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Abstract 
Background: Nanotechnology symbolizes a broad discipline with enormous 
potential in cancer treatment bridging one of the bottlenecks of traditional 
approaches in cancer therapy which is an inability to deliver adequate quanti-
ties of anti-cancer drugs to the tumor area. Studies on nanoparticles indicate 
their importance in cancer angiogenesis and metastasis. Aim: The present 
study assessed anti-angiogenesis and anti-metastatic effects of biogenic silver 
nanoparticles (AgNPs) synthesized from neem plant (Azadirachta indica). 
Methods: Chicken chorioallantoic membrane (CAM) and two-dimensional 
(2D) wound healing assays were used to study anti-angiogenic and an-
ti-metastatic effects of the AgNPs respectively. Twenty-four fertilized eggs 
were divided into four groups: two biogenic AgNPs treatments at 100 µg/ml 
and 200 µg/ml; negative control (1% DMSO) and positive control (cyclo-
phosphamide). On day 8 of incubation, filter discs impregnated with different 
concentration levels of the treatments were placed on the CAM. On day 12 of 
incubation, the CAMs were imaged using a stereomicroscope, scaled using 
ImageJ, and different morphometric and spatial parameters computed using 
AngioTool software. Vessel area, vessel percent area, total number of junc-
tions, total vessel length, average vessel length, mean lacunarity, and junction 
density were measured. The crown-rump length (CRL) and fetal weight were 
also recorded on day 16 of incubation. In order to determine relative gene 
expression profiles of iNOS and VEGF, total RNA was extracted from the 
CAM, and qRT-PCR was performed with β-Actin as a reference gene. For the 
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2D wound healing assay, DU145 human prostate cells were grown in Dulbecco’s 
Modified Eagle’s Medium supplemented with 10% Fetal Bovine Serum. Results: 
Biogenic AgNPs demonstrated anti-angiogenic effects in a dose-dependent 
manner in the parameters generated from the CAM images. Also, qRT-PCR re-
vealed down-regulation of iNOS and VEGF genes. The 2-dimensional wound 
healing assay showed inhibition of migration and motility of the DU145 cells 
for the 72-hours of assessment. Conclusion: The present study postulates 
that the biogenic AgNPs can prevent angiogenesis by inactivation of 
VEGF-NO and VEGF/VEGF-R pathways while inhibiting cell migration and 
metastasis. 
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1. Introduction 

Cancer emerges as one of the prime health problems in Africa that require im-
mediate and appropriate measures in order to combat its increased incidence 
and mortality rates [1]. By the year 2030, about a 70% increase in new cancer 
cases will be attributed to population increase and aging [1]. Current cancer 
treatment methods include surgery, chemotherapy, radiotherapy, gene therapy, 
stem cell therapy, and hormone-based therapy, most of which are already expe-
riencing treatment failure. The greatest cause of failure of cancer therapy is at-
tributed to the spread of cancer cells from a primary tumor to other tissue to 
seed secondary tumors, referred to as metastasis [2]. Secondary to that, the 
available drugs are hampered by low delivery and high toxicity issues rendering 
the entire treatment regime ineffective. 

There is an increase in interest and use of plant-based therapies since 
plant-derived products have shown promise in treating different cancer types 
such as colorectal, breast, prostate, stomach, esophageal and liver cancer among 
others [3]. Many plant species are already being used to treat or prevent the de-
velopment of cancer [3] [4]. Neem plant (Azadirachta indica) has been reported 
to possess a number of activities such as antimicrobial, antidiabetic, antifertility, 
cardioprotective and anti-cancer properties among others [5]. Phytochemicals 
present in the neem plant have been also demonstrated to have anticancer activ-
ities against cervical, breast, prostate and colorectal cancer both in vitro and in 
vivo [5] [6]. However, the use of plant-derived products in the treatment of can-
cer faces a number of bottlenecks such as limited bioavailability of active phyto-
chemicals to the target cells and toxicity [7]. This prompts the need for targeted 
therapy that improves the drug delivery system and minimizes side effects 
through nanotechnology [8]. The latter entails the use of biocompatible and 
biodegradable systems that can escalate the bioavailability and the concentration 
of conventional drugs at the desired site, as well as improve the release profile in 
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the tumor area [9]. 
Nanotechnology has been employed to target different mechanisms tied to 

