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The biosynthesized Ag NPs was synthesized by using marine mangrove plant extract Avicennia marina.
The synthesized Ag NPs was confirmed by various physiochemical characterization including UV-
spectrometer and XRD analysis. In addition, the shape and of the synthesized Ag NPs was morphologi-
cally identified by SEM initially and TEM finally. After confirmation, the anti-cancer property of synthe-
sized Ag NPs was confirmed at 50 mg/mL concentration against A549 lung cancer cells by MTT assay.
Further, the ability to stimulate the ROS generation and mitochondrial membrane at the IC50 concentra-
tion of Ag NPs was confirmed by fluorescence microscopy using DCFH-DA and rhodamine 123 dyes
respectively. Finally, the result was concluded that the synthesized Ag NPs has improved anti-cancer
activity against A549 cells at lowest concentration.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction diet. It reported approximately 25,000 mortality rate in developing
Lung cancer is a dominant cancer and with high morbidity and
mortality rates worldwide. It hikes day by day and estimated that,
about 10,000 new cases annually (Malvin et al., 2020). About
World Health Organization (WHO) statement, more than 3000
people will be died in 2019, due to the cigarette smoking, exposure
to tobacco usage, physical inactivity and westernized diets
(Rajivgandhi et al., 2018a). Also, it is a second most leading non-
communicable disease accounted 50% in men and 30% in women
(Rajesh kumar et al., 2018; Wong et al., 2017). The global death
rate through lung cancer is increased frequently due to the cancer
habitat including smoking, physical inactivity and modernized
and developed countries. Recently, physical, chemical, radiation
therapy chemotherapy and surgical methods of the treatments
are not better suitable. Development of cancer cells by drug resis-
tant is a major reason for failure of drugs (Vijayakumar et al.,
2019). Discovery and development of advanced drugs against can-
cer cell proliferation is facing great challenges due to side effects,
toxicity and more cost efficiency (Anna et al., 2017). Due to this
defect, the emerging need to discover novel, cost effective and
bio-compatible therapeutic approaches against cancer cells are
needed.

Marine mangrove plant Avicennia marina is an important plant
which grows in difficult environment condition such as high salt,
pH, temperature, and excess carbon and nitrogen sources. It is used
in pharmaceutical application and led the detection of variety of
phytochemicals as effective chemo-preventive agents for different
biological activities, particularly effective against cancer cells
(Eswaraiah et al., 2020). It is an excellent reducing agents used as
a reducing agents for various nanoparticle synthesis. It is an impor-
tant plant material to apply in various nanoparticles synthesis and
provide increased biological activities than other plants due to the
various environmental stresses including pH, temperature, NaCl,
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humidity and etc (Swagat Kumar et al., 2018). Recently, Momtazi-
borojeni et al. (2103) reported that the anti-cancer effect of A.
marina by stimulating the apoptosis in various cancer cells such
as MCF-7, MDA-MB 231, HeLa, A549 (Manilal et al., 2016)

Recently, the application of nanoparticle using plant material is
heightened to revolutionize in various sectors such as drug deliv-
ery (Khalid et al., 2019), textiles (Mahmoodreza et al., 2019),
biomedical (Arya et al., 2019), water treatment (Rupasree et al.,
2019), agriculture (Diasa et al., 2019) and pharmaceutical indus-
tries (Ahmed et al., 2017). Between the nanoparticles types, Ag
NPs is an important nanoparticle, excellently used in almost all
the industries and health care settings (Pratik et al., 2019). It is
used very widely due to the therapeutic perspective, such as
anti-bacterial, anti-fungal, inflammatory response, anti-viral and
anti-cancer activities (Amrithpal et al., 2019; Feizi et al., 2018;
Rajivgandhi et al., 2019b; Dixit et al., 2018). Ag NPs are more ben-
eficial compared with any other bulk materials because it has
excellent structural arrangement, stability, and larger surface areas
(Rufen et al., 2019). The physical, chemical routes of synthesis
methods are very harmful compared with biological routes,
because it is more eco-friendly environment, small investment
and limited toxicity (Suganya et al., 2019). The more advantages
of biological synthesis Ag NPs is more energy, more temperature
and deadly chemicals. Sometimes the reducing agent of plant
materials have great role to Ag NPs, the phenolic and phytochem-
icals are helped to improve the Ag NPs activity in biological activ-
ities. It extended to anti-oxidant activity role as they indicated less
toxicity in living materials (Rajathi and Suja, 2017). It also acted as
an excellent anti-cancer agent against various cancer cell lines
because it acted as a selective target inhibitor in mitochondrial
region, generation of ROS, ATP and caused intracellular DNA devel-
opment (Adwin Jose et al., 2018).

In addition, biological synthesized Ag NPs reduced the time,
temperature, size, shape and toxicity level (Inbatamizh et al.,
2016). It also increased the yield, low energy supply and insuffi-
cient purification. Recently, green synthesized Ag NPs delivered
the great attention in biomedical application and focused on very
extensive research because of the ecofriendly nature. It removes
the more purification process of the culture, easy scale-up,
increased large scale synthesis and cost-effectiveness. Surprisingly,
plant mediated Ag NPs involves mixing the aqueous extract with
silver nitrate solution (Ganasekar et al., 2012).

