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Abstract

Silver nanoparticles (AgNPs) were biosynthesized using the cell free supernatant of
putative probiotic Lactobacillus paracasei A26. Several biological activities of
biogenic AgNPs were investigated in respect to in vitro anti-oxidant and anti-tumor
potentials. Anti-oxidant potentials were screened in terms of free radical scavenging
activity against two free radicals, 2, 2-Diphenyl-1-picrylhydrazyl (DPPH) and
resazurin dye. AgNPs exhibited a potent scavenging activity against resazurin dye
(91+0.046%) with an ECs, concentration of 146.823 pg/ml, while scavenging of
DPPH was significantly (P<0.05) reduced to 72.330+0.114% using a higher ECs
concentration of 176.12 pg/ml. The anti-tumor potentials of biogenic AgNPs were
studied in relation to the cytotoxicity against two human breast cancer cell lines
(CAL-51 and MCF7), using crystal violet dye assay. The viability of AgNPs-treated
cancerous cells was significantly decreased in a time- and concentration manner, as
compared to insignificant cytotoxic effects against the normal cell line. However,
the anti-proliferative activity of AgNPs did not exceed the value of 63.85+0.019% in
both cancer cell lines. CAL-51 cells were the most sensitive to the introduced
AgNPs, with a maximum decrease in viability of 49.889+0.021% being reached
using an ICs, value of 98.65ug/ml for 48h exposure time. The inhibition percentage
was increased to 60.13+0.005% when the used 1Cs, value was significantly declined
to 40.73ug/ml with an exposure time expanded to 72h. MCF7 cells showed lower
sensitivity than CAL-51 cells, but with a similar inhibition trend of 59.523+0.01%
with an 1Cs, concentration of 66.54 pg/ml for 48h which was increased to
63.857+0.019% when the 1Cs, was reduced to 62.63 pg/ml and the exposure time
expanded to 72h. The morphological changes of AgNPs-treated cells were apparent
at 72h exposure time, with cells showing apoptotic-like features such as shrinkage
and losing of regular fusiform shape. Moreover, cells became detached to surfaces
and from each other.

Keywords: Silver nanoparticles, antioxidant agents, DPPH, resazurin dye,
cytotoxicity assay, and human breast cancer cell lines
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Introduction
Nanotechnology is a continuously developing area of research covering a number of
interdisciplinary fields, such as electronics, medicine and biomaterials. Nanoparticles (NPs) constitute
a class of materials with sizes in the range of 1-100 nm, with production stages that involve the design,
synthesis and manipulation of structures in particles [1]. Among the commonly used nanoparticles,
silver nanoparticles (AgNPs) have an important position because of their distinctive physical-chemical
and biological attractiveness [2]. AgNPs have stronger effects than those of silver ions (Ag®) as
disclosed in some research. Silver is a noble metal that has been used widely over 200 years to make
coins and jewelry. Silver is also resistant to bacteria which renders it a potential low toxic anti-
bacterial [3] and anti-fungal agent [4]. The expanding interest on the application of AgNPs in biology
and healthcare has raised the need for the development of cheap, feasible and eco-friendly methods for
their preparation, such as the green chemistry approaches [5]. Research on AgNPs green biosynthesis
using microorganisms have gained significant interest due to its simplicity, low cost of production, and
eco-friendliness. The biosynthesis of AgNPs using bacteria is globally well investigated [6]. Probiotics
are one of the new and prospect areas of applications in nano biotechnology fields. The probiotic
Lactobacillus spp. is a promising candidate for AgNPs eco-friendly biosynthesis [7]. Cancer is a
disease characterized by uncontrolled cellular growth and spread, during which cells become
unresponsive to the usual check-points, leading to tumor growth and metastasis [8]. Nowadays,
biogenic AgNPs are gaining much more interest in the field of nano medicine due to their unique
properties and obvious therapeutic potential in treating a variety of diseases, including cancer [9].
Cancer is a disease characterized by uncontrolled cellular growth and spread, during which cells
become unresponsive to the usual check-points, leading to tumor growth and metastasis [10].
However, chemotherapy does not confer drugs that specifically target cancerous sites and, therefore,
exposing healthy cells to undesirable effects. Moreover, a large dose is required owing to its rapid
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elimination and nonspecific distribution [11]. For these reasons, the goal of nano medicine is to
identify cost-effective molecules that have high specificity and sensitivity in cells. In this approach,
AgNPs is a promising tool as anti-tumor agents. Many studies demonstrated results that support the
anti-neoplastic properties of AgNPs that can be used as an alternative tool for cancer therapy [12].
Cellular toxicity studies based on the size of AgNPs (about 5-50nm) showed effects in terms of cell
morphology, cell survival, the integrity of the cell membrane, oxidative stress (OS) and cell cycle
progression in human cell lines [12]. It was suggested that AgNPs can enter cells by endocytosis and
that their cytotoxicity occurs in sequential steps. When Ag NPs are subjected to endocytosis, they
undergo a degradation process that induces a release of Ag®, causing reactive oxygen species (ROS)
generation and glutathione (SGH) level reduction [13]. The augmentation of cellular superoxide
radicals triggers alterations in the transmembrane potential of mitochondria and influences signal
transduction pathways, which play an important role in apoptosis program activation and cell death
[13].