cancer growth and progression such as metastasis and angiogenesis [10] [11]. 
The latter is a physiological process arising from preexisting vessels and critical 
in embryogenesis and maintaining homeostasis, including repair and regenera-
tion of damaged tissues among others [12]. Though the process can be deregu-
lated in some disease conditions, it can be switched on during malignancies due 
to an increase in angiogenic stimulators such as tumor angiogenesis factors 
(TAFs). This is secreted by tumor cells in response to the need for nutrients and 
oxygen promoting cancer growth and progression [12]. Therefore, targeting an-
giogenesis is viewed as an important therapeutic strategy in the medical setting 
and particularly for cancer therapy. Several molecular mechanisms and path-
ways have been implicated and considered potential targets including 
VEGF/VEGFR, PDGFB/PDGFR-b, iNOS pathway, and the angiopoietins [13] 
[14]. Of three nitric oxide synthase (NOS) synthesized by mammalian cells, iN-
OS expressed after cytokine exposure has shown to generate more NO than oth-
er constitutive members nNOS and eNOS and modulate important cancer re-
lated processes such as angiogenesis and metastasis [15]. Upregulation of Nitric 
oxide synthase (NOS) promotes a number of pro-angiogenic factors such as 
VEGF, fibroblast growth factor (FGF2), and Ang2 where inhibition of eNOS or 
iNOS was found to arrest angiogenesis in rat models [16]. Angiogenesis can help 
in metastasis; a process where tumor cells invade the blood vessels, circulate and 
re-invade out at the distant sites and proliferate. This is because the vascular 
network developed by cancer cells not only provides nutrients for the tumor but 
also serves as an escape route for the tumor cells to enter circulation [17]. 

Given the limitations of the available cancer drugs, nanomaterials reported in 
literature indicate the potential for cancer metastasis and angiogenesis [18]. A 
good number of nanoparticles have been demonstrated to possess good antian-
giogenic and anti-metastatic properties both in vitro and in vivo [11] [12] [13]. 
However, apart from its antimicrobial properties which are well known, angioge-
nesis and metastasis modulation of silver nanoparticles (AgNPs) and the mechan-
isms involved are yet to be fully understood. Nevertheless, it was reported that sil-
ver nanoparticles biosynthesized in Bacillus licheniformis biomass inhibited the 
proliferation and migration of bovine retinal endothelial cells supplemented with 
exogenous VEGF, as well as micro-vessel formation in the mice model which was 
attributed to the inactivation of the PI3K/Akt signaling pathway [19]. 

Azadirachta indica extracts have been also encapsulated in various metallic 
nanoparticles (NPs) such as silver and gold [20]. Silver nanoparticle (AgNPs) is 
one of the most studied and utilized nanoparticles in drug formulation due to its 
potent broad spectrum of activities, extremely large surface area, strong permea-
bility and little drug resistance [6] [21]. Recently, we formulated and characte-
rized silver nanoparticles using bark methanolic extracts of Azadirachta indica 
(neem) of average size 58 nm that showed good activity in anti-proliferation of 
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DU145 human prostate cancer and low cytotoxicity to normal cell Vero E7 [22]. 
The NPs also had a superior selectivity index compared to that of the control 
drug (doxorubicin) and therefore shown to be promising as a suitable anticancer 
agent. The present study further elucidated the potentials of the NPs in inhibit-
ing angiogenesis and metastasis using chicken chorioallantoic membrane 
(CAM) assay and wound healing assay respectively. Also, this study explored the 
activity of the NPs in the expression of angiogenesis related genes (iNOS and 
VEGF) to uncover possible molecular mechanisms involved in angiogenesis. 

2. Materials and Methods 
2.1. Materials 

Silver nanoparticles (AgNPs) previously biosynthesized from methanolic ex-
tracts of neem plant (Azadirachta indica) stem bark and characterized using 
FTIR, UV Vis Spectroscopy, zeta sizer and zeta potential; and reported in the 
previous research of our group by Kitimu et al., [22] were used in this study. Al-
so, freshly fertilized eggs of local improved chicken (Gallus domesticus) devel-
oped by the Kenya Agricultural and Livestock Research Organization (KALRO) 
were purchased from Neochicks Poultry Limited, Kenya. 

