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Abstract
Biogenic Silver Nanoparticle (bio-AgNPs) is one of the most fascinating nanomaterials used in the
biomedical purposes. In the current study, we biosynthesized AgNPs (bio-AgNPs) using Arthrospira
platensis(A-bio-AgNPs), Microcystis aeruginosa(M-bio-AgNPs)and Chlorella vulgaris(C-bio-AgNPs) active
metabolites and evaluated their anticancer e�cacy against breast cancer. The recovered bio-AgNPs were
characterized using Scanning and Transmission Electron Microscopy (SEM and TEM) and their safety
pro�les were monitoring in-vitro on PBMCs cells and in-vivo on Albino mice. The obtained results
indicated the safety usage of bio-AgNPs at concentration of 0.1 mg/ml on PBMCs cells and 1.5mg/ml on
the Albino mice. The bio-AgNPs displayed dose-dependent cytotoxic effects against HepG-2, CaCO-2 and
MCF-7 cell lines by inducing ROS and arresting the treated cells in G0/G1 and sub G0 phases. In addition,
A-bio-AgNPs induced breast cancer cellular apoptosis by down regulating the expression of survivin,
MMP7, TGF and Bcl2 genes. Upon A-bio-AgNPs treatment, a signi�cant reduction in tumor growth and
prolonged survival rates were recorded in breast cancer BALB/c model. Furthermore, A-bio-AgNPs
treatment signi�cant decreased theKi 67 protein marker from 60% (in the untreated group) to 20% and
increased Caspase 3 protein levels to 65% (in treated groups) comparing with 45% (in Doxorubicin treated
groups).

I. Introduction
Cancer is a life-threatening disease and leads the cases of deaths around the world. According to the
WHO, the annual cancer cases are to rise from 14 million in 2012 to 22 million in the next two decades
(McGuire 2016).Thus, searching for potent effective and safe anticancer drugs is one of the most
in�uenced objectives[1]. Among the various approaches, the exploitation of nanotechnology is one of the
most effective approaches to recognize different hits and leads [2]. In nanomedicine �eld, there are great
interest in the synthesis of metal nanoparticles as gold and silver to be as anticancer agents [3,
4].Because of their distinct characters and promising applications in the medical �elds as anticancer and
antimicrobial, silver nanoparticles AgNPs are widely used [5]. There are three methods used in the
preparation of nanoparticles; physical, chemical and biological synthesis [6].Green synthesis method is
ultimately superior because of a multitude of reasons to begin with saving highly expensive chemicals
and energy another reason is that the produced nanoparticles are preferred more than the nanoparticles
manufactured with both chemical and physical methods �nally this green method is eco-friendly [7].
Plants, bacteria, fungi, algae, etc. are widely used in nanoparticles green synthesis [8,9]. In their extracts,
various bioactive compounds found, as proteins/enzymes, amino acids, polysaccharides, polyphenols,
aldehydes and ketones that acting as ions reducing and stabilizing agents during the nanoparticles
production process to form the favorite shapes and sizes [10]. Among the microorganisms, microalgae
have a wonderful part in nanoparticles preparation and metals toxicity bioremediation and their
biotransformation to altered nontoxic materials [11,12]. Unlike the most reported microorganisms that
used in AgNPs biosynthesis, blue green algae (Cyanobacteria) were used as nonpathogenic
microorganisms that used in its biosynthesis, Spirulina platensis, is an important example of these
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microorganisms. Arthrospira (Spirulina) is �lamentous cyanobacterium (Oscillatoriaceae) and shows
great plasticity because it has a soft cell wall made of complex sugars and protein [13], they occur
naturally in tropical and subtropical lakes at high pH and high carbonate and bicarbonate concentrations.
In present study, we test the ability of S. platensis cell-free supernatant to form AgNPs in an aqueous
system and investigate their anticancer effects against breast cancer. Moreover, we obtained preliminary
visions on the molecular anticancer mechanisms against breast cancer usingin-vitro and in- vivo breast
cancer model.

Ii. Methods
II.1. Green synthesis and characterization of silver nanoparticles (bio-AgNPs) using algal free culture.

Algal strains and culture conditions.

Chlorella vulgaris was cultured on Kuhl's medium for 20 days at 25 ± 2 ºC and 200 LUX, Arthrospira
platensis was cultured on modi�ed Zarrouk medium for 16 days at about 27 ± 2ºC and 2500 while
Microcystis aeruginosa was cultured on BG11 for 16 days at about 27 ± 2ºC and 2500 LUX, algal cultures
shacked twice per day.

Green synthesis of bio-AgNPs.

Fifty ml of AgNO3 (1Mm) were drop wisely added to 50 ml of each culture �ltrate of A. platensis (PH = 
11), M. aeruginosa (PH = 6) and C. vulgaris (PH = 6.6). Each preparation was shacked for 1 hour (220
rpm) at room temperature. The formed pellets were collected by centrifugation at 10000 rpm for 10 min
and then washed 3 times with distilled water before drying and storing at room temperature till use.

