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ABSTRACT !

Angiogenesis is the physiological process through which new blood vessels &

are developed from pre-existing vessels. It includes steps like migration,

differentiation, and growth of endothelial cells. Furthermore, it plays a critical | Article History
role in cancer formation and metastasis. Recently, Moringa oleifera (MO) | Received: 20 July

has gained interest due to its properties in various fields, particularly in 2024
nanoparticle (NP) technology. This study aims to demonstrate the cytotoxic | Accepted: 31 October
and antiangiogenic effects of MO silver nanoparticles (MO-AgNPs). Briefly, 2024
the cytotoxic effects of MO-AgNPs on Ea. hy 926 and HT 29 cell lines were
observed in the Colony Formation Assay. The antiproliferative effects of ,}A(rii);v:;;g:nic
MO-AgNPs were then further confirmed using MTT assay, in addition to Cytotoxic;
morphological characterization, migration and closure percent calculation. Moringa Oleifera;

. . . . . Silver Nanoparticles.
To evaluate the antiangiogenic effect of MO, the chorioallantoic membrane
(CAM) assay was done. Fertilized chicken eggs were divided into three
groups: MO-AgNPs, MO ethanol extract and negative control. The results
showed antiangiogenic effects were observed at 6-12 ug/mL concentration
of MO-AgNPs. Whereas the plate efficiency was 45.7 % + 1%. The surviving
fraction at 12, 6, 3, and 1.5 ug/mL was 27.3+ 0.5%, 30.1 + 0.5 %, 41.8
1.5%, and 69.8 £ 2.5 %, respectively. MO-AgNPs showed higher cytotoxic
activity than MO ethanol extract on the Ea. hy926 cell line, where the IC, of
MO-AgNPs were 74, 35, and 12 ug/mL for 24, 48 and 72 hours, respectively.
On the other hand, the IC_, of MO ethanol extract was above 200, 135 and
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11 pg/mL for 24, 48 and 72 hours, respectively. Additionally, significant
morphological changes were observed in Ea. hy cells. Whereas the closure
percent average of Ea. hy cells at 1.5, 3, 6, and 12 pg/mL were 91.603,
88.507, 84.599, and 63.144%, respectively. Based on the results showed
in this study, MO extract shows potential to be an effective anti-angiogenic
agent and is a promising therapeutic option in cancer treatment.

Introduction

Moringa oleifera (MO) (Family; Moringaceae), is a
widely distributed angiosperm phytophagous found in
many Asian and Southeast Asian countries." Moringa
is known by many different names depending on
the geographic region in which it is grown. For
example, it is known as drumstick tree, horse radish
tree, or kelor tree.2 Importantly, MO plays a critical
role in pharmaceutical health care uses, since it
has a large variety of compounds that possess
high medical and nutritional values. MO is known
for its antimicrobial, antioxidant, anti-inflammatory,
anti-hypertensive, anti-cancer and wound healing
activities.®> The anti-inflammatory and anti-oxidant
effects are likely attributed to MO's antiangiogenic
effects.* Several studies have documented the
antiangiogenic effects of MO’s essential oils, MO’s
aqueous extract,® and MQO’s ethanolic extract.”
These findings have opened up extensive avenues
for medical applications, particularly in the realm
of nanotechnology. Nanotechnology underscores
the utilization of nanomaterials or zero-dimensional
materials, such as nanometallic elements like Au,
Ag, Zn, Mg, and Ca, across various disciplines.®° Of
these, silver nanoparticles (AgNPs) are of particular
interest owing to their distinctive characteristics,
such as good conductivity, chemical stability,
catalytic and antibacterial activity. These metal
nanoparticles, with a size of less than 50 nm, can
carry a large therapeutic dosage due to their large
surface area.'® Nowadays, green synthesis of
AgNPs has gained interest because of their benefit
in nanomedicine, particularly with MO." Green
synthesis of MO AgNPs (MO-AgNPs) is safer, eco-
friendlier, and less costly to synthesize compared
to commercial AQNPs. Thus, it has been used by a
number of researchers."?In this regard, this study will
demonstrate the antiangiogenic effect of MO-AgNPs
by using CAM Assay on fertilized eggs and assess
the cytotoxicity of MO-AgNPs on human colorectal
adenocarcinoma (HT 29) and human umbilical vein
endothelial cells (HUVEC) cell lines.

