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The current study was aimed to detect the enhanced anti-cancer and photo catalytic dyes degradation
effect of marine mangrove plant Rhizophora mucronata mediated Ag NPs. The UV-spectrometer data of
surface peak renounces for synthesized Ag NPs indicated at 415 nm and all the functional groups and
morphological structures were shown in XRD, SEM. In addition, the clear spherical morphology of SEM
image was indicated the original crystalline and mono dispersive nature of silver nanoparticle structure.
Further, the anti-oxidant activity result was clearly stated that the Ag NPs has enhanced biological prop-
erties and it shown with dose dependent anti-cancer activity against MCF-7 lung cancer cells. All the flu-
orescence microscopic images suggested that the Ag NPs was enhanced the apoptosis in MCF-7 cells.
Phtocatalytic degradation effect of synthesized silver nanoparticles effectively removed the dye.
� 2021 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

Recent years, the synthesis of nanoparticles has addressed
increased attention for biomedical field based on the properties
of chemical, physical and biological with clean, reliable and bio-
compatible nature (Gomathi et al., 2020). Especially, silver
nanoparticle is frequently synthesized, efficient characters with
increased bioactivity nature, which is used very high in the
biomedical application (Ramar et al., 2015). The Ag NPs are often
supported to different industrial applications including cosmetics,
food, environment, catalyst and biopharmaceutical. Most research-
ers concentrated to synthesis only Ag NPs owes to its advantages
and versatile medicinal properties including microbes, virus, mos-
quito and wound healing (Almalki and Khalifa, 2020). Compared
with other nanoparticles, the Ag is the most reported nanoparticles
with excellent biological properties (Uzma et al., 2020; Titkov
et al., 2017).

The researchers are employed many routes for synthesis of Ag
NPs, they are hydrothermal decomposition, electrochemical reduc-
tion, microwave assisted, microbes and green mediated procedures
(Dinparvar et al., 2020). Currently, more utilization of energy by
other methods is not efficient completely due to the high level tox-
icity production. Also, it has delivered high operation cost com-
pared with biological route of green synthesis (Ghosal et al.,
2020). Green synthesized Ag NPs using plant extract has opened
a new route for delivering alternative method for produce poten-
tial nanoparticle (Jiang et al., 2014; Mortazavi-Derazkola et al.,
2020). In green synthesis, the different biological resources utilized
methods are used to synthesize the nanoparticles such as
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microbes, algae, plant and some other sources. Among these bio-
logical sources, plant mediated Ag NPs are the most reliable and
promising method, it has environmental friendly nature having
potential bioactivities (Al-kawmani et al., 2020). The effect of plant
mediated Ag NPs has increased the anti-oxidant and variety of can-
cer cells. In particular, many researchers are suggested previously
that the silver nanoparticles very effective for cancer cells and also
recommended to development of new drugs against various cancer
cells (Solairaj et al., 2017). Silver nanoparticle is very toxic nature
to cancer cells, and interior proliferation efficiency due to the some
liability of signaling cascades for the development of pathogenesis
of cancer (Khorrami et al., 2019). In plant mediated Ag NPs synthe-
sis, reducing agent of purified extract was used frequently and sta-
bilized the synthesized material (Uzma et al., 2020). All the plant
parts of leaves, stems, roots and other parts are used for synthesis
of nanoparticles. In plant mediated synthesis, the Ag ions were
reduced and formed as Ag NPs by the capping of plant extract
chemical constituents by the process of catalysis (Majeed et al.,
2019). Taken together, the present study focused on flavonoid,
polyphenols, phenolic acids, alkaloids, terpenoids rich marine
mangrove plant of Rhizophora mucronatawas performed to synthe-
sis silver nanoparticles for various applications.
2. Materials and methods

2.1. Preparation of plant extract

Well grinned plant leaves were taken and mixed into the sterile
100 millipore water and continually heated at 80 ℃ for 1 h. After,
the process was cool and the fine liquid format of the sample was
filtered using whatman No. 5 filter paper. Then, the sample was
mixed in methanol of soxhlet experiment procedure and run 3 h
with room temperature. Then, methanol was removed gradually
and collected filtrate was maintained under reduced pressure at
45 ℃ for 1 day with the help of rotary evaporator. Finally the color
changes of the sample turn to darak green was noted and used for
synthesis of nanoparticle process.