Bio-AgNPs characterization.

Scanning Electron Microscopy (SEM).

The microstructures and morphology of the bio-AgNPs particles were observed using a Joel 6360LA
scanning electron microscope (JEOL Ltd., Tokyo, Japan)at an accelerated voltage of 15 kV. The samples
were mounted on the specimen holder with double sided adhesive tape, after gold coating using a JFC-
1100E sputter (JOEL Ltd., Tokyo, Japan), the images were captured using an accelerating voltage of 15
kV.

Transmission Electron Microscopy (TEM).

The collected bio-AgNPs pellets were dispersed in distilled water and their microstructures were studied
with a Joel 6360LA transmission electron microscope (JEOL Ltd., Tokyo, Japan), by double sided
adhesive tape. A thin �lm of sample was prepared by placed 5 µl of the collected bio-AgNPs on a carbon
coated 3-mm copper grid that dried at room temperature. ImageJ software was used for examination and
poly dispersity index was calculated according to the following equation:
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PolyDispersityIndex(PDI) =
StandardDeviation

MeanDiameter
2

II.2. In-vitro safety assay and anticancer effects of bio-AgNPs.

Safety assay of bio-AgNPs on Peripheral Blood Mononuclear Cells (PBMC).

For the determination of Chlorella vulgaris (C-bio-AgNPs), Microcystis aeruginosa (M-bio-AgNPs) and
Arthrospira platensis (A-bio-AgNPs) non-toxic dose which does not display toxic effects on PBMC cells,
the cytotoxicity assay was accomplished using MTS assay. 100µl of PBMCs suspension (6×104 cell/ml)
was seeded in 96-well plates. The seeded plates were incubated at 37oC in humidi�ed 5% CO2 for 24 hr.
After incubation, the exhausted old medium was replaced with either 100 µl of treatment concentrations
(prepared in culture medium) or medium (negative control). The plates were incubated at the same
growth conditions for 3 days after that, the cytotoxic effects were quanti�ed using MTS assay Kit
according to the instruction protocol.

In-vitro anticancer activity of bio-AgNPs against HepG-2, CaCO-2 and MCF-7 cell lines.

The anticancer activities of C-bio-AgNPs, M-bio-AgNPs and A-bio-AgNPs were quanti�ed against HepG-2,
CaCO-2 and MCF-7 cell lineswere using MTS assay as described above.

Selectivity index.

The selectivityindex of the recovered bio-AgNPs to cancer cells was quanti�ed according toKoch et al.[14]
protocol with a minor modi�cation, where; SI = IC50nc /IC50cc, where IC50nc refers to the IC50 value of
the tested compound on normal cells while; IC50cc refers to the IC50 of the tested compound on cancer
cell line.

II.3. The mode of anticancer action of the bio- AgNPs.

Intracellular reactive oxygen species induction using bio-AgNPs.

The total induced intracellular ROS by C-bio-AgNPs, M-bio-AgNPsand A-bio-AgNPs were detected in PBMC
using 2, 7-dichloro dihydro�uorescein diacetate (H2DCF-DA) and �owcytometry. DFCH-DA enters cells
and further oxidized by ROS forming �uorescent product 2',7'-dichloro�uorescein (DCF). Brie�y, PBMC
cells were grown in 96 well plates for 24 hrs, 100 µl of bio-AgNPs non-toxic doses were added to cells and
incubated for 24 hrs. After that, cells were incubated with H2DCF-DA at a �nal concentration of 50 µM for
30 min. In the positive control group, ROS was induced by loading cells with E. coli LPS
(lipopolysaccharide 100 ng/ml) in RPMI. After 1 h incubation, the stimulants were discarded and cells
were washed three times with pre warmed PBS, all samples were analyzed using a BD FACSC calibur �ow
cytometer with Cell Quest software. For quanti�cation of DCF �uorescence, at least 10,000 events were
used for each measurement [4].
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Cell cycle analysis.

The alterations of HepG-2, CaCO-2 and MCF-7cell cycle pattern upon A-bio-AgNPs treatment were
determined using �ow cytometry (Léonce et al. 2001) in which PI was used as cellular stain that
discriminate living cells from dead cell. After treatment, cell suspensions were stained with 0.5 mL of
warm PI solution (7 ml of PI solution consists of 0.35 ml of PI solution (1 mg/ml), 0.7 ml RNase A
solution (1 mg/ml), and 6 ml of PBS). All samples were kept on ice until �ow cytometric analysis.

Apoptosis and necrosis assessment.

Acridine orange/ethidium bromide (AO/EB) assay was used to differentiate between Apoptosis and
necrosis cellular status.