To try to overcome this problem, marine mangrove plant Avi-
cennia marina mediated Ag NPs has indicated as a promising alter-
native solution to fight against cancer cells, without any side
effects (Behbahani et al., 2018). Previous reports also supported
to the plant A. marina has excellent potential biomedical agent
with anti-microbial, anti-tumor, cytotoxic, anthelmintic, analgesic,
anti-inflammatory, hypertensive, immune stimulatory and anti-
cancer activities (Manilal et al., 2016; Eswaraiah et al., 2020). Inter-
estingly, there is no previous report on the biosynthesis of Ag NPs
from marine mangrove plant A. marina against A549 human lung
cancer cell lines (Momtazi-borojeni et al., 2103). Therefore, current
study is focused on biosynthesize Ag NPs from A. marina, and to
evaluate its anti-cancer properties for lung cancer of A549 cells
through reactive oxygen species/mitochondrial damages.
2. Materials and methods

2.1. Needed materials and reagents

The fresh healthy Avicennia marina plant leaves were collected
from Muthupet Mangrove system, Thiruvarur District, Tamil Nadu,
India. For removal of infected leaves and surface contaminants, the
samples were washed by tap water and followed by dis H2O. The
florescent dyes of AO/EB, DAPI, Rhodamine 123 were procured
from Suresh Scientific & Co, Tamil Nadu, India. The A549 human
lung cancer cells were procured from the King Institute of Medi-
cine, ICMR institute, Chennai. The cell line was maintained in its
respective media and supplemented with streptomycin, gen-
tamycin antibiotics (100 mg/mL), and 10% FBS at 95% humidity
with 5% CO2.

2.2. Ag NPs synthesis

Avecinnia marina extract (10ML) and watery arrangement
(90 mL) with currently made 1 mM of silver nitrate were taken
in tube and incubated at 37 �C for 2 h for Ag NPs synthesis. Next,
green color plant extract were changed to pale yellow color was
indicated by naked eye observation. The formed solution was cen-
trifuged at 5,000 rpm at 30 min at 4 �C to purify the nanoparticles,
followed by dried and using sterile H2O for washing. Finally the
sample was maintained at incubator at 45 �C for 24 h. The collected
powder was maintained in the refrigerator for further use (Yin Yin
et al., 2010).

2.3. Characterization of Ag NPs

The synthesized silver nanoparticle was characterized by vari-
ous spectroscopy UV–vis spectroscopy and XRD instrument (Shi-
madzhu, Japan), and followed by previous reports of Vijayan
et al. (2017), Hileuskay et al. (2020).

2.3.1. Detection of Ag NPs by UV–Vis spectrometer
The preliminary confirmation of biosynthesized Ag NPs was cal-

culated with 200–800 nm wave length of O.D value by UV–Vis
spectroscopic analysis (UV, Nanotrop, 2000-r) and millipore water
was used as a blank. The result was plotted by using Origin
Software.

2.3.2. XRD analysis of Ag NPs
The powdered XRD of synthesized powdered nanomaterial was

calculated by using Bruker AXS X-ray diffractometer with diffrac-
tion intensities at 2h range from 10� to 80�.

2.3.3. SEM and TEM analysis of Ag NPs
The surface integrity and morphological confirmation of Ag NPs

was viewed by SEM using sputter coated grid with 120 kV (JEOL
Tokyo, Japan). In addition, the final confirmation of Ag NPs mor-
phology was effectively analyzed by TEM (Shimadzhu, Germany).
The morphological analysis of Ag NPs identification was followed
by previous report of Siman et al. (2013).

3. Anti-cancer studies

3.1. Cytotoxicity assay

The cytotoxicity assessment of synthesized Ag NPs against A549
lung cancer cells was detected by MTT (dimethylthiazol-diphenyl
tetrazolium bromide) assay (Venugopal et al., 2017). Briefly, one
day old culture of cancer cells was seeded into the 96-well plate
containing complete medium in the ration of �2 � 104 cells and
incubated at 37 �C for 24 h with reduced pressure of 5% CO2
and 95% humidity. After incubation, various concentrations
(5–50 mg/mL) of DMSO sonicated Ag NPs was added into the 96-
well plate and without addition of Ag NPs containing well were
used as a control. After incubation, 15 ml of MTT solution was
added in tested wells and allowed to incubate at 37 �C for 4 h. After
incubation, the formazan crystal formation was observed in the
treated wells, and followed by diluted the samples using DMSO.
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Finally, the formation of color intensity containing wells was
measured by spectrophotometer (Shimadzu, Japan) at the O.D
540 nm. Based on the triplicate values, the result of the cytotoxic-
ity effect of Ag NPs was obtained in percentages using following
formula,

Percentage of IC50 ½Mean O:DControl �Mean O:DTest� � 100

Finally, the cytotoxicity IC50 value of the Ag NPs against pro-
posed A549 cells was noted for further invitro and invivo
experiments.

3.2. Detection of ROS damage

The oxidative stress responses of A549 cells creates intracellular
ROS generation due to the treatment of Ag NPs was identified by
florescence microscope using 0,70-dichlorofluorescein-diacetate
(DCFH-DA) dye (Baghbani-Arani et al., 2017). Briefly, cover slip
containing well grown A549 cells was treated with IC50 dose of
Ag NPs, and maintained at 37 �C for 24 h for complete treatment.
After incubation, the cells were separated by using 1000 rpm cen-
trifugation for 10 min, and followed by washed with 1x PBS. Next,
the cells were stained with 10 mg/mL of DCFH-DA for observed the
ROS generated cells. The excess stain was removed by using what
man No. 1 filter paper using 1x PBS. After washing, the treated and
untreated A549 cells were identified by fluorescence microscopy at
40� magnification (Carl Zeiss, Jena, Germany).