Material and Methods

Phytochemical characterization of Mo Leaf
Extract using Hplc-Ms/Ms

The LCMS analysis was done using the Agilent
1290 Infinity LC system coupled to the Agilent
6520 Accurate-Mass Q-TOF mass spectrometer
with a dual ESI (electro-spray-ionization) source.
The HPLC-MS/MS QTOF analysis was done to
analyze the leaf extract of MO. The Agilent Eclipse
XDB-C18 Narrow-bore, 150mm x 2.1mm, 3.5-micron
(P/N 930990-902) was used as the column with a
temperature 25°C and the autosampler temperature
of 4°C, with a flow rate of 0.5ml per minute. 3.0ul of
the sample was used per injection with both positive
and negative polarity. Data were processed with
Agilent MassHunter Qualitative Analysis B.07.00."34

Nanoparticle Synthesis

The synthesis of silver nanoparticles was carried
out using the green synthesis method. A 1% w/v
aqueous extract was prepared. 10 mL of the extract
was mixed with 90 mL of 1 mM silver nitrate solution.
The resulting mixture was then incubated in a water
bath at 60°C with agitation for a duration of 8 hours.
Subsequently, the nanoparticles were harvested
by centrifugation at 6000 RPM for 30 minutes.
Following this, the pellet was washed three times
with deionized water to remove any residual silver
nitrate. The nanoparticles were then freeze-dried
and stored at 4°C until further use.®

Analysis and characterization of MO-AgNPs
UV-Vis Spectrometry

UV-visible spectroscopy is a widely used instrument
for analyzing optical properties such as transparency,
a gap of the elaborated product, absorption
spectroscopy, and reflectance spectroscopy in the
ultraviolet and adjacent visible spectral regions
(430nm). This band is characteristic of silver
nanoparticle formation. An auto-zero is applied to
a blank that is inserted prior to adding the sample.
The samples were dissolved in deionized water.®
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Dynamic Light Scattering (DLS) Analysis

The DLS analysis of the nanoparticles was done
using a nano zeta sizer. This technique showed
the relative size distribution of the nanoparticles
dispersed in liquid as well as the zeta potential
to determine the stability of the nanoparticles in
suspension.'”

Cell viability (MTT assay)

The MTT test was used to assess the cell viability of
cancer cells. In brief, EA. hy926 and HT 29 cancer
cells were seeded into ninety-six-well plates. They
were incubated with various concentrations of MO-
AgNPs and MO ethanolic extracts (200-12.5 uyg/mL)
for 24, 48, and 72 hours, respectively.

Each well received an addition of MTT
reagent [3-(4,5-dimethylthiazol-2-YL)-2,5-
diphenyltetrazolium bromide] (0.5 mg/mL), which
was then incubated for 4 hours to allow MTT to
be reduced to formazan crystals. A multi-well
spectrophotometer (ELISA) plate reader measured
the optical density (OD) at 540 and 620 nm
wavelengths. Cell viability concentration (IC50
value) was determined. Each experiment was runin
triplicate, and results were given as mean + STD."

Morphology and Migration Characterization

To identify the morphology, the endothelial cells
EA. hy926 suspension (25 104 and 5*10°%) were
planted separately in 3 wells in a 6-well plate (Coster
Corning, USA) and incubated at 72hr, while the
migration characteristics, the EA. hy926 cells were
plated in 6-well plates at a density of 5*105 cells
per well and incubated overnight at 37 °C. The cells
were treated with MO-AgNP and incubated for 24,
48, and 72 hr. Morphological characterization was
determined by a picture at 0, 24, 48, and 72 hr."®
Whereas, migration data was analyzed using Motic
software version 2 (Motic China group CO, LTD), and
closure percent was calculated as follows:

