
checks were performed using an inverted microscope. The cells were
detached by adding trypsin to the plate and then counted using
trypan blue dye, followed by washing with phosphate-buffered saline
(PBS). After 24 hrs of incubation, the cells were treated with various
concentrations of ST-LS/Au NPs (ranging from 1 to 1000 pg/mL) and
incubated with 20 pL of MTT dye for 4 h. This reaction produced purple
formazan crystals, which were then dissolved in 200 pL of dimethyl
sulphoxide (DMSO). Absorbance was measured using an enzyme-linked
immunosorbent assay (ELISA) reader, and the percentage of viable cells
was calculated using the following Egs. (1) and (2):

Total cells — dead cells

Cell viability % =
ell viability % Total cells

(2)
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2.6. Statistical analysis

The SPSS24 software was used for statistical analysis, and one-way
analysis of variance (ANOVA) and least significant difference (LSD) tests
(p<0.05) were then performed. There were three duplicate analyses.

3. Results and Discussion

3.1. Structural analysis of the ST-LS/Au NPs

In the present work, a novel nanomaterial named ST-LS/Au NPs has
been synthesized by immobilizing AuNPs over the polymeric composite
of LS biopolymer combined with ST as capping/reducing and stabilizing
polymeric template (Scheme 1). The prepared nanocomposite was fully
characterized using various techniques.

Successful preparation of the desired nanocomposite was well
confirmed by FT-IR data. Figure 1 presents the FT-IR perspective of LS,
Starch (ST), ST-LS hydrogel, and the prepared ST-LS/Au NPs material.
The LS shown the characteristic bonds at 3419 cm™ (O-H bond), 2926 cm™*
(C-H), 1620 cm® (C=0), 1498 cm' (COO’), 1421 cm?’ (C-H), 1043
cm? (SO,), and 1050-1350 cm™ due to C=C of alkenyl bonds (Figure
1a). Similarly, starch showed the signals at 3421 cm?, 1083 cm?, and
1649 cm?, allocated to the expansion of O-H, C-O, and O-H flexing
vibrations (Figure 1b). The preparation of the ST-LS composite was
detected by studying the FT-IR spectrum in Figure 1(c), which shows
common peaks of both components with just a slight shift. The resulting
spectrum of ST-LS/Au NPs is also same as Figure 1(c), including some
small shifts due to interactions of gold nanoparticles with the functional
groups of ST-LS composite (Figure 1d). The results agreed well with the
Changxu Wanyan et al report that designed and introduced the Cu NPs/
CS-Starch bio-composite with the same characteristic peaks [24].

The FE-SEM and TEM have been investigated to study the
morphology, form, and dimensions of ST-LS/Au NPs. The results have
been presented in Figures 2, 3, and 4. The SEM image shows the pseudo-
spherical particles (Figure 2). The capping and stabilizing functional
group ST-LS can effectively coat the synthesized AuNPs, forming a
stabilizing layer and thereby producing particles with nano sizes [25].
Next, an inherent structural morphological analysis was conducted
using TEM (Figures 3 and 4). It indicated that the mono-dispersed
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Figure 1. FT-IR perspective of (a) LS, (b) ST, (c) ST-LS, and (d) ST-LS/AuNPs.
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Figure 2. FE-SEM of the ST-LS/ AuNPs
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Figure 3. TEM of the ST-LS/AuNPs (scales bar 150 and 60 nm.

AuNPs had a spherical shape with similar sizes (10 + 5 nm). The same
composite has been introduced for silver nanoparticles encapsulated by
chitosan/starch mixed hydrogel, which acted as a reducing/stabilizing
template that was applied as a novel nano-drug [25].

The elemental constitution of the synthesized NaLS-Starch/AuNPs
nanomaterial was justified by EDX studies. The profile, as displayed in
Figure 5, shows a main peak at 2.21 keV ascribed to the Au element.
In addition, there were C, O, Na, and S as compositional elements
attributed to the NaLS-Starch composite. The elemental mapping study
confirmed the EDX data and showed homogenous distribution of C, O,
Na, and S elements over the matrix (Figure 6). Karmakar et al. [25] also
described similar data for AuNPs synthesized using corn starch as a
natural bio-reducing and capping agent.
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Figure 4. TEM of the ST-LS/AuNPs with scale bar (a) 150 nm, (b) 30 nm.
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Figure 5. EDX of the ST-LS/Au NPs.

Next, the crystalline structure of ST-LS/Au NPs was studied using
XRD. The XRD pattern (Figure 7) shows a characteristic wide bond
assigned to the ST-LS polymeric phase observed around 10-20° (002).
The other arranged signals peak at (111), (200), (220), and (311)
crystal planes, supported the polycrystalline nature and were well-
matched with JCPDS no: 81-0792 of the Au cubic crystal [26].