Acridine orange could stain both live and dead cells while; ethidium bromide stain only cells that have
lost membrane integrity. After A-bio-AgNP streatment, MCF-7 cell suspension (0.5 × 106 cells/ml) was
incubated with 1 µl of AO/EB solution and aliquot of cell suspension was examined using a �uorescence
microscope [15].

Bio-AgNPs regulate MCF-7 oncogenes and tumor suppressor genes.

The molecular anticancer action of A-bio-AgNPs was explained by studying their effects in controlling the
expressions of p53, Bcl2, MMp7 (metalloproteinase-7), TGFα (Transforming growth factor) and Survivin
genes in MCF-7 treated cells. After 24 hrs cellular treatment with sub-IC50 concentrations, RNA was
extracted using the Qiagen RNA Kit. cDNA was synthesized using r First Strand cDNA Synthesis Kit
(Roche) and Real-time qPCR was conducted using primer sets listed in Table (S1) and SYBR Green
Master Mix (Applied Biosystems). The gene expression levels were calculated and normalized using b-
actin and expressed as a fold change compared with control. The obtained results were analyzed using a
CFX-96 (Bio-Rad).

II.4. Safety assay and anticancer effects of A-bio-AgNPs, In-
vivo.
Based on the In-vitro studies, A-bio-AgNPs was selected to complete the all in-vivo experiments due to its
anticancer e�cacy.

In-vivo safety assay.

BALB/c mice (35–45 gm) were purchased from VACSERA, Cairo, Egypt. After one week adaptation, the
experimental animals were divided into three groups, each one contained 5male albino mice (35–45 gm).

The in-vivo protocols were reviewed and approved by Medical Research Institute, Alexandria, Egypt,
Animal Care and Use Committee.
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Experimental design.

In the �rst group, mice were intraperitoneally injected (IP) with A-bio-AgNPs (0.3mg/ml, 7µg/g body
weight). IN the second group mice; mice were IP injected with 0.15mg/ml A-bio-AgNPs (3.5µg/g body
weight). The last group was represented the untreated control one which injected with 9% saline. After 2
weeks and upon scarifying, serum samples were collected and the the blood biochemical tests were
performed. Serum alanine aminotransferase,Aspartate aminotransferase, Alkaline phosphatase (ALP)
activities, total protein, albumin concentration, Urea and creatinine concentrations were determined using
Bio diagnostic kit, Egypt according to its manual instruction.

In-Vivo anticancer effects of A-bio-AgNPs treatments.

Mice were subcutaneously injected with 2 X105 of Ehrlich Ascites Carcinoma cells (Ehrlich cells, EAC) in
the right �ank of BALB/C. After 5 days of tumor induction, the tumor burdens were measured by Vernier
caliper. Mice were then grouped based on measurements into four groups, each group was adjusted to
contain the same average of tumor burden mice and each one contained 5 female mice (22–28 gm).

After 7 days of tumor induction, In the �rst group: 5 tumor bearing female mice were IP injected with 0.15
mg/ml of A-AgNPs (3.5gm/Kg body weight). In the second group, another 5 tumor bearing mice were
injected locally (intertumoral injections) with 0.15mg/ml A-AgNPs (3.5gm/Kg body weight). In the
positive control group, 5 tumor bearing mice were IP injected with Doxorubicin (0.15mg/ml; 3.5gm/Kg
body weight). Also, 5 tumor bearing (female) mice were IP injected with 9% saline (negative control
group). All mice bearing Ehrlich Ascites Carcinoma were treated 3 times on day 7, 10 and 17. The tumor
measurements were performed every 2 days and calculated as tumor volume = (width2 × length)/2 as
reported [16]. Animals were checked until they reached the killing criteria (tumor burden reached 10% of
body weight, the presence of tumor ulceration or mice became dying).

The study lasted for 1 month before scarifying under diethyl ether anesthesia, serum samples, tumors
tissue and different organs were collected for blood biochemical assays and histopathological
examinations.

Histopathology and Immunohistochemistry studies.

After mice scarifying, one longitudinal half of each organ was �xed at 10% formalin for the
histopathological analysis. The obtained sections were stained with hematoxylin and eosin (H&E),
microscopically examined for the presence edema, erosion and necrosis.For immunohistochemical
analysis, 3 µm sample sections were depara�nized with xylene and ethanol, the intrinsic peroxides
activity in tissue sections was blocked with Peroxidase. After protein blockage, the prepared sections
were incubated with anti-Ki 67 and anti-Caspase 3 antibodies [17] for 30 minutes then, washed for 5
minutes two times in PBS. Mayer’s hematoxylin was used to counter stain the slides. The stained
sections were examined under a light microscope (Olympus BX53, Tokyo, Japan).