2.2. GC–MS analysis

The active compounds present in the Rhizophora mucronata
extract was spectroscopically analyzed by GC–MS (GKR interna-
tional, GmbH, and Darmstadt, Germany). In GC–MS, varian chrom-
pack CP-3800 GC/MS/MS-200 equipped with split-splitless
inhector, 20 m � o.25 mm, I.D of 0.25 mm thickness of film was
used. In addition, the non-polar column was used for fractionation.
The following conditions were set in the analyzed GC–MS: The
detector temperature � 260–280 ℃; injector temperature –
250 ℃; carrier gas He (1 mL/min), split ratio – 30, injection volume
0.2 mL, Mass range m/z = 20–450. The oven temperature was main-
tained at 120℃ for 2 min; programmed to 280℃ at rate of 5℃/min.
the consent temperature of 280 ℃ for 15 min was used. The film
was coated with non-polar column and also the oven temperature
was maintained at 30–380 ℃ time intervals. Additionally, 70 eV
ionization voltage of ultra-helium was acted as a gas carrier with
flow rate of 1.0 mL/min (Ramachandran et al., 2020).

2.3. Measurement of phenol and flavonoid properties

The Folin–Ciocalteu’s mediated phenolic properties in the Rhi-
zophora mucronata extract was measured by UV-spectrometer
analysis using Gallic acid as standard (Rajivgandhi et al., 2020).
The 0.5 mL of Rhizophora mucronata extract was diluted by Folin-
ciocalteu’s solution with required concentration and followed by
2ML of Na2CO3. The diluted solution was shaken vigorously for
2

5 min and maintained in dark room at least 30 min. Finally, read
on spectrophotometer at 510 nm. Consecutively, the final concen-
tration (10–100 mg/mL) of gallic acid was used as a positive control
with same procedure. The result was interpreted with 1 mg of and it
equal to 1 g of the powder. Further, the amount of flavonoid con-
tent in the Rhizophora mucronata extract was estimated by colori-
metric assay using rutin as a standard. The short method of
flavonoid detection was followed by Rajivgandhi et al. (2020),
and 150 mL sodium nitrate and 400 mL of extract solution taken
together with with 150 mL of sodium nitrate was taken initially
in a fresh tube. 10% w/v aluminium chloride and KI also added into
the side wall of the tube. Then the result was followed by incu-
bated at room temperature in dark condition for 30 min as same
as for control also. After incubation, both the samples were mea-
sured at 540 nm O.D. 1 mg of flavonoid result was considered when
it compared with 1 mg gallic acid.
2.4. Anti-oxidant activity

Phosphor molybdenum method was performed to detect their
anti-oxidant activity (Ramesh et al., 2018). Initially, sodium phos-
phate, ammonium molybdate and sulphuric acid were mixed thor-
oughly at 97 ℃ for 45 min in water bath. 10 mL of purified extract
was diluted into the 1 mL of prepared solution and allowed to
stands for 30 min. After incubation, the mixed solution produced
anti-oxidant rate was calculated by biophotometer (Sigma, India)
at the wave length of 590 nm O.D. Finally, the anti-oxidant activity
of tested material was compared with ascorbic acid control result
for proper interpretation and the anti-oxidant activity was consid-
ered to microgram of ascorbic acid as equivalents to purified
fraction.
2.5. DPPH free radical scavenging assay

The DPPH radical scavenging activity of purified Rhizophora
mucronata extract was carried out according to the previous
method of Rajivgandhi et al. (Rajivgandhi et al., 2020). Various con-
centration 50, 100, 150, 200, 250, 300, 350 of purified plant extract
was aliquot and 3 mL of butylated hydroxyl toluene, which acted as
a standard control were taken together in the 200 mL DPPH mixed
ethanol tube. The treated and untreated sample tubes were shaken
rapidly and maintained at dark condition in room for 30 min. the
solution of ethanol containing tube served as a blank. After incuba-
tion, the anti-oxidant activity of sample tubes was measured using
spectrophotometer. Finally, the test sample result was compared
with standard control and calculated the differentiation,