2.2. Chicken Chorioallantoic Membrane Assay 

Following a protocol used by Lokman et al. [23], with modifications, the ferti-
lized eggs were cleaned with a white clean towel soaked in distilled water and air 
dried before they were incubated in an Eteyo incubator (model: JN5-60) at 37˚C 
with 60% humidity. The eggs were manually rotated at least twice a day during 
incubation. On day 3 of incubation, a small window was made on the shell asep-
tically using a scalpel blade and forceps. Before that, 2 - 3 ml of albumin was as-
pirated from the sharp end of the egg at a 45˚ angle using a 5 ml hypodermic sy-
ringe in order to drop the developing chicken chorioallantoic membrane and 
also simplify the window opening. The window was resealed with adhesive tape 
and eggs were returned to the incubator until day 8 of chick embryo develop-
ment. On day 8, the windows were opened and sterile filter discs previously 
treated with different concentrations of biogenic AgNPs added to the CAM. 
Negative control received vehicle 1% DMSO, positive control received 100 µg/ml 
cyclophosphamide (Sigma Aldrich) and two treatments of the biogenic AgNPs at 
two different concentrations of 100 µg/ml and 200 µg/ml. Eggs were resealed and 
returned to the incubator on day 12 (n = 6 chicken embryos per treatment). On 
day 12, the seal was removed aseptically and all the cases were photographed 
using a Nicon D5100 (Nicon, Corporation) camera fitted at the eyepiece of an 
Olympus SZ61 stereomicroscope (Olympus Corporation, Japan). The images 
were analyzed using both ImageJ and Angiotool software. Scores were computed 
as a result of the correlation between pixels in the image and an alternative unit 
length in the sample in which AngioTool uses millimeters as a unit of length. 
The obtained angiogenic parameters included vessel area, vessel percent area, 
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the total number of junctions, total vessel length, average vessel length, mean 
lacunarity and junction density. 

Also, following protocol by Baharara et al., [24], and later by Bokariya et al., 
[25], the eggs were again resealed and put back in the incubator until day 16 
when morphometric data (crown-rump length and fetal weight) were recorded. 
In the course, eggs were occasionally checked for mortality through candling and 
dead embryos were removed. While the fetal weight was measured using a digital 
weighing balance, the crown-rump length was measured by passing a thread from 
the root of the beak along the back to the tip of the coccyx and later measuring the 
corresponding length of the thread using a ruler in centimeters (cm). 

2.3. Two-Dimensional Wound Healing Assay 
2.3.1. Cells 
DU 145 human prostate cancer cells obtained from ATCC (Manassas, VA, USA) 
were used. As in Kitimu et al., [22], the cells were grown in MEM medium sup-
plemented with 10% Fetal Bovine Serum (FBS), 1% L-Glutamine and 1% antibi-
otic (Penicillin/Streptomycin) in a T75 culture flask and incubated at 37˚C and 
5% CO2 to attain confluence of 80%. The cells were sub-cultured in 12 wells 
plates for the wound healing assay. 

2.3.2. Wound Infliction and Measurement 
As previously described by Abdille et al., [26], DU-145 cells were counted and 
plated in 12-well plates with a cell density of 5 × 104 cells/well. Cell growth was 
monitored until the cells attained 95% confluence where a wound was inflicted 
on the cell monolayer using a sterile 200 µl tip. The media with its associated debris 
were removed and washed with PBS before the addition of 1.5 ml of media con-
taining either biogenic AgNPs (15 µg/ml and 30 µg/ml) and positive control (cyc-
lophosphamide at 100 µg/ml) to the wells. Negative control received the media to-
gether with 1% DMSO solvent. The concentrations of the biogenic AgNPs used i.e. 
15 µg/ml and 30 µg/ml were 2IC50 and 4IC50 respectively of the pre-determined IC50 
and previously reported [22]. After treatment, cells were monitored for their 
progress and photographs were captured using a Nicon D5100 (Nicon, Corpora-
tion) camera fitted at the eyepiece of the inverted microscope at time intervals 0, 
24, 48 and 72 hours. Wound recovery (depicted by the size of the wound) was 
assessed during the time-points of the treatments. 

2.4. Relative Gene Expression 
2.4.1. RNA Extraction 
Using a different set of experiments employing chicken chorioallantoic mem-
brane (CAM) assay as described earlier, the CAMs were treated on day 8 with 
either biogenic AgNPs (100 µg/ml and 200 µg/ml) or positive control (cyclo-
phosphamide) while negative control received 1% DMSO vehicle. After 24 hours 
(day 9), the CAMs were collected and snap-frozen in liquid nitrogen and trans-
ferred to a −80˚C freezer. Whole CAM was ground in liquid nitrogen and a por-
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tion of about 50 mg was used for RNA extraction using Quick-RNA Miniprep 
Kit (Zymo Research) as described by the manufacturer. The total RNA quantity 
and purity were determined by spectrophotometric analysis. The quality of the 
RNA was confirmed by 1% agarose electrophoresis. 

