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Abstract: Green synthesized silver nanoparticles (AgNPs) have been used against antibiotic-resistant
bacteria and chemo-resistant cancer cells. We synthesized AgNPs from Acacia nilotica pods, evaluating
their antibacterial activity against eight bacterial strains and anticancer efficiency against two colon
cancer cell lines, SW620 and SW480. Expression levels of eight genes (B-catenin, APC, TP53, Beclinl,
DKK3, Axin, Cyclin D1, and C-myc) were checked by a reverse transcription-polymerase chain
reaction in cancer cells before and after treatment with A. nilotica extract and A. nilotica-AgNPs.
Prepared nanoparticles were characterized through ultraviolet-visible (UV-vis), Zetasizer, scanning
electron microscopy (SEM), and transmission electron microscopy (TEM). Fourier transform infrared
spectroscopy (FTIR) was used to identify the functional group in extracts. At first, AgNPs were
confirmed by a sharp peak of surface plasmon resonance at 375 nm. The Z-average size was 105.4 nm
with a polydispersity index of 0.297. TEM showed particle size of 11-30 nm. The prepared AgNPs
showed promising antibacterial activity against bacterial strains and cytotoxic activity against the
cancer cell lines. Expression levels of all the genes were affected by extract and AgNPs treatment.
Overall, this study recommended both A. nilotica pods and A. nilotica-AgNPs as attractive candidates
for antibacterial and anticancer applications.
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1. Introduction

Nanoscience is one of the outstanding areas of science that utilizes and develops
structures and materials with sizes ranging in a nanometer scale. Nano-size ranges between
1 to 100 nm are considered nanoparticles (NP) [1]. Since the emergence of nanotechnology,
numerous physical techniques have emerged to synthesize NPs, including laser ablation,
electron irradiation, photochemical methods, and chemical reductions; NPs have wide
applications, such as in health care, cosmetics, environmental health, mechanics, optics,
and biomedical sciences [2,3]. At present, metal-based nanoparticles, such as silver, copper,
iron, gold, titanium, platinum, etc., have a primary role in nano-medicine applications [4].
Among them, silver nanoparticles (AgNPs) are the most widely utilized material because
of their unique properties [5]. Although the silver ions can be converted to AgNPs by being
reduced through a chemical process or by ion sputtering, these techniques need hazardous
chemicals for the conversion process, resulting in environmental deterioration [2]. Extracts
from many biological sources have the capacity to reduce silver ions to AgNPs with less
toxicity and can also act as stabilizing agents during the green-synthesis process [6-10].

AgNPs are reported to be antimicrobial agents against many antibiotic-resistant bacte-
ria as well as having cytotoxic effects against many cancer cells [11]. Green-synthesized
AgNPs are being used in different healthcare sectors, especially as antibacterial and anti-
cancer agents. The synergistic effect of AgNPs with antibiotics is currently used against
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infections caused by multi-resistant gram-positive and gram-negative bacterial strains.
Mixing AgNPs with antibiotics reduces the dose required and produces fewer side effects.
Antibiotic efficiency is also increased when AgNPs are used as drug carriers, improving
their release and selectivity against resistant strains. Many studies have validated the
outstanding anticancer potential of green-synthesized AgNPs, as they can target cancer
tissue both passively and actively [12]. AgNPs penetrate the cancer tissues, resulting in cell
death through activating many signaling pathways related to mitochondrial dysfunction,
oxidative stress, autophagy, and endoplasmic reticulum stress [13,14]. Due to their unique
size and morphology, green-synthesized AgNPs act as excellent antibacterial agents [15,16].
The mechanism involved in the antibacterial action is not fully understood, but the cations
released by AgNPs are able to chelate DNA strands, induce protein damage, and interrupt
bacterial cell walls, which leads to elevated reactive oxygen species (ROS) inside the living
cells [17-20]. The biological activity, including anticancer and antibacterial properties, of
green-synthesized AgNPs is determined by their size and shape [21-24].