DPPH scavenged %ð Þ ¼ Control OD� Test ODð Þ= Control ODð Þ � 100½ �
2.6. Synthesis and characterization of Ag NPs

Aqueous solution of 1: 10 ratios of plant material (1 mL) and Ag
NO3 (10 mL) were used to silver nanoparticle synthesis in 50 mL
with the help of reported article (Saravanakumar et al., 2019;
Kumar et al., 2019). The sample was put it in water bath with
one hour and the pH was adjusted properly 1 N H3PO4 between
the gaps. After one hour, the changed yellow to orange or brown
color and it suggested the mixture of the materials were silver
nanoparticle. Consecutively, the synthesized Ag NPs was first
checked by UV–vis spectroscopy. Synthesized Ag NPs and their
electrical vibration connectivity was detected by XRD at the wave
ranges of 10�-80�. After, surface morphology was scanned by scan-
ning electron microscope
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2.7. Anti-cancer activity analysis

2.7.1. Viability of MCF-7 cells using biosynthesized Ag NPs
The MCF breast cancer cells viability of biosynthesized Ag NPs

was monitored after using dimethylthiazol-diphenyltetrazolium
bromide (MTT) by UV-spectrophotometer (Venugopal et al.,
2017). Firstly, the aliquot DMEM medium was made for complete
medium with necessary procedure and then required quantity of
the medium was filled in 96-well plate. In addition, �2 � 104 of
breast cancer cells were diluted and maintained in presence of
5% CO2 condition with incubation. Humidity range of 95% used
exactly. Consecutively, 5–100 mg/mL concentration of treated silver
nanoparticle with increasing order of the 96-wells containing sam-
ple before incubation. Whereas, the DMEM alone plus MCF-7 cells
of the well-used as positive control and MCF-7 cells plus negative
control of DMSO used. MTT solution was added in all wells and
packed by aluminum foil. Final formazan crystal production of pro-
cess happened in inside of the wells were watched. Based on the
observation, the interactions between Ag NPs and MCF-7 breast
cancer cells were confirmed using the calculation of formed color
intensity by 540 nm O.D of UV-spectrometer. The result was done
and taken in triplicated result, and the viability of MCF-7 cells mea-
sured by bellowed calculation,
% IC50 ¼ Control O:Dl � Test O:D½ � � 100:

For calculation, untreated wells were not affected due to
absence of silver nanoparticle, so, the control result was used with
100%, and the treated results were compared to control result for
detection of viability in the 96-well plate. Finally, the 50% viability
of the well containing concentration was fixed as IC50
concentration.
2.7.2. Analysis of structural changes
The morphological alteration in the Ag NPs treated 6-well plate

of MCF-7 cells were morphologically observed by phase contrast
microscope using previous reported work of Naveen Kumar et al.,
2018; Khataee and Kasiri, 2010). Firstly, the overnight MCF-7 cells
were taken in 6-well plate with DMEM medium, and followed by
treatment of IC50 concentration of Ag NPs in same well. Then incu-
bated with required temperature with inside cover slip. Then, the
plate was taken form incubator and fixed by using 1% formalde-
hyde on the cover slip containing sample for 30 min. Lastly, the
untreated and treated wells of the MCF-7 cells on the cover slip
was taken and checked the changes of both the cover slip contain-
ing morphology was viewed microscopic analysis
2.7.3. Live/dead differentiation
The fluorescence observation morphology in the presence of