There are only a few locally published documents that study the role of biogenic AgNPs as an
antioxidant and antitumor properties. Therefore, the present study aims at screening antioxidant and
antitumor potentials of eco-friendly biogenerated AgNPs using the probiotic Lactobacillus paracasei
A26.

Materials and method

Synthesis of silver nanoparticles (AgNPs)

Silver nanoparticles were biosynthesized using the cell free supernatant (CFS) of putative probiotic
Lactobacillus paracasei A26 which was supplied by the laboratories of Biology Dep. College of
Science / Baghdad University. The biogenic AgNPs were detected and characterized by different
analysis techniques such as Ultraviolet-visible spectroscopy (UV-vis spectroscopy); atomic force
microscopy (AFM), transmission electron microscope (TEM), X-ray Diffraction (XRD), and Fourier
transform infrared spectroscopy (FTIR). The analysis confirmed that the biogenic AgNPs were with an
average particle size of 5-10nm (Nano scaled). The generated particles were adapted for the detection
of their in vitro anti-oxidant and anti-tumor potentials.

Anti-oxidant properties

The antioxidant potential was investigated in terms of free radical scavenging activity by using two
methods:

e 2, 2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay

The efficiency of AgNPs in scavenging DPPH was evaluated quantitatively by evaluating their
ability to reduce the purple — colored DPPH solution to yellow [14]. 100uL of various serial
concentrations (50 up to 300ug/ml) of AgNPs in deionized water were mixed with an equal volume of
freshly prepared DPPH (60uM, in absolute methanol) solution. Then, the mixtures were vortexed and
allowed to stand for 30 min in dark at 25°C. The absorbance of the resulting solution was measured at
517nm against blank (methanol), L-ascorbic acid (0.1%) as antioxidant reference, and negative control
prepared by mixing 100uL of deionized water with 100ul of DPPH. Assays were performed in
triplicate. The percentage of scavenging activity against DPPH was calculated based on control
reading using the following formula:

Radical scavenging (%) = [A0 —A1/AQ] x 100

where A0 is the absorbance of control, Al is the absorbance of sample.

The ECs values (the AgNPs concentration that led to 50% reduction of the used reagent) were
determined from plot.

e Resazurin dye scavenging assay

The ability of AgNPs to scavenge free radicals was also measured depending on the reduction of
resazurin dye. AgNPs at different concentrations (50 up to 300ug/ml) were mixed with an equal
volume of resazurin dye (1% wi/v). Tubes were incubated at 25°C for 15 mins. The absorbance of the
mixtures was taken at 600 nm, with the control being prepared by mixing all of the used reagents,
except for AgNPs, with distilled water, while L-ascorbic acid (0.1%) was used an antioxidant
reference [15]. The percentage of resazurin scavenging was calculated using the same formula as that
followed for the scavenging of DPPH.

In vitro cytotoxicity assay of AgNPs

Two human breast cancer cell lines, CAL-51 and MCF-7, were used in the assessment of the