Closure percent=(100-(Surface area after 24 hr)/
(Surface area at 0 time) )x 100

Colony Formation Assay

In brief, 6-well plates were seeded with 2 mL of
EA. hy926 suspension and kept over the night to
adhere. Various concentrations of MO-AgNPs (12,
6, 3, and 1.5 yg/mL) were applied. 0.05% DMSO
and 0.05% deionized water were employed as

a negative control, and an incubator humidified
with 5% CO2 at 37 °C was used for 72 hours of
incubation. Every 3 days, the media was replaced
with fresh media, until a minimum of 25 cells had
developed in the wells designated as negative
controls (approximately 10 days). For colony fixation,
500 pL of 4% paraformaldehyde (Sigma-Aldrich,
USA) was applied in each well and kept for an
hour. Colonies containing 25 or more cells in each
well were counted using a dissecting microscope
(Motic, Taiwan) after staining with 500 pL of 0.2%
crystal violet solution per well (Sigma-Aldrich, USA).
For each intervention, the mean number of colonies
was computed.’®

The following formulas were used to calculate the
percentages of surviving fraction (SF %) as well as
the plating efficiency (PE%)%:

(Number of colonies in negative control) x 100

PE% = cells
(Number of seeded well)
SFo% (Number of colonies in treated well) x 100
o=
(Number of seeded ifiﬁ x PE%)
CAM Assay

Fertilized eggs from a chicken farm from Jerash/
Jordan were purchased. All eggs were incubated
at 37°C with continuous humidity until new blood
vessels are formed. A small needle hole was used to
suck the albumin and to separate the Cam from the
shell itself. Photos of the eggs were captured before
treatment (at zero time) as a standard for comparison
purposes, to study the impact of each treatment.

After that, the eggs were split into 3 different groups.
The negative control group received only deionized
water, the MO-AgNPs group using five eggs was
treated with different concentrations of MO-AgNPs
(100, 50, 25, 12, and 6 pg/mL respectively), while
the MO ethanolic extract group using two eggs was
treated with varying concentrations of MO ethanolic
extract (100 and 50 pg/mL respectively). The CAM
assay results were observed by capturing photos
with the same camera that has been used at zero-
time documentation to compare the results.?'

Statistical Analysis

The mean and standard deviation of all the data are
presented. P values under 0.05 were considered to
have statistical significance when using the non-
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parametric Independent Samples Kruskal-Wallis test
to determine statistical significance. The software
SPSS version 22.0 (SPSS Inc, Chicago, IL) was
used for all analyses.

Results and Discussion

In recent years, the use of green synthesis
nanotechnology as a part of antiangiogenesis
research has given rise to a novel area of study. In
this context, MO-AgNPs have garnered increased
interest due to their diverse range of toxicological
effects.?

Identification of Major Moringa Oleifera
Compounds using Hplc-Ms/Ms Qtof Analysis

The chemical identification of MO Compounds
using HPLC-MS/MS QTOF analysis revealed
major compounds that belong to many chemical
groups. However, only compounds that met specific
criteria—high scores close to 100, absence in the
blank elution, and MFG.ppm values within -2 to +2
were included as main compounds in the results.
Major compounds with the highest scores as well
as matching data quality, in positive mode were

Ptelatoside A (90.67), Anantine (96.08), C-12 NBD-
dihydro-Ceramide (98.1), 5-methyl-octanoic acid
(88.69), C16 Sphinganine (97.44), Xestoaminol C
(96.18), 16-hydroxy hexadecanoic acid (97.44),
4,5-Di-O-methyl-8-prenylafzelechin-4beta-ol
(96.08), TGX-221 (98.18), Hydralazine (89.22),
Phenisopham (94.18), while in the negative mode
were (R)-Pantolactone (89.69), Merodesmosine
(94.4), 4-p-Coumaroylquinic acid (88.26),
2,4-Dichlorobenzoate (89.74), and 3-hydroxy-
decanoic acid (91.79) which belongs to carboxylic
acids, fatty acids, polyphenolic compounds, alkaloid,
pyrrolizidine alkaloid, flavonoids, tannins, steroids,
glycosides, amino acid, aspartic acid and glycine.?®2*
These active ingredients were considered to be
responsible for the therapeutic effects of MO-AgNPs
owing to their anti-inflammatory and anti-oxidant
properties, which are likely contributing to their
antiangiogenic effects.*

Table 1 shows a List of Compounds from MO leaf
extracts using LC-MS/MS analysis illustrating the
compounds relative to scores, and MFG ppm.