Colorectal cancer (CRC) stands in the third position among malignant tumors in
humans, with the mortality rate increasing globally and the survival rate remaining low [25].
Treatment resistance in CRC remains an unsolved problem. Metastatic colorectal cancer
is mainly treated with chemotherapy of 5-fluorouracil, leucovorin, and oxaliplatin as a
first-line drug treatment, but chemoresistance and disease relapse remain a challenge [26].
Nowadays, bacterial antimicrobial resistance has become a leading threat in the health
sector. Detergents and disinfectants are supplemented with AgNPs as antimicrobial agents
against resistant pathogenic microbes for better hygiene [27].

The Acacia nilotica is widely distributed in Egypt, South Africa, India, Australia, and
Central America. It is a valuable plant with medicinal properties, and it is potentially rich
in antioxidant substances [28]. The entire plant is enriched with biomolecules, such as
amino acids, proteins, sugars, and antioxidants. It is also rich in gallic acid, eleagic acid,
isoquercetin, leucocianidolum, and glucopyranoside, and is used for treating many diseases
due to its antimicrobial, antiplasmodial, and antioxidant properties. Phenolic compounds
present in this plant have the capacity to block or suppress carcinogens and significantly
inhibits the development of tumors [29]. As reported by Ali & Qaiser [30], A. nilotica can pre-
cipitate bacterial proteins to inhibit their growth due to the depletion of nutritional proteins.
A. nilotica can form irreversible complexes with proline-rich proteins in the bacterial cell to
stop protein synthesis [30]. Pods of A. nilotica are very rich in protein and essential amino
acids. These pods are also enriched with many organic compounds and phytochemicals,
such as alkaloids, phenols, resins, steroids, oleosins, phenolics, glycosides, tannins, and
volatile essential oils. Although a few studies on the antibacterial and anticancer activity
of A. nilotica are found in the literature, A. nilotica species grown in Saudi Arabia have
not been explored. The climatic conditions in deserts induce different biochemical and
physiological activities that affect plant growth, development, and production of several
metabolites, especially regarding the high content of natural antioxidants (mostly phenolic
compounds), hydrocarbons, and terpenoids [31,32]. In the present study, AgNPs were
synthesized using an extract of pods of Acacia nilotica from Saudi Arabia, and explored for
anticancer and antibacterial activity. Expression levels of eight genes (3-catenin, APC, TP53,
Beclinl, DKK3, Axin, Cyclin D1, and C-myc) were checked in colon cancer cell lines SW620
and SW480 before and after the treatment with A. nilotica extract and A. nilotica-AgNPs.

2. Materials and Methods
2.1. A. nilotica Pods Extract

Pods from the A. nilotica tree grown in Riyadh city were used for the study. Pods were
washed, air-dried, and finally powdered. Dried pods were boiled in distilled water with
a ratio of 1:10 weight/volume for 30 min. The solution was cooled, filtered, and stored
at4 °C.
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2.2. Preparation of Silver Nanoparticles

The A. nilotica pod extract was used to reduce the silver nitrate (AgNOj3) solution
to AgNPs. 100 mL of extract was added to the AgNOj3 stock solution to keep its final
concentration at 1 mM at room temperature. The reduction was observed through the color
change from faint yellow to brown.

2.3. Characterization of A. nilotica-AgNPs

The synthesized A. nilotica-AgNPs were characterized using different techniques.

2.4. UV/Vis Spectroscopic Analysis

Initially, UV /Vis spectroscopic analysis was done for quick detection of synthesized
AgNPs. The sample was monitored for the completion of bio-reduction of Ag+ in an
aqueous solution by noting the absorbance at wavelengths from 300 to 600 nm.