II.5. Statistical analysis.Loading [MathJax]/jax/output/CommonHTML/jax.js
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All results are presented as mean ± SD (standard deviation) of three replicates and the statistical
analyses were carried out using SAS program. Data obtained were analyzed statistically to determine the
degree of signi�cance between treatments using one- and two-way analysis of variance (ANOVA) at P ≤ 
0.005 (SAS program 1989–1996). IC50 values and the statistical analysis of cytotoxicity and safety
assay experiments were carried out using GraphPad prism 8.

Iii. Results
III.1. Green Synthesis and characterization of silver nanoparticles.

Culturing and growth curves of C. vulgaris, A. platensis and M. aeruginosa.

Algal species growth was measured as optical density (O.D) every two days to determine the maximum
growth of each different organism. The obtained data indicated that A. platensis and M. aeruginosa
optimum growth were recorded upon culturing for 16 days on modi�ed Zarrouk medium and BG11,
respectively at 27 ± 2ºC and 2500 LUX (Fig S1, a and c). While C.vulgaris maximum growth was recorded
after culturing on Kuhl's medium for 18 days at 25 ± 2ºC and 4000 LUX(Supplementary Fig S1b).

Silver nanoparticles green Synthesis and characterization.

Silver nanoparticles (bio-AgNPs) were biosynthesized using cell free supernatants of C. vulgaris, A.
platensisand M. aeruginosa. The supernatants of A. platensis, M. aeruginosa and C. vulgaris were
collected at the growth stationary phases after 10, 12 and 16 days, respectively (Fig S1b). The
biologically active compounds of algal �ltrates acted as silver ion reducing agents. The primary analysis
was done via the observation of color change from colorless to brown that con�rmed the formation of
bio-AgNPs (comparing with silver nitrate aqueous solution that remained colorless). Furthermore, both
Scanning (SEM) and transmission (TEM) electron microscope analysis proved the spherical shapes of
the recovered bio-AgNPs with size ranged from 9 to 17nm (Fig. 1,2.)

III.2. In-vitro safety assay and anticancer effects of bio-AgNPs.

Safety patterns of bio-AgNPs.

The safety usage of the bio-AgNPs was tested on normal mammalian cells, Human peripheral blood
mononuclear cells (PBMC), using bio-AgNPs different concentrations from 0.125 to 4 mg/ml. After
treatment, cellular viability was quanti�ed using MTs assay (Fig S2). The results revealed the nontoxic
dose of M-bio-AgNPs, C-bio-AgNPs and A-bio-AgNPs on PBMC cells that recorded0.1 mg/ml, this nontoxic
dose showed 0.3,14.2 and 16.9% cellular viability inhibition, respectively. So, bio-AgNPs at 0.1 mg/ml was
selected to complete the in-vitro studies.

III.3. Anticancer activities of the bio-AgNPs against HepG-2,
CaCO-2 and MCF-7 cancer cells.
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The anticancer effects of bio-AgNPs were done against 3 different cell lines using MTS assy. In general,
all bio-AgNPs showed great abilities to inhibit cancer cells proliferations with percentages exceeded 95%.
Upon treating cells with the non-toxic bio-AgNPs dose (0.1 mg/ml), A-bio-AgNPs was the most potent
treatment against HepG-2, CaCO-2 and MCF-7 cells with inhibition percentages of 86.2, 94.2 and 96.6,
respectively (Fig. 3, a, b,c). In addition, A-bio-AgNPs IC50 values reached 7.8, 14.2 and 5.9 µg/ml against
HepG-2, CaCO-2 and MCF-7 cells, respectively (Fig. S3a). Furthermore, A-bio-AgNPs showed great abilities
to inhibitMCF-7 cells with selectivity index exceed 1847 followed by the same treatment on HepG-2 cells
with 1406.44selectivity index. Also, M-bio-AgNPs showed massive toxic effects against CaCO-2 cells with
selectivity index 860.93(Fig. S3 b).

Furthermore, the morphological characters A-bio-AgNPs-MCF-7 treated cells showed the appearance of
undergoing apoptotic cells that characterized by cellular rounding up, shrinkage, membrane blebbing and
loss of cell adhesion.(Fig. S4).

III.4. The mode of anticancer action of the bio- AgNPs.

Induction of cellular ROS.

The intracellular ROS in PBMCs by bio-AgNPs treatment were quanti�ed using �owcytometry and
compared with LPS (positive control). The maximum induced ROS percentage (Fig. 4) was recorded upon
PBMCs treatment with M-bio-AgNPs (50.16) followed by A-bio-AgNPs and C-bio-AgNPs (46.3 and 40,
respectively) comparing with both negatively controlled cells (16.35) and positively LPS induced cells
(19.51).

Cell cycle analysis.

The cell cycle phases distribution of HepG-2, Caco2 and MCF-7 cells after the treatment with A-bio-AgNPs
were done by comparing the phases of treated cells with those of the untreated cells. After HepG-2
treatment with A-bio-AgNPs, the cells population in subG0 phase (apoptotic cells) were increased by
about 1.3% over the untreated cells percentage to record 35.6%(Fig S4 a). While, upon CaCO-2 cells
treatment, the treated cells were arrested in S phase with percentage 66.4 (Fig S5 b). On the other hand,
the A-bio-AgNPs treatment causing G0/G1 phase arrest in MCF-7 cell with percentage 61.6 (Fig S5c).

