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Abstract

Aim: Angiogenesis, invasion, and tube forma

critical processes in tumor progression and

targeted cancer therapy. This study eval i-angiogenic and anti-invasive effects of Moringa
oleifera silver nanoparticles (MO-AgNPs)
i vities of MO-AgNPs were investigated using a series of
at aortic ring assay, endothelial tube formation assay, cell

ation, comparable to the effect of quercetin. In the ex vivo aortic ring
assay, MO-AgNPs reduged i ssel sprouting by 83.824 + 0.081%, surpassing the inhibition achieved by

well as quercetingfsi antly reduced spheroid diameter by day 14, indicating suppressed invasive
potential and a

relevant highlighting their potential as a therapeutic agent against tumor progression and
angioge
nanot cancer treatment.
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Introduction

agent, which contains a diverse array of bioactive compounds such as flavenoids, phenolic acids, and
alkaloids. These phytochemicals play a critical role in the reductiongof s and capping of
nanoparticles, thereby influencing the physicochemical properties a ical activity of Moringa
oleifera silver nanoparticles (MO-AgNPs) [3]. While the exact composi of bioactive molecules adsorbed
onto the nanoparticles can vary depending on extraction and synthe ions, studies have shown that
flavonoids and phenolics are predominantly responsible f observed antioxidant and anti-

inflammatory effects, which likely contribute to the anti-angioge demonstrated in our results.
pient of MO-AgNPs, which are gaining
stigates the effects of MO-AgNPs on
5Ses central to tumor progression and

Recent advances in nanotechnology have enabled the develo
attention for their potential biomedical applications. Thiss
angiogenesis, metastasis, and vascular development, biologic
dissemination. Angiogenesis, the formation of new blood sels from pre-existing vasculature, is a

hallmark of cancer that supports tumor growth and metastasis¥The metastatic cascade further involves

cancer cell invasion, migration, and interaction with or microenvironment [4, 5].

This study aims to elucidate t anistic impact of MO-AgNPs on angiogenesis and metastasis,
offering insights into their targeted anti-tumor agents. The findings contribute to the growing
body of research on nanoparti ased strategies for cancer therapy.

25 g of dried leaf powder was extracted with 250 mL of absolute ethanol (1:10
r 30 minutes, and centrifuged at 6,000 rpm for 15 minutes. The extraction was repeated
supernatants were filtered and concentrated using a rotary evaporator at 60°C. The
at 4°C. The remaining pellet was re-extracted sequentially with 50% ethanol and

Green synthesis of MO-AgNPs was carried out by mixing 10 mL of 1% (w/v) aqueous extract with
90 mL of 169.88 pg/mL silver nitrate (AgNO5) solution. The reaction mixture was incubated at 60°C for 8 h
under continuous agitation. Nanoparticle formation was indicated by a color change from yellowish to dark
brown. The synthesized nanoparticles were collected by centrifugation at 6,000 rpm for 30 minutes,
washed three times with deionized water, freeze-dried, and stored at 4°C until use [6].
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Nanoparticle characterization

Basic physicochemical characterization of the synthesized nanoparticles was performed using ultraviolet-
visible (UV-Vis) spectroscopy, dynamic light scattering (DLS), and zeta potential analysis. As the DLS and
zeta potential data have been previously published in our earlier work [7], UV-Vis spectroscopy data are
included in Figure S1.

Assessment of EC invasion

To investigate the anti-invasive potential of MO-AgNPs as a targeted anti-tumor thera is study
assessed their ability to inhibit the invasion of the EC line (Ea.hy926) through a Ma 1® bargier (Corning,
USA) [8, 9]. Matrigel, diluted in Dulbecco’s modified eagle medium (DMEM) at 1r as dispensed
into a 96-well plate and allowed to solidify for 1 h. Subsequently, 5,000 cells per well were seeded and
treated with one of the following: 0.05% DMS0:0.05% deionized water (negative control), 15.11 pg/mL

quercetin (Genochem World, Spain) as a positive control, or MO-AgNPs at ce ions of 12, 6, 3, and
1.5 pg/mL.