3.3. Mitochondrial damage (Dwm)

The florescent images of mitochondrial membrane damaged
(Dwm) effect of Ag NPs treated A549 cells was detected by flores-
cence microscopy using rhodamine 123 as a specific dye
(Rajivgandhi et al., 2018b). After treatment with IC50 concentration
of Ag NPs, the released cytochrome c from mitochondria to cytosol
in the final stage of apoptosis was clearly indicated that the Ag NPs
has anti-cancer effect. In the mechanism of apoptosis, mitochon-
drial membrane damage was initial confirmation between the Ag
NPs and A549 cancer cells. Briefly, the well grown culture on the
coverslip was treated by IC50 concentration of Ag NPs was incu-
bated at 37 �C for 24. After incubation, the cells were received by
centrifugation and followed by trypsinization. After trypsinization,
the cells were washed with 1x PBS. After 15 min, 5 mg/mL of rho-
damine 123 dyes was added on the cover slip containing cells for
1 h. After incubation, the excess stain was removed by wiping of
what man No.1 filter paper using 1x PBS. Finally, the treated and
untreated cells were examined under fluorescence microscope
for detection of damaged and undamaged membrane morphology
differentiation with Dwm parameter in the A549 cells.

4. Result and discussion

4.1. Characterization of Ag NPs

The absorption spectra of plant extract surfaces and Avicennia
marine mediated Ag NPs was presented in Fig. 1a. The UV-
spectrometer analysis is an important spectroscopy method to
characterize the Ag NPs initially based on the size between 2 and
100 nm. The peak of 420–500 nm range of the peak was excellent
absorption peak for Ag NPs. Between these peak, the nanoparticles
was released the conduction band of the particle, and it is called as
surface plasma resonance (Castro-Aceitunoa et al., 2017). Initially,
yellowish to brown color transmission in the conducted reaction is
considered as an Ag NPs synthesis. Based on the guidelines, the SPR
band of 420 nm in Avicennia marine extract synthesized particle
was confirmed as Ag NPs in our study. Whereas, there was no
any other impurities and contamination was also received in that
peak of any visible range. It indicated that the synthesized process
was pure and confirmed the silver nitrate was reduced and formed
as an Ag NPs (Khoshnamv et al., 2019).

The purity and crystalline nature of the plant mediated Ag NPs
powder was used to analyze the XRD spectrum pattern and shown
in Fig. 1b. After analysis, the XRD spectra were showed with dis-
tinct peak at 2h range = 30.04�, 37.02�, 40.13�, 48.33� and 78.01�
which can be indexed to respective diffraction planes of 120,
200, 230, 240, 301 and 410. Thus, result clearly indicated that
the sharp and narrow diffraction peaks formed Ag NPs of our result
was highly pure and crystalline nature (Deepika et al., 2020). The
resulted XRD pattern was highly correlated with the JCPD file no
(04-0783) of Castro-Aceitunoa et al. (2017).

The morphological structure of plant synthesized Ag NPs was
identified by SEM image (Fig. 2a). The spherical shape morphology
with extremely agglomerated medium sized particles was exhib-
ited by SEM analysis (Fig. 2b). The spherical arrangement in shape
and 10 to 20 nm size of the morphology was clearly shown with
plant mediated synthesized Ag NPs. Further, the TEM is a powerful
instrument used to detect the clear morphology and size distribu-
tion of the nanoparticles (Deepika et al., 2020). In particular, it
exhibited the individual morphology of Ag NPs and the polydisper-
sity of nanoparticles in defined nanometer. In our study, the syn-
thesized Ag NPs was shown in spherical morphology with
between the 10 to 100 nm sizes. In addition, it exhibited with large
number of uniform sized nanoparticles at various magnifications
(Fig. 3a, b).

4.2. Anti-cancer studies

4.2.1. Cytotoxicity effect of Ag NPs
After 24 h incubation, the concentration dependent inhibition

of Ag NPs against A549 lung cancer cells was observed in cytotox-
icity assay (Fig. 4). It revealed that the marine mangrove plant
Avecinnia marina mediated Ag NPs was excellent anti-cancer agent
against A549 lung cancer cells. It inhibited the cancer cells at very
lowest concentration due to the unexplored nature of mangrove
plant containing biochemical components, nutrients, pH, tempera-
ture and other stress responses factor (Naveen kumar et al.,
2018ab; Rajivgandhi et al., 2018a). Recently, Eswaraiah et al.,
2020 reported that the marine mangrove plant Avicennia marina
has anti-cancer properties against various cancer cells. It enhanced
the anti-cancer activity than other plant and chemical synthesized
Ag NPs due to the fluctuated marine environmental conditions
such as temperature, salinity, pH, carbon and nitrogen sources
(Ramachandran et al., 2018). In our study, the 15% inhibition range
was observed at 10 mg/mL and 94% inhibition was observed at
80 mg/mL concentration. When the concentration of Ag NPs was
increased, the viability of the A549 cells was decreased gradually.
The result was proved that the Ag NPs was concentration depen-
dent inhibitor agent for A549 cells. In addition, 54% of inhibition
was observed at 50 mg/mL and it was comparatively low than pre-
vious reports (Eswaraiah et al., 2020; Momtazi-borojeni et al.,
2103). Previously, Momtazi-borojeni reported that the crude
extract of Avicennia marina exhibited with excellent anti-cancer
properties at 250 mg/mL. After addition of MTT solution, the for-
mazan production was appeared in consecutive time interval and
identified by changed color formation in the treated well. Whereas,
the untreated control cells was showed no any color changes in the
respective well. It concluded that the color changes was appeared
due to the alteration effect of Ag NPs, and leads to more number of
cell death.