IC50 concentration of Ag NPs against MCF-7 breast cancer cells
was viewed by fluorescent microscope (Ramar et al., 2015). The
six well plates were filled by need DMEM medium and MCF-7
breast cancer cells and soaked on a cover slip properly. Then, cover
slip of treated cancer cells and also as same as procedure without
addition of biosynthesized Ag NPs for control well of cover slip was
used. Both the cover slips of the six well plates were put in room
atmosphere. After half day, both the cover slips were taken from
the 6-well plate and unattached cells were rinsed clearly by using
1x PBS. Then, the attached cells of both the cover slips were
allowed to dilute by 10 mg/mL AO/EB combination. Lastly, the sam-
ples of the cover slips were directly seen in the fluorescence micro-
scope using AO/EB staining for detection of morphological
modification.
3

2.8. Photocatalytic activity

The efficiency of degradation of Rhodamine B (Rho B) and Crys-
tal violet (CV) by Ag NPs was evaluated using the method
described by Khataee and Kasiri (S.K., et al., 2017). 1 mg/L of Rho
B and CV solution was prepared using deionized water. At the same
different concentration of Ag NPs (5, 10 and 15 mg/L) was added
into the conical flask containing different concentration of Rho B
and CV solutions. This experimental setup was maintained by
exposing continuous white light fewer than 160 rpm for 3hrs.
The aliquots of 5 mL from experimental setup was collected every
30mins to analysis the concentrations of Rho B and CV. The con-
centration of Rho B was analyzed using UV–visible spectrophotom-
etry. The lambda max values of Rho B and CV was determined as
553 and 585 nm respectively. The percentage of dye degradation
was calculated by following formula (1)

%drgradation ¼ Co� Cð Þ
Co

� 100 ð1Þ
3. Result and discussion

3.1. Identification of chemical composition

The exhibited peaks of the GC–MS were shown with 35 differ-
ent peaks, and all the peaks were exhibited with different pyto-
compounds. All the compounds were clearly confirmed after
interpretation of Sun Yat-Sen University Wiley library, and the
compounds have potential biological properties. Among the vari-
ous peaks, the alkaloids, flavonoids and phenolic compounds were
screened separately and followed by bioactive compounds
screened separately. Compared with previous reports, the phenol
and flavonoid rich compounds have significant anti-oxidant activ-
ity (Majeed et al., 2019; Yang et al., 2020). This statement was good
agreed by recent studies of Gomathi et al. (Gomathi et al., 2020);
pytocompounds have more antioxidant activities. Previously, Rhi-
zophora mucronata extract has rich phenol and flavonoid contents
and it possesses excellent anti-oxidant activity with significant
biological properties (Rajivgandhi et al., 2020; Rajivgandhi et al.,
2020). They anti-cancer ability of the compound names are 7,9-
Di-tert-butyl-1-oxaspiro(4,5)deca-6,9-diene-2,8-dione, Pyrrolo[1,
2–a]pyrazine-1,4-dione, hexahydro-3-(2-methylpr, 1-Octadecene,
Chirysin 1, 2, 3, Phathalate and Phenol, 2,4-bis(1,1-
dimethylethyl). The retention times, occupation area and occupa-
tion percentages were shown with 30,42, 28.34, 20, 15, 15, 67,
12, 32 and 24, 78 and 40,6758, 32,4765, 60,7098, 28, 6754, 24,
5674, and 23, 45,342 respectively (Fig. 1). Further, the identified
compounds might be potential anti-cancer compounds compared
with other sources unfavorable conditions of nutrients, and salt
concentration, and other contents.
3.2. Measurement of phenol and flavonoid properties

After careful comparison with positive controls of gallic acid
(R2 = 0. 9661) for phenolic and rutin (R2 = 0.9690) for flavonoid,
the linearity calibration curves of phenolic and flavonoid contents
were very high at 10–100 lg/mL (Fig. 2a, b). It was comparatively
very higher than other plants reported previously. Therefore, when
the results were compared with sugar and protein levels, the phe-
nol and flavonoid properties were very high. The agreed result was
reported by Yang et al. (Aji Jovitha and Deivasigamani, 2020) and
the marine mangrove plant Rhizophora mucronata has more pheno-
lic and flavonoid derivatives compared with other terrestrial
plants. It may be influenced by unpredictable mangrove environ-
ment including high temperature, pH, NaCl, different ratio of car-