Gene expression patterns of bio-AgNPs-treated cancer cells.

The possible mechanisms of AgNPs-mediated cell death action via the apoptotic regulators have been
con�rmed via gene expression analysis. gene expression levels of Bcl2, Survivin, MMP7,P53 and TGF
were quantitatively measured by RT-PCR after β actin normalization (Fig. 5). The overall results indicated
that, comparing with the untreated cells, A-bio-AgNPs treatment induced cellular apoptosis in breast
cancer cells via the down regulation of survivin, MMP7, TGF and Bcl2 genes expressions. While C-bio-
AgNPs induced MCF-7 cellular apoptosis via MMP7 gene down regulation and P54 gene up-regulation.
Furthermore, upon MCF-7 cells treatment with M-bio-AgNPs, cell apoptosis induction veri�ed via survivin
and MMP7 genes down-regulation (Fig. 5).Loading [MathJax]/jax/output/CommonHTML/jax.js
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Induction of Apoptosis and necrosis.

The all above results indicated the potent anticancer effects of A-bio-AgNPs against all cell lines while,
MCF-7 cells were the most sensitive cells to the treatment. So, in the following section we will evaluate
the e�cacy of A-bio-AgNPs against breast cancer models.

Nnuclear changes during apoptosis were visualized via �uorescence microscope using acridine
orange/ethidium bromide (AO/EB) staining. In the living cells, nuclei appeared with normal green staining
with green chromatin and they showed organized structures, while in the early apoptotic stage, cells
exhibited condensed or fragmented chromatin (green or orange). Nevertheless, during late apoptotic or
necrotic stages, cells have displayed similar normal nuclei staining, as live cells, but with orange
chromatin. Upon MCF-7 cellular treatment with A-bio-AgNPs, the treated cells appeared with an early
apoptotic feature with orange-stained multinucleated cells (Fig. 6).

III.5. In-vivo safety assay and anticancer effects of A-bio-AgNPs.

In-Vivo safety assay.

Upon our previous experiment, the safety usage of A-bio-AgNPs was tested on BALB/c mice using two
doses (3 and 1.5 mg/ml). The results indicated that, the �rst group that treated with 3 mg/ml of bio-
AgNPs showed signi�cant elevation in the serum concentrations of ALT and AST. While the group that
injected with 1.5mg/ml of bio-AgNPs didn’t record signi�cant differences from control group. Also, the
animal group that treated with 1.5mg/ml of A-bio-AgNP didn’t showed any signi�cant differences from
the control group in the concentration of serum protein, albumin and creatinine and with slightly elevation
in the concentrations of serum urea and bilirubin (Data not shown).

In-vivo antitumor effect of the A-bio-AgNPs.

To con�rm the obtained antitumor effects of A-bio-AgNPs, AgNPs were injected into BALB/C mice via two
routs (Fig. 7a).; I.P and SC. Injection with 0.15mg/ml and 3.5gm/Kg body weight. Mice body weight
results during 30 days of the experiment showed dramatically weight loss over the �rst days of tumor
progression, then a signi�cant increase in the body weight was recorded after all treatment regimens
(Fig. 7b). Also, the tumor size increased intensively over the �rst days of the experiment then, the growth
started to be inhibited obviously after all treatments(Fig. 7c). All treatments are able to induce a great
delay in tumor growth and prolonged survival in mice without signi�cant differences among them. The
highest inhibition of tumor growth was recorded in the group that treated intratumorally with A-bio-AgNPs
followed by that treated intraperitonially. Also, the results of red blood cells (RBCs), White blood cells
(WBCs) and platelets counts were recorded in all animal groups (Fig. 7D). Comparing with the control
group, the DOX treated-mice showed the lowest counts of blood cells; 5.7 × 103 cells/µL of RBCs, 3.46×
103 cells/µL of WBCs and the platelet counts reached 1.1 × 103 cells/µL. The tested mice in all groups
were seen with distress marks (weight loss; dehydration; rapid or shallow breathing; hunched
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posture/immobility; piloerection; guarding behavior; bleeding from any ori�ce; death). All mice in the bio-
AgNPs groups tolerated the used dose with no appearance of toxicity/or mortality.

The histopathological examination results of the DOX., PBS and bio-AgNP treated mice indicated the
presence of viable tumor and necrotic areas in all samples with a smaller number of malignant, advanced
necrotic and �brotic cells in the A-bio-AgNPs treated groups (Fig. 8a). The tissue sections of the control
group indicated malignant cells, increased N/C ratio, loss of cell architecture and necrosis and metastasis
in the lipid layer (Fig. 8a). While in the animal groups which treated with DOX., the breast tissue section
showed �brotic reactions, advanced necrosis, less malignant viable cells (Fig. 8a).

