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ABSTRACT
Introduction: Plant-mediated synthesis of silver nanoparticles (AgNPs) is accounted as an eco-
friendly process. The present study was conducted to estimate the potency of biogenic AgNPs
against Ehrlich ascites carcinoma (EAC) cells in vitro and EAC-bearingmice in vivo. Methods: AgNPs
were prepared using mango leaves extract and characterized by X-ray diffraction (XRD), scanning
electron microscope (SEM), and transmission electron microscopy (TEM). Ehrlich ascites carcinoma
(EAC) mouse model was established by intraperitoneal injection of 1 x 106 EAC cells. Biogenic
AgNPs- alone or combined with Doxorubicin (DOX)- was administered intraperitoneally day by day
for two weeks. Results: Biologically synthesized AgNPs showed a cytotoxic effect against cultured
EAC cells butwith less toxicity toward normal cells compared toDOX,which had strong cytotoxicity
against both cells. Biogenic AgNPs alone or combined with DOX triggered the cytotoxicity against
the EAC-bearing mouse model via decreasing body weight, tumor volume, and the number of
viable tumor cells. The combined treatment (AgNPs-DOX) ameliorated the drastic effect induced
by injection of EAC cells through improving liver and kidney functions compared to those treated
with DOX alone. In addition, the combined treatment showed an elevation in the expression of Bax
and caspase-3, and a reduction in the expression of Bcl-2 protein in the EAC cells. Furthermore, this
combined treatment effectively arrested the cell cycle at theG0/G1 phase. Moreover, the combined
treatmentwith AgNPs-DOX caused a significant reduction in the activity of ornithine decarboxylase
(ODC). Conclusion: These findings suggest that biogenic AgNPs could be useful in developing a
potent combination therapy against different types of cancers.
Key words: silver nanoparticles, mango leaves, Ehrlich ascites carcinoma, Doxorubicin, apoptosis,
and ornithine decarboxylase

INTRODUCTION
Several novel anti-cancer drugs were designed, pro-
duced, and utilized for various clinical purposes.
However, cancer remains the first danger facing our
daily life1. In the previous decades, extensive research
was devoted to discovering more sustainable anti-
cancer drugs with the lowest side effects 2,3. Recently,
a new strategy called nanotechnology has opened the
gate to attractingmore attention to research studies in
the field of cancer therapy4.
The fundamental element of nanotechnology is
nanoparticles. The size of the nanoparticles ranges
between 1 and 100 nm. Moreover, the nanoparticles
have unique physical, chemical, and biological prop-
erties due to their nanoscale size compared to their
corresponding particles with larger scales5,6. In par-
ticular, metal nanoparticles have been found as the
most promising targets of various scientific challenges
due to their versatile applications in many fields, such
as electronics, biomedical applications, materials sci-
ence, and environmental remediation. Among these
metal nanoparticles, silver nanoparticles (AgNPs) are

very unique due to their anti-microbial and anti-
cancer activities7.
Silver nanoparticles can be prepared by various phys-
ical, chemical, and biological methods. Interestingly,
the properties of the silver nanoparticles depend on
the synthesis method. Biological synthetic methods
are gaining huge interest because hazardous chemi-
cals are not used in the synthesis7,8. Some antiox-
idant compounds in plants can well react with sil-
ver salts, leading to the production of nanoparticles
of silver under controlled reaction conditions which
are eco-friendly and cheaper methods for their pro-
duction in large scale. Interestingly, the plant an-
tioxidant components act as reducing, stabilizing, and
capping agents; therefore, additional chemicals are
not required during the synthetic process. Further-
more, it is expected that plant-extracted components
may enhance the therapeutic action via the synergis-
tic effect with AgNPs9,10. AgNPs are widely involved
in numerous commercial products such as plastics,
food, and textiles. In medicine, AgNPs have been
reported to have cytotoxicity against various cancer
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cells11 but their actual mechanisms are still unclear.
Therefore, many researchers have attempted to clarify
the precisemechanisms of AgNPs cytotoxicity both in
vitro and in vivo.
Mango trees (Mangifera indica) have attracted the in-
terest of many researchers due to their anti-oxidant
and anti-bacterial properties 12. Moreover, phyto-
chemical studies of the leaves ofMangifera indica have
demonstrated the presence of phenols, saponins, tan-
nins, steroids, flavonoids, and glycosides13. A previ-
ous study indicated a very high content of mangiferin,
a polyphenolic compound, in ethanolic extraction
prepared frommango leaves14. Mangiferin can act as
a reducing agent in the production of silver nanoparti-
cles. Additionally, it may also act as a stabilizing and
capping agent for the synthesized AgNPs, leading to
the enhancement of the anti-tumor activity 15.
The present study aimed to prepare stable and eco-
friendly AgNPs using biological methods and to eval-
uate the potency of AgNPs against Ehrlich ascites car-
cinoma (EAC) in a murine model.