2.5. Scanning Electron Microscope (SEM) and Transmission Electron Microscopy (TEM)

The average size of A. nilotica-AgNPs was determined by a transmission electron
microscope and scanning electron microscopy. Scanning electron microscopy scans the
samples through a beam of electrons for three-dimensional imaging. Due to its high
resolution, it is often used in nano-medical research. In transmission electron microscopy,
the interior of the sample is visualized through the transmission of a beam of electrons
through a small specimen. This technique is considered among the most powerful tools for
providing information about nanoparticles.

2.6. Average Particles Size and Zeta Potential Analysis

The Z-average size of A. nilotica-AgNPs was determined through dynamic light scat-
tering (DLS) and zeta potential by electrophoretic light scattering (ELS). DLS measures
particle size by illuminating the particles with a 633 nm wavelength red laser, at a scattering
angle of 173°, a measurement temperature of 25 °C, and a medium viscosity of 0.887 mPa s.
Zeta potential value helps in understanding the inter-particle interaction forces. Particles
in the suspension with low density, smaller size, and with a large negative or positive zeta
potential repel each other; the system is relatively stable and resists aggregation.

2.7. Fourier-Transformed Infrared Spectroscopy (FTIR)

Fourier-transformed infrared spectroscopy is typically used to explore different bio-
reducing functional groups in a sample. Potassium bromide was used to encapsulate
A. nilotica-extract and A. nilotica-AgNPs for Fourier-transformed infrared spectroscopy
Functional groups present in both extracts were detected in a spectrum from 4000 to
400 cm 1.

2.8. Antibacterial Activity

We measured the antibacterial activity of A. nilotica-extract and A. nilotica-AgNPs
against eight bacterial strains by the well-diffusion method. Test bacteria were provided
by the Biochemistry Department at the Science College of King Saud University. Test
strains include Staphylococcus aureus, Staphylococcus epidermis, Bacillus subtilis, Streptococcus
pneumonia, Escherichia coli, Salmonella typhi, Pseudomonas aeruginosa, and Klebsiella pneumonia.
The bacteria suspensions prepared the day before were aseptically spread on nutrient agar
plates using a sterile cotton swab. Once dried for a few minutes, a 6 mm well was inserted
in the plate with the help of sterile glass rod. For the antibacterial test, each well was loaded
with 100 pL of A. nilotica-extract or A. nilotica-AgNPs. The prepared plates were incubated
at 37 °C for 18 h. The maximum zone of inhibition was recorded as the diameter in mm for
each well.
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2.9. Cytotoxic Activity

Cytotoxic activity was measured against two colon cancer cell lines by the MTT
assay. SW620, and SW480 colon cancer cell lines were treated with different concentrations
(3.125, 6.25, 12.5, 25, 50, and 100 pL) of A. nilotica- extract and A. nilotica-AgNPs, and
compared with untreated cells to check the cell viability after 24, 48 and 72 h duration.
Briefly, 96-well plates were used to seed SW620 and SW480 colon cancer cells at a density
of 2 x 10° cells/well for 24 h. Seeded cells were exposed to different test concentrations
of A. nilotica- extract and A. nilotica-AgNPs as mentioned above. Finally, 100 uL of 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) at a concentration of
5mg/mL was added at 37 °C. After 2 h of incubation in dark conditions, MTT was removed,
followed by the addition of 100 uL dimethyl Sulphoxide to dissolve formazan crystals. The
optical density was recorded at 490 nm.

2.10. Gene Expression

The expression level of eight genes (3-catenin, APC, TP53, Beclinl, DKK3, Axin,
Cyclin D1, and C-myc) before and after the treatment with 25 pm of A. nilotica-extract and
A. nilotica-AgNPs for 48 h was measured using the RT-PCR by using ABI 7500 Sequence
Detection System (Applied Biosystems, Foster City, CA, USA). Primer sequences and
annealing temperature for RT-PCR are listed in Table 1.

Table 1. Primer sequence used for relative mRNA expression levels.