Figure 6. (a) X ray scanning of the FE SEM image of ST-LS/Au NPs, (b) elemental
mapping of the ST-LS/AuNPs.
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Figure 7. XRD pattern of the ST-LS/Au NPs.
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Table 1. Optimization of reaction requirements for the Suzuki reaction of
phenylboronic acid with 4-bromotoluene catalyzed by ST-LS/Au NPs.?

H;(T—er + [IIO)zB‘O _— CHS

Entry Catalyst Solvent Base T (°C) | Time (h) | Output(%)®
(Au mol%)
1 0.02 EtOH K,CO, 50 2 62
2 0.02 H,0 K,CO, 50 2 45
3 0.02 CH,CN K,CO, 50 1 45
4 0.02 DMF K,CO, 50 1 70
5 0.02 H,0-EtOH (1:1) | K,CO, 50 1 98
6 0.02 H,0-EtOH (1:1) Et,N 50 2 72
7 0.02 H,0-EtOH (1:1) | Na,CO, 50 2 68
8 0.02 H,O-EtOH (1:1) - 50 5 0
9 0.01 H,0-EtOH (1:1) | K,CO, 50 2 65
10 0.03 H,0-EtOH (1:1) | K,CO, 50 1 98
11 0.00 H,0-EtOH (1:1) | K,CO, 50 3 0
12 0.02 H,0-EtOH (1:1) | K,CO, 25 3 70

“Reaction requirements: 4-bromotoluene (1.0 mmol), phenylboronic acid (1.0
mmol), NaLS-Starch/Au NPscatalyst , base (2 mmol) and solvent (3 mL).
bIsolated output.

Table 2. Catalytic activity of ST-LS/Au NPs catalyst in SMC reactions.?

Entry RCHX R X Time (h) Yield (%)
1 H H I 1 98
2 H H Br 2 98
3 H H Cl 10 40
4 4-Me H I 1 98
5 4-Me H Br 2 98
6 4-Me H Cl 10 40
7 4-COMe H I 1 95
8 4-COMe H Br 2 95
9 4-COMe H Cl 10 35
10 4-MeO H I 1 90
11 4-MeO H Br 2 90
12 4-OH H I 1 90
13 4-OH H Br 2 80

1.0 mmol arylhalide,1.0 mmol phenylboronic acid and 2 mmol K,CO, in the
presence of catalyst (0.02 mol%Au), 50°C, 3 mL of H,0-EtOH (1:1), aerobic
conditions.

*Isolated yield.

3.2. Catalytic application of ST-LS/Au NPs nanocatalyst

The research aimed to employ the ST-LS/Au NPs accelerator
catalytically according to its bimolecular structural synthesis and
exact delineation of specific character. We studied the material in the
C-C bond shaping using the Suzuki-Miyaura coupling (SMC) reaction
(Scheme 1). Originally, despite being crucial to standardizing the
reaction requirements by accepting a pattern reaction, including
4-bromotoluene and phenylboronic acid, Table 1 is a documentary
picture of the findings concerning stabilization decreeing various
provisions, containing solvent, kind of base, temperature, and
accelerator over the reaction. The inquiry into the aforesaid elements
implies that the pattern reaction resulted in an enormous yield of
necessary biphenyl in presence 10 mg of ST-LS/Au NPs (0.02 mol% Au
amount) and K,CO, as the proper base through employing EtOH-H,O
(1:1) as solvent at 50°C in air (Table 1, entry 5).

After we had obtained strong and consistent reaction requirements,
we could display their appropriate application and different adaptation
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Figure 8. Reusability of the ST-LS/Au NPs catalyst.

capacity to numerous substrates. Table 2 demonstrates the wide variety
of layers used in the coupling reaction, affirming our findings that the
major components were greatly compliant with the reaction factors.
As a result of their feeble leaving valency, the chloroarenes were
remarkably slower in their responses than the pertaining bromo or iodo
(Table 2, entries 3, 6, 9). It should also be noted that despite the effect
of other organic possibilities, similar electron-giving (CH,, OCH,, OH)
or withdrawing groups (COCH,) helped to supply excellent yield just
in 1-3 hrs.