Table 1: List of Compounds from MO leaf extracts using HP-LC-MS/MS analysis

Molecular Name m/z MS/MS Error Score RT Abund
Formula (m/z) (PPM)

Positive Mode

C,,H, O, Ptelatoside A 432.1861 414.1525 0.35 90.67 1.087 22933.28

C,sH,N,O Anantine 276.1106 253.1214 0.46 96.08 1.758 31511.41

C, Hes N, O C-12 NBD-dih 679.5123 661.478 -0.31 98.1 9.359 10544.97
ydro-Ceramide

C,H,; O, 5-methyl-oc 181.1202 158.1309 -0.25 88.69 12.089 116767.29
-tanoic acid

C,Hi NO, C16 Sphinganine 274.274 273.2665 0.84 97.44 12.211  182714.55

C,H,NO Xestoaminol C 230.2478 229.2411 0.92 96.18 12.215 105770.07

C,sH,, O, 16-hydroxy hexa 290.2688 272.2349 0.92 99.22 12.761 777307.63
-decanoic acid

C,, H,, O 4,5-Di-O-methyl- 404.2074 386.1732 -0.71 96.08 12.967 71640.02
8-prenylafzelech
in-4beta-ol

C, H,N,O, TGX-221 387.1795 364.1904 -0.45 98.18 12.971 60136.2

C,Hy N, Hydralazine 183.0644 160.0752 -0.28 89.22 13.181 66756.8

C,,H,N, O, Phenisopham 343.1645 342.1571 0.42 94.18 13.723 43447.2

Negetive Mode

C,H,, O, (R)-Pantolactone 129.0557 130.063 -0.23 89.69 4.886 16596.27

C,sH,, N, O, Merodesmosine 401.2408 402.2481 -0.54 94.4 7.72 29831.52
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C,sHis O 4-p-Coumaroyl  337.0929 338.1 0.62 88.26 8.056  22638.03C7
-quinic acid

H,C,0, 2,4-Dichloro- 188.9518 189.959 -0.21 89.74 11.646  109109.94\
benzoate

C,, Hy O, 3-hydroxy-de 187.1337 188.1409 0.3 91.79 12.192 96466.83
canoic acid

Characterization of MO-AgNPs band centered around 430 nm became more

UV-Vis Spectrometry apparent. This band was a definite indication of the

The nanoparticle formation was characterized by  silver nanoparticle formation (MO-AgNPs).
UV-Vis spectrometry. A distinct broad absorption
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Fig. 1: The UV-Vis spectrometry of MO-AgNPs
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Fig. 2: The size distribution by the number of MO-AgNPs
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Dynamic Light Scattering (DLS) Analysis

The DLS analysis of the nanoparticles was
performed using a nano zeta sizer. This technique
revealed the relative size distribution of liquid-
dispersed nanoparticles and their zeta potential,
providing insight into suspension stability. The
Particle size analyzer (PSA) relied on technologies
like high-definition image processing, Brownian
motion analysis, gravitational particle seal, and
light dispersion. The specific approach utilized laser
diffraction, where the angle of light dispersion is
inversely related to particle size (i.e. the smaller the
particle size, the larger the angle of light scattering).
The average particle size was 57.88 nm, with an
average PDI of 0.475. MO-AgNPs were categorized

as nanoparticles because their size falls within the
range of 10 to 100 nanometers, which is the defining
size range for nanoparticles.

Zeta potential, or electrokinetic potential,
characterized the charge at the interface between
the medium and MO-AgNPs in colloidal dispersion.
The electric charge exhibited by the sample particles
was termed the zeta value. A negative zeta potential
indicated reduced particle aggregation during the
continuous process, highlighting the stability of
nanoformulations. Investigated samples displayed
a -15.9 mV MO-AgNPs zeta potential, signifying
moderate suspension stability.