Fig. 1. GC–MS analysis reports of available chemical compounds in the Rhizophora mucronata extract.
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Fig. 2. Measurement of phenolic and flavonoid contents of the Rhizophora mucronata extract.
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bon–nitrogen sources and other stress conditions. This extreme
condition plant has the ability to produce excellent bioactivity
compounds, particularly anti-cancer compounds (Khorrami et al.,
2019). So, the Rhizophora mucronata mediated synthesis is an
important source for improved bioactivity of nanoparticles
synthesis.
3.3. Measurement of anti-oxidant activity

The increasing level of anti-oxidant activity of plant extract was
suggested that the plant possess high phenolic and flavonoid con-
tent. As well as, the increased content of phenolic and flavonoid
derivatives led to stimulate the increased anti-oxidant activity
(Majeed et al., 2019; Ramachandran et al., 2020). Based on this
statement, our result was indicated that the Rhizophora mucronata
4

extract has increased anti-oxidant activity than synthesized Ag
NPs. In addition, the positive control of ascorbic acid was also
showed increased anti-oxidant activity than Ag NPs, and closely
related value to Rhizophora mucronata extract. The anti-oxidant
activities of Rhizophora mucronata extract, Ag NPs and ascorbic acid
were exhibited the O.D value of 0.877, 0.490, 0.896 at 150 lg/mL
respectively. The total anti-oxidant activity result was concluded
that the Ag NPs has decreased activity than extract and control
at increased concentration, as well as no significant differences
between extract and control was recorded.

The variations of performed samples result was presented in
Fig. 3a. Interestingly, the increased free radical activity of DPPH
assay result was shown to Ag NPs compared with extract and pos-
itive control of ascorbic acid. At increasing concentration, the Ag
NPs was exhibited excellent free radical scavenging activity with
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72%. When compared with extract 64%, it was high. Instead, it
showed low activity compared with positive control 87%. All the
activities were also exhibited at 200 lg/mL concentration and
shown in Fig. 3b. Previously Aji Jovitha et al. (Abdi et al., 2019)
reported that the marine Rhizophora mucronata plant mediated
Ag NPs has higher radical scavenging activity than extract and it
may influence by Ag NPs. Similarly, Abdi (Zhou et al., 2013)
reported that the plant mediated Ag NPs exhibited more anti-
oxidant activity and DPPH radical scavenging activity at lowest
concentration. Supported evidence of Umashankari (Vijaya
Sankar and Abideen, 2019) reported, highest content of phenolic
and flavonoid rich sources of plant has excellent anti-oxidant activ-
ity and also various biological properties like anti-microbial, anti-
cancer, larvicidal and etc.. Sometimes, the increased biological
activity of Ag NPs was stimulated by selected plant due to the
absorption of nutrients, hormones and other stress responding
genes (Yang et al., 2020).
3.4. Characterization of Ag NPs

Synthesized Ag NPs surface plasmon resonance was indicated at
the place of 415 nm, and it shown in Fig. 4a. The colored solution
was changed to no color after addition of Rhizophora mucronata
extract at 1 h. The greenish yellow color formation was indicated
that the Ag was converted to Ag NPs in the presence of Rhizophora
mucronata extract and it suggested with SPR vibrations. The result
5

was good agreement with (Uzma et al., 2020; Titkov et al., 2017)
and the range between 410 and 440 is SPR of Ag NPs. In addition,
intensity of XRD binding energy was suggest, the three major and
two minor diffraction peaks at the position of 30.12, 39.30, 42.34,
51.04, and the respective planes were shown at 61.22 111, 200,
202, 221, 224 (Fig. 4b). The result was clearly revealed that the
Ag + ion was transferred in the plant extract and produced the
Ag NPs without any impurities. The supportive evidence of Mi the-
ory was significantly correlated with our result (Mortazavi-
Derazkola et al., 2020; Al-kawmani et al., 2020).