Primer Sequence
GAPDH F: AATGGGCAGCCGTTAGGAAA
R:GCCCAATACGACCAAATCAGAG
CCND1 F: ATCAAGTGTGACCCGGACTG
R: CTTGGGGTCCATGTTCTGCT
C-MYC F: TGGAAAACCAGCCTCCCG
i R: TTCTCCTCCTCGTCGCAGTA
CTNNBL F: GTAAAACGACGGCCAGTGGACTTCACCTGACAGATCCA
R: CAGGAAACAGCTATGACCAGCTCATCATCCAGCTCCAG
APC F: GACTCGGAAATGGGGTCCAA
R: TCTTCAGTGCCTCAACTTGCT
BECN1 F: GTAAAACGACGGCCAGTGCTGTTTGGAGATCTTAGAGCAA
R: CAGGAAACAGCTATGACCAGCTCATCATCCAGCTCCAG
P53 F: GTAAAACGACGGCCAGTGTCTGGGCTTCTTGCATTCT
R: CAGGAAACAGCTATGACCCCAAATACTCCACACGCAAA
DKK3 F: GAAGGAGCCACGAGTGCAT
R: CAGTGACCCCAGACACACAG
AXINI F: GTGCCCCTACCTCACATTCC

R: CTCACCTTCCTCCTCCATGC

2.11. Statistical Analysis

Results are presented as mean £ SD for at least three independent experiments.
Statistical analyses were performed using SPSS software (version 25.0). Statistical dif-
ferences between the groups were analyzed through ANOVA and t-tests; p < 0.05 was
considered significant.

3. Results and Discussion
3.1. Green Synthesis of Silver Nanoparticles
Biosynthesis of silver nanoparticles from A. nilotica- extract occurred by adding an

aqueous solution of silver nitrate. The color change in the mixture from yellow to brown
indicates the formation of AgNPs by reducing silver ions. The A. nilotica is very rich in
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active biomolecules, especially phenols and antioxidants [29,30], which can act as a reducing
agents in the synthesis process. In green synthesis, phytochemicals present in extracts
acts as reducing agent for the production of metal nanoparticles. Oxygen produced in the
process links the reduced metal ions, resulting in stability and preventing agglomeration.

3.2. Characterization of A. nilotica-AgNPs

At first, we used UV-vis spectroscopy to confirm the formation of AgNPs with the
surface plasmon resonance (SPR) peak at 375 nm (Figure 1). Depending on the size and
shape, the surface plasmon resonance peak of AgNPs is in the range 370 to 470 nm [33,34].
Silver ions show sharply localized surface plasmon resonance (LSPR) bands due to strong
plasmonic interaction with light [35]. Free electrons present in AgNPs can oscillate fre-
quently to produce an SPR absorption band in light waves [36]. The frequency of SPR is
determined by the dielectric constant of the medium, in addition to the size and shape of
AgNPs. The Z-average size of prepared AgNPs was 105.4 nm, with a polydispersity index
(PDI) of 0.297 (Figure 2). Aggregation and uniformity of synthesized particles in a sample
are shown by the PDI value. Monodispersed particles have a PDI value of less than 0.1,
whereas large size distribution has values above 0.7. ELS analysis showed a zeta potential
of —17.1 mV (Figure 3). The TEM image revealed the formation of AgNPs from A. nilotica
extract, and was found in the range of 11-26 nm (Figure 4). These results are in agreement
with the UV-vis peak of 375 nm, as the plasmon resonance (SPR) peak range depends on
the size of the particle, as smaller particles absorb smaller wavelengths [37]. The Z-average
size of 105.4 nm indicates little aggregation, as DLS shows hydrodynamic diameter, but
images of nanoparticles under TEM are in the dried form [38]. The size difference between
the two techniques is acceptable, as in DLS the diameter of the particle is measured with a
layer of solvent in the dispersed phase, but not in TEM [21,23]. Surface morphology was
determined with SEM. The synthesized AgNPs were distributed irregularly, having rough
surfaces (Figure 5). The synthesized AgNPs were stored at room temperature in a dark
container to ensure stability and long-term storage [39]. Prior to the antibacterial activity
measurement and cytotoxic test mentioned below, we ensured the stability of synthesized
nanoparticles by measuring their Amax values, i.e., the position of the peak.

