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The present study aimed in green synthesis and characterization of silver nanoparticles (AgNPs) using the
leaves of Cleistanthus collinus. The NPs showed various absorption peaks between 3402 cm�1 and
1063 cm�1. FTIR spectrum revealed the presence of OH group, alkene, aromatic hydrocarbon, aliphatic
fluro compound and aliphatic chloro compounds. Scanning electron microscopic analysis revealed the
particle size ranged from 30 to 50 nm. The biosynthesized NPs have potent activity against Shigella dysen-
triae, Staphylococcus aureus and Bacillus subtilis and the zone of inhibition was 21 ± 1, 20 ± 2, 16 ± 2 mm,
respectively. Toxicity of the synthesized NPs was tested on green gram (Vigna radiata) seed at various
concentrations (20–100%) and germination was induced by NPs treated seeds. Shoot length and root
length was higher in NPs treated plant than control plant (p < 0.01). Elevated level of catalase (CAT)
and superoxide dismutase (SOD) and about 13% CAT and 7% SOD activity registered than control.
Superoxide dismutase activity of root and shoot varied based on the dosage of AgNPs (p < 0.01). Also,
the NPs (1%) showed significant larvicidal activity on Aedes aegypti and 100% mortality was achieved after
24 h treatment. The green synthesized NPs reduced methylene blue and 4-nitrophenol significantly
(p < 0.01). The colouration of methylene blue and 4-nitrophenol were considerably reduced after
60 min showed the potential of dye degrading ability.
� 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

Metal nanoparticles (NPs) are widely reported due to their cat-
alytic, electrical and optical properties. To optimize and largely uti-
lize physical and chemical properties of NPs, wide spectrum of
research has been focused to control the shape and size, which is
very important to determine the optical, chemical and physical
properties (Coe et al., 2002). Many methods including, heat evapo-
ration (Smetana et al., 2005), photochemical reduction (Mallick
et al., 2005), electrochemical (Liu and Len et al., 2004) and chemi-
cal reduction (Yu, 2007). Generally, the surface passivator reagents
are frequently used to control the size of NPs and to prevent NPs
aggregation. However, these chemical passivators such as,
thiourea, thiophenol are highly toxic to the environment, if large
amount of NPs are synthesized (Lin et al., 2000). In recent years
biosynthesis of NPs has attained much more attention due to the
growing need to identify eco-friendly technologies in NPs synthe-
sis. Much effort has been paid into the biosynthesis of NPs using
various microorganisms (Basavaraja et al., 2008). Both dead and
live microbes are gaining much more importance in biosynthesis
of NPs. While organisms such as, fungi, actinomycetes and bacteria
frequently used, the application of plant parts also have similar
effect in the biosynthesis of metal NPs. Although synthesis of gold
NPs are mainly considered as biocompatible method, chemical
synthesis of NPs may still lead to the source of various toxic
substances adsorbed on the surface of the material and may have
serious side effects in various applications. NPs synthesis using
plants can effectively eliminate these problems by preparing the
NPs more bio-compatible. The application of plant extracts from
various parts for the biosynthesis of NPs could be more
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advantageous than other biological methods by using simple
biosynthesis process (Gardea-Torresdey et al., 2003).

Various naturally available sources such as, leguminous shrub
(Sesbania drummondii) (Shankar et al., 2007), lemongrass leaves
extract (Chandran et al., 2006), natural rubber (Abu Bakar et al,
2007), leaf broth (Shiv Shankar et al., 2004), neem (Azadirachta
indica) and green tea (Camellia sinensis) (Vilchis et al., 2008) have
been used for the synthesis of nanomaterials. In a study,
Berchmans and Hirata (2008) used Jatropha curcas latex for the
biosynthesis of NPs. Also, the biomedical and eco-friendly applica-
tions of plant parts and plants were well known. Plant based syn-
thesis of NPs are economic, cost effective and are alternative to
costly chemical synthesis (Iravani 2011). Many studies reported
the uses of inorganic NPs as bacteriostatic agents (Vaseeharan
et al., 2012), prevent or control various parasites, inhibiting fungal
growth and interaction with HIV-I virus (Marimuthu et al., 2011).
In a study, Shankar et al., (2003) used Geranium leaf extract for
the biosynthesis of Ag NPs with 16 to 40 nm particle size.
Krishnaraj et al., (2010) used the extract of Acalypha indica for
the biosynthesis of Ag NPs with the particle size between 20 and
30 nm. The morphology and size of the synthesized NPs are very
much related to the interaction between metal atoms and biomo-
lecules (Merisko-Liversidge et al., 2003). Cleistanthus collinus is a
toxic plant and this plant contains prime phytochemicals, Cleistan-
thin B and Cleistanthin A, Genin and Collinusin. Cleistanthin A was
isolated from the leaves of the C. collinus plant and tested for its
anticancer property (Pradeepkumar and Shanmugam 1999). These
plant parts are used in traditional medicine in China (Donald and
Barceloux 2008). This toxic plant was used as homicidal, fish poi-
son, cattle poison and the alcoholic extract of this toxic plant
was used to treat gastro intestinal disorders and also showed anti-
cancer activity. Medicinal plants also have larvicidal and insectici-
dal properties against various larvae and pests (Harwarsh et al.,
2010). Arivoli and Samuel (2012) analyzed the larvicidal property
of C. collinus against Anopheles stephensi. In this study, an attempt
was made to use C. collinus extract for the biosynthesis of silver
NPs for environmental and biomedical applications.
2. Materials and methods