Further, the surface plosman resonance of synthesized Ag NPs
was shown with extremely agglomerated spherical shape mor-
phology (Fig. 5) by SEM view (Titkov et al., 2017; Dinparvar
et al., 2020).
3.5. Anti-cancer studies

3.5.1. Cell viability of Ag NPs
The cell viability was decreased continuously after treatment

with Ag NPs at the concentration of 150 mg/mL. Mechanistically,
the Ag interacts with nuclear membrane of cancer cells and
induced more apoptosis. After apoptosis, the cell growth was
decreased due to the depletion of nutrients and increased effi-
ciency of Ag NPs in target sites (Ghosal et al., 2020). In result, if
the Ag NPs was increased, the cell viability was decreased. The
result proved, silver nanaoparticle isa concentration dependent



Fig. 4. UV-spectrometer (a) and XRD pattern reports of Rhizophora mucronata extract mediated Ag NPs.
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anti-cancer agent against MCF-7 breast cancer cells. At 10 mg/mL
concentration of Ag NPs was started their inhibition role in viabil-
ity, and it extended to 51% of cell death at 75 mg/mL concentration.
The complete deactivation of cancer cell survival rate was observed
at the concentration of 150 mg/mL (Fig. 6a). This concentration was
very efficient compared with any other concentration. The deacti-
vation was started in the death time of half and complete growth
cell arrest was received at 150 mg/mL concentration. Previously,
the low concentration of biosynthesized Ag NPs was observed
against cancer cells by Naveen Kumar et al. (2018). Also, reported
that the biosynthesized Ag NPs has the ability to inactivate the
cancer cells through growth cell arrest and mitochondrial dam-
ages. The viability was observed after addition of MTT solution,
in this condition, the treated wells were shown with color changes
due to the effect of formazan production. Based on the detected
result of this study was indicated that the 150 mg/mL concentration
was fixed as IC50 concentration. The current result was more corre-
lated to available biomolecules interacted with Ag NPs in mixture
combination and enhances the inhibition role in MCF-7 lung cancer
cells through apoptosis or necrosis. Compared with previous
reports, the seaweed of Sargassum wightii is excellent source for
synthesis of Ag NPs with enhances anti-cancer properties. In addi-
Fig. 5. Scanning electron microscope of Rhizophora mucronata extract mediated Ag
NPs.

6

tion, the 150 mg/mL concentration against MCF-7 lung cancer was
very lowest concentration compared to previous Ag NPs by biolog-
ical route (Almalki and Khalifa, 2020; Uzma et al., 2020).
3.5.2. Phase contrast microscopy
Fig. 6b, c was suggested the death and live cells of treated and

control wells. Before intracellular inhibition of Ag NPs against
MCF-7 cell lines, the shrinked and rough surface of MCF-7 cells
was shown by phase contrast microscope after 24 h inhibition.
Compared with control, the treated cells were shown irregular,
detachment, rough and confused colonies (Fig. 6b). In addition,
the treated wells containing solutions were low turbidity and con-
fluence colonies were shown on cover slip after viewed by phase
contrast microscope. The differentiation was identified easily by
control and treated images due to the respective tightly clumped
colonies and loosely arranged colonies of MCF-7 lung cancer. The
initial morphological differentiation of phase contrast images were
agreed by previous report of Venugopal et al. (Ramesh et al., 2018).
Detection of intense damaged cells after treatment with the help of
phase contrast microscope. (Ghosal et al., 2020). Similar result was
also reported by Solairaj et al. (Mortazavi-Derazkola et al., 2020),
and the resulted evidences were more useful to compare treatment
effect of silver nanoparticle.
3.5.3. Fluorescence microscopic confirmation
After phase contrast microscope analysis, the confirmation of