Immunohistochemistry (IHC).

Immunohistochemistry allows the evaluation of proteins localization in the context of tumor
structure.Ki67 is a nuclear antigen present in mid G1, S, G2, and the entire M phase of the cell cycle, it
serves as a proliferation marker. Our results con�rmed the presence of Ki 67 marker in the tumors bearing
un-treated mice (appeared as brown color spots) with percentage 60%. This percentage was highly
reduced to be 20% in the A-bio-AgNPs treated mice (injected in solid tumors). While, in the Doxorubicin
treated group, Ki 67 protein levels in tumors sections of A-bio-AgNPs (I.P injected)-treated mice was less
than it (8%, Fig. 8b).

on the other hand, the activated caspase-3 and caspase-7 can cleave multiple structural and regulatory
proteins, which are critical for cell survival and maintenance. On contrary with the previous results,
Caspase 3 protein (the apoptotic biomarker) in the tumor sections of untreated mice was almost absent
while, it was increased with nearly 25% in the tumor sections of mice treated with A-bio-AgNPs (injected in
solid tumors). The highest levels of Caspase 3 protein were observed in the groups that intraperitonially
treated with A-bio-AgNPs with percentage65% comparing with 45% in Doxorubicin treated groups
(Fig. 8c).

Iv. Discussion
Breast cancer is a major ongoing public health matter among women in both developing and developed
countries. In the past decades, there were strong improvement in the development of breast cancer
treatment. Nevertheless, the existing clinical lines are invasive with low speci�city and lead to severe side
effects. The rapid development of nanotechnology in medical �elds strongly supported human cancer
diagnosis and treatment �elds. Nanoparticles-based strategies could overcome the cellular barriers and
permits sustained blood circulation period, more tumor targeting and improved the drugs-tumors
accumulation [18, 19]. There are various nanomedicines that approved by the US FDA or under different
stages of development in clinical trials as breast cancer therapeutics as; Abraxane, Nanoparticle albumin-
bound paclitaxel, that approved in 2005 [20, 21] or non-approved yet as tamoxifen/AgNPs dual core-
folate decorated shell [3]. In the nanomedical �eld, the selected biomaterials should be systemically
nontoxic and biocompatible [22] to be approved in cancer treatment. So, we focused on the green
synthesis of non-toxic and biocompatible AgNPs using microalgal extracts with size ranged from 9-Loading [MathJax]/jax/output/CommonHTML/jax.js
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17nmwith anti-cancer properties. Various studies indicated the successfulness role of different
cyanobacterial �ltrates in the biosynthesis of AgNPs [23–26]. Mahdieh et al.[27] explained that, iron
nanoparticles formation is due to ion reduction to metal nanoparticles by algal extracellular reductase
that secreted in the cell free supernatant. In addition to the algal extracellular reductase, Hamouda et al.
[23] clari�ed the role of algal extracellular proteins of Oscillatoria Willei NTDM01 as a capping agent in
the formation of spherical AgNPs (100–200 nm). The algal extracellular proteins or polysaccharides
could bind to the nanoparticles either through free amine groups or [28] cysteine residues [29, 30].In
addition to the synthesis of suitable anticancer, the safety usage and the limit adverse effects of any
newly tested drugs in parallel with drug e�cacy are the main important issues in the success of their
approval as therapeutic agents. So that, our safety usage assessment of the bio-AgNPs were con�rmed
at both in-vitro and in-vivo levels. Our results indicated that, on PBMC cells, the nontoxic doses of bio-
AgNPs that synthesized by Microcystis aeruginosa, Chlorella vulgaris and Arthrospira platensis �ltrates
were0.1 mg/ml which showed cellular viability inhibition percentages 10.3,14.2 and 16.9, respectively.
While another study by Yang et al. [31] tested the cytotoxic effects of AgNPs with different sizes (5 nm, 28
nm and 100 nm) on PBMCs, they indicated that, the nontoxic doses of AgNPs ranged 0.15 to 0.3 µg/ml
which is much closed to our �nding. Furthermore, other studies investigated the cytotoxic effects of the
biogenic O-AgNPs on human erythrocytes integrity [23]. Hamouda et al.[ 23] clari�ed that, by using AgNPs
at concentrations, 0.5, 5.0, 7.5, 10 µg/ml showed cell lyses as 0.45, 0.76, 1.03, 1.68%, respectively on
blood cell culture. The cellular toxicity mode of actions of AgNP were mainly based on their physico-
chemical characters as shape, charges, sizes, stabilization and presence of other capping molecules with
the type of the targeted cells so that, the nanoparticles toxicity must be checked on different cell types
[32–35]. In context, the capping process of AgNPs with certain polymers or polysaccharides at de�nite
concentrations showed a promising biological activity without any cytotoxic effects with that effective
dose (Liu et al. 2012), these �ndings could explained the safety usage of our prepared bio-AgNPs. At the
in-vivo level, spleen, liver and kidney are the most affected organs to AgNPs toxicity (their negative effects
include ROS induction, pathological changes in liver morphology, and enzyme activity) with less
distribution pro�le in the other organs [36, 37].However, our previous data (supplementary �le) showed
that, the intraperitoneal injection of Arthrospira bio-AgNPs at 1.5 mg/Kg into Albino mice didn’t record any