MATERIALS—METHODS
Materials
Fresh leaves of mango were collected from a local
farm, Tanta city, Egypt. Silver nitrate, 3(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT), thiobarbituric acid (TBA),
trichloroacetic acid (TCA), 1-chloro-2,4 dinitroben-
zene (CDNB), 5,5’- dithiobis 2- nitrobenzoic acid
(DTNB), and reduced glutathione (GSH) were
purchased from Sigma-Aldrich (St. Louis, MO,
USA). Doxorubicin (2 mg/mL) was purchased from
EIMC United Pharmaceutics (Cairo, Egypt). All
reagents were of the highest analytical grade.

Experiments

Preparation of silver nanoparticles

Preparation of mango leaves extract
Collected mango leaves were washed several times
with tap water followed by washing twice by distilled
water to remove the dust particles; then, they were
sun-dried until the color turned to brown. The dried
leaves were powdered and 15 g of the powdered leaves
was mixed with 150 mL of 50% ethanol for 24 h in a
dark place with occasional agitation at room temper-
ature. The ethanolic extract was stored at room tem-
perature until use15.

Synthesis of silver nanoparticles
Ethanolic mango leaves extract was incubated with 1
mM silver nitrate solution at 37 ◦C for 24 h. The color

changed from colorless to yellowish-brown, indicat-
ing the formation of silver nanoparticles. Then, the
mixture was centrifuged at 10,000 rpm for 10 min.
The collected pellets were washed several times with
Milli-Q water and the precipitates were dried at room
temperature15.

Characterization of silver nanoparticles

UV–Vis spectrophotometric analysis
An aqueous dispersion of the dried sediment was pre-
pared and its UV-visible absorption spectrum was
recorded by scanning between 300–800 nm with
a Shimadzu-1800 UV-visible spectrophotometer to
confirm the presence of silver nanoparticles8.

Scanning electron microscopy
The surface morphological features of the nanoparti-
cles were analyzed by scanning electron microscopy
(SEM) according to Jores et al.16. The samples were
placed on a copper grid for SEM, coated with carbon,
and subjected to SEM for analysis by using JEOL JSM-
IT100 (JEOL, Tokyo, Japan).

Transmission electron microscopy
Distribution of the shape and the size of the synthe-
sized silver nanoparticles were characterized by trans-
mission electron microscopy (TEM). The sample was
placed on a copper grid coated with carbon and was
subjected to TEM analysis by using a JEOL JEM-
2100F (JEOL, Tokyo, Japan)17.

X-ray diffraction analysis
X-ray diffraction (XRD) analysis was carried out by
using an X-ray diffractometer (GNR APD2000 Pro,
Italy) following the method of El-Naggar et al. (10).
The diffractometer was operated at a voltage of 40 kV
and a current of 30 mA with CuKα radiation (1.5405
Å). The X-ray data were recorded in the range from
4◦ to 90◦ 2 θ with a continuous scanning mode with a
scanning speed of 8◦ /min. The crystalline size of the
AgNPs was analyzed by using Debye–Scherrer equa-
tion18,

D =
0.9λ

β cosθ

WhereD is the grain size, λ is the wavelength of X-ray
(1.54056 Å), and β is the full width at half maxima of
the diffraction peak (in radians).

Cell culture conditions
EAC cells andWISH cells were cultured in Dulbecco’s
Modified Eagle Medium (DMEM) with high glucose
(4.5 g/L) and containing 10 % fetal bovine serum
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(FBS) (Gibco-BRL, New York, USA) at 37 ◦C and 5%
CO2. All cells were provided by the National Cancer
Institute, Cairo University, Egypt.

Cell viability and proliferation assays
3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-
tetrazolium bromide (MTT) assay was performed
according to Siddiqui et al.19. Briefly, EAC cells
were seeded in 96-well plates (1 x 104 cells/well) and
incubated at 37 ◦C for 24 h. After cell attachment,
the cells were treated with different concentrations of
AgNPs and Doxorubicin (DOX) for 48 h. After the
incubation, 200 µL of 0.5 mg/mL of MTT reagent
(Gibco-BRL) was added to each well and allowed to
sit for 4 h. Then, DMSO was added to dissolve the
formazan crystals formed from the MTT reagent,
and the absorbance at 570 nm was measured using
a Model 680 microplate reader (Bio-Rad, California,
USA). For proliferation rate analysis, the EAC cells
were plated in 6-well plates at a density of 5x105

cells per well, and incubated with 40 µg/mL and
2.5 µg/mL of AgNPs and DOX, respectively, for
48 h. Then, the cells were detached and living cells
stained by trypan blue. The number of viable cells
was measured using a TC 10 automated cell counter
(Bio-Rad).