4.2.2. Detection of ROS generation
In cancer cells inhibition, the ROS generation in the inside of the

cancer cells due to the oxidative stress responses that stimulated



Fig. 1. Biosynthesized Ag NPs using marine mangrove plant A. marinia extract and confirmed by UV–visible spectrum (a) and X-ray diffraction pattern (b).

Fig. 2. Morphological observation of biosynthesized Ag NPs by SEM (a) and confirmation of Ag NPs by highest magnification (b).

Fig. 3. The individual morphology and size of the biosynthesized Ag NPs at different magnification by TEM (a, b).
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by treated material is an important study (Hu et al., 2015). The
IC50 concentration of Ag NPs treated A549 cancer cells in our study
was also proved that the cancer cells were produced the ROS in
more amounts. Based on the observed result, the synthesized Ag
NPs has anti-cancer properties due to the ROS stimulation. It is
an excellent target site to prevent the growth cells in inside of
the cancer cells. If the Ag NP has the ability of ROS production gene
stimulation, it won’t be allowed the further process in cell cycle
including maturation, attachment, cellular proliferation, and
enhance the genes of apoptosis and necrosis (Selvi et al., 2016).
After respective time interval, the Ag NPs was generated the ROS
in A549 cancer cells due to the oxidation process, and it accumu-
late on the DNA granules. Next, the DNA lost their transferring abil-
ity and blocked the polymerase enzyme production (Bhakya et al.,
2016). In outside, the surrounding membrane was completely
damaged and immature colonies were observed. To detect the oxi-
dation potential, the fluorescent dye of DCFH-DA was used. After
damaged the DNA ability, the condensed form of immature DNA
was leaked out and bind with specific DCFH-DA dye and showed
sparsed cell morphology. Compared with untreated control, the
treated cells were showed with highly condensed morphology
and necrotic structure (Fig. 5a). Whereas, the smooth morphology
of untreated cells was showed with clumped colonies (Fig. 5b). It
was clearly confirmed that the ROS was generated intracellularly
in A549 cells due to the Ag NPs influences (Rajivgandhi et al.,
2019b). In addition, the continuous ROS production of the cells



Fig. 4. Detection of IC50 concentration of Ag NPs against A549 lung cancer cells by
cytotoxicity assay.

Fig. 6. Intracellular mitochondrial membrane damage (a) and control (b) cells of
biosynthesized Ag NPs against A549 by fluorescent microscope using Rhodamine
123 fluorescent dye.
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was gone to decline phase and leads to death due to the suppressed
activator genes. Therefore, the current result was prove, Ag NPs has
more ability to inhibit the cancer cells formation due to the oxida-
tive stress mediated ROS generation. The recent report of Naveen
kumar et al. (2018a,b) reported that the ROS is a major target to
inhibit the cancer cells, and performed Ag NPs has stimulated the
oxidative stress responses vigorously in A549 cells. Recently,
Bhakya et al., (2016) was reported similar result against A549 cells
by treating the Ag NPs at increased concentration. Also, the oxida-
tive stress response went to down regulating process in apoptotic
genes and leads to programmed cell death due to the intracellular
leakages in mitochondrial membrane.
4.2.3. Assessment of mitochondrial damage (Dwm)
After 24 h incubation, the mitochondrial membrane from leak-

ages of cytochrome c materials was observed in florescence micro-
scope after absorption of florescence dye Rhodamine 123 (Fig. 6).
Previously, reported that the Rhodamine 123 is an excellent dye
to detect the damaged membrane morphology in cancer cells. It
interfere the intrinsic pathway in cancer cell cycle process. It has
the ability to bind damaged mitochondrial membrane and clearly
attached with damaged cells. When the cells were gone to damage,
the apoptosis and necrotic cells were formed continuously and
showed with orange color to green color appearance with necrotic
cells. It is an important factor to monitor the depolarized mem-
brane of mitochondria due to the dysfunction of responsive genes.
When the mitochondrial membrane was damaged, the suppressive
genes of BCL-2, caspases are activated and decrease the production
of cancer cell responsive genes. After entry of the Rhodamine 123
into the mitochondrial membrane, the intracellular leakage
materials were lost and changed their color from red to green that
indicates apoptosis (Momtazi-borojeni et al., 2103). Our result was
more evident the guidelines and inhibit the A549 cells at IC50 con-
Fig. 5. ROS Production of biosynthesized Ag NPs against A549 damaged (a) and
control (b) cells by fluorescent microscope using DCFDH-CA fluorescent dye.
centration of Ag NPs. Compared with control, the more number of
apoptotic and necrotic cells were observed in treated cells (Fig. 6a,
b). It activated the casecade of apoptotic cell receptor in A549 cells
and frequent arrest of life cycle due to the increase of responsive
genes activation. It is the primary step to activate the apoptosis.
The result of Fig. 6b shows rough, loosely associated apoptotic cells
were observed with highly necrotic nature. Whereas, Fig. 6a shows
with smooth, tightly packed and clumped morphological colonies
were observed. Our result was agreed by recent report of
Rajivgandhi et al. (2019b) and loss of red color intensity is refereed
as notable reduction in mitochondrial membrane stability. Simi-
larly, loss of mitochondrial membrane damage by destabilization
and functional alteration leads to high mortality was most effective
in treatment of cancer cells. Our result agrees with Du et al. (2017)
who reported that the mitochondria is involved in the stimulation
of cell signaling genes, cellular differentiation, apoptosis and con-
trol of cell cycle growth.