Total Counts

-100

0 100 200

Apparent Zeta Potential (mV)

Fig. 3: The Zeta potential distribution of MO-AgNPs

Cell Viability and Anti-Proliferative Effect

IC,, was used to determine the potency of a
substance in inhibiting a specific biological or
biochemical function by 50%. In this study, cell
viability and anti-proliferative properties of MO-
AgNP and MO ethanolic extract on both EA.
hy926 and HT 29 cell lines were studied using
3-[4,5-dimethylthiazol-2-YL]-2,5-diphenyltetrazolium
bromide (MTT) assay. The MO-AgNPs and MO
ethanol extract were used in the range of 200- 12.5
pg/mL against EA. hy926 cells for 24, 48, and 72 hr,
and results were expressed by IC_; value.

Referring to the results, when comparing the IC,;
values, MO-AgNP showed higher cytotoxic activity

against the HT29 cell line compared to MO ethanolic
extract with the lowest IC,; values for all timelines
tested.

The IC,, of MO-AgNP and MO ethanolic extract on
the HT29 cell line after 24 hr was (60, and >200
pg/mL, respectively). Whereas after 48 hr, it was
(5.5, and 152 pg/mL, respectively).

Moreover, the results showed the IC50 of MO-AgNPs
and MO ethanol extract to be (5.5 and 9) pg/mL,
respectively, after 72 hours [Figure 4], which is also
the doubling time of the cells.
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Therefore, the related IC,, of 72 hours was selected  higher cytotoxic activity compared to MO ethanolic
to determine the identical IC, of our medication.  extract. The IC,, of MO-AgNP was (74, 35, and 12)
Thus, it can be concluded that MO-AgNPs have  pg/mL for 24, 48 and 72 hours, respectively. On the
a more cytotoxic effect than MO ethanol extract.  other hand, the IC_, of MO ethanol extract was (>
This effect was also clear when we used the Ea. 200, 135, and 11) pg/mL for 24, 48, and 72 hours,
hy926 cell line. MO-AgNPs have also showed a  respectively [Figure 5].

| a| HT29(MO-AGNPs,72hr)IC5;=5 5ugimL HT29(MO ethanolic extract 72hr)
110 1C5p=9ug/mL
100 110
; o
s % £ 5
2 60 £
B 50 5 gg
2 > 20
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10 10
0 0
-10 9 50 100 150 200 250 0 50 100 150 200 250

Concentration (pg/mL}) Concentration (ug/mL)

Fig. 4: The cell viability of the HT29 cell line after incubation with
MO-AgNP (a) and MO ethanolic extract (b) for 72hr
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Fig. 5: The cell viability of Ea.hy926 cell line after incubation with
MO-AgNP (a) and MO ethanolic extract (b) for 72hr



AL-SHALABI et al., Curr. Res. Nutr Food Sci Jour., Vol. 12(1) 196-211 (2024)

Figure 6 summarizes the comparison of cell viability
of both Ea. hy926 (a) and HT29 (b) cell lines after
incubation with MO-AgNP versus MO ethanolic
extract for 72h. The findings demonstrate that green
production of MO-AgNPs considerably increased

203

the cytotoxicity of the MO, which may be related to
the synergistic interaction between the AgNPs and
the natural plant extract's coating on the surface of
the NPs.

a Ea.hy viability after 72h treatment
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Fig. 6: Comparison of cell viability of Ea.hy926 (a) and HT29 (b) cell lines after
incubation with MO-AgNP vs MO ethanolic extract for 72hr

Since the main goal of this research was to study
the anti-angiogenetic effect of MO, MO-AgNP was
chosen for downstream experiments as it has a
higher cytotoxic activity than MO ethanol extract
against both cell lines. Furthermore, the IC,; after
72 hr (5.5 and 12) pyg/mL in HT29 and EA.hy926,
respectively, were chosen for our further studies to
determine the anti-angiogenesis effect of MO.

Morphological and Migration characterization
of Mo-Agnps on Ea.hy926 Cell Line after (24, 48
and 72) Hr

Morphology and size are the most critical issues
related to the evolution of toxicity.?5%" In this study,
the effects of MO-AgNP on the morphology and
migration of Ea. hy cells were examined. Significant
morphological changes were observed in Ea.hy
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cells after treatment with MO-AgNPs using their  as shown in [Figure 7a, b]. This reflects a clear and
respective IC,, values. These changes were significant time-dependent morphological effect for
increased with time for 24, 48 and 72 hr, respectively =~ MO-AgNPs.