In vivo toxicity protocol
Sixty female Swiss Albino mice, weighing 20 – 25 g,
were purchased from the National Cancer Institute
(Cairo, Egypt). Animal handling and all experimental
designs were approved by the Research Ethical Com-
mittee, Faculty of Science, Tanta University (Egypt),
following the international guidelines for animal care
and use of laboratory animals avoiding any stress20,21.
Mice were divided into six groups (n = 10): con-
trol group (mice were injected with an isotonic solu-
tion during the experiment), and AgNPs group (mice
were injected with AgNPs (10 mg/kg body weight)
intraperitoneally (IP) day by day during the experi-
ment). The remaining mice (n = 40) were firstly in-
jected with 1 x 106 EAC cells/mouse and then di-
vided into the rest of the four groups: tumor-bearing
mice (EAC group), Doxorubicin-treated group (EAC
+ DOX group) whereby mice were treated with dox-
orubicin (2 mg/kg body weight, IP injection) day
by day, AgNPs-treated group (EAC + AgNPs group)
whereby mice were treated with AgNPs (10 mg/kg
body weight IP injection) day by day, and the combi-
nation group (EAC + DOX + AgNPs) whereby mice
were treated with AgNPs and DOX (10 and 2 mg/kg
body weight, respectively). After two weeks, all mice
were anesthetized with ether and euthanized. EAC

cells were withdrawn from the peritoneal cavity and
serum; additionally, tissue samples were collected for
further analysis10,22.

Serum liver and kidney functions tests
Liver and kidney functions were evaluated by mea-
suring the activities of serum aspartate aminotrans-
ferase (AST) (by using GOT (AST) Glutamic – Ox-
aloacetic Transaminase kit) and of alanine amino-
transferase (ALT) (by using GPT (ALT) Glutamic –
Pyruvic Transaminase kit). The concentration of al-
bumin (using an albumin colorimetric kit), urea (us-
ing an urea kit), and creatinine were also assessed;
all these kits were purchased from the Biodiagnostic
Company (Giza, Egypt)23,24.

Oxidative stress assays
Measurement of hepatic and renal reduced glu-
tathioneThe concentration of reduced glutathione
(GSH) was estimated according to Ellman25. In brief,
50 µL of the tissue homogenates were mixed with
DTNB buffer (0.1 M sodium phosphate and 1 mM
EDTA, pH 7.5) and 250 µL of 40% of DTNB. Then,
the absorbance was measured at 412 nm. GSH con-
centration was calculated as µmol/g of tissue using a
standard curve.

Measurement of hepatic and renal glutathione S--
transferase activityThe activity of glutathione S-
transferase (GST) was measured spectrophotometri-
cally according to Habig et al.26. The reaction was
initiated by mixing 100 µL of the tissue homogenates
with 50 mM KPO4 (pH 6.5), 0.4 mM 1-chloro-2,4-
dinitrobenzene (CDNB), and 5 mM GSH in a quartz
cuvette. The enzymatic formation was monitored at
340 nm (ε340 = 9.6 mM−1 cm−1) for one minute af-
ter the addition and corrected for controls.

Measurement of hepatic and renal glutathione per-
oxidase activity Glutathione peroxidase (GPx) activ-
ity was determined based on Rotruck et al.27. In brief,
0.2 mL of Tris-HCl buffer, 0.2 mL of EDTA solution,
0.1 mL of sodium azide solution, and 0.5 mL of the
tissue homogenate were added and mixed well. To
this mixture, 0.2 mL of GSH solution followed by 0.1
mL of H2O2 solution was added. The contents were
mixed well and incubated at 37 ◦C for 10min. The re-
actionwas quenched by the addition of 0.5mL of 10%
TCA and centrifuged at 3,000 rpm for 10min. Then, 1
mL of the supernatant was withdrawn andmixedwith
0.5 mL Ellman’s reagent and 3 mL phosphate buffer.
The sample was kept at room temperature for 15 min
and then the absorbance was read at 412 nm. The ac-
tivity is expressed as µmol ofGSHoxidized/min/g tis-
sue using the standard curve.
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Measurement of hepatic and renal catalase activi-
tiesThe activity of catalase (CAT) was measured by
the method described by Aebi28. In brief, 10 µL of
the tissue homogenates were mixed with 3 mL of 30
mM hydrogen peroxide (H2O2) in 50 mM phosphate
buffer (pH 7) in a quartz cuvette. The decomposition
of H2O2 was determined by the absorbance change at
240 nm (ε240 = 0.0394 mM−1 cm−1).

Measurement of hepatic and renal malonaldehyde
activitiesMalonaldehyde (MDA) level was measured
according to Niehaus and Smuelsson 29. Briefly, 0.5
mL of 10 % of the tissue homogenates were shaken
with 2.5mL of TCA; then, the homogenates were cen-
trifuged at 3,000 rpm for 10min. Next, 2mL of the su-
pernatant was mixed with 1 mL of TBA and the mix-
ture was boiled for 15 min followed by rapid cooling.
Then, 4 mL of n-butyl alcohol was added, and after
shaking, the tubes were centrifuged at 3,000 rpm for
10 min and the absorbance at 532 nm was measured.
The amount of lipid peroxidation in the tissue can be
expressed as nmol per g of issue using the value of
ε532 = 156 mM−1cm−1.