potential antitumor activity of biogenic AgNPs. Mouse embryonic fibroblasts (MEF) were used as a
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predictive model of normal cells. All cell lines were obtained from the cell culture research laboratory,
Iragi Biotechnology Company, iRAQBiotech (Baghdad, Irag). The tumor cell lines were maintained in
Dulbecco's Modified Eagle's medium (DMEM) supplemented with 1% penicillin /streptomycin and
10% fetal calf serum (FCS), while MEF cells were maintained in Roswell Park Memorial Institute-
1640 medium (RPMI-1640) supplemented by penicillin/streptomycin (1%) and 10% FCS. All used
media were purchased from Sigma-Aldrich, Germany. The assay was conducted on 96-well microtiter
plates [16]. Cell lines were prepared at a concentration of 1x10° cells/ml, where 200ul of cell
suspension in growth medium were seeded per well. The plates were sealed with a self-adhesive film,
lid placed on, and preincubated in 95% humidified atmosphere with 5% CO, at 37°C. After 24h or
when the confluent monolayer was achieved, i.e. cell exponential growth, the medium was removed
and 200ul of various 2-fold concentrations (100, 50, 25, 12.5 and 6.25 pl/ml) of AgNPs in serum-free
DMEM were individually seeded to wells. The control was set up as cells treated with 200pl serum-
free DMEM and the blank wells contained cell-free medium. The plates were independently incubated
for 48h and 72h. Cell viability was measured by replacing AgNPs solution with 200 ul of crystal
violet (CV) solution to each well. The plates were reincubated for 20 min under same conditions.
Thereafter, CV stain was aspirated, wells were gently rinsed with tap water for several times, and the
plates were left at room temperature to dry. Absorbance of each plate was read using ELISA
microplate spectrophotometer (Asays, Belgium) at 492 nm. The experiment was carried out in
triplicates and the inhibitory rate (IR) was calculated using the following formula [17]:
IR%=[(AT-AB) / (AC-AB)] x 100

where AT represents the absorbance of treated wells, AB represents the absorbance of blank, and
AC represents the absorbance of control.

Dose-response curves of % IR versus log;, concentration were constructed and 1Cs, values were
determined from plots by interpolation [18]. Inverted phase contrast microscope (Olympus, Japan) was
used for the visualization of the morphological alterations induced by AgNPs in MCF-7 and CAL-51
cells treated with the 1Cs, concentration, and the images were captured at 400 X.

Statistical analysis
One-way analysis variance (ANOVA) and t-teat were used for data analysis. All results were
expressed as mean +SD. Differences at P<0.05 were considered as statistically significant.
Results and discussion
Antioxidant properties

The antioxidant potential of biogenic AgNPs was analyzed by free radical scavenging capacity
using two different free radicals, DPPH and resazurin dye, due to the fact there is no universal method
to evaluate antioxidant activity and, thus, it is necessary to use different methods to properly evaluate
the antioxidant capacity [19]. The efficiency of scavenging DPPH was evaluated quantitatively for
AgNPs by their ability to reduce the purple- colored of DPPH solution to yellow [20]. The color
changes confirmed that the biogenic AgNPs has antioxidant properties, in comparison to ascorbic acid.
Interestingly, AgNPs showed a significant antioxidant potential in a dose-dependent manner against
DPPH Figure-1(A). The maximum antioxidant activity (72.330+0.114) was achieved using 300pg/ml,
whereas the minimum activity (34.95+0.268%) was related to 50 pg/ml concentration. The antioxidant
activity expressed at ECso was 176.12ug/ ml (Figuer-1 C). A strong antioxidant potential of biogenic
AgNPs was also observed in the scavenging of resazurin dye in comparison with the reference
ascorbic acid. Color change from blue to pink and then colorless indicated the antioxidant activity.
The principle of the resazurin assay depends on the change in color of the dye (blue and non-
fluorescent) to pink and highly fluorescent when reduced to resorufin. The antioxidant compounds are
able to transfer the hydrogen atom to resazurin, leading to the quenching of the color and discoloration
of the solution, which is proportional to their amount [21]. Similarly, in a dose-dependent manner,
biogenic AgNPs caused the reduction of resazurin to resorufin (Fig.1 B). The highest antioxidant
activity (91+0.046%) was achieved at a concentration of 300ug/ml, while the lowest was recorded at
50ug/ml (13.33+£0.448%). The ECs, value required for the reduction of resazurin (146.823ug/ml) was
lower than that for the reduction of DPPH Figure-(1 D).
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Figure 1-A. DPPH radical scavenging activity of biogenic AgNPs. B. Resazurin dye scavenging
activity of biogenic AgNPs. C. Estimated activity of the ECs, of biogenic AgNPs for the
scavenging of DPPH. D. Estimated activity of the EC50 of biogenic AgNPs for the scavenging of
resazurin dye. Each value represents mean + SD, (n=3).