The plates were incubated for 24 h at 37°C in a humidified atm
incubation, the upper medium containing non-invaded cells was g
with phosphate buffered saline (PBS). The number of invaded
quantified using an inverted microscope at 40x magnification [10

ontaining 5% CO,. Following
removed, and wells were washed
ining in the lower matrix was

The degree of invasion inhibition was calculated by a
fields and applying the following formula:

cellFcounts from multiple microscopic

. . T __[1 - (Average cells inva Matrigel in treated group) x 100
Cell invasion inhibition (%) - [ Averageseells invading Matrigel in untreated group

Three independent experiments were condugte
deviation (SD).

e results were presented as mean #* standard

Tube formation assay for ECs

This assay was conducted to evaluate thefinhi fects of MO-AgNPs on the ability of Ea.hy926 cells to
form capillary-like structures on Mat [11, 12]. Ea.hy926 cells were first cultured in flasks for 48 h.
After this incubation period, the culture me was replaced with fresh DMEM containing either 0.05%
DMSO0:0.05% deionized water (negative control), 15.11 pg/mL quercetin (positive control), or MO-AgNPs at

concentrations of 12, 6, 3, and 1.5jug/mL.

Following 24 h of treatment, Matki iluted 1:1 with DMEM was added to each well of a 48-well plate
and allowed to solidify for ells from the treated flasks were then counted, and 100,000 cells
were resuspended in fresh D and seeded into each well. The formation of tube-like structures was

ntervals,under an inverted microscope, with typical tube formation observed
approximately two -@ 3 ours post-seeding. Images were captured at 40x magnification using an
Olympus CKX41 digital*eamera (Japan).

The perce inhibition of tube formation was calculated using the following formula:

1 — (Average of enclosed area in treated group) X 100
Average of enclosed area in untreated group

be formation inhibition (%) = [

Experimental animals

Male Wistar rats, weighing approximately 200 g, were housed under a controlled 12 h light/dark cycle at 25
+ 2°C with regulated humidity. All animal care and experimental procedures strictly complied with the USM
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Institutional Animal Care and Use Committee (IACUC) guidelines and received ethical approval under
reference number USM/IACUC/2022/(137)(1230).

Culturing rat aortic rings

Rats were humanely euthanized via cervical dislocation following CO, inhalation to ensure death. The
thoracic aorta was carefully excised and immediately immersed in M199 medium to pres its structural
integrity. The aorta was then sectioned into uniform rings and individually placed int
well plate (Costar Corning, USA). After the lower matrix layer had solidified, 10 pL of thro

Sigma-Aldrich, USA) in normal saline containing bovine serum albumin was adde%l . The plate
m

was incubated for 1.5 h at 37°C in a humidified incubator with 5% CO, to facilit i ymerization
and initial tissue stabilization [16].

Culture medium

M199 medium (Gibco/Life Technologies, USA) was used as the basg'grow edium. The assay was
performed using two freshly prepared layers. The lower layer co
fibrinogen (Merck, Germany), L-glutamine (Gibco/Life Technologie
USA). The upper layer contained M199 medium supplement ith fetal bovine serum (FBS), e-
aminocaproic acid (Sigma-Aldrich, USA), L-glutamine, amphote ;
gentamicin, and penicillin-streptomycin.

of M199 medium mixed with

Rat aortic rings treatment

After incubation, MO-AgNPs were added to the upper layer of ‘€@ach well at concentrations of 12, 6, 3, and
1.5 pg/mL. Suramin (100 pg/mL; Sigma-Aldrich, U arved as the positive control, while 0.05% DMSO
mixed with 0.05% deionized water was used as
37°C in a 5% CO, atmosphere for seven days, Onithe fourth day, the medium in the upper layer was
replaced with fresh M199 medium containing'the
evaluated using an inverted microscope at