Immunoblotting assay
Immunoblotting analysis was conducted based on
the method of Towbin et al.30. The total protein
was extracted from the cells by using ice-cold lysis
buffer (10 mM Tris–HCl buffer, pH 7.4, containing
100 mM NaCl, 25 mM EDTA, 25 mM ethylene gly-
col bis(2-aminoethyl) tetraacetic acid (EGTA), 0.1 %
sodium dodecyl sulfate (SDS), 1 % (v/v) Triton X-
100, 2 % (v/v) NP-40, with 1: 200 protease inhibitor
cocktail (Sigma-Aldrich) and 1:300 phosphatase in-
hibitor cocktail tablet (Roche, Indiana, USA). Total
protein concentration was determined by a colori-
metric Bradford assay. Equal amounts (20 µg) of pro-
tein samples were mixed and boiled with SDS load-
ing buffer for 10 min, allowed to cool on ice, and
then loaded onto 12% SDS-polyacrylamide gel and
separated by a Cleaver electrophoresis unit (Cleaver,
UK). Then, the separated protein bands were trans-
ferred onto polyvinylidene fluoride (PVDF) mem-
branes (Bio-Rad) using a Semi-dry Electroblotter
(Bio-Rad), at 2.5 A and 25 V for 30 min. Then the
PVDF membrane was blocked with 5% nonfat dry
milk in TBS-T buffer for 2 h at room temperature
and samples were incubated with anti-BAX (1:1000;
sc-20067), anti-Bcl-2 (1:1000; sc-23960), and anti-
caspase-3 (1:1000; sc-56053) primary antibodies at
4◦C overnight. Then, samples were incubated with
goat anti-rabbit IgG-HRP secondary antibody (sc-
2030; 1:1000). The chemiluminescent signals were

captured using a Chemi Doc imager (Bio-Rad), the
analysis of protein bands was carried out with Image
J software, and the density of each band was normal-
ized by β -actin (1:1000; sc-69879).

Flow cytometry measurements for cell cycle arrest
Cellular DNA content was analyzed using flow cy-
tometry as previously described by Pozarowsk and
Darzynkiewicz31. In brief, the EAC cells were washed
with PBS and centrifuged, then fixed in 500 µL of 70%
ice-cold ethanol for at least 2 h at 4 ◦C. The mixture
was centrifuged at 1,000 rpm for 5 min to eliminate
the ethanol. Later, the cells were washedwith PBS and
mixed with 500 µL of PI staining solution containing
RNase, and incubated approximately for 30min in the
dark at room temperature. Finally, the samples were
examined using an Accuri C6 flow cytometer (Becton
Dickinson, New Jersey).

Measurements of apoptosis level by Annexin-V/PI
staining
Analysis of apoptosis level was made using a FITC
Annexin V Kit (Cat. No.556547; BD Pharmingen,
USA). In short, the EAC cells were washed gen-
tly twice with ice-cold PBS and resuspended in 1X
Annexin-binding buffer (1 x 106cells/mL).Then, 5 µL
of the Annexin V-FITC and 5 µL of PI were added to
each of 100 µL of cell suspension. The cells were incu-
bated for 15 min at room temperature (25 ºC) in the
dark. Then, 400 µL of 1XAnnexin-binding bufferwas
added. The samples were then analyzed by an Accuri
C6 flow cytometer (Becton Dickinson), as previously
described 32.

Histopathological examination
Liver and kidney tissues were fixed (10% formalin),
washed, and dehydrated by serial dilution of alcohol.
Specimens were embedded in paraffin wax. Tissue
blocks were prepared for sectioning at 4 µm thick-
ness by sludge microtome. The obtained tissue sec-
tions were collected on glass slides, deparaffinized,
and stained by hematoxylin and eosin for examina-
tion under light electric microscope 33.

Immunocytochemistry of ornithine decarboxylase
(ODC)
Briefly, 1 x 104EAC cells were fixed with 4%
paraformaldehyde for 10 minutes, then incubated
with 10% FBS containing 0.1% Triton-X 100 for 15
minutes for blocking the unspecific binding, then
treated with primary anti-ODC antibody (1:50; sc-
398116; Santa Cruz Biotechnology, Inc., Texas, USA)
overnight at 4◦C. Samples were incubated with the
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secondary antibody at room temperature for 1 h, fol-
lowed by incubation with 0.4% DAPI for 10 minutes.
Images were captured by BZ-9000 fluorescence mi-
croscope (Keyence, Japan). Percent of ODC-positive
cells were counted using ImageJ and statistically an-
alyzed using GraphPad Prism software (La Jolla, CA)
for one-way ANOVA with Tukey’s multiple compari-
son tests.

Statistical analysis

The present data were expressed as mean ± SD. All
statistical analyses (e.g. one-way ANOVA followed by
Tukey test) were carried out by GraphPad Prism soft-
ware 8.0.1; P < 0.05 was recorded as a significant dif-
ference.