2.4.2. cDNA synthesis 
cDNA synthesis was done using FIREScript RT cDNA Synthesis kit (Solis Bio-
Dyne, Estonia) following the manufacturer’s instructions and previously used by 
Nirmali et al. [27]. Briefly, a 20 µL reaction mix was prepared by mixing 10 µl of 
(100 µg/ml) of RNA, 1 µl Oligo (dT) primer (100 µM), 2 µl of 10x RT Reaction 
Buffer with DTT, 0.5 µl dNTP Mix (20 mM), 1 µl FIREScript RT, 0.5 µl RNase In-
hibitor (40 U/µl) and 5 µl of nuclease-free water. The mixture was incubated at 
55˚C for 30 minutes and the enzyme was inactivated at 85˚C for 5 minutes. 

2.4.3. Primer Design 
Primers used were designed using the National Center for Biotechnology Infor-
mation’s (NCBI) Primer Blast tool  
(https://www.ncbi.nlm.nih.gov/tools/primer-blast/) while reference sequences of 
the genes were retrieved from GenBank in FASTA format. Sequence manipula-
tion suite (https://www.bioinformatics.org/sms2/pcr_primer_stats.html) was 
used to test each pair of primers obtained considering GC contents, primer 
melting temperature (Tm) and hairpin formation. Product size of 80 to 250 bp 
was targeted. All primers with a pass record were checked for Tm using oligo-
Calc (http://biotools.nubic.northwestern.edu/OligoCalc.html). Prior to qRTPCR, 
the primers were optimized using conventional PCR and upon gel electrophore-
sis, the primers that presented the expected sizes of the products were used for 
downstream application (Table 1). 

2.4.4. qRT-PCR 
Relative gene expression was studied using qRT-PCR real time thermal cycler 
qTOWER3 84 GmbH (Analytik Jena). The qRT-PCR reaction was performed 
using 2X qRT-PCR Master Mix (Beijing Solarbio Science & Technology Co.,  

 
Table 1. Primers used for qRT-PCR. 

Gene name Sequence 5'-3' 
Annealing  

temperature 
PCR product  

size (bp) 
GeneBank  

number 

β-Actin F  CTGAGAGTAGCCCCTGAGGA 
61 185 EU309690.1 

 
R  CACAGCCTGGATGGCTACAT 

iNOS F  TTGGAAACCAAAGTGTGT 
61 95 JQ280464.1 

 
R  CCCTGGCCATGCGTACAT 

VEGF F  CGGTACAAACCACCCAGCTT 
61 139 AY168004.1 

 
R  TGTCCAGGCGAGAAATCAGG 

Abbreviations: F: forward; R: reverse; iNOS: inducible nitric oxide synthase; VEGF: vascular endothelial 
growth factor. 
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Ltd) following the manufacturer’s instructions. A 25 µl reaction contained 12.5 
µl of the 2X master mix, 1 µl each of the forward and reverse primers (10 
pmol/µl), 1 µl of cDNA and 9.5 µl of nuclease-free water. All reactions were car-
ried out in triplicate. The qRTPCR was done using the program; initial denatu-
ration: 95˚C for 10 minutes; denaturation at 95˚C for 20 seconds, annealing at 
61˚C for 45 seconds, final elongation after 35 cycles at 72˚C for 5 minutes. Also, 
the melting curve was generated at the temperature range of 60˚C to 95˚C. Table 
1 shows the list of primers used for real-time PCR analysis. β-actin was used as 
an internal control for inducible Nitric Oxide synthase (iNOS) and vascular en-
dothelial growth factor (VEGF) expression. 

2.5. Data Analysis 

ImageJ software was used for image scaling while AngioTool software (Angio-
Tool v 0.6a (02.18.14)) was used to compute several morphological and spatial 
parameters. Statistical analyses of the experimental data were performed using 
GraphPad Prism 8.4.3 software (Graph-Pad Software, San Diego, CA). The data 
were recorded as numbers and expressed as means ± SEM. Further statistical 
investigations were done using a t-test (Mann-Whitney). On the other hand, the 
relative expression levels of the target genes were calculated using the delta-delta 
Ct (2−∆∆Ct) method and results were subjected to One-way ANOVA followed by 
Tukey test post hock analysis for multiple comparisons. The house-keeping gene 
β-Actin was used as a reference gene to normalize the expression of the target 
genes. In each case, p-values less than 0.05 were considered significant. 