The free radical scavenging activity of AgNPs was documented, and it was found to be high, due
to, high oxidation capabilities, electron loosing and capping agents present on AgNPs surface [22].
The mechanisms of antioxidant activities do not only involve the scavenging of free radicals, but also
by inhibiting their production [23]. ROS are formed in the body due to exogenous and endogenous
factors and are found to be responsible for many diseases when they are produced at excess levels [24,
25]. Antioxidant compounds have an important role in sequestering ROS from the body, which can
decrease the risk of multiple chronic degenerative diseases, including cancer, Alzheimer’s, cataract,
and coronary heart disease [24, 25]. All biological systems have antioxidant defense mechanisms that
protect them against oxidative stress (OS), and repairing enzymes systems fixes the damage caused
by free radical attacking. However, this natural antioxidant mechanism can be inefficient due to recent
lifestyle, anxious, stress, and environmental contamination that elevates the risk of several diseases
[26]. Under constant attack from OS, O, in the body splits into singlet or triplet's atoms, which cause
damages and mutated cells that are harmful to human health. Hence, external antioxidant compounds
from bio-resources were developed to achieve higher specificity, activity, and safety [27]. The high
antioxidant activity of biogenic AgNPs recorded in the current study could be due to removing singlet
and triplet oxygen, destroying the peroxides, or quenching the free radicals. Moreover, the high

1257



Al-basher and Al-wandawi Iragi Journal of Science, 2020, Vol. 61, No. 6, pp: 1253-1264

antioxidant activity of AgNPs might be due to the preferential adsorption of biological active
compounds from the L. paracasei A26 CFS onto the surface of the AgNPs [28].
Cytotoxicity of biogenic AgNPs

CV assay is a method that is useful for screening cell viability and can be used to quantify cell
number in culture as a function of absorbance of the dye taken up by the cell. This dye binds to the
protein and DNA of the cells. Cells that undergo cell death lose their adherence and are subsequently
lost from the population of cells, reducing the amount of dye staining in culture [29]. Two human
breast cancer cell lines (CAL-51 and MCF-7), as an in vitro model, along with MEF as a normal cell
line were used for the evaluation of the antitumor potential (cytotoxicity) of biogenic AgNPs. 2-fold
serial concentrations (100, 50, 25, 12.5 and 6.25 pg/ml) of AgNPs were applied with two independent
treatment times (48h and 72h). The biogenic AgNPs exhibited significant (P<0.05) cytotoxic effects
against both of CAL-51 and MCF7 cell lines as compared to the normal cells. The results
demonstrated that the viability of AgNPs-treated tumor cells was significantly decreased in time-
concentration-response manner, with substantial cytotoxic effects on MEF cells (22.13% maximum
viability inhibition at 100 pg/ml conc.). However, cell viability inhibition did not exceed
63.85+0.019% in both tumor cell lines. CAL-51 was the most sensitive cell line to the introduced
AgNPs. When MCF7 cells were treated for 48h with various concentrations of AgNPs, cell viability
was decreased in a concentration-dependent manner. The incidence of cell death after exposure to 100,
50, 25, 12.5 and 6.25 mg/ml had the values of 1.50+0.07%, 6.17+0.06%, 8.5+0.02%, 52.62+0.01%
and 63.85+0.03%, respectively (Figure-2 A), while the value using the ICsy, was 66.54 g/ml (Fig.3 A).
When the exposure time of MCF7 cells to AgNPs was increased to 72h, the AgNPs exerted significant
antiproliferative effects as the decrease in cell viability was higher in comparison to that achieved at
48h exposure, except at the highest used concentration (100ug/ml). Whereas, the cell viability decrees
were not compatible with previous treatment (Figure-2 B), with no significant (P>0.05) difference, as
the inhibition percentage was slight less (59.523+0.01%). However, the value of ICs, decline to
62.63ug/ml the cytotoxicity value was declined to 62.63ug/ml when the ICs, was applied (Fig.3 B).
Similarly, AgNPs demonstrated a dose-dependent effect on CAL-51cells. When CAL-51 cells were
treated for 48h, cell viability decreased consistently with the decrease in the used concentration;
concentrations of 100, 50, 25, 12.5 and 6.25 pg/ml led to cells inhibition values of 3.752+0.096%,
3.973+0.043%, 22.737+0.02 %, 26.931+0.014 %, and 49.9+0.021 % respectively (Figure-2 C),
whereas a value of 98.65ug/ml was achieved using the ICs, (Figure-3 C). When CAL-51 cells were
exposed to AgNPs for a period of 72h, significant and dramatic declines in cells viability were
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Figure 2-Cytotoxicity of biogenic AgNPs; A. against MCF-7 cell line treated for 48h; B. against
MCF-7 cell line treated for 72h; C. against CAL-51 cell line treated for 48h; D. against CAL-51 cell
line treated for 72h. Different concentrations (6.25 up to 100 pg/ml) of AgNPs were used. Data are
expressed as mean viability £SD, (n=3).