RESULTS

Synthesis and characterization of mango
leaves extract-derived AgNPs
Thechange in color to dark brown upon incubation of
the colorless silver nitrate solution with mango leaves
extract indicated the formation of AgNPs by the re-
duction with plant anti-oxidant components. Fur-
ther, the characteristic λ max of the suspension of
AgNPs in the range of 300–800 nm was examined by
using UV-visible absorption spectroscopy. The spec-
trum showed a distinct peak at 430 nm, as shown
in Figure 1 A, which can be attributed to the sur-
face plasmon effects of AgNPs. Then, the green-
synthesized AgNPs’ crystalline structure was deter-
mined by XRDmeasurements (Figure 1 B). Four dis-
tinct diffraction peaks of the synthesized AgNPs were
observed (111, 200, 220, and 311, respectively). The
average crystalline size of the AgNPs was calculated
by using the Debye–Scherrer equation at 111 reflec-
tions and was estimated to be around 13.85 nm.
SEM and TEM were conducted to investigate the ac-
tual size and morphological structures of the synthe-
sized AgNPs. The SEM image (Figure 1 C) illus-
trated that spherical and homogenous nanoparticles
were formed. The TEM image (Figure 1 D) indicated
that the sizes of AgNPs ranged from 9.12 to 20.95 nm,
which were compatible with the results of our XRD
measurements.

In vitro anti-cancer potency of mango
leaves extract-derived AgNPs
The cytotoxic effects of the biogenic AgNPs on cell
proliferation was evaluated using WISH (normal cell
line) andEACcells, as illustrated inFigure 2A.The re-
sults exhibited a concentration-dependent reduction

in the viability of EAC cells upon addition of bio-
genic AgNPs. On the other hand, the biogenic Ag-
NPs had no significant effect onWISH (normal cells)
up to 25 µg/mL (Figure 2 A). In contrast, addition
of DOX showed a highly cytotoxic effect against both
WISH and EAC cells, as shown in Figure 2 B. In-
terestingly, the combination of AgNPs with DOX re-
duced the proliferation rate of EAC cells dramatically
(Figure 2 C). This latter observation suggested that
AgNPs might be a prospective combinatorial drug.
Accordingly, we carried out in vivo studies to obtain
more information.

In vivo anti-tumor activity of biogenic Ag-
NPs in EACmodel
To evaluate the efficacy of AgNPs as a monotherapy
or in combination with DOX, an in vivo study was
conducted. EAC cells were injected intraperitoneally
intomice, and changes in the body weight, tumor vol-
ume, and tumor cell counts were determined. The re-
sults were summarized in Table 1. The body weight
of the EAC-bearing group was significantly increased
(p < 0.001; 1.3-fold) compared to the control group.
Treatment using the biogenic AgNPs alone or in com-
bination with DOX significantly decreased the body
weight by 0.8-fold and 0.7-fold, respectively, in com-
parison to the non-treated EAC-bearing group.
Moreover, AgNPs, DOX, or combined-treated groups
showed not only a significant reduction in the ascetic
volume (p < 0.0001) compared to the EAC-bearing
group (Figure 3 A) but also in the total and viable
cells (p < 0.0001), accompanied by a remarkable re-
duction in the non-viable cells with percent 24.4%,
74.9%, and 98.6%, respectively, compared to the EAC-
bearing group (Figure 3 B).

Effect of biogenic AgNPs on liver and kidney
functions in EAC-bearingmice
As shown in Table 2, we detected significant ele-
vations in the levels of serum ALT, AST, urea, and
creatinine, as well as an obvious reduction in the
level of serum albumin, in EAC-treated group com-
pared to the control mice group. These findings in-
dicated significant disturbance in the liver and kid-
ney functions upon transfusion of EAC. These func-
tional changes were significantly suppressed by the
combined AgNPs and DOX treatment compared to
DOX-treatment alone.

BiogenicAgNPsenhance theantioxidant sys-
tem in EACmodel in vivo
EAC-bearing mice, as well as DOX-treated mice,
showed a significant (p < 0.0001) reduction in the lev-
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Figure 1: Characterization of green synthesized AgNPs using an aqueous extract from mango leaves. (A)
UV-visible spectrum of synthesized AgNPs. (B) XRD pattern of synthesized AgNPs. (C) SEM image of synthesized
AgNPs. (D) TEM image of synthesized AgNPs in size ranging from 9.12 to 20.95 nm.

Table 1: Changes in mice body weight upon the treatment with biogenic AgNPs alone, DOX alone, or their
combination

Group Body weight at the start
(g)

Body weight at the
sacrifice (g)

Percentage of change
in the body weight (%)

Control 19.6± 6 21.9± 4.4 11.7

AgNPs 20.8± 5.8 22.6± 3.5 8.6

EAC 20.8± 2.3 28.6± 3.14a 37.5

EAC + DOX 22.68± 2.13 22.9± 0.7b 0.97

EAC + AgNPs 22.5± 2.5 24± 1.6b 6.6

EAC + AgNPs + DOX 21.9± 3.1 21.1± 0.59b - 3.5

Mice were treated with biogenic AgNPs and DOX (10 mg/kg and 2 mg/kg, i.p. day after day; respectively) 24 h post-EAC cells inoculation (1
x 106 , i.p.). Results are expressed as mean± SD, p < 0.05 is considered significant, where a : significantly different from control, b : significantly
different from EAC group.

els of antioxidant activity of GSH,GPx, GST, and cata-
lase compared to those of control group (Figure 4).
These reductions were rescued by AgNPs alone or in
combination with DOX. On the other hand, theMDA
level, as a marker of oxidative stress, was clearly ele-
vated in EAC-bearing group and DOX-treated group
compared to that of the control group ((p < 0.001
and p < 0.0001, respectively); MDA level was im-
proved in AgNPs-treated group and AgNPs-DOX-
treated group (p < 0.0001 and p < 0.05, respectively)

compared to that of the EAC-bearing group treated
with DOX alone.