morphological damages in the Ag NPs treated Ag NPs were viewed
by fluorescence microscope using two different fluorescence dyes
named as AO/EB (Fig. 6e, d). The live and death cells differentiation
was easily identified in AO/EB mediated fluorescence staining
assay due to the light intensity observation (Al-kawmani et al.,
2020). AO is a green dye having the ability to bind in inside of
the cancer cells. Whereas, EB is another fluorescence dye having
the binding nature of damaged cells (Saravanakumar et al.,
2019). After treatment with biosynthesized Ag NPs of our study
result was indicated that the Ag Nps was effectively inhibited the
MCF-7 cells effectively. The damage cells were absorbed the EB
dye and emitted red color fluorescence images in fluorescence
microscope. Compared to control, the treated cells were shown
with irregular morphology and more condensed colonies. More
places were shown with orange color, indicating the more apopto-
sis was processed in inside of the cells. The usual shapes were com-
pletely modified due to the effect of Ag NPs, instead the regular and
normal shapes were confirmed.



Fig. 6. Percentage of cell viability (a) and IC50 concentration of Ag NPs treated
MCF-7 breast cells by phase contrast microscope (b, c) and live/dead cells
differentiation (d, e) by fluorescence microscope.

Fig. 7. Photocatalytic degradation of Rhodamine B dye (a) and crystal violet dye (b).
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This differentiation was indicated that the damages were
appeared in the Ag NPs treated cells. After inhibition of growth
cells, the Ag Nps will not allow the cells to grow next stage or cell
cycle process due to the block the nutrient and responsible factors
(Parthasarathy et al., 2020; Ramesh et al., 2018). More ever, Ag NPs
stimulated the cancer cells to maintain in decline phase and it
leads to complete death. Previously, Kumar et al. (Mortazavi-
Derazkola et al., 2020); Vijaya Anand et al. (Kumar et al., 2018)
reported that the Ag NPs induce the nucleus membrane and pro-
duce more condensed cells and it continuously failed to reproduce
further. This statement was agreed by Khorrami et al. (Vijaya
Anand et al., 2019), reported that the biosynthesized Ag NPs has
increased anti-cancer properties.

3.5.4. Photocatalytic studies
The concentration of Rho B was gradually reduced after addi-

tion of Ag NPs in time dependent manner (Fig. 7a). As compared
to all the tested concentration 15 mg/L seems more efficiency
remove the dye as compared to remaining concentrations (5 and
10 mg/L).

After 150mins of solar light irradiation reduces the amount Rho
B from 85.29 to 10.67% this was relatively higher than the degrada-
tion of percentage of CV. The percentage was CV showed insignif-
icant reduction even after exposure to higher concentration of
Ag2O NPs (Fig. 7b). Only 34.04% of CV was reduced after 150mins
of Ag2O NPs exposure. The photocatalytic activity of Ag NPs syn-
7

thesized via floral extract showed significant reduction of Rho B
as compared to other studies. Around 40% of degradation was
observed when Rho B was treated with Ag NPs prepared by ther-
mal route (Rajivgandhi et al., 2019). On the other hand, Alpinia
nigra fruit extract mediated Ag NPs produced 85.9% of Rho B degra-
dation (Uzma et al., 2020), it was relatively equal to the catalytic
efficiency of Ag NPs reported in this study. The present data impli-
cated that the potential of Ag NPs towards the degradation of dye.
When discussing with the molecular mechanics, faster degradation
of Rho B was directly affected by free radicals generated during the
light irradiation. Free radicles such as super oxide and hydroxyl
radicles are directly related the dye degradation, however hydroxyl
radicles are consider being the more powerful breaker. This result
was also agreed by previous report of Khataee and Kasiri,
(Tammina et al., 2017); Manal et al. (2021).
4. Conclusion

In this study, the marine mangrove plant Rhizophora mucronata
extract has potential phenolic and flavonoid compounds. These
phytochemical compounds were increased the anti-oxidant activ-
ity due to the marine environments including pH, temperature,
NaCL, carbon and nitrogen sources. Further, the Rhizophora mucro-
natamediated Ag NPs enhances the anti-cancer effect against MCF-
7 breast cancer cells at concentration dependent manner. The
intracellular nucleus damages and ROS mediated damages on the
nucleus, mitochondrial membrane and increased apoptosis was
effectively detected by fluorescence microscopy analysis.
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