recognized in most of the used concentrations; loss of cell viability was almost doubled, except
when the highest used concentration (100ug/ml) was used which did not lead to a doubled cell
inhibition value. Nevertheless, the percentage of inhibition was increased to 60.13+0.005% (Figure-2
D). In addition, the inhibition value using the ICsy was significantly declined to 40.73ug/ml (Figure-3
D). These findings revealed the high sensitivity of CAL-51 cells toward biogenic AgNPs, which was
higher than that shown by MCF7 cells. The apoptogenic property of AgNPs was additionally
investigated through studying the morphological changes in the treated cells under the phase contrast
inverted microscope. Images of cells were visualized at 400 X. Such alterations in the cancerous cells
were tracked by their treatment with the ICs, concentration for two independent time periods (24h and
72h). The resulted morphological alterations are presented in Figure-4
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Figure 3-Estimation of the inhibition values of the ICs, of biogenic AgNPs; A. against MCF-7
cell line treated for 48h; B. against MCF-7 cell line treated for 72h; C. against CAL-51 cell line
treated for 48h; D. against CAL-51 cell line treated for 72h. Different concentrations (6.25-
100pg/ml) of AgNPs were applied. Data are presented as mean = SD, (n=3).

The untreated cells (control) maintained their original morphological form (Figure- 4A), while
most of them were adherent to the tissue culture plate and occurred in most images as monolayers. In
contrast, obvious morphological alterations were recognized in AgNPs-treated cells. The
morphological changes were clearly apparent at 72h exposure time. The treated cells showed
apoptotic-like features, as they became irregular, shrunk and lost their fusiform regular shape. As
related to the adhesion capacity, the cells became detached from the surface and from each other. Cell
density was significantly decreased. Moreover, cytoplasmic blabbing was clear in both cell types.
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MCF-7 CAL-51

Figure 4-Morphological alterations of MCF-7 and CAL-51 cells. Cells were treated with 1Csy
concentration of biogenic AgNPs for 48 h and 72 h. Images were taken using inverted phase contrast
microscope, at 400 X magnification, vs. control. (A) Control cells (B) cells treated for 48 h (C) cells
treated for 72 h.

Breast cancer cell lines were used extensively in basic research and provided valuable insights into
many aspects of breast cancer biology, including their use as new therapeutic targets for breast
carcinoma [30]. The application of AgNPs in cancer research was reported on different cancer cell
lines. Cytotoxic potentials of biosynthesized AgNPs on breast cancer cell lines were also investigated.
All reported NPs exerted selective cytotoxicity on cancer cells rather than normal cells, in a
concentration-dependent manner [31]. In the present study, the cytotoxicity assay showed a significant
antiproliferative impact of the adopted AgNPs on both of the targeted tumor cell lines, with minimal
toxicity to normal cells (MEF), which agrees with previously published data [32]. It is proposed that
the superior cytotoxicity of AgNPs against cancerous cells occurs owing to the highest uptake of NPs
by these cells as compared to the healthy cells, given that cancerous cells have an abnormal
metabolism and high proliferation rate, which in turn makes them more vulnerable [32]. AgNPs
cytotoxicity was reported to be both size and dose-dependent. Particularly, the cellular uptake and
toxicity are regulated by size, where smaller particles easily penetrated the cells, while larger particles
such as 100nm particles did not [33]. The potent anti-tumor effects of the biogenic AgNPs, which
were previously found to be mediated by L. paracasei A26, may be due to the spherical shape and
smaller particle size (5-10 nm) of our synthesized particles, as confirmed by different analysis
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approaches. On the other hand, the toxicity of AgNPs is not only size-dependent, but it is also related
to the type of surface capping groups and particle morphology [34]. Fungal extract-capped AgNPs
showed more toxicity than bacterial extract-capped AgNPs in human breast cancer cells [34].
Cytotoxic assays and AgNPs antiproliferative activity are expressed as 1Cs, values. The calculated ICs
values showed that the cytotoxicity following 72 hours of exposure was much higher than that of 48h.
Also, the estimated values in the present study were much higher than those of the earlier findings. For
instance, the ICs, value of plant derived AgNPs for MCF-7 cells were reported to be 5 pg/mL, at
which a 50% cell death was observed [35]. Nevertheless, the study estimated values of ICs, fall within
the clinically acceptable concentration [36], particularly for CAL-51 cells, which exhibited less ICs
value (40.3 pg/ml), and this is a promising result and within acceptable limits. AgNPs-treated
cancerous cells sensitivity depends on cell types [37]. The sensitivity difference between the two cells
lines included in the present study may be attributed to the type of these neoplastic cells, each of them
has unique recognizable phenotypes and clinical outcomes. Hence, CAL-51 is triple-negative breast
cancer (TNBC), estrogen receptor (ER)-negative, progesterone receptor (PR)-negative, and Her2-
negative, and has higher rates of distant metastasis aggressive cancer [38]. Thus, the effectiveness of
the biogenic AgNPs on CAL-51 cells is of high relevance. While, MCF7 cells express both ER and
PR, whereas they are Her2-negative [39]. Each therapeutic target for breast carcinoma is largely based
on its unique biologic features, availability, and often ER, PR and HER2 status. The cytotoxic
behavior of AgNPs is due to their large surface to volume ratio and, thus, they could easily enter the
cells, interact with cell constituents, and thereby disturb the cellular signaling pathways [40]. The
mechanisms of AgNPs cytotoxicity involve the cellular up taking of NPs via macropinocytosis and
clathrin-dependent endocytosis. Various studies revealed that AgNPs act via triggering the
intracellular ROS to prevent the antioxidants. The immediately formed ROS then damages DNA and
results in cell death [41]. Earlier studies depicted that the cytotoxicity of biogenic AgNPs is related to
the involvement of the level of cellular ROS and mitochondrial membrane disruption [42]. Studies of
green biosynthesized AgNPs concluded that they induce OS, leading to the apoptosis via caspase-
mediated and mitochondria-dependent pathways [43]. The caspase-3-activation cascade plays an
important role in several apoptotic mechanisms [44]. The study suggests that the AgNPs induced
apoptosis in MCF 7 in a caspase-3-dependent manner, by activating and increasing the levels of this
mediator, as previously described [45].
Conclusions