Negative control

Fig. 7: The cell morphology of EA. hy926 (5*10° cells) (figure a) and (25*10* cells) (Figure b)
after treatment with IC_ of MO-AgNPs for 72 hours, under 4x magnification using an inverted

microscope

MO-AgNps

Table lI: Closure percent of Ea.hy cells at different concentrations

Conc. Of MO-AgNPs (pug/mL) Average closure percent (%) £ SD

Negative C
12

6

3

1.5

96.875 + 0.441
63.144 + 1.846
84.599 + 0.708
88.507 + 0.487
91.603 £ 0.318




AL-SHALABI et al., Curr. Res. Nutr Food Sci Jour., Vol. 12(1) 196-211 (2024) 205

Moreover, Ea.hy926 cells showed higher closure
percentages at higher concentrations of MO-AgNPs
[Figure 8]. The closure percent average of Ea.hy
cells at different concentrations (1.5, 3, 6, and 12)
pg/mL were (91.603, 88.507, 84.599, and 63.144)%
respectively, compared to 96.875 % for negative

control cells [Table II] [Figure 9]. These results were
compatible with Khor et al. (2018), which showed
that MO-NPs caused a significant % of inhibition
of Ea.hy cells at (6 and 12) pug/mL were (15.401,
and 36.856)% respectively, compared to 3.125 %
for negative control cells with IC,, doses for 72 hr.¢

% Closure at different concentrations after 24 h

1200000
-

100.000

E0.000

% of Closure EA hy 926

0,000
MNegative C 12

6

Concentrations MO-AgNPs (ug/mL

Fig. 8: % Closure using different concentrations of MO-AgNPs. (*P <0.05,
**P <0.01 Kruskal-Wallis test)

Conc. of MO-AgNPs.

(ng/mL)

Negative control

12

At zero time

After 24 hours
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L5

Fig. 9: Images were captured using an inverted microscope at a total magnification power of 4x at
both 0 and 24 hours. A solution of 0.05% DMSO and 0.05% deionized water were used as negative
control. (Scale; 20 pm).

Cytotoxic effects of MO-AgNPs on EA. hy926
Endothelial Cells Using Cologenic Assay

Four different concentrations of MO were used (12, 6,
3, and 1.5 ug/mL). The results of colonogenic assay
revealed that MO-AgNPs have anti-proliferative
effects on Ea.hy 926 cell line [Table IlI]. The inhibition
percent of MO-AgNPs was (51.5, 49.3, 41.9 and
28.1) % at (12, 6, 3 and 1.5) pug/mL, respectively.
Thus, the optimal concentration of MO-AgNPs to
induce cell death is between (6-12) ug/mL.

The PE% (Plate efficiency) was 45.7 % + 1%. The
surviving fraction at (12, 6, 3, and 1.5) pyg/mL was
(48.5+0.5%, 50.7+0.5 %, 58.03+1.5%, and 71.9+2.5
%), respectively.

The findings were expressed compared to the
negative control which showed cytotoxicity [Figure
10].

Several previous studies showed similar
consequences of MO-AgNPs in cancer cell lines.
Sadat Shandiz et al. (2017) showed inhibitory activity
on cell viability through stimulation of apoptosis
in cells of human breast cancer (MCF-7), which
provides strong evidence for the MO AgNPs as a
promising antiangiogenetic drug.?® Furthermore,
Vivek et al. (2012) showed AgNPs cytotoxicity
against MCF-7 and normal breast epithelial cells
(HBL-100). The IC,, values observed for AgNPs
against MCF-7 and normal HBL-100 cells were
as follows: (50 and 30) pyg/mL after 24 hours, and
(80 and 60) ug/mL after 48 hours of incubation,
respectively.*

Effects of Mo-Agnps via the Angiogenesis
Mechanistic Pathway using Cam Assay

Commonly, several compounds such as hormones,
antibiotics, organo-metallic, and nanoparticles affect
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the angiogenesis stimulation or inhibition process
in the CAM. Usually, the CAM vascularization
development process undergoes three phases.®' In
the current study, we documented multiple capillary
sprouts invading the mesenchyme, forming a major

capillary plexus in all eggs. Antiangiogenic effects
of MO-AgNPs was dependent on the concentration
used. When MO-AgNPs and MO ethanol extract
were tested at different concentrations, phases 2
and 3 was not fully completed.