signi�cantly effects on the liver or kidney functions. Again, this non cytotoxic effects could be explained
by a study of Ashraf et al. [38], they explained that AgNPs green synthesis approach provide advanced
direction for NPs synthesis without using toxic reductants and stabilizers, which mean more safety and
less cytotoxic effects. Concerning with the anticancer e�cacy of AgNPs, many recent studies reported the
anticancer effects of AgNPs against different cancer cell lines as breast [3, 39], ovary [40], brain [41, 42],
cervix [43], liver [44], colon [45, 19], lung [46], pancreas [47], and blood [48–50]. At the in-vitro level,
Swanner et al. [39] reported that, the non-toxic doses of AgNPs (tested on the non-cancerous cell lines
and normal cells; Kidney, liver and monocytes) were toxic to 3 different triple negative breast cancer cell
lines. In this context, our obtained results proved the anticancer effects of Arthrospira-bio-AgNPs against
HepG-2, CaCO-2 and MCF-7 cells with inhibition percentages 86.2, 94.2 and 96.6, respectively.
Furthermore, this treatment showed 1847.05 selectivity index against MCF-7 cells. In order to explain the
exact mode of action of AgNPs against cancer cells, many recent reports tried to explain this action,Loading [MathJax]/jax/output/CommonHTML/jax.js
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Swanner et al. [39] explained that, MDA-MB‐231 breast cancer cells treated with AgNPs at dose 37.5
µg/mL reduce cell number in G0/G1 phase with an increase and cell cycle arrest in S‐phase cells. In the
same context, our obtained results indicated that after AgNPs treatment, the treated CaCO-2 cell arrested
in S phase and MCF-7 cell cycle arrested in G0/G1 phase with cells population increasing in subG0
phase. Furthermore, recent research was explained another key role in the AgNPs anticancer effects
against different cancer cell this factor is the cellular redox balance and ROS [3, 51].Our quanti�ed ROS
results indicated a signi�cant induction in the intracellular ROS using all tested bio-AgNPs comparing
with both positive (LPS induced) and negative PBMCs control cells. In addition to ROS induction and the
alteration in cell cycle pattern, our results indicated that, the tested bio-AgNPs cytotoxic effects against
breast cancer cells could be explained via MMP7, TGF and Bcl2 genes down regulation. There are few
reports that tried to clarify the role of AgNPs as a regulatory agentin cancer cell apoptotic or proliferative
pathways. Our previous work [19] clari�ed that, the biogenic AgNPs that synthesized by Balanites
aegyptiaca saponins showed anticancer effects in-vitro against colon and liver cancer cells by the
downregulation of MMP7, BCL2 and up-regulation of IKaB. The mode of action of AgNPs embedded with
Arthrospira extracts to inhibit MFC-7 proliferation was explained through BCl2-caspase cascade that
mediated mitochondrial dysfunction complemented with TGF-b/MMp7 pathway [52]. These pathway
combinations may be the cause of cytoxic effects of AgNPs against MCF-7 even at lower concentration
that explained by our mentioned results. For more explanation to the Arthrospira-bio-AgNPs mode of
action at the in-vivo level, the immuno-histochemistry analysis of tumor bearing mice indicated that
caspase 3 levels of control and treated mice were comparable with staining intensity varied from strong
to weak. Caspase 3 is considered as the most important part of cellular apoptotic pathway; caspase 3
active form levels has been cheeked in different cancer types in relationship with histological grade of
malignancy and could be used as patient’s overall survival prognostic marker [53]. The current study
indicated the potentialities of AgNPs to induce cell death through caspase-dependent pathways
activation that recorded from an elevation in caspase3 level in the treated group. The activated caspase
that recorded in Arthrospira-bio-AgNPs treated groups could be resulted from the initiation of silver ions
from AgNPs that induce oxidative stress that in turns activate caspase 3 [54]. The same �ndings were
recorded by Urbańska et al. [55], they indicated that caspase 3 levels in AgNPs treated glioblastoma
multiform in-vivo model looked to be on the border between the spontaneous and the induced apoptosis.
Interestingly, our current results showed that Arthrospira-bio-AgNPs treatment was highly reduced Ki-67
percentage from 60–20% in the mice tumor sections.Ki-67, proliferation marker, is the most
controversially used parameter in breast cancer treatment and diagnosis [56].Ki-67 antigen is expressed
in S, G1, G2 and M cell cycle phase [57] that mean upon treatment, the Ki-67 antigen reduction could
arrest cell cycle in the one of the above-mentioned phases. This �nding supported our previously
mentioned results that MCF-7 cell cycle arrest in G1 phase upon Arthrospira-bio-AgNP treatment which
resulted in Ki-67 antigen reduction in the tested tissues. The all above explained factors could be
illuminated the mode of anticancer actions of Bio-AgNPs against breast cancer. Finally, we concluded
that, Algal-mediated synthesis of silver nanoparticles using the extract of Arthrospira platensis promotes
green nanotechnology. The current study showed the cytotoxic effects of A-bio-AgNP against breast
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cancers at both in-vitro and in-vivo compared to the standard doxorubicin. The A-bio-AgNP treatment at
the nontoxic doses provides a novel alternate or complementary approach in breast cancer treatment.
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Figure 1