Quantification and evaluation of neo ulariz

Microvessel outgrowth was measured to a neovascularization, following the method described by
Nicosia [15] and Kapoor et al. [17 ages were analyzed using Motic Image Plus Version II software (Motic
China Group Co., Ltd.). The percenitage of neovascularization inhibition was calculated using the following
formula:

ularization inhibition (%) = [100 X (1 — %)]

where A, is the distangé™o
in the control. Resul

bloodivessel growth in the sample, and A is the distance of blood vessel growth
ted as mean * SD.

pdel for co-culturing EA.hy926 and HT29 cells

Hanging drop spheroid
Formation of spher
Approximately 1,25 x 10° cells from each of the EA.hy926 and HT29 cell lines were suspended in 1 mL of

ium containing 1% D-glucose (Sigma-Aldrich, USA). From this suspension, 20 pL

was transferred into a 96-well plate. Each well contained 50 pL of a pre-mixed Matrigel and DMEM solution
at a 1:1 ratio. Using a pipette, the spheroids were carefully placed on top of the solidified Matrigel, followed

by the addition of 100 pL fresh DMEM. The plate was then incubated for 1 h to allow the spheroids to settle
[18].
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Treatment of spheroids with MO-AgNPs

After a 1 h incubation, 100 pL of MO-AgNPs at concentrations of 1.5, 3, 6, and 12 pg/mL were added to each
well. Quercetin (15.11 pg/mL) served as the positive control, while 0.05% DMSO combined with 0.05%
deionized water was used as the negative control. The plates were then incubated for 14 days. Images of
each spheroid were captured at days 0, 3, 8, and 14 using an inverted microscope at 40x magnification. The
surface area and diameter of the spheroids were measured using Motic software versi otic China
Group Co., Ltd.). Results are presented as mean + SD. The volume of each spheroid fro
calculated using the following equation:

Volume of spheroid = 4/3 X 7 X Radius of spheriod® y
The growth percentage of spheroids at any given time point was normalised to the negative control

using the following formula:

Average volume of spheroid in treate
Average volume of spheroid in untre

Spheroid growth (%) = (
Statistical data analysis

Data are presented as mean * SD. Statistical significance was ind d by * for'P-values less than 0.05 and
** for P-values less than 0.01. The non-parametric Kruskal-Wallis ich is equivalent to ANOVA, was
used to assess significant differences. All analyses were performed using SPSS version 22.0 (SPSS Inc,,
Chicago, IL) [19].

Cell line source, authentication, and contamination testin

The Ea.hy926 and the colorectal cancer cell line HT29 were obtained from the American type culture
collection (ATCC). Both cell lines were authenticat ihg short tandem repeat (STR) profiling prior to
experimentation to confirm their identity and er absence of cross-contamination with other cell
lines. STR profiling was conducted by ATCC fol standard protocols. Additionally, all cell cultures
used in this study were confirmed to be free asma contamination.

Results
Preparation and synthesis of MO-AgNPs

Moringa oleifera leaves were seq 1ally extracted using ethanol, 50% ethanol, and distilled water. Among
these, the aqueous extract characterized by its yellowish color and dry, flaky texture was chosen for
nanoparticle synthesis due to its h ility and rich bioactive content. For the synthesis of MO-AgNPs,
the water-soluble extract w. i with a 169.88 pg/mL AgNO; solution. The mixture was incubated in a
water bath at 60°C with conti agitation for 8 h. A visible color change from clear yellow to dark brown

indicated the successfu ion of Ag* ions and formation of silver nanoparticles.

Characterization

The successful 0-AgNPs was confirmed using UV-Vis spectroscopy, DLS, and zeta potential
analysis. UV-Vi scopy showed a characteristic absorption peak at approximately 430 nm, indicating

derate colloidal stability and reduced nanoparticle aggregation. These results confirm
Synthesis method successfully produced stable and well-dispersed nanoparticles suitable for
biologi€al applications [7].