2.6. Ethical Approval 

Approval for experimentations was granted by the University of Nairobi Animal 
Ethics Committee at the department of veterinary physiology and anatomy and 
issued in a letter with reference number: FVM BAUEC/2021/308. 

3. Results 
3.1. Chicken Chorioallantoic Membrane Assay 

We compared CAM images generated from two treatments of biogenic AgNPs 
(200 µg/ml and 100 µg/ml) including a negative (vehicle 1% DMSO) and positive 
(cyclophosphamide) controls. Images were assigned scales using ImageJ and 
analyzed with AngioTool v 0.6a (02.18.14) software. The original images and 
those resulting after processing (skeletonized) are shown in Figure 1. The mea-
surements of the vessel area, vessel percent area, total number of junctions, total 
vessel length and average vessel length are shown (Figure 2) where antiangi-
ogenic effects of the biogenic AgNPs are in a dose-dependent manner. There was 
a significant difference (p < 0.05) between the treatments and negative control 
for the total number of junctions, total vessel length and average vessel length. 
Conversely, save for average length, there was a significant difference (p < 0.05) 
in all parameters between positive control and other treatments. 
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Figure 1. Analysis of angiogenesis in biogenic AgNPs treated CAM. (1): Representative 
images of CAM from negative control (1% DMSO); (2): Treated group with 100 µg/ml 
biogenic AgNPs; (3): Treated group with 200 µg/ml biogenic AgNPs; (4): Representative 
images of CAM from positive control (cyclophosphamide); (A): Original CAM images 
with scales (left); (B): The resulting images after processing (right). The vessel outlines are 
shown in yellow, the skeletons in red and the branching points in blue as computed by 
AngioTool v 0.6a (02.18.14) software. 

 
Further assessment was done on the extent to which the treatments inhibited 

angiogenesis by fractal analysis using junction density and lacunarity measures. 
Angiogenesis was inhibited in a dose-dependent manner and there was a signifi-
cant difference (p < 0.05) between the treatments and controls (Figure 3). In this 
case, the greater the vascular density, the more angiogenesis is believed to have 
occurred. On the other hand, lacunarity characterizes the distribution of gaps in 
the fractal in which a fractal with high lacunarity has large gaps. In this case, 
positive control had lower vascular compared to other treatments indicating the 
antiangiogenic activities of the control. The higher dose of biogenic AgNPs (200  
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Figure 2. Graphical representations of the analysis performed on different groups (N = 
6). Differences in letters indicate significant difference (p < 0.05) between groups Statis-
tical analysis. 

 

 
Figure 3. Fractal analysis indicates junction density and mean lacunarity for the different 
treatments. Antiangiogenic activities were dose-dependent with the positive control exhi-
biting more activities. 

 
µg/ml) had lower vascular density compared to that of 100 µg/ml. The lacunarity 
values for the positive control were higher compared to the rest of the treatments 
in which also the higher dose of biogenic AgNPs (200 µg/ml) showed higher la-
cunarity compared to the lower dose (100 µg/ml). 

Effects of the treatments on the morphometric parameters were also analyzed 
in which body weight of the fetuses and crown-rump length were measured and 
graphical presentation is shown in Figure 4 & Figure 5. The fetal body weights  
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Figure 4. Effects of biogenic AgNPs on fetal body weight. 

 

 
Figure 5. Effects of biogenic AgNPs on crown-rump length (CRL). The CRL were re-
duced in a dose dependent manner where the positive control showed a significant dif-
ference (p < 0.05) from the negative control indicated by the asterisk. 

 
in brackets for different treatments were; negative control (15.58 ± 0.57 cm), 100 
µg/ml (14.2 ± 1.4 cm), 200 µg/ml (13.04 ± 1.51 cm) and positive control (14.2 ± 
0.9 cm). There was no significant difference between treatment groups and con-
trols (p > 0.05). In addition, crown-rump length (CRL) did not show a signifi-
cant difference between the treatments from the negative control. However, the 
positive control reduced the CRL significantly from the negative control. 