1.600 | | ,

1.500

1.000

Abs,

0.500

0.000 L L 1

330.00 600.00 800.00 950.00
nm.

Figure 1. UV-vis absorbance spectra of AgNPs prepared with aqueous A.nilotica pod extract.
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Figure 2. Average size of AgNPs prepared with aqueous A. nilotica pod extract.
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Figure 3. Zeta potential of AgNPs prepared with aqueous A. nilotica pod extract.

3.3. Fourier-Transformed Infrared (FTIR)

Many active compounds were detected in A. nilotica extract through FTIR, which
aided in the green synthesis of nanoparticles (Figure 6). An intense peak is shown for OH
stretching due to phenols; N-H and C-H bending for amide and aromatic groups; and C=C
stretch for carboxylic or amide groups, representing the presence of active compounds
responsible for capping and reducing the particles (Table 2). The spectral data indicate the
presence of lipids, proteins, carbohydrates, and pigments [40].
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Figure 4. TEM micrograph of AgNPs prepared with aqueous A. nilotica pod extract.
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Figure 5. SEM micrograph of AgNPs prepared with aqueous A. nilotica pod extract.
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Figure 6. FTIR of (A). Aqueous A. nilotica pod extract, (B) Biosynthesized AgNPs prepared with
aqueous extract of A. nilotica pods.

3.4. Antibacterial Activity

In the present study, eight bacterial strains were tested for the antibacterial efficiency
of A. nilotica extract and prepared AgNPs. The antibacterial efficiency of both samples
shows a varying degree of inhibition for all strains, as shown in Table 3 and Figure 7.
Prepared AgNPs were more potent against E. coli, with a zone of inhibition of 27 mm,
whereas A. nilotica extract showed maximum inhibition against B. subtilis with 20 mm
inhibition zone. Against S. aureus, S. epidermidis, S. pneumonia, S. typhi, P. aeruginosa, and
K. pneumoniae, the zone of inhibition was 20 mm, 23 mm, 25 mm, 25 mm, 15 mm, and
18 mm for AgNPs, respectively, and 10 mm, 11 mm, 13 mm, 12 mm, 10 mm, and 15 mm
for A. nilotica extract, respectively. The antibacterial efficacy of AgNPs mainly depends
on their size and shape, as small-sized and round-shaped particles are more toxic. Many
studies have reported round-shaped nanoparticles, with sizes around 10 nm, are efficient
antibacterial agents [41]. Plant-derived AgNPs can permeate the bacterial cell, where they
can interact with proteins, enzymes, and DNA, leading to cell death. These particles easily
stick to the negatively charged bacterial cell surfaces to induce certain chemical and physical
changes in the cell boundaries [42]. A. nilotica-AgNPs showed a higher inhibition zone
against both gram-positive and gram-negative bacterial strains compared with A. nilotica
extract, which can be related to the small size of the nanoparticles. Several pathogenic
gram-positive and gram-negative strains can cause many complications in humans and
animals. Bacillus, Staphylococcus, and Streptococcus are members of the most infectious
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gram-positive strains, while Escherichia, Klebsiella, and, Pseudomonas are among the most
infectious gram-negative strains. Massive application of antibiotics creates drug resistance
in many bacterial strains, such as S. aureus, B. subtilis, E. coli, K. pneumonia, and P. aeruginosa.
Use of AgNPs to target resistant bacterial strains as an alternative to antibiotics is of peak
interest in the medical field.