2.1. Sample preparation

Fresh leaves of Cleistanthus collinus were collected from Vellore,
Tamilnadu, India and rinsed carefully using double distilled water,
and sterilized by 0.02% (w/v) mercuric chloride solution. These
leaves were dried and finely powdered using a mixer grinder. Plant
extract was prepared by mixing 50 g leaves powder dissolved in
200 ml double distilled water and the mixture was boiled about
80 �C for 5 min.

2.2. Green synthesis of silver NPs from C. Collinus leaves extract

Green synthesis of NPs was performed by the reduction of silver
ions. About 5 ml of leaves extract was carefully added drop by drop
into the aqueous solution of 1 mM silver ions solution (90 ml). Ini-
tially the colour of the extract was observed as milky white, later it
turned to yellowish brown. The synthesized NPs were centrifuged
at 4 �C for 15 min at 10,000 rpm and were lyophilized.

2.3. Characterization of silver NPs

The green synthesized NPs were characterized by UV-Visible
spectrophotometer, FT-IR analysis and SEM analysis. UV-Visible
spectrum of the green synthesized AgNPs was analyzed between
300 and 700 nm using a UV-Visible spectropohotometer. The
synthesized NPs were subjected to FT-IR spectroscopy analysis in
the range of 4000–4500 cm�1 at a resolution of 4 cm�1. SEM anal-
ysis was performed using a 4500 SEM machine. Thin film of the
NPs was prepared on a carbon coated copper grid by gently drop-
ping a very small quantity of NPs on the grid. Excess solution was
carefully removed by blotting and the film on the SEM grid was
allowed to dry under a mercury lamp for 5 min.

2.4. Antimicrobial properties of NPs

The bacteria such as, Shigella sonnei, Pseudomonas aeruginosa,
Staphylococcus aureus, Bacillus subtilis and Shigella dysentriae were
used as the test organisms. All these isolates were obtained from
Microbial Type Culture Collection, Pune, India. All organisms were
sub cultured using LB Agar (Himedia, Mumbai, India). Then, the
organisms were cultured individually in 100 ml Erlenmeyer flask
containing nutrient broth medium (Himedia, Mumbai, India) and
was grown in an rotary shaker incubator at 37 �C. The culture
was centrifuged and the pellet was harvested, then it was washed
twice in water, followed by Phosphate Buffered Saline (PBS) and
the broth was diluted appropriately (106 CFU/ml). Antibacterial
activity test was performed to analyze the biological activity of
green synthesized silver NPs against these tested bacterial strains
as suggested by Cheesbrough (2000). For the determination of
antibacterial activities of the green synthesized NPs, 20 mg of sam-
ple was loaded into the wells and the plate was kept in refrigerator
for about 2 h for sample diffusion. Then all plates were incubated
in an incubator at 37 �C for overnight and antibacterial activity
was recorded. The zone of inhibition was tabulated.

2.5. Toxicity analysis

The synthesized silver NPs was prepared at various concentra-
tions (20, 40, 60, 80 and 100%). Petri dishes (12 cm diameter) were
used for the determination of germination test. In this study, green
gram (Vigna radiata) was placed in a Petri dish and the seed were
carefully sterilized using HgCl2 solution (0.1%, w/v). Then the seed
was washed thrice with double distilled water and NPs were added
at various concentrations. Then the Petri dishes were maintained in
a seed germinator in dark condition, optimum humidity and tem-
perature (25 �C) was maintained to ensure germination. The seeds
with 1mm root tip of green gramwere considered as complete ger-
mination. Then germination (%), root (mm) and shoot length (mm)
for every 24 h for three days after seed germination was registered
and calculated. The root (200 mg) and shoot tip (200 mg) were dis-
sected out from the seed andwas homogenizedwith phosphate buf-
fer (pH 7.0, 0.1M) and the samplewas centrifuged at 10,000 rpm for
15 min at 4 �C. The supernatant was retained and used for enzyme
assay. Total protein content of the sample was performed (Lowry,