Table lll: Colony formation assay: Surviving fraction % (SF %)
and %lInhibition

Concentrations M.O(ug/mL) SF% % Inhibition
12 48.5 % 51.5%
50.7% 49.3 %
58.03% 41.9 %
1.5 71.9% 28.1 %
Moringa oleifera silver nanoparticles cologenic inhibitory properties
120

Surviving Fraction (%)

100
80
60
40
20

o

Negative

Con:cnu'auon { pg/ml)

Fig. 10: Colony formation analysis was conducted to determine the SF% of Ea. hy926 cell
colonies following a 72-hour exposure to MO-AgNPs at various concentrations (*P <0.05, **P
<0.01 Kruskal-Wallis test).

Conc. of MO-AgNPs
& MO Ethanol

(ug/mL)

Before Treatment After Treatment

Negative control

MO-AgNPs

100 pg/mL
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MO-AgNPs
50 pg/mL

MO-AgNPs
25 pg/mL

MO-AgNPs
12 pg/mL
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MO Ethanol

100 pg/mL

MO Ethanol
50 pg/mL

Fig. 11: The images of chorioallantoic membrane (CAM) variants, Candling, Before treatment and
after treatment. Main artery exists capillary net and branches are existed or not
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In treatment concentrations (25, 12, and 6 yg/mL)
the embryo reached the second phase but this
phase was not fully completed in different stages
with each concentration. Whereas, at the 25 ug/
mL concentration, the embryo dies in the early
stage of the second phase, as it is clear from the
picture which reflects the existence of a small dead
embryo surrounded by small individual capillaries
[Figure 11]. While in MO-AgNPs (12 pg/mL) the
embryo was a little bit larger and the capillary net
was more distributed and separated which reflects a
clear antiangiogenic effect within this concentration.
Another antiangiogenic effect was observed at 6 ug/
mL MO-AgNPs concentration which was associated
with more growth in embryo size. This result reflects
that the suitable antiangiogenic concentration
is located between 6-12 pg/mL of MO-AgNPs
concentration.

However, at 100 and 50 pg/mL of MO-AgNPs
concentration, the embryo stopped developing into
phase two and three, which reflects the death of an
embryo at an early stage. Similar results (embryonic
early death) where noticed with MO ethanol extract
concentrations at 100 and 50 ug/mL with differences
in stopping the vascularization method compared to
MO-AgNPs. Moreover, there is no clear capillary net
with MO-AgNPs at 100 and 50 pg/mL compared to
MO ethanol extract which showed the existence of
capillary net at 100 and 50 pg/mL [Figure 11].

These findings were aligned with several previous
studies. Raju & Kei et al. (2022) demonstrated that
following 24 and 48 hours of treatment, various
concentrations of MO leaf extract (50% and 100%)
demonstrated a decrease in the blood vessel count
in the sample treated region on CAM.8 Furthermore,
Avram et al. reported that in ovo CAM assay for the

209

antiangiogenesis effect of MO leaves extract (MOLE)
has shown a significant reduction in the number of
blood vessels. This concludes that MOLE has a
potential antiangiogenic effect, which could further
contribute to its anticancer activity.*?

Conclusion

This study has shed light on the antiproliferative and
cytotoxic effect of MO-AgNPs on Ea. hy 926 and HT
29 cell lines, in addition to the antiangiogenic effect
of MO-AgNPs using CAM assay. Findings revealed
that the highly effective concentration of MO-AgNPs
were at 6-12 uyg/mL. Moreover, MO-AgNPs possess
a higher cytotoxic effect than MO ethanol extract on
the Ea. hy926 cell line. In conclusion, this study adds
to the expanding body of evidence supporting MO's
promising anti-cancer properties and opens up new
possibilities for the therapeutic use of MO extracts
for the treatment of colorectal carcinoma and human
umbilical vein carcinoma.
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