Invasion inhibition in in vitro human ECs by MO-AgNPs

The anti-invasive effect of MO-AgNPs on Ea.hy926 was assessed using concentrations of 12, 6, 3, and
1.5 pg/mL over a 24 h period. Quercetin (15.11 pg/mL) served as the positive control, while a 0.05%
DMSO0:0.05% deionized water solution was used as the negative control. The results revealed a significant
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reduction in the number of cells invading the Matrigel® matrix in all MO-AgNP-treated groups compared to
the untreated control (Figures 1 and 2). The number of invaded cells per mm? was 34.67 + 1.25, 36.33 +
1.25,45.33 + 1.25, and 57.33 + 1.25 for the 12, 6, 3, and 1.5 ug/mL MO-AgNP treatments, respectively. In
comparison, quercetin treatment resulted in 39.67 + 1.25 cells/mm?, while the negative control showed
91.67 + 2.05 cells/mm? The calculated invasion inhibition rates for MO-AgNPs were 62s10%, 60.40%,
50.50%, and 37.50% at 12, 6, 3, and 1.5 pg/mL, respectively. Notably, the 12 pg/mL MQ#AgNR-treatment
demonstrated a comparable inhibitory effect (62.10%) to that of quercetin (56.70%) (Fi

(A) Negative control

(C) MO-AgNPs (12 ug/mL)

(E) MO-AgNPs (3 pg/m MO-AgNPs (1.5 pg/mL)

Figure 1. Inhibitory effect of MO=Ag
magnification illustrate the extent
Cells were exposed to: (A
15.11 yg/mL); (C) MO-Ag

concentrations of 3 ug/mls(

sion by Ea.hy926 cells following treatment with graded concentrations of MO-AgNPs.
control (0.05% DMSO0:0.05% deionized water); (B) positive control (quercetin,
atrations of 12 pg/mL; (D) MO-AgNPs at concentrations of 6 pg/mL; (E) MO-AgNPs at

Images were captured after 2.5 h of incubation. No closed tubular structures were observed in the MO-
AgNP-treated groups during this period. Interestingly, untreated ECs aggregated and formed a prominent
tube-like structure by 2.5 h (Figure 4). In contrast, MO-AgNP-treated cells showed complete inhibition of
tube formation at all tested concentrations.
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Figure 2. Quantification of invaded Ea.hy926 cells through Matrigel® following 24 atment with MO-AgNPs. The
number of invaded cells per mm? was assessed after treatment with MO-Ag aticoncentrations of 12, 6, 3, and 1.5 pyg/mL,
compared to a positive control (quercetin, 15.11 pg/mL) and a negative cont| @ 0.DMS0:0.05% deionized water). Results

ative control. Ea.hy926: endothelial cell line;

are expressed as the mean number of invaded cells per mm?2. Statistical ana performed using the Kruskal-Wallis test. *
P-value < 0.05 indicates statistically significant differences compared to the
MO-AgNPs: Moringa oleifera silver nanoparticles

% Inhibition of EA.hy926%invasion

60
50
40
30
20
10

0

Qurecetin -AgNPs MO-AgNPs MO-AgNPs MO-AgNPs
(15.11 pg/mL) (12 pg/ (6 pg/mL) (3 pg/mL) (1.5 pg/mL)

% Inhibition of EA.hy926 invasion

oncentration (pg/mL)

Figure 3. Inhibition percentag 6 cell invasion following treatment with MO-AgNPs and quercetin. The

percentage of invasion inhibitio calculated by normalizing treated groups against the negative control (0.05%
DMSO0:0.05% deionized wate ents included MO-AgNPs at concentrations of 12, 6, 3, and 1.5 ug/mL, as well as
quercetin (15.11 pg/mL) a iti trol. Statistical significance was determined using the Kruskal-Wallis test. *P-value <