The synthesized AgNPs in the present study revealed antioxidant potential as shown by free radical
scavenging behavior. This activity has probably occurred due to the presence of bio-compounds on the
surface of AgNPs, which were accepted by the biomolecules of the capping from CFS of L. paracasei
A26. The findings of the current study suggest an in vitro anti-tumor potential of biogenic AgNPs
against human breast cancer cells, with high sensitivity of CAL-51 (TNBC) cells to the adopted
AgNPs treatments. This finding can be considered as a clinical concern due to aggressiveness and high
rate metastatic features of TNBC. By inducing apoptotic-like cells death, these NPs could play a role
in the development of new therapeutic agents for the treatment of cancer, or they can act as adjuvants
to increase the effectiveness of available therapies.

References

1. Fayaz, A. M., Balaji, K. and Girilal, M. 2010. Biogenic synthesis of silver nanoparticles and their
synergistic effect with antibiotics: a study against gram-positive and gram-negative bacteria.
Nanomedicine: Nanotechnology, Biology and Medicine, 6(1):103-109.

2. Syafiuddin, A., Salmiati, S. M. R., Hong Kueh, A.B., Hadibarata, T. and Nur, H. 2017. A Review
of Silver Nanoparticles: Research Trends, Global Consumption, Synthesis, Properties, and Future
Challenges. Journal of the Chinese Chemical Society, 64(7): 732-756.

3. Raghunandan, D., Ravishankar, B. and Sharanbasava, G. 2011. Anti-cancer studies of noble metal
nanoparticles synthesized using different plant extracts. Cancer Nanotechnol. 2(1-6):57-65.

4. Ghazal, H. N., Ayyad W. Al — Shahwany, A. W. and Al — Dulaimy, F. T. 2019. Control of Gray
Mold on Tomato plants by Spraying Piper nigrum and Urtica dioica Extracts under Greenhouse
Condition. Iraqgi Journal of Science, 60(5): 961-971.

5. Singh, P., Kim, Y. J., Zhang, D. and Yang, D. C. 2016. Biological synthesis of nanoparticles from
the plants and microorganisms. Trends Biotechnol. 34(7):588-599.

1262



Al-basher and Al-wandawi Iragi Journal of Science, 2020, Vol. 61, No. 6, pp: 1253-1264

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

Dhillon, G. G., Brar, S. K., Kaur, S. and Verma, M. 2012. Green approach for nanoparticle
biosynthesis by fungi: current trends and applications. Crit. Rev. Biotechnol. 32: 49-73.

Sintubin, L., De Windt, W. E., Dick, J., Mast, J. and Boon, N. 2009. Lactic acid bacteria as
reducing and capping agent for the fast and efficient production of silver nanoparticles. Appl
Microbiol Biotechnol. 84(4): 741-9.

Al-ani, S. A. and Al-Shahwany, A. W. 2018. Study the Effect of Some Methanolic and Aqueous
Traditional Plants Extracts on Probiotic Bacteria. Iragi Journal of Science, 59(3B): 1396-1408
Raghunandan, D., Ravishankar, B. and Sharanbasava, G. 2011. Anti-cancer studies of noble metal
nanoparticles synthesized using different plant extracts. Cancer Nanotechnol. 2: 57-65.