3.2. Wound Healing Assay 

The anti-metastatic effects of biogenic AgNPs were studied alongside positive 
control (cyclophosphamide) using cell migration assay (wound healing) and the 
results are indicated in Figure 6. Results show that biogenic AgNPs was able to  
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Figure 6. Wound healing assay. Effect of biogenic AgNPs on the migration of the cells from time 0 to 72 hours. Arrows indicate 
the size of the wound during the entire duration (each image was taken at 10× magnification under inverted microscope). 
 

inhibit cells from migrating to the opening and thus delayed recovery of the 
wound. It is evident from the images that in the negative control, wound closure 
was able to occur after 72 hours. The stronger effects were observed when the 
highest concentration of 30 µg/ml biogenic AgNPs was used. In this case, the 
AgNPs induced death of some cells as they could be seen floating on the media. 

3.3. Relative Gene Expression 

The effect of biogenic AgNPs on the expression profiles of iNOS and VEGF was 
explored. Both biogenic AgNPs and positive (cyclophosphamide) significantly 
down regulated the expression of all the targets (Figure 7 & Figure 8). Different 
letters on each bar indicate a significant differences (p < 0.05) resulting from 
One way AVOVA followed by Tukey’s multiple comparison post hoc analysis 
carried out in Graph Pad Prism software (v8.4.3). Asterisk (*) indicates signifi-
cant difference (p < 0.05) from negative control following post hoc analysis. 
Higher fold changes were observed in the highest dose of biogenic AgNPs (200 
µg/ml). The increase in the NPs concentrations therefore increased the activity 
of the drug in the down-regulation of the target genes (Table 2). 

4. Discussion 

Cancer remains the global health burden owing to the lack of effective therapy. 
The ineffectiveness of the available anti-cancer drugs is attributed to the spread 
of cancer cells from a primary tumor to other tissues and also hampered by low 
delivery and high toxicity. As a result, there is an increase in interest and use of  
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Figure 7. iNOS expression on CAM treated with biogenic AgNPs. AgNPs inhibited angiogenic specific 
gene expression on chicken chorioallantoic membrane. Different letters on each bar indicate significant 
differences (p < 0.05) resulting from One way AVOVA. Asterisk (*) indicates a significant difference (p < 
0.05) from negative control following post hoc analysis. 

 

 
Figure 8. VEGF expression on CAM treated with biogenic AgNPs. AgNPs inhibits angiogenic specific 
gene expression on chicken chorioallantoic membrane. Different letters on each bar indicate significant 
differences (p < 0.05) resulting from One way AVOVA. Asterisk (*) indicates a significant difference (p < 
0.05) from negative control following post hoc analysis. 

 
Table 2. Relative gene expression of target genes (iNOS and VEGF) following treatments with biogenic 
AgNPs. 

Groups Negative control Positive control AgNPs (100 µg/ml) AgNPs (200 µg/ml) 

2^-ddct (iNOS) 1.00 ± 0.016 0.153 ± 0.004 0.68 ± 0.048 0.089 ± 0.014 

2^-ddct (VEGF) 1 ± 0.02 0.13 ± 0.004 0.36 ± 0.01 0.24 ± 0.04 

Fold change (iNOS) 1 6.54 1.47 11.25 

Fold change (VEGF) 1 7.61 2.76 4.14 
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plant-based therapies since plant-derived products have shown promise in 
treating different cancer types. Neem plant (Azadirachta indica) among other 
plants has been reported to possess anti-cancer activities [6] [22] [28]. However, 
the use of plant-derived products in the treatment of cancer faces a number of 
bottlenecks such as limited bioavailability of active phytochemicals to the target 
cells and toxicity [7]. It has therefore prompted targeted therapy that could im-
prove the drug delivery systems and minimize side effects through nanotech-
nology [8]. 

The current study investigated anti-angiogenic and anti-metastatic activities 
of biogenic AgNPs synthesized from methanolic extracts of Azadirachta indica 
stem bark using chicken chorioallantoic membrane (CAM) assay and wound 
healing assay respectively. Further, using the CAM assay, we explored the effects 
of the NPs on gene expression implicated with angiogenesis (iNOS and VEGF) 
using cyclophosphamide as a positive control. Results elucidated that biogenic 
AgNPs have an anti-angiogenic effect on the CAM and anti-metastatic activity 
against DU-145 human prostate cancer cells. 