Measuring ne larization formation inhibition of MO-AgNPs by ex vivo rat aortic ring assay

The ex vivo gat aortic assay was conducted to assess the anti-angiogenic properties of MO-AgNPs. At a
12 pg/mL, MO-AgNPs exhibited the highest level of neovascularization inhibition,
.081%, which surpassed the inhibition observed with the positive control, suramin
.927 + 0.703% (Figure 5). The inhibition rates for MO-AgNPs at concentrations of 6, 3,
ere 72.065 * 0.657%, 23.321 + 0.563%, and 13.599 * 0.755%, respectively (Table 1,
. Statistical analysis revealed that MO-AgNPs treatments at 12 and 6 pg/mL significantly inhibited
neovasculagization compared to the negative control (P-value < 0.01). These findings demonstrate that MO-
AgNPs exert strong anti-angiogenic effects in a dose-dependent manner, highlighting their potential as

therapeutic agents for angiogenesis-related diseases.
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(A) Negative control (B) Positive control

(E) 3 pg/mL
Figure 4. Inhibition of tube formation in Ea owing treatment with MO-AgNPs. Representative images were

captured using an inverted microscope at 40%itotal nification after 2.5 h of treatment. The experimental groups included: (A)

AgNPs at concentrations of 1.5 ug/mL. MO-AgN t 12 and 6 pg/mL markedly inhibited tube formation, showing nearly 100%
gative control, demonstrating strong anti-angiogenic potential at these
gNPs: Moringa oleifera silver nanoparticles

using co-cultured 3D spheroid model

omplex analysis of tumor endothelial interactions, a multicellular 3D
is method simulates the physical interaction between ECs and tumor

ssComparisons were made with a positive control (quercetin at 15.11 pg/mL)
0.05% DMSO and 0.05% deionized water). As shown in Figure 7, spheroids were

at higher concentrations on tumor spheroid expansion in co-culture models.

Discussion

Previous studies have highlighted the anti-inflammatory properties of Moringa oleifera, largely attributed
to its rich content of flavonoids, phenolic acids, and other bioactive compounds [2]. However, the anti-
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[
Figure 5. Inhibition of neovascularization following seven days of trea ﬁ TO-AgNPs. Microscopic observations
were conducted using an inverted microscope at 40x magnification. Treatments included: (A) negative control (0.05%
DMSO0:0.05% deionized water); (B) positive control (suramin, 100 pg/mL); (C) MO=AgNPs at concentrations of 12 ug/mL; (D)
MO-AgNPs at concentrations of 6 ug/mL; (E) MO-AgNPs at concentrationsie g/mL; (F) MO-AgNPs at concentrations of
1.5 yg/mL. Among all treatments, MO-AgNPs at 12 ug/mL exhibited signific ibition of neovascularization. MO-AgNPs:

Moringa oleifera silver nanoparticles

eatment with Moringa oleifera silver nanoparticles at

Table 1. Percentage inhibition of neovascularization follg
ring assay

12, 6, 3, and 1.5 pg/mL concentrations, assessed using the

Percentage inhibition £ SD

Group

100 pg/mL suramin (positive control) 70.927 £ 0.703

12 pg/mL 83.824 + 0.081

6 pg/mL 72.065 + 0.657
23.321 £ 0.563

3 pg/mL
1.5 pg/mL 13.599 + 0.755

SD: standard deviation

% vaseularization formation inhibition

*%
*%

ositive control 12 pg/mL 6 ng/mL 3 pg/mL 1.5 pg/mL

% Inhibition

Concentration (pg/mL)