5. Conclusion

In current study, the marine mangrove plant A. marina is an
excellent reducing agent for synthesis of Ag NPs, showing excellent
anti-cancer properties against A549 cells. The plant extract of syn-
thesized Ag NPs has various functional groups and leads to helped
as a reduction of Ag metal ion. All the result of UV, XRD, SEM with
EDX and TEM was efficiently supported to the nanomaterial trans-
formation. Interestingly, Ag NPs has excellent anti-cancer activity
against A549 cells and influencing high damages in mitochondrial
membrane. In addition, the production of ROS level was very high
and confirmed by florescent microscopic analysis with the help of
DCF dye. All the invitro studies were confirmed that the Ag NPS
very effective against A549 cells at concentration dependent man-
ner. Furthermore, the increased toxicity of Ag NP treated A. francis-
cana exhibited significant mortality rate at increasing
concentration. Therefore, our result was suggested that the Ag
NPs has promising anti-cancer properties and effective against
A549 lung cancer cells.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Acknowledgement

The authors also acknowledge to Bharathidasan University for
providing the University Research Fellowship (Ref. No-05441/
URF/K7/2013). The authors extend their appreciation to the
Researchers Supporting Project number (RSP-2020/119), King Saud
University, Riyadh, Saudi Arabia.



S. Tian et al. / Saudi Journal of Biological Sciences 27 (2020) 3018–3024 3023
References

Adwin Jose, P., Dhaveethu Raja, J., Sankarganesh, M., Rajesh, J., 2018. Evaluation of
antioxidant, DNA targeting, antimicrobial and cytotoxic studies of imine capped
copper and nickel nanoparticles. J. Photochem. Photobiol. B. 78, 143–151.

Ahmed, M.A.H., Vaiyapuri, S.P., Jegan, A., Abdulrahman, S.A.K., Ali, A.A., 2017.
Extraction of ultrafine carbon nanoparticles from samooli Bread andevaluation
of their in vitro cytotoxicity in human mesenchymal stem cells. Proc. Biochem.
52, 250–258.

Amrithpal, K., Simran, P., Vivek, K., Rajeev, K., Rajesh, K., 2019. Synergistic effect of
vancomycin loaded silver nanoparticles for enhanced anti-bacterial activity.
Colloid. Surf. B; Biointerf. 176, 62–69.

Anna, R.F., Małgorzata, K.L., Victor, S., Silvia, I., Mnuel, A., Agnieszka, K., Grazyna, S.,
2017. Development of noncytotoxic silver–chitosan nanocomposites for
efficient control of biofilm forming microbes. RSC Adv. 7, 52398.

Arya, G., Kumari, R.M., Sharma, N., Gupta, N., Kumar, A., Chatterjee, S., Nomesh, S.,
2019. Catalytic, antibacterial and antibiofilm efficacy of biosynthesised silver
nanoparticle using Prosopis juliflora leaf extract along with their wound healing
potential. J. Photochem. Photobiol. B. 190, 50–58.

Baghbani-Arani, F., Movagharnia, R., Sharifian, A., Salehi, S., Shandiz, S.A.S., 2017.
Photo-catalytic, anti-bacterial, and anti-cancer properties of phyto-mediated
synthesis of silver nanoparticles from Artemisia tourney fortiana Rchb extract. J.
Photochem. Photobiol. B. 173, 640–649.

Behbahani, B.A., Yazdi, F.T., Shahidi, S., Noorbakhsh, H., Vasiee, A., Alghooneh, A.,
2018. Phytochemical analysis and antibacterial activities extracts of mangrove
leaf against the growth of some pathogenic bacteria. Microb. Pathog. 114, 225–
232.

Bhakya, S., Muthukrishnan, S., Sukumaran, M., Grijalv, M., Cumbal, L., Franklin
Benjamin, J.H., Senthil Kumar, T., Rao, M.V., 2016. Antimicrobial, antioxidant
and anticancer activity of biogenic silver nanoparticles - An experimental
report. RSC Adv. 6, 81436–81446.

Castro-Aceituno, V., Abbai, R., Moon, S. S., Ahna, S., Mathiyalagan, R., Kim, Y.J., Kim,
Y.J., Yanga, D.C., 2017. Pleuropterus multiflorus (Hasuo) mediated
straightforward eco-friendly synthesis of silver, gold nanoparticles and
evaluation of their anti-cancer activity on A549 lung cancer cell line, Biomed.
Pharmacother. 93, 995–1003.