Angiogenesis is a physiological process involving the formation of new blood 
vessels from the pre-existing vascular bed. It also plays as one of the hallmarks of 
cancer, implicated in tumor growth, invasion and metastasis [12]. In view of this 
and since tumor blood vessels are genetically unstable and different from normal 
vessels, they are potential targets in therapy for all types of cancer. CAM has 
been extensively used in studying angiogenesis, tumor cell invasion and metas-
tasis with advantages over other methods due to its highly vascularized nature 
promoting the efficiency of tumor cell grafting, high reproducibility; simplicity 
and cost-effectiveness [23] [29]. In this study, anti-angiogenesis was evident fol-
lowing a significant reduction in spatial parameters including vessel area, vessel 
percent area, total number of junctions, total vessel length, average vessel length 
and junction density in a dose-dependent manner. Also, together with the posi-
tive control (cyclophosphamide), the angiogenesis related genes hereby assessed 
were significantly down-regulated by the biogenic AgNPs suggesting its poten-
tial anti-cancer activities targeting the pathways implicated with these genes 
during angiogenesis. For lacunarity which characterizes the distribution of gaps 
in the fractal, there was a significant increase in high concentration (200 µg/ml) 
NPs treated groups and positive control compared to the negative control that 
suggests antiangiogenic properties of the biogenic AgNPs at high dose. 

Morphometric parameters were analyzed in this study in order to uncover the 
effects of the treatments on embryo development. Results showed a decrease in 
the body weight of the embryos in a dose-dependent manner. However, no sig-
nificant difference was observed in all groups. Also, crown-rump length (CRL) 
did not show a significant difference between the treatments from the negative 
control except for the positive control which reduced the CRL significantly. 
Therefore, biogenic AgNPs do not affect embryo development and shows no 
toxicity to the embryo. Some studies reported on the toxicity of NPs that can 
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lead to a significant generation of reactive oxygen species (ROS) and upregula-
tion of genes involved in cellular stress and toxicity [30] that could possibly lead 
to a decrease in body weight. Such an observation was reported in broiler chick-
en treated with a high concentration of gold nanoparticles [31]. Morphometric 
analysis for the current study was meant to check the possible toxicity the bio-
genic AgNPs can impose by changing the parameters measured. That was not 
the case as no evidence of toxicity was recorded and for that reason, the biogenic 
AgNPs from bark methanolic extracts of Azadirachta indica can be considered 
safe for use as an anti-cancer agent. 

Our findings concur with other reports where biogenic AgNPs synthesized 
using Saliva officinalis elucidated antiangiogenic properties on CAM by signifi-
cantly reducing the average number and length of blood vessels [24]. The results 
are also in line with that of AgNPs biosynthesized in Bacillus licheniformis bio-
mass (with an average size of 500 nm) exhibiting the anti-angiogenic, an-
ti-proliferative and anti-migratory activities of bovine retinal endothelial cells 
supplemented with exogenous VEGF which was attributed to the inactivation of 
the PI3K/Akt signaling pathway by the NPs [19]. However, the results conflict 
with another study where poly (vinyl pyrrolidone)-coated AgNPs (with size 2.3 
nm) presents pro-angiogenic properties both in vitro and in vivo through the 
generation of reactive oxygen species (ROS) and production of angiogenic fac-
tors like VEGF and nitric oxide (NO) [32]. Moreover, the silver nanoparticles up 
regulated FAK, Akt, ERK1/2, and p38, which were all involved in the 
VEGFR-mediated signaling pathway. The reported proangiogenic effects could 
be due to the presence of the surface polymer coating and the smaller size of the 
NPs compared to other studies reporting on an anti-angiogenic potential of 
AgNPs [12] including the present study which used NPs of average size of 58 
nm. 

In this study, angiogenesis-related genes (iNOS and VEGF) were downregu-
lated with fold changes that were apparently dose-dependent. The results are 
consistent with the reduction in angiogenic markers, iNOS and VEGF-A after 
treatment with Res-nanoparticles in cancer, stem-like-enriched oral cancer cells 
niche at a fold change of 2.5 and 5.1 respectively [33]. Research in tumor angi-
ogenesis discovered the main molecular drivers of tumor angiogenesis, the vas-
cular endothelial growth factor (VEGF) family forming the dominant target for 
antiangiogenic drugs owing to its ubiquitous nature and more importantly 
upregulated in most human cancers [13]. VEGF elucidates proangiogenic effect 
through activation of VEGF/VEGF-receptor pathway [34]. Results from the 
current study demonstrate the role biogenic AgNPs played in downregulating 
VEGF by probably inactivating the VEGF/VEGF-receptor pathway. AgNPs bio-
synthesized from Rapeseed pollen were also able to downregulate VEGF and 
therefore suppress breast cancer carcinogenesis [35]. Also, Gurunathan et al. 
[19], reported potential of AgNPs biosynthesized from Bacillus licheniformis 
biomass to inhibit VEGF-induced proliferation and migration of bovine retinal 

https://doi.org/10.4236/abb.2022.134010


S. R. Kitimu et al. 
 

 

DOI: 10.4236/abb.2022.134010 202 Advances in Bioscience and Biotechnology 
 

endothelial cells as well as micro-vessel formation in a mice model which was 
attributed to the inactivation of the PI3K/Akt signaling pathway [19]. 