Figure ercentage of neovascularization inhibition following seven-day treatment with MO-AgNPs and suramin. The
ts the percentage inhibition of new blood vessel formation after treatment with MO-AgNPs at various
concentrations, alongside a positive control group treated with suramin (100 pg/mL). Results are expressed as mean inhibition
percentages relative to the negative control (0.05% DMSQ:0.05% deionized water). Statistical analysis was performed using the
Kruskal-Wallis test. *P-value < 0.05, **P-value < 0.01 indicate statistically significant differences compared to the negative
control. MO-AgNPs: Moringa oleifera silver nanoparticles
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Day 0 3 8 14

Negative
control

Qurcetin

15.11
png/mL

MO-
AgNPs
12
ug/mL

MO-
AgNPs
6 ng/mL

MO-
AgNPs
3 ug/mL

Figure 7. Gro of co-culture spheroids composed of HT29 and Ea.hy926 cell lines from day 0 to day 14, and the effect

of MO-AgN uercetin treatment. Spheroid formation and growth were monitored over a 14-day period. A marked
inhibition o th was observed on day 14 following treatment with MO-AgNPs at 6 ug/mL, 12 pg/mL, and quercetin
at 15.11 pg/ d to the untreated control. Images were taken using an inverted microscope at 40x magnification.
Ea.hy9 ial cell line; MO-AgNPs: Moringa oleifera silver nanoparticles

ic properties of MO-AgNPs remain relatively underexplored. In this study, MO-AgNPs
ed significant inhibitory effects on angiogenesis-related processes. These effects may be
attributed to the ability of MO-AgNPs to interfere with key signaling pathways involved in angiogenesis-
mediated responses. Bioactive compounds in Moringa oleifera are known to modulate oxidative stress and
suppress pro-angiogenic gene expression. Similar mechanisms have been reported for other plant-derived
silver nanoparticles (AgNPs), including those synthesized from Azadirachta indica and Camellia sinensis,
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% Co-cultured spheroid size

300
250 =

200 I
II Iil Iilt Iilt I
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Qurecetin 12 pg/mL 6 pg/mL g/m
water (15.11 pg/mL)

% Spheroid size
w o o
oS O O

(=]

Day

mDay (0 mDay3 mDay8 Day 14

Figure 8. Size percentage of co-cultured spheroids in treated and untreate s over a 14-day period. Spheroids
composed of HT29 and Ea.hy926 cells were monitored at days 0, 3, 8, and 14 followi ent. The treated groups received
MO-AgNPs at concentrations of 12, 6, 3, and 1.5 ug/mL, while the positive contre d with quercetin (15.11 yg/mL).
Spheroid size was measured and expressed as a percentage relative to day0 atistically significant reduction in spheroid
size was observed at day 14 in the 6 yg/mL and 12 pg/mL MO-AgNP and . ercetin groups. Statistical analysis
was performed using the Kruskal-Wallis test. *P-value < 0.05, **P-value < 0.6 cate significant differences compared to the
untreated control. Ea.hy926: endothelial cell line; MO-AgNPs: Moringa oleifera s nanoparticles

Table 2. Size percentage of co-cultured spheroids compared to th ated control (0.05% DMSO0:0.05% deionized
water)

Size percentage of co-cultured spheroid * SD (Normalised to.the negative control)

Day Negative control (ug/mL) Quercetin HMg/mL)
(15.11 pg/mL)
6 3 1.5

0 100 + 0.852 100 + 0.185 100 + 1.058 100 + 0.341 100 + 1.474
3 173 £ 0.843 68 + 0.616 88 78 + 0.386 113 £ 4.311 123 + 0676

196 + 0.707 30+0.1 .363 60 + 1.087 124 + 3.395 139 + 2.366
14 240+ 1.004 14 + 17 £0.199 93 +1.943 95 + 0.894
Results are expressed as mean + SD; SD: standard iation; MO-AgNPs: Moringa oleifera silver nanoparticles

% In@-culture spheroid growth at day 14
100
**v * *

ition co-culture spheroid growth

. =
o Qurecetin MO-AgNPs MO-AgNPs MO-AgNPs MO-AgNPs
(15.11 pg/mL) (12 pg/mL) (6 pg/mL) (3 pg/mL) (1.5 pg/mL)