Rai, M., Kon, K., Ingle, A., Duran, N., Galdiero, S. and Galdiero, M. 2014. Broad-spectrum
bioactivities of silver nanoparticles: The emerging trends and future prospects. Appl. Microbiol.
Biotechnol. 98(5): 1951-61

Jurj, A., Braicu, C., Pop, L. A., Tomuleasa, C., Gherman, C. D. and Berindan-Neagoe, I. 2017.
The new era of nanotechnology, an alternative to change cancer treatment. Drug Des. Dev. Ther.
11: 2871-2890.

Liu, J., Qiao, S. Z., Hu, Q. H. and Lu, G. Q. 2011. Magnetic nanocomposites with mesoporous
structures: synthesis and applications. Small. 7(4): 425-443.

Verano-Braga, T., Miethling-Graff, R., Wojdyla, K., Rogowska-Wrzesinska, A., Brewer, J. R,
Erdmann, H. and Kjeldsen, F. 2014. Insights into the cellular response triggered by silver
nanoparticles using quantitative proteomics. ACS Nano. 8(3): 2161-75.

Zho, B. B. and Elledge, S. J. 2000. The DNA damage response: Putting checkpoints in
perspective. Nature. 408(6811): 433-9.

Jabir, M. S., Taha, A. A., Sahib, U. I., Taqi, Z. J., Al-Shammari, A. M. and Salman, A. S. 2019.
Novel of nano delivery system for Linalool loaded on gold nanoparticles conjugated with CALNN
peptide for application in drug uptake and induction of cell death on breast cancer cell line. Mater.
Sci. Eng. C, 94: 949-964.

Freshney, R.1. 2005. Culture of animal cells: A Manual for basic asic technique (5th ed.). John
Wiley and Sons Inc. Publication, New York.

Gao, S., Yu, B., Li, y.,, Dong, w. and Luo, H. 2003. Antiproliferation effect of octereotide on
gastric cells mediated by inhibition of AKT/PKB and tolerance world. J. gastrienterol. 9: 2362-
2365.

Mosmann, T. 1983. Rapid colorimetric assay for cellular growth and survival: application to
proliferation and cytotoxicity activity. J Immunol Method. 65(1-2): 55-63

Huang, D., Ou, B. and Prior, R. L. 2005. The chemistry behind antioxidant capacity assays. J. of
Agricul.l and Food Chemistry. 53(6): 1841-1856.

Sanchez-Moreno, C. 2002. Review: Methods used to evaluate the free radical scavenging activity
in foods and biological systems. Food Sci Tech Int. 8(3): 121-137.

Cannan, W. J. and Pederson, D. S. 2016. Mechanisms and Consequences of Double-Strand DNA
Break Formation in Chromatin, Journal of cellular physiology. 231(1): 3-14.

Shahat, A. S. and Assar, N. H. 2015. Biochemical and antimicrobial studies of biosynthesized
silver nanoparticles using aqueous extract of Myrtus communis L. Ann. Biol. Res. 6(11): 90-10.
Ranjbar, A., Ataie, Z., Khajavi, F. and Ghasemi, H. 2014. Effects of silver nanoparticle (Ag NP)
on oxidative stress biomarkers in rat. Nanomed. J. 1(3): 205-211.

Bolduc, J. A., Collins, J. A. and Loeser, R. F. 2019. Reactive oxygen species, aging and articular
cartilage homeostasis. Free Radic. Biol. Med. 132: 73-82.

Kara, A., Gedikli, S., Sengul, E., Gelen, V. and Ozkanlar, S. 2016. Oxidative stress and autophagy.
In Free Radicals and Diseases; InTech Open: London, UK. pp. 69-86.

Willett, W. C. 2002. Balancing life-style and genomics research for disease prevention. Science.
296(5568): 695-8.

Shaham, G., Veisi, H. and Hekmati, M. 2017. Silver nanoparticle-decorated multiwalled carbon
nanotube/pramipexole nanocomposite: Synthesis, characterization and application as an
antibacterial agent. Appl Organomet Chem. 31: e3737

Li, L., Tsao, R., Yang, R., Liu, C., Zhu., H, and Young, J. C. 2006. Polyphenolic profiles and
antioxidant activities of heartnut (Juglans ailanthifolia Varcordiformis) and Persian walnut
(Juglans regia L.) J Agric Food Chem. 54(21):8033-8040.