On the other hand, iNOS expressed after cytokine exposure generates nitric 
oxide, an important modulator of some important cancer related processes such 
as angiogenesis and metastasis [15]. It is also known that upregulation of Nitric 
oxide synthase (NOS) promotes a number of pro-angiogenic factors such as 
VEGF, fibroblast growth factor (FGF2), and Ang2 where inhibition of iNOS was 
found to arrest angiogenesis in rat models [16]. Downregulation of iNOS in this 
study depicts the role that biogenic AgNPs of bark methanolic extracts can play 
as a potential anti-cancer agent at molecular level by downregulating activities of 
NOS and therefore reducing the amount of nitric oxide produced and conse-
quently reduction in the amount of proangiogenic factors released by the cells. 
iNOS has a profound effect on VEGF expression and their interrelation forms a 
NO-VEGF axis which forms a target for anticancer agents to inhibit tumor an-
giogenesis, growth and progression [14]. VEGF promotes angiogenesis through 
the interaction of NO synthesized by iNOS with the NO sensitive guanylyl cyc-
lase leading to the generation of cyclic guanosine monophosphate (cGMP), 
which conveys the signals down-stream through a VEGF-NO pathway [36]. For 
instance, activation of VEGF-NO pathway improved ischemia-induced angi-
ogenesis in rat hind limbs [37]. Generally, the antiangiogenic effects observed 
from the CAM assay and supported by the downregulation of iNOS and VEGF 
in the present study partially suggest the activity of the biogenic AgNPs through 
inactivation of both VEGF-NO and VEGF/VEGF-receptor pathways implicated 
in angiogenesis. 

Regarding the anti-metastatic effects of the biogenic AgNPs, a wound healing 
assay was conducted. Our findings indicated inhibition of cell migration by bio-
genic AgNPs against DU-145 prostate cancer cells on a 2D wound healing assay 
compared to the negative control. There was a total closure of the wound in the 
negative control after 72 hours of incubation while there was no closure of 
wounds in NPs treated and positive control. Our results are in line with other 
findings where AgNPs portrayed anti-migratory effects of AgNPs biosynthesized 
from Annona muricata fruit extracts against HeLa cells [38]. Metastasis contri-
butes to poor prognosis and survival in cancer as cells spread from their primary 
tumors to distant places [39]. Novel therapeutic agents are therefore important 
to prevent metastatic from occurring. Our results indicate that Biogenic AgNPs 
has anti-metastatic effects against DU-145 and be considered a potential an-
ti-cancer drug. These results sync with the anti-angiogenic activities observed 
above since there is a correlation between angiogenesis and wound healing. For 
that reason, most of the pro-angiogenic nanofibers have been deployed to acce-
lerate tissue repair and regeneration, especially to stimulate wound healing [40]. 
When cells fail to recover from the wound inflicted is indicative is the result of 
inhibition of cell-cell communication hence interfering with of their metastatic 
potential [39]. When the highest dose was used (30 µg/ml), there was a partial 
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increase in the size of the wound observed with some floating cells probably due 
to the cytotoxic effect. We therefore suggest that biogenic AgNPs synthesized 
using methanolic extracts of Azadirachta indica stem bark can be considered as 
an anti-cancer agent candidate following its good anti-metastatic properties. 

5. Conclusion 

Biogenic AgNPs from bark methanolic extracts of Azadirachta indica elucidated 
good anti-angiogenic and anti-metastatic activities using chicken chorioallantoic 
membrane and wound healing assay respectively. Further analysis of gene ex-
pression revealed the potential of the NPs to down-regulate angiogenesis related 
genes (iNOS and VEGF). The gene expression analysis suggested the possible 
mechanisms through which the NPs use to inhibit angiogenesis which is the in-
activation of VEGF-NO and VEGF/VEGF-R pathways. From the results pre-
sented in the current work and given the limitations of the available cancer 
drugs, we advocate further studies on the product including its efficacy and 
safety assessment in vivo in order to generate robust information that could 
propel its development to clinical trials as one of the novel anti-cancer agents 
resulting from nanotechnology. 
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