Day 14

Figure ercentage inhibition of co-cultured spheroid growth after 14 days of treatment with MO-AgNPs and
quercetin. Spheroids composed of HT29 and Ea.hy926 cells were exposed to MO-AgNPs at concentrations of 12, 6, 3, and
1.5 yg/mL, as well as to quercetin at 15.11 ug/mL (positive control). The percentage of spheroid growth inhibition was assessed
on day 14 relative to the untreated control. A significant inhibition of spheroid growth was observed following treatment with
6 ug/mL, 12 pg/mL of MO-AgNPs and 15.11 pg/mL quercetin. Statistical analysis was performed using the Kruskal-Wallis test. *
P-value < 0.05, **P-value < 0.01 indicate significant differences compared to the negative control. MO-AgNPs: Moringa oleifera
silver nanoparticles
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which also demonstrated vascular endothelial growth factor (VEGF) suppression and inhibition of EC
migration. Our findings align with these reports and suggest that the synergistic action of phytochemicals
and nanosilver enhances anti-angiogenic potential. Compared to chemically synthesized AgNPs, plant-
based AgNPs offer a biocompatible, multifunctional platform with both carrier and therapeutic roles,
making them promising candidates for integrated cancer therapies [21, 22]. In detail, trea
AgNPs at a concentration of 12 ug/mL resulted in greater inhibition of EC invasion and'tube:formation
compared to the positive control, quercetin (15.11 pg/mL), with inhibition percenta

56.70%, respectively. In contrast, lower concentrations (3 and 1.5 pg/mL) exhibited mini
with effects closer to those of the negative control.

The ex vivo rat aortic ring assay further confirmed the anti-angiogenic pot
pg/mL producing a higher neovascularization inhibition rate (83.824 *
pg/mL), which showed 70.927 + 0.703% inhibition. These findings suggest thatiMO-A

anti-angiogenic effects by suppressing key mechanisms involved in angio &
to th

gNPs, with 12
an suramin (100
s may exert their
ing EC proliferation,
resence of bioactive

phytochemicals on the nanoparticle surface, which interact with a
VEGF, PI3K/Akt, and MMPs, as supported by previous literature [16§28

@ G ti-angiogenic and anti-tumor

O=AgNPs, and 15.11 pug/mL quercetin
e untreated control. The 3D spheroid

signaling pathways such as

Additionally, the 3D spheroid assay provided further insigh
effects of MO-AgNPs. Treatment with 6 pg/mL, 12 pg/mL
significantly reduced spheroid volume by day 14, compa
model closely mimics the tumor microenvironment, offeri ore physiologically relevant system to
assess the impact of therapeutic agents on tumor progression. Previous studies have shown that anti-
angiogenic agents disrupt spheroid growth by interfesing with cell-cell interactions, nutrient and oxygen
diffusion, and hypoxia-driven signaling cascades, yileading to tumor shrinkage [24, 25].

A brief comparison with earlier reportson pla
findings. Studies have shown that silver na
angiogenic properties, often mediated thr
inhibition of EC functions such as migrati
MO-AgNPs may act through comparab
investigation. Collectively, these findings un
anti-angiogenic and anti-invasive

rived silver nanoparticles also supports our
thesized from plant extracts demonstrate anti-
e stress, downregulation of VEGF expression, and
ion, and tube formation [26]. Our results suggest that
anisms, though the specific molecular targets warrant further
ore the therapeutic potential of MO-AgNPs as a promising
ent fortreating angiogenesis-related diseases and cancer metastasis.

This study is limited by thefjabsenc
angiogenesis markers. While DMS

f empty nanoparticle controls and molecular validation of
ed as a negative control, it does not isolate the effects of the

nanoparticle carrier. Future ould include molecular assays such as qPCR or Western blot, and
control nanoparticles to clari specific mechanisms of action.
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