Inductionofapoptosisandcell cyclearrestby
biogenicAgNPs inEAC-bearingmousemodel

Induction of apoptosis in EAC cells in the EAC-
bearing mice model was tested by detecting the ex-
pression levels of caspase-3 and Bax proteins in dif-
ferently treated groups. A remarkable up-regulation
of caspase-3 and Bax was detected in all of the treated
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Figure 2: The cell proliferation rate of EAC treated with biogenic AgNPs, DOX, or their combination. MTT
assay for evaluating the effects of AgNPs (A) and Doxorubicin (DOX) (B) against EAC cells andWISH ( normal cells)
after 48 h. (C) Changes in the proliferation rate for EAC cells treated with 40 µg/mL of AgNPs and/or 2.5 µg/mL
of DOX. Results are expressed as mean± SD. p < 0.05 significative difference by ANOVA followed by Tukey’s test,
where a: significantly different from EAC group, b : significantly different from Doxorubicin treated group.

Table 2: Biochemical parameters on liver and kidney functions measured in serum from differently-treated
mice groups

Groups ALT
(U/L)

AST
(U/L)

Albumin
(g/dL)

Urea
(mg/dL)

Creatinine
(mg/dL)

Control 33.66± 5.1 88.83± 0.28 2.94± 0.05 41.3± 1.5 0.53± 0.02

AgNPs 37± 2 89.3± 0.76 2.966± 0.11 42± 2 0.54± 0.025

EAC 88.66± 5.1a 112.5± 2.17 a 2.53± 0.45 52.66± 2.5 a 0.67± 0.025 a

EAC + DOX 94± 4.3 a,b 118.16± 2 a,b 2.1± 0.17 a,b 80.3± 1.5 a,b 0.9± 0.02 a,b

EAC + AgNPs 47± 2 a,b,c 100.2± 0.76 a,b,c 2.5± 0.4 c 47± 2 a,b,c 0.646± 0.025 a,c

EAC + Dox +
AgNPs

55± 2 a,b,c 101.6± 0.76 a,b,c 2.7± 0.3 c 48.3± 2.5 a,c 0.656± 0.025 a,c

Mice were treated with biologically synthesized AgNPs (10 mg/kg, i.p. day after day). DOX was injected (2 mg/kg, i.p, day after day). Data
are expressed as mean± SD. p < 0.05 significative difference by ANOVA followed by Tukey’s test, where a : significantly different from control
group, b : significantly different from EAC group, and c : significantly different from DOX-treated group.
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Figure 3: Antitumor activity of AgNPs, DOX, or their combination against in vivo EACmodel. (A) The ascetic
volume of tumor-bearingmice of the different groups, (B) Number of viable, dead, and total EAC cells of the differ-
ently treated groups. Results are expressed asmean± SD, p < 0.05 is considered significant, where a: significantly
different from the EAC group.

Figure 4: Levels of hepatic and renal oxidative stress in the differently-treated mice groups. Data are ex-
pressed as mean± SD. p < 0.05 significative difference by ANOVA followed by Tukey’s test, where a: significantly
different from the control group, b: significantly different from the EAC group, and c: significantly different from
DOX treated group.
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groups, with the EAC-bearing group with combined
treatment showing the highest levels (Figure 5A). On
the other hand, the expression of anti-apoptotic Bcl-
2 protein was extremely down-regulated in all of the
treated EAC-bearing groups. Furthermore, the com-
bined treatment showed enhanced reduction (Fig-
ure 5 A).
By analyzing annexin-V/PI staining in the EAC-
bearing mice model using flow cytometry, treatment
with AgNPs or DOX, and the combined treatment,
showed an elevation in annexin-V/PI-positive cells
(20.1%, 26.1%, and 34.4%, respectively) compared to
the EAC-bearing group without the treatment (8.1%).
Among them, the combined treatment with AgNPs-
DOX exhibited the highest apoptotic cells, indicat-
ing the efficacy of the combined treatment in EAC-
bearing mice (Figure 5 B).
Furthermore, cell cycle arrest was tested in the differ-
ently treated groups and showed a significant Go/G1

cell arrest in all of the treated groups compared to
the EAC-bearing group (p < 0.01). The S phase pop-
ulation was found to be significantly (p < 0.01) de-
creased compared to those in the EAC-bearing group.
No detectable changes were observed between the dif-
ferently treated groups in terms of cell population at
G2/M phase (Figure 5 C).