Deepika, S., Selvaraj, C. I., Mohana Roopan, S., 2020. Screening bioactivities of
Caesalpinia pulcherrima L. swartz and cytotoxicity of extract synthesized silver
nanoparticles on HCT116 cell line. Mat. Sci. Eng. C. 106, 110279.

Diasa, H.B., Bernardi, M.I.B., Marangoni, V.S., Bernardi, A.C.A., Rastelli, A.N.S.,
Hernandes, A.C., 2019. Synthesis, characterization and application of Ag
doped ZnO nanoparticlesin a composite resin. Mat. Sci. Engin. C. 96, 391–401.

Dixit, D., Gangadharan, D., Popat, K.M., Reddy, C.R.K., Trivedi, M., Gadhavi, D.K.,
2018. Synthesis, characterization and application of green seaweed mediated
silver nanoparticles (AgNPs) as antibacterial agents for water disinfection.
Water Sci. Technol. 78, 235–246.

Du, C., Guo, Y., Cheng, Y., Han, M., Zhang, W., Qian, H., 2017. Anti-cancer effects of
torulene, isolated from Sporidiobolus pararoseus, on human prostate cancer
LNCaP and PC-3 cells via a mitochondrial signal pathway and the down-
regulation of AR expression. RSC Adv. 2466, 1–9.

Eswaraiah, G., Abraham Peele, K., Krupanidhi, S., Bharath Kumar, R.,
Venkateswarulu, T.C., 2020. Identification of bioactive compounds in leaf
extract of Avicennia alba by GC-MS analysis and evaluation of its in-vitro
anticancer potential against MCF7 and HeLa cell lines. J. King Saud Univ. – Sci.
32, 740–744.

Feizi, S., Taghipour, E., Ghadam, P., Mohammadi, P., 2018. Antifungal, antibacterial,
antibiofilm and colorimetric sensing of toxic metals activities of eco friendly,
economical synthesized Ag/AgCl nanoparticles using Malva Sylvestris leaf
extracts. Microb. Pathog. 125, 33–42.

Ganasekar, S., Chandrakasan, G., Karuppiah, K., Vedagiri, H., Kumpati, P.,
Sivaperumal, S., 2012. Photo-synthesis of silver nanoscale particles using
Morinda citrifolia L and its inhibitory activity against human pathogens. Colloid
Surf. B; Biointerf. 95, 235–240.

Hileuskay, K., Ladutsk, A., Kulikouskay, V., Kraskouski, A., Novik, G., Kozerozhets, I.,
Kozlovskiy, A., Agabekov, V., 2020. Green’ approach for obtaining stable pectin-
capped silver nanoparticles: Physico-chemical characterization and
antibacterial activity. Colloid. Surf. A. 585, 124141.

Hu, G., Cai, Y., Tu, Z., Luo, J., Qiao, X., Chen, Q., Zhang, W., 2015. Reducing the
cytotoxicity while improving the anticancer activity of silver nanoparticles
through atocopherol succinate modification. RSC Adv. 5, 82050.

Inbatamizh, L., Megalai Ponnu, T., E Jancy. M., 2016. Invitro evaluation of anti-
oxidant and anti-cancer potential of Morinda pubescens synthesized silver
nanoparticles. J of Pharm. Res. 6, 32–38.

Khalid, H.F., Tehseen, B., Sarwar, Y., Hussain, S.Z., Khan, S., Raza, Z.A., Bajwa, S.Z.,
Kanaras, A.G., Hussain, I., Rehman, A., 2019. Biosurfactant coated silver and iron
oxide nanoparticles with enhanced anti-biofilm and anti-adhesive properties. J.
Haz. Mater. 364, 441–448.

Khoshnamv, M., Huo, C., Liu, J., 2019. Silver nanoparticles synthesized using Allium
ampeloprasum L. leaf extract: Characterization and performance in catalytic
reduction of 4-nitrophenol and antioxidant activity. J. Molecul. Struct. 1175 (5),
90–96.

Mahmoodreza, B., Ayat, H.P., Ali, N., Masood, Z., Roya, M., Aliyar, M., 2019. Facile
green synthesis of silver nanoparticles using Berberis vulgaris leaf and root
aqueous extract and its antibacterial activity. Int. J. Biolog. Macromol. 124, 148–
154.

Malvin, S.S., Sujin, J., Selvarajan, E., Thangavel, M., Arivazhagan, P., 2020.
Biosynthasized silver nanoparticle using Bacillus amyloliquefaciens:
Application of cytotoxicity effect on A549 cell line and photocatalytic
degradation of p-nitrophenol. J. Photochem. Photobiol. B: Bio. 202, 111642.

Manilal, A., Tsalla, T., Zerdo, Z., Ameya, G., Merdekios, B., John, S.E., 2016. Evaluating
the antibacterial and anticandidal potency of mangrove, Avicennia marina, Asian
Pacif. J. Trop. Dis. 6, 136–140.

Momtazi-borojeni, A.A., Behbahani, M., Sadeghi-aliabadi, H., 2103. Antiproliferative
activity and apoptosis induction of crude extract and fractions of Avicennia
Marina, Iran J. Basic Med. Sci. 16, 1–10.