Table 2. FT-IR spectra showing probable functional groups of aqueous A. nilotica pod extract and
A. nilotica-AgNPs extract.

Wave Number (cm~—1) Probable Functional Group
A. nilotica Extract A. nilotica-AgNPs
Lipids (3000-2800 cm™1)
3754.10 O__H stretch (Alcohols)

3368.82 3403.42 N__H stretch (Amines)
Proteins (1700-1500 cm ™)

1708.99 1706.32 C=0 (Saturated Aldehyde), C=C stretch (Benzene)

1613.63 1619.44 N__H bend (Nitro compoupds, Amides), C__C stretch (Amides),

C=0 stretch (Carboxylic acid, Ketone), C=C (Benzene, Alkenes)
1530.08 1526.04 N__H bend (Nitro compounds), C__O stretch (Amides, Ketone),

C=C (Benzene)

Carbohydrates (1500-1200 cm 1)

N=O0 stretch (Nitro compounds), CO__H bend (Aldehydes), O_H

1448.09 144575 bend (Alcohols)

1347.54 1347.58 iﬁislt;)e,tcohi?{nﬁi:jcsl)'(ccang;rlic:ci(gss)terS), s Hhes
i, 0 o (Caboyhcacay
12334 1123.95 (SEzsct?3 lsr’sgf(gfﬁeiszllfé)gﬁci;s), C__N stretch (Amines), C__O stretch
103208 1030.88 N__H bend (Nitro compounds, Amides), C__C stretch (Amides),

C1/40 stretch (Carboxylic acid, Ketone), C1/4C (Benzene, Alkenes)

-Cell wall components and chlorophyll (1000-600 cm™1)

865.77 866.56 =C__H bend (Alkenes) (Pectin)
757 09 756.84 C_N §tretch (Amines), =C__H bend (Benzene), C__C stretch
(Chlorides)
C__N stretch (Amines), =C__H bend (Benzene), C__C stretch
665.32 .
(Chlorides)

Table 3. Zone of inhibition (mm) of AgNPs synthesized from plant extract against different gram
+ive and gram —ive bacterial strains.

Zone of Inhibition (mm)

Strains Plant Extract Biogenic AgNP
S. aureus 10 20
G . B. subtilis 20 20
ram +ive S.epidermidis 1 23
S.pneumonia 13 25
E. coli 11 27
. . typhi 12 2
Gram —ive P. aeruginosa 10 15

K. pneumoniae 15 18
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Figure 7. Zone of inhibition (mm) of AgNPs synthesized from plant extract against different gram
+ive and gram —ive bacterial strains.

3.5. Cytotoxic Activity

We evaluated in vitro anticancer activity of A. nilotica extract (1:10 w/v) and A. nilotica
AgNPs against two colon cancer cell line, SW620 and SW480. Both samples reduced the
cell viability of cancer cells with increased concentration. A. nilotica AgNPs showed higher
cytotoxicity as compared with A. nilotica extract (Figure 8). Both A. nilotica extract and
AgNPs reduced cell viability at 24 and 48 h. However, cell viability at 72 h was almost
the same as at 48 h. This may be due to change in the concentration of extracts over time;
after 48 h, the living cells increase their proliferation at lower solvent concentrations, thus
causing less toxicity at 72 h of incubation [43,44]. A decrease in cell viability determines
the anti-tumor activity of nanoparticles, therefore reducing disease progression [45]. Silver
nanoparticles induce cytotoxic effects by physiochemical interaction with intracellular
proteins and DNA through phosphate groups and nitrogen bases [46]. AgNPs regulate
many signaling pathways in cell cycles by upregulating or downregulating the expression
levels of many key genes and reducing cell proliferation and viability [47,48].