Effects of the different treatments on the mi-
croscopic features of hepatic and renal tis-
sues induced in the EAC-bearingmice
In our study, we found that EAC-bearing mice
showed massive inflammatory cells infiltration,
parenchymatous degeneration, and focal necrosis in
the hepatocytes of the hepatic tissue (Figure 6 IC).
These damages were noted in the renal tissue where
a thickening of the renal capsule, focal inflammatory
cells, degeneration, and coagulative necrosis tubules
around the cortex were detected (Figure 6 IIC). The
hepatic tissue of the DOX-treated group showed a
noticeable thickening and inflammatory cell infiltra-
tion associated with degeneration, besides the potent
congestion in the portal vein (Figure 6 ID). Further,
the renal tissue displayed obvious congestion in
the cortical blood vessels as well as necrobiotic fea-
tures (Figure 6 IID). These unusual morphological
changes observed for the EAC-bearing group were
ameliorated upon the combined treatment with
AgNPs and DOX, showing a normal portal vein with
fewer hepatocytes and renal tubular degeneration
(Figure 6 IF and Figure 6 IIF). On the other hand,
AgNPs-treated group, as well as the control group,
showed normal histological structures.

Effects of the different treatments on ODC
level in EAC-bearingmice
Immunocytochemical measurement was used to de-
tect ODC level in the extracted EAC cells from the
EAC-bearing mice after the treatment with AgNPs
alone or in combination with DOX (Figure 7 A). As
shown inFigure 7 B, AgNPs- and DOX-treated cells
displayed a remarkable reduction in ODC-positive
cells. Furthermore, the combined treatment of Ag-
NPs and DOX showed a stronger reduction in ODC-
expressing cells, compared to the non-treated group.

DISCUSSION
In the current study, we attempted to utilize possi-
ble cytotoxic effects of the biologically synthesized
AgNPs on the targeted EAC cells. Using aqueous
mango leaves extract, we found that the antioxidant-
rich plants may have a pivotal role in the reduction
of silver to form minute yellow-brown AgNPs. The
characteristics of our biogenic AgNPswere confirmed
by measuring XRD, SEM, and TEM as previously de-
scribed15,20,34,35.
AgNPs are known to show potent cytotoxicity to can-
cer tissues compared to normal tissues. In the present
research study, we detected that our AgNPs at differ-
ent concentrations up to 25 µg/mL dramatically sup-
pressed the viability of EAC cells but not that of nor-
mal control cells. On the other hand, DOX, a com-
mercially available reagent for chemotherapy, showed
a harmful effect on both normal and cancer cells.
Next, we monitored the cellular proliferation rate of
EAC cells by tracking their growth rate for 48 hours.
Although the usage of each of AgNPs or DOX alone
successfully reduced the number of proliferating EAC
cells to about 50 %, the combined treatment with Ag-
NPs andDOXkilledmore than 80%of EAC cells, sug-
gesting the augmented effect of AgNPs to the cyto-
toxic ability of DOX. A recent study showed that syn-
thesized AgNPs from Tamarindus indica tree exhib-
ited a cytotoxic effect against breast cancer cells36; the
study found that 20 µg/mL could inhibit 50% of the
MCF-7 cells. These results and ours indicate that the
AgNPs prepared by different biogenic methods may
have a strong anti-tumor effect on differentmalignan-
cies.
Our biogenic AgNPs showed an excellent ability to
augment the anti-tumor potency ofDOX against EAC
bearing-mice and reduced its displeasing effects. Our
results demonstrated the effective role of different
treatments in the reduction of abdominal inflamma-
tory exudates and viable cells aswell, that were formed
following the injection of EAC cells intraperitoneally
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Figure 5: Induction of apoptosis and cell cycle arrest by biogenic AgNPs alone or in combination with DOX
for the EAC-bearing mice model. (A) Western blot of Bax, caspase-3, and Bcl-2 proteins expression in EAC cells
mice treated with biogenic AgNPs, Doxorubicin either alone or combined. (B) Flow cytometric analyses using
Annexin-V/PI dual stain in different treated groups by AgNPs and/or doxorubicin. (C) Cell cycle histogram and
percent distribution of EAC in the different groups analyzed by flow cytometry. Results are expressed as mean±
SD. p < 0.05 significative difference by ANOVA followed by Tukey’s test, where a: significantly different from the
EAC group.

in the tested mice. Such reduction was reflected as
the loss of body weight in the mice. The combined
treatment potentially contributed to the loss of body
weight in the EAC-bearing mice and minimized the
number of viable EAC cells. Our findings were sim-
ilar to those of El-Naggar et al.10 who suggested that
the treatment of EAC-bearing mice with AgNPs at a
dose of 5 mg/kg body weight significantly inhibited
the expansion in tumor cell volume and any increases
in tumor cell count and tumor weight.
The administration of AgNPs lessened the side effects
induced by the injection of EAC cells via augment-
ing the liver and kidney functions and controlling the
oxidative stress in the body. Our findings showed an
unfavorable excess in the level of liver enzymes (in-
cluding ALT and AST) with a reduction in the serum
albumin level, as well as increase in creatinine and
urea as markers of kidney function. These parame-
ters were markedly controlled after the combined ad-