Scanning electron microscopy image of green synthesized AgNPs. A) AgNPs biosynthesized by C.
vulgariscell free supernatant (C-bio-AgNPs), B) AgNPs biosynthesized by M. aeruginosacell free
supernatant (M-bio-AgNPs) and C) AgNPs biosynthesized by Arthrospira platensis cell free supernatant
(A-bio-AgNPs).
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Figure 2

Transmission electron microscopy image of green synthesized AgNPs. A) AgNPs biosynthesized by C.
vulgariscell free supernatant (C-bio-AgNPs), B) AgNPs biosynthesized by M. aeruginosacell free
supernatant (M-bio-AgNPs) and C) AgNPs biosynthesized by Arthrospira platensis cell free supernatant
(A-bio-AgNPs).
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Figure 3

The Anticancer activity of the bio-AgNPs. The anticancer activity of the C-bio-AgNPs, M-bio-AgNPs and A-
bio-AgNPs were quanti�ed using MTS using different treatment concentrations against: A) HepG-2 cell
line, B) CaCO-2 cell line and C) MCF-7 cell line.
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Figure 4

The intracellular reactive oxygen species induced after AgNPs treatment. The induced ROS in PBMCs
in�ammatory models were quanti�ed after C-bio-AgNPs, M-bio-AgNPs and A-bio-AgNPs treatment using
IC50 concentrations. The induced ROS were quanti�ed using H2DCF-DA and �owcytometry, the results
were expressed as Gating % after H2DCF-DA and compared with the LPS- induced PBMCs
(lipopolysaccharide 100 ng/ml).

Figure 5

The regulatory effects of A-bio-AgNPs treatment on oncogenes and tumor suppressor genes. The
regulatory effects of A-bio-AgNPs on p53, Bcl2, MMp7 (metalloproteinase 7), TGFα (Transforming growth
factor) and Survivin genes were quanti�ed after 24hrs treatments with sub-IC50 concentrations using
RTqPCR.
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Figure 6

Induction of apoptosis and necrosis after A-bio-AgNPs treatment. MCF7 cancer cells treated with A-bio-
AgNPs IC50 concentration. Arrows indicate early apoptotic cells and multinucleated cells, cells with
condensed nucleus and necrotic staged cells.
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Figure 7

The control of breast cancer growth using A-bio-AgNPsin-vivo Body weight (A) and tumor size (B)
Platelets, WBCs and RBCs countsthat recorded over 28 days in three groups of tumors bearing females
BALB/C mice (each group have 5 mice). Group1: Negative control mice; mice were IP injected with 9%
saline. Group 2: Mice were injected locally (intertumoral injections) with 0.15mg/ml ofA-bio-
AgNPs(3.5gm/Kg body weight). Group3: mice were injected intraperitonially with 0.15mg/ml ofA-bio-Loading [MathJax]/jax/output/CommonHTML/jax.js
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AgNPs (3.5gm/Kg body weight). DOX group: mice were IP injected with Doxorubicin (DOX; 0.15mg/ml;
3.5gm/Kg body weight).

Figure 8

Histopathology and Immunohistochemistry stanning sections of breast tumor and adjacent stroma from
individual The upper 4 �gure showed the histopathological stanning with (H&E), examined
microscopically for presence of negative features, such as edema, erosion and necrosis. The second 4
�gures in the middle showed the Immunohistochemistry staining of Ki 67 protein and the lower 4 �gures
represent Immunohistochemistry staining of caspase 3 protein. (a) Negative control mice; mice were IP
injected with 9% saline, (b) Mice were injected locally (intertumoral injections) with 0.15mg/ml ofA-bio-
AgNPs (3.5gm/Kg body weight), (c) mice were injected intraperitonially with 0.15mg/ml ofA-bio-
AgNPs(3.5gm/Kg body weight), (d) mice were IP injected with Doxorubicin (DOX; 0.15mg/ml; 3.5gm/Kg
body weight).
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