3.6. Gene Expression

Mutations in a few genes of the WNT/ 3-catenin signaling pathway are detected in
CRCs. Therapies inhibiting Wnt/ 3-catenin signaling pathways are in clinical trials, but
chemo resistance remains a major challenge. Therefore, nanoparticles synthesized from
plants are being explored for cancer treatment therapies all over the world. A WNT/f3-
catenin signaling pathway is stimulated by activating gene mutations in catenin beta 1
(CTNNBI1)-encoding 3-catenin, and by inactivating gene mutations in adenomatous poly-
posis coli (APC) [49]. In the present study, we observed the expression level of key regula-
tors of the Wnt/ 3-catenin signaling pathway, besides TP53and BECNI1, after treating the
colon-cancer cell lines (SW620 and SW480) with the A. nilotica extract and its AgNPs. The
expression level of these eight genes, APC, AXIN, DKK3, TP53, CTNNB1,CCND1, C-myc,
and BECN1, was measured, as shown in Figure 9.
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Figure 8. Cytotoxicity of A.nilotica pod extract and its AgNPs on colon cancer cell lines (SW480 and
SW620) following 24, 48 and 72 h exposure.
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Figure 9. Gene-expression levels in colon cancer cell lines (SW480 andSW620) treated with A. nilotica
pod extract and AgNPs; control (without treatment) versus treated cell line. * p < 0.05; ** p < 0.01;
% < 0.001.

Gene-expression results showed a decrease in the expression levels of APC with
A. nilotica extract treatment, with a slight increase with AgNPs in SW480. However, both
treatments decreased the expression in SW620. AXIN showed a significant increase in
expression with extract and AgNPs in SW480, but the expression level of both genes was
lower in SW620. TP53 and DKK3 expression level was lowered by extract and AgNPs
treatment in both colorectal cell lines. CTNNB1, C-myc, CCND1, and BECN1 showed a
decrease in expression with A. nilotica extract in SW620, but AgNPs treatment decreased the
expression level in both cell lines. The reduced expression of AXIN and abnormal expres-
sion of CTNNB1, C-myc, CCNDI1 are used as a marker for determining metastasis [50,51].
Cell lines have their unique characteristics; SW480 cells are derived from the primary
tumor, while SW620 cells are derived from a metastatic site [52]. The minor difference in
expression levels of genes in both cell lines can be correlated with their origin [53]. Different
levels of gene expression in cancer tissue is correlated with tumor size, clinical stage, and
pathological grade [54]. Many anticancer agents/therapies target Wnt signaling, as it is
mostly dysregulated in cancer tissue. Many such anticancer agents are explored keenly
for early-phase clinical trials set up. Some agents with minimally acceptable toxicity have
demonstrated abrogation of the pathway. Axin is associated with the colorectal tumor
suppressor APC; Axin interacts with b-catenin, GSK-3b, and APC, and negatively regulates
the Wnt signaling pathway, presumably by regulating the level of b-catenin [55]. The
expression level of Dkk3 is downregulated in colorectal non-neoplastic mucosa, adenoma
to adenocarcinoma, and is negatively correlated with invasion depth and colorectal cancer
cell dedifferentiation rate [56]. Cyclin D1 is an oncogene that regulates the cell cycle. Cyclin
D1 is assumed to play a very important role in cancer development, as it regulates the
G1 progression step of the cell cycle. More than one- third of colorectal cancer showed
upregulated Cyclin D1 expression [57]. In addition, the disparity in gene-expression results
may relate to cell sensitivity and metastatic tumors.

4. Conclusions

This is probably the first report of AgNPs synthesized from pods of A. nilotica from
Saudi Arabia. A. nilotica pods were used as reducing and capping agents for the synthesis



Processes 2023, 11, 301 14 of 16

of AgNPs. SPR peak revealed small sized particles, which was confirmed by TEM, in
the range of 11-26 nm. FTIR detected intense peak for active compounds responsible for
capping and reducing the particles. A. nilotica-AgNPs showed remarkable antibacterial
and anticancer activity. However, in vivo studies through animal models are needed to
further elaborate their efficacy.
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