ministration of AgNPs and DOX. Furthermore, the
hepatic and renal levels of antioxidants, such as GSH,
GPX, GST, and catalase, were decreased for the EAC-
bearing group and the DOX-treated group compared
to the control. Interestingly, administration of Ag-
NPs alone or combined with DOX caused an eleva-
tion of anti-oxidant parameters in both kidney and
liver tissues compared to those of the EAC-bearing
and DOX-treated groups. MDA, an oxidative stress
marker, was found to be at the lowest level in the
DOX-AgNPs-treated group compared to the EAC-
bearing and the DOX treated groups. Previous stud-
ies have suggested that the combined treatment with
biologically-synthesized AgNPs with different types
of agents used for chemotherapy not only controlled
the liver and kidney functions but also enhanced the
antioxidant contents in EAC-bearing mice 37,38. Our
present results indicated that non-toxic effects of Ag-
NPs on various body organs were evident and that
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Figure 6: Effects of the injection of EAC cells and following different treatments on liver and kidney tissues.
Histopathology of liver (I) and kidney (II) sections in the different groups. (A): control ; (B): AgNPs; (C): EAC; (D):
EAC + AgNPs; (E): EAC + DOX; (F): EAC + DOX + AgNPs.

AgNPs also possess potent antioxidant activity which
might be considered as a crucial mechanism for erad-
icating several types of cancer cells.
We found that biologically synthesized AgNPs in-
duced apoptosis and cell cycle arrest of EAC cells
through up-regulation of pro-apoptotic Bax and
caspase-3 genes and down-regulation of the anti-
apoptotic Bcl-2 gene. These responses were noticed
in DOX- and AgNPs-treated groups; the apoptotic
effects were clearly visualized after a combination
of nanomedicine and chemotherapy. Further, these
findings were confirmed via annexin-V/PI staining.
Moreover, treatment with AgNPs augmented the ef-
ficacy of DOX therapy by controlling the cell cy-
cle through the massive increase in Go/G1 popula-
tion, indicating that the cell cycle arrest functions as
a prominent step in the apoptosis pathway. On the
pathological level, usage of AgNPs or DOX might
lessen the lesions in liver and kidney tissues, while us-
age ofAgNPs andDOX in a combinedmanner promi-
nently rescued the damaged hepatic and renal tissues.
AgNPs treatment, especially at high doses, is known

to cause severe necrotic areas in the tumor tissue23.
According to a previous study39, the cytotoxicity of
AgNPs was related to their capacity to be dissolved
and released as silver ions in cells. There is a great pos-
sibility that the released silver ions may accumulate in
themitochondria and nucleus, thereby promoting the
generation of reactive oxygen species (ROS) and trig-
ger oxidative stress which would cause DNA damage
and cell apoptosis. Our data are in great accordance
with the results of Al-Sheddi et al.40 who indicated
that the biosynthesized AgNPs induced cell death in
HeLa cells. Furthermore, a recent study suggested
that the released silver ions from AgNPs mainly ex-
ist as free cations which can interact with cell mem-
branes that are rich in negative charges, causing cell
membrane depolarization and, finally, leading to cell
necrosis. They also proposed that this process is in-
duced by Ca+2and Na+influx41.
Polyamines play an essential role in cell growth, pro-
liferation, and tumor development. Elevations of
ODC activity and polyamine content in cancer cells
were considered as a marker of poor prognosis as
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Figure 7: Effects of the different treatments on ODC level. (A) Immunocytochemical evaluation of ODC in
differently treated groups. (B) Representative immunoblots of total ODC in different groups. Data are expressed
as mean± SD. p < 0.05 significative difference by ANOVA followed by Tukey’s test, where a: significantly different
from EAC group (G3), b: significantly different from DOX-treated group.

previously reported 42,43. Our data showed that all
EAC-treated groups reduced the expression of ODC
in EAC cells, and that a combination of AgNPs and
DOX showed a progressive reduction in ODC and
polyamine expressions in EAC cells. Our data were
in accordance with those of Geck et al.44 who sug-
gested that cisplatin and DOX inhibited polyamine
via the suppression of ODC activity in MDA-MB-468
and SUM-159PT cells. Our data showed that the anti-
tumor activity of biogenic AgNPs is due to their in-
hibitory effect against ODC in tumor cells.

CONCLUSIONS
In conclusion, the usage of mango leaves extract is
considered as a simple, biomimetic, cost-effective,
and stable preparation method for the production of
AgNPs. These biogenic synthesized AgNPs demon-
strated an excellent anti-cancer potency in an EAC

tumor-bearing mouse model via their apoptotic ef-
fects and via inhibition of ODC activity. Based on
these data, our biogenic silver nanoparticles might
be an effective and prominent agent in the field of
nanomedicine and cancer therapy.

ABBREVIATIONS
AgNPs: Silver nanoparticles
DOX: Doxorubicin
EAC: Ehrlich ascites carcinoma
ODC: ornithine decarboxylase
XRD: X-ray diffraction
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