Naveen kumar, S., Rajivgandhi, G., Ramachandran, G., Manoharan, N., 2018a. A
marine sponge Fascaplysinopsis sp. derived alkaloid fascaplysin inhibits the
HepG2 hepatocellular carcinoma cell, Front. Lab. Med., 2, 41–48.

Naveen kumar, S., Rajivgandhi, G., Ramachandran, G., Manoharan, N., 2018b. A
marine sponge Fascaplysinopsis sp. derived alkaloid fascaplysin inhibits the
HepG2 hepatocellular carcinoma cell, Front. Laborat. Med.2, 2018, 41–48.

Pratik, D., Krishanu, G., Nandan Kumar, J., Anwesh, M., Piyali, B., 2019. Green
synthesis and characterization of silver nanoparticles using belladonna mother
tincture and its efficacy as a potential antibacterial and anti-inflammatory
agent. Mat. Chem. Phy. 228, 310–317.

Rajathi, K., Suja, S., 2017. Biomimetic synthesis, characterization and evaluation of
antioxidant, antimicrobial efficacy of silver nanoparticles using Anredera
cordifolia leaf extract, Asian. J. Pharm. Clin. Res. 10, 329–334.

Rajesh kumar, S., Venkat Kumar, S., Ramaiah, A., Happy, A., Lakshmi, T., Mohana
Roopan, S., 2018. Biosynthesis of Zinc oxide nanoparticle using Mangifera indica
leaves and evaluation of their antioxidant and cytotoxic properties in lung
cancer (A549) cells. 117, 91–95.

Rajivgandhi, G., Muneeswaran, T., Maruthupandy, M., Ramakritinan, C., Saravanan,
K., Ravikumar, V., Manoharan, N., 2018a. Antibacterial and anticancer potential
of marine endophytic actinomycetes Streptomyces coeruleorubidus GRG 4
(KY457708) compound against colistin resistant uropathogens and A549 lung
cancer cells. Microb. Pathog. 125, 325–335.

Rajivgandhi, G., Naveen kumar, S., Ramachandran G., Manoharan, N., 2018b. Marine
sponge alkaloid aaptamine enhances the anti-bacterial and anticancer activity
against ESBL producing Gram negative bacteria and HepG 2, human liver
carcinoma cells, Biocat. Agricult. Biotech., 17, 628–637.

Rajivgandhi, G., Maruthupandy, M., Quero, F., Li, W.J., 2019b. Graphene/nickel oxide
nanocomposites against isolated ESBL producing bacteria and A549 cancer cells.
Mat. Sci. Eng C. 102, 829–843.

Ramachandran, G., Rajivgandhi, G., Maruthupandy, M., Manoharan, N., 2018.
Isolation and identification of antibacterial compound from marine
endophytic actinomycetes against multi drug resistant bacteria. Ann
Microbiol. Immunol. 1, 1003.

Rufen, L., Zhen, C., Na, R., Yixuan, W., Yujia, W., Fengye, Y., 2019. Biosynthesis of
silver oxide nanoparticles and their photocatalytic and antimicrobial activity
evaluation for wound healing applications in nursing care. J. Photochem.
Photobiol. B. 199, 111593.

Rupasree, C., Moumita, M., Piyali, B., Shamim, K., Tarun, K.M., 2019. Kinetic study of
functionalization of citrate stabilized silver nanoparticles with catechol and its
anti-biofilm activity. Nano-Struct. Nano-Obj. 19, 100326.

Selvi, B.C.G., Madhavan, J., Santhanam, A., 2016. Cytotoxic effect of silver
nanoparticles synthesized from Padina tetrastromatica on breast cancer cell
line. Adv. Nat. Sci.: Nanosci. Nanotechnol. 7, 035015.

Siman, T.Y., Radika Rajasree, S.R., Khancana, A., Beena Elizabeth, S., 2013.
Biosynthesis, characterization and cytotoxic effect of plant mediated silver
nanoparticles usingMorinda citrifolia root extract. Colloid Surf. B; Biointerf. 106,
74–78.

Suganya, S., Ishwarya, S., Jayakumar, S., Govindarajan, M., Alharbi, N. S., Kadaikanna,
S., Khaled, J.M., Al-Anbir., M.N., Vaseeharan, B., 2019. New insecticides and
antimicrobials derived from Sargassum wightii and Halimeda gracillis
seaweeds: Toxicity against mosquito vectors and antibiofilm activity against
microbial pathogens. South Afric. J. Bot. 125,466–480.

Swagat Kumar, D., Dibyajyoti, S., Archana, M., Nityasundar, P., Rudranarayan, M.,
Hrudayanath, T., 2018. Pharmacological activities of leaf and bark extracts of a
medicinal mangrove plant Avicennia officinalis L. Clinic. Phytosci. 4, 13.

Venugopal, K., Ahmad, H., Manikandan, E., Thanigai Arul, K., Kavitha, K., Moodley, M.
K., Rajagopal, K., Balabhaskar, R., Bhaskar, M., 2017. The impact of anticancer
activity upon Beta vulgaris extract mediated biosynthesized silver
nanoparticles (ag-NPs) against human breast (MCF-7), lung (A549) and
pharynx (Hep-2) cancer cell lines. J. Photochem. Photobiol. B. 173, 99–107.