Having completed a modern category of the pattern response, we
detached /isolated the heterogeneous ST-LS/AuNPs nanocomposite
by a centrifuge entirely cleaned with EtOH and dehumidified at 50°C
to discover its reusability. We also appraised stability and efficiency
of the material through reusing additional deals of substance, and
surprisingly, the catalyst had adequate potency to continue operating
for nine more successive consecutive periods (Figure 8). The strength
of the nanocatalyst was confirmed through a hot filtration test in
which the catalyst was separated in the middle of the reaction using
a centrifuge following half of the experiment. Afterwards, we went on
to fulfill the rest of the work in catalyst-free situations. Amazingly, the
reaction yield did not show any additional progress, illustrating lack of
active sorts and varieties, and when removed in certain conditions, it
would not be catalytically active either.

3.3. Evaluation of antioxidant capacity and cytotoxicity studies of ST-LS/
Au NPs nanocomposite

Several studies have highlighted the remarkable antioxidant
properties of Au NPs and their nanocomposite derivatives, which are
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Figure 9. Antioxidant potential of ST-LS/Au NPs nanocomposite.
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currently under in vitro investigation. AuNP-based antioxidant materials
are in high demand in the healthcare industry for their potential to
alleviate oxidative stress. Additionally, materials exhibiting strong anti-
tumor activity and the ability to induce cell death in cancerous cells
have been reported to possess considerable antioxidant properties. In
this study, we utilized the well-established DPPH assay to assess the
antioxidant potential of the ST-LS/Au NPs nanocomposite (Figure 9).
The DPPH solution (150 pL, 0.04 mg/mL in ethanol) was combined
with the antioxidant sample at six different concentrations (31.25,
62.5, 125, 250, 500, and 1000 pug/mL). Upon radical neutralization,
the purple color of the DPPH solution faded to a pale yellow. The
antioxidant capacity of the material was quantified through UV
absorption measurements, and the percentage inhibition was calculated
using the following equation (Eq. 1). The IC,; value for ST-LS/Au NPs
nanocomposite against DPPH free radicals was found to be 139 pg/mL
in the antioxidant assay (Figure 9).

The cytotoxicity of the ST-LS/Au NPs nanocomposite was evaluated
using the MTT assay on pancreatic carcinoma and hepatocellular
cell lines, including MIA PaCa2 for pancreatic carcinoma and HepG2

40
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Figure 10. In vitro toxicity analysis of ST-LS/Au NPs on (a) MIA PaCa2 cell and (b)
HepG2 cell.
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Figure 11. In vitro toxicity analysis of ST-LS/Au NPs on HUVEC cell.
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for hepatocellular carcinoma, across different concentrations. The
results, presented in Figure 10, clearly indicate that the ST-LS/AuNPs
nanocomposite exhibits considerable cytotoxic effects on both cell lines,
with toxicity increasing as the concentration of the nanocomposite
rises. As cell viability is inversely related to toxicity, a decrease in cell
viability was observed with higher concentrations of the material. The
calculated IC,; values were 272 and 228 pg/mL for MIA PaCa2 and
HepG2 cell lines, respectively. Remarkably, the highest inhibition was
observed for the HepG2 cell line. Furthermore, cytotoxicity assays
conducted on the normal human cell line human umbilical vein
endothelial cells (HUVEC) demonstrated minimal effects, suggesting
that the ST-LS/AuNPs nanocomposite is relatively safe for human cells
(Figure 11).

4. Conclusions

ST-LS/Au NPs, a novel nanomaterial for catalytic and bioapplication,
was synthesized. By using ST-LS polymeric composite as a green capping-
reducing template and decorating Au NPs into the ST-LS composite,
a mild procedure was introduced. The generated ST-LS/Au NPs were
fully characterized using various advanced analytical methods. The
images obtained from FE-SEM and TEM indicate that the particles are
predominantly spherical and exhibit a uniform size of approximately 10
+ 5 nm. In addition, the AuNPs are applied as a splendid catalyst for the
Suzuki-Miyaura mating reaction. The NiO NPs/Pistacia nanocomposite
was investigated for its anticancer potential against hepatocellular and
pancreatic carcinoma cell lines. The potential of the ST-LS/Au NPs
nanocomposite as an anticancer agent was explored through its effects
on pancreatic and hepatocellular carcinoma cell lines. To begin, the
antioxidant properties of the material were evaluated using the DPPH
assay, which yielded notable IC, values, indicating strong antioxidant
activity. Following this, the nanocomposite was tested for its cytotoxic
effects on two cancer cell lines— MIA PaCa2 (pancreatic carcinoma)
and HepG2 (hepatocellular carcinoma). The results revealed promising
IC,, values, demonstrating the compound’s potential as an effective anti-
cancer agent. These findings point to the ST-LS/AuNPs nanocomposite
as a promising candidate for further preclinical in vivo investigations,
with the potential to serve as a novel therapeutic approach for treating
pancreatic and hepatocellular cancers in humans.
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