1263



Al-basher and Al-wandawi Iragi Journal of Science, 2020, Vol. 61, No. 6, pp: 1253-1264

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

Itagaki, H., Ohno, T., Hatao, M., Hayasaka, A., Hayashi, M., Imezeki, I., Kakuma, M., Kato, M.,
Kawakumi, A. and Kimura, S. 1998. Validation study on five cytotoxicity assay by JSAAE — V.
Details of the crystal violet staining assay, Altern. Animal Test Experiment. 5: 87- 98.

Peng, J. and Jordan, V. C. 2010. Expression of estrogen receptor alpha with a Tet-off adenoviral
system induces GO/G1 cell cycle arrest in SKBr3 breast cancer cells. Int J Oncol. 36(2): 451-8.
Palaniappan, P., Sathishkumar, G. and Sankar, R. 2015. Fabrication of nano-silver particles using
Cymodocea serrulata and its cytotoxicity effect against human lung cancer A549 cells line.
Spectrochim Acta A Mol Biomol Spectrosc. 138: 885-890.

Cairns, R. A, Harris, 1. S. and Mak, T. W. 2011. Regulation of cancer cell metabolism. Nat Rev
Cancer. 11(2): 85-95.

Miethling-Graff, R., Rumpker, R. and Richter, M. 2014. Exposure to silver nanoparticles induces
size- and dose-dependent oxidative stress and cytotoxicity in human colon carcinoma cells.
Toxicology In Vitro. 28(7): 1280-1289.

Nel, A., Xia, T., Madler, L. and Li, N. 2006. Toxic Potential of Materials at the Nanolevel.
Science. 311: 622.

IPiao, M. J., Kang, K. A, Lee, I. K., Kim, H. S., Kim, S., Choi, J. Y., Choi, J. and Hyun, J. W.
2011. Silver nanoparticles induce oxidative cell damage in human liver cells through inhibition of
reduced glutathione and induction of mitochondria-involved apoptosis. ToxicolLett. 201(1): 92-
100.

Nakkala, J. R., Mata, R., Gupta, A. K. and Sadras, S. R. 2014. Biological activities of green silver
nanoparticles synthesized with Acorous calamus rhizome extract. Eur J Med Chem. 85: 784-94.
Park, M. V., Neigh, A. M. and Vermeulen, J. 2011. The effect of particle size on the cytotoxicity,
inflammation, developmental toxicity and genotoxicity of silver nanoparticles. Biomaterials. 32:
9810-9817.

Xiaofeng, D., Hongye, C., Zhonghu, B. and Jia, L. 2017. Breast Cancer Cell Line Classification
and Its Relevance with Breast Tumor Subtyping. J Cancer. 8(16): 3131-3141

Tulchin, N., Chambon, M. and Juan, G. 2010. BRCAL protein and nucleolin colocalize in breast
carcinoma tissue and cancer cell lines. Am J Pathol. 176(3):1203-14.

Singh, R. P., and Ramarao, P. 2012. Cellular uptake, intracellular trafficking and cytotoxicity of
silver nanoparticles. Toxicol Lett. 213(2): 249-259.

Piao, M. J., Kang, K. A., Lee, I. K., Kim, H. S, Kim, S., Choi, J. Y., Choi, J. and Hyun, J. W.
2011. Silver nanoparticles induce oxidative cell damage in human liver cells through inhibition of
reduced glutathione and induction of mitochondria-involved apoptosis. Toxicol Lett. 201(1): 92-
100.

Sanpui, P., Chattopadhyay, A. and Ghosh, S. S. 2011. Induction of apoptosis in cancer cells at low
silver nanoparticle concentrations using chitosan nanocarrier. ACS Appl Mater Interfaces.
3(2):218-28.

Jeyaraj, M., Rajesh, M., Arun, R., MubarakAli, D., Sathishkumar, G., Sivanandhan, G., Dev, G.
K., Manickavasagam, M., Premkumar, K., Thajuddin, N. and Ganapathi, A. 2013. An
investigation on the cytotoxicity and caspase-mediated apoptotic effect of biologically synthesized
silver nanoparticles using Podophyllumhexandrum on human cervical carcinoma cells. Colloids
Surf B Biointerfaces. 102: 708-17.

Hu, R., Yong, K.T., Roy, I., Ding, H, He, S. and Prasad, P. N. 2009. Metallic nanostructures as
localized plasmon resonance enhanced scattering probes for multiplex dark field targeted imaging
of cancer cells. J Phys Chem C Nanomater Interfaces. 113(7): 2676-2684

Kulandaivelu, B. and Gothandam, K. M. 2016. Cytotoxic Effect on Cancerous Cell Lines by
Biologically Synthesized Silver Nanoparticles. Braz. arch. biol. technol. 59(e16150529): 1-8.

1264