Vijayakumar, S., Malaikozhundan, B., Saravanakumar, S., Duran-Lara, E.F., Wang, M.
H., Vaseeharan, B., 2019. Garlic clove extract assisted silver nanoparticle-
Antibacterial, antibiofilm, antihelminthic, anti-inflammatory, anticancer and
ecotoxicity assessment. J. Photochem. Photobiol. B: Bio. 198, 111558.

Vijayan, S.R., Arivalgan, P., Kumar, G., Periyasamy, S., Ganesh, D.S., Thi Ngoc, B.D.,
Ethiraj, K., 2017. Biofabrication and characterization of silver nanoparticles
using aqueous extract of Enteromorpha compressa and its biomedical properties.
Biotechn. Rep. 14, 1–7.

Wong, M.C.S., Lao, X.Q., Ho, K.F., Goggins, W.B., Tse, S.L.A., 2017. Incidence and
mortality of lung cancer: global trends and association with socioeconomic
status. Sci. Rep. 7, 14300.

http://refhub.elsevier.com/S1319-562X(20)30376-4/h0005
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0005
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0005
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0010
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0010
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0010
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0010
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0020
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0020
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0020
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0025
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0025
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0025
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0025
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0030
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0030
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0030
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0030
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0035
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0035
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0035
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0035
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0040
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0040
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0040
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0040
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0055
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0055
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0055
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0060
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0060
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0060
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0060
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0065
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0065
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0065
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0065
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0070
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0070
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0070
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0070
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0070
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0075
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0075
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0075
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0075
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0080
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0080
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0080
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0080
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0085
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0085
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0085
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0085
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0090
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0090
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0090
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0100
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0100
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0100
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0100
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0105
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0105
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0105
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0105
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0110
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0110
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0110
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0110
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0115
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0115
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0115
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0115
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0120
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0120
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0120
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0140
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0140
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0140
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0140
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0145
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0145
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0145
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0155
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0155
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0155
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0155
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0155
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0165
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0165
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0165
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0170
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0170
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0170
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0170
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0175
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0175
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0175
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0175
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0180
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0180
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0180
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0185
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0185
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0185
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0190
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0190
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0190
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0190
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0200
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0200
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0200
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0205
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0205
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0205
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0205
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0205
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0210
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0210
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0210
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0210
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0215
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0215
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0215
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0215
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0220
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0220
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0220


3024 S. Tian et al. / Saudi Journal of Biological Sciences 27 (2020) 3018–3024
Yin Yin, T., Swee Kheng, H., Jia Yun, L., Ho, Chun Wai, Chin Pin, T., 2010. Effect of
binary solvent extraction of system, extraction time and extraction temperature
on phenolic anti-oxidants and anti-oxidant capacity from Mengkudu (Moronda
citrifolia). Food Chem. 120, 290–295.

Further Reading

Karami, L., Majd, A., Mehrabian, S., Nabiuni, M., Salehi, M., Irian, S., 2012.
Antimutagenic and anticancer effects of Avicennia marina leaf extract on
Salmonella typhimurium TA100 bacterium and human promyelocytic leukaemia
HL-60 cells. Science Asia 38, 349–355.
T. V. M., Pandurangan, M., Kim, D.H., Lee, Y.R., 2016. Green synthesis: Invitro
anticancer activity of silver nanoparticles on human cervical cancer c-ells, J.
Cluster Sci. 27, 671–681.

Rajivgandhi, G., Maruthupandy, M., Muneeswaran, M., Anand, M., Quero, F.,
Manoharan, N., Wen-Jun, L., 2019a. Biosynthesized silver nanoparticle for
inhibition of antibacterial resistance and biofilm formation of methicillin-
resistant coagulase negative Staphylococci. Bioorganic Chem. 89, 103008.

Rajivgandhi, G., Maruthupandy, M., Muneeswaran, T., Anand, M., Manoharan, N.,
2018c. Antibiofilm activity of zinc oxide nanosheets (ZnO NSs) using
Nocardiopsis sp. GRG1 (KT235640) against MDR strains of gram negative
Proteus mirabilis and Escherichia coli. Process Biochem. 67, 8–18.

http://refhub.elsevier.com/S1319-562X(20)30376-4/h0225
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0225
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0225
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0225
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0230
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0230
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0230
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0230
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0230
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0240
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0240
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0240
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0240
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0240
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0240
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0245
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0245
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0245
http://refhub.elsevier.com/S1319-562X(20)30376-4/h0245

	Anti-cancer activity of biosynthesized silver nanoparticles using Avicennia marina against A549 lung cancer cells through �ROS/mitochondrial damagesAvicennia marina --
	1 Introduction
	2 Materials and methods
	2.1 Needed materials and reagents
	2.2 Ag NPs synthesis
	2.3 Characterization of Ag NPs
	2.3.1 Detection of Ag NPs by UV–Vis spectrometer
	2.3.2 XRD analysis of Ag NPs
	2.3.3 SEM and TEM analysis of Ag NPs


	3 Anti-cancer studies
	3.1 Cytotoxicity assay
	3.2 Detection of ROS damage
	3.3 Mitochondrial damage (Δψm)

	4 Result and discussion
	4.1 Characterization of Ag NPs
	4.2 Anti-cancer studies
	4.2.1 Cytotoxicity effect of Ag NPs
	4.2.2 Detection of ROS generation
	4.2.3 Assessment of mitochondrial damage (Δψm)


	5 Conclusion
	Declaration of Competing Interest
	Acknowledgement
	References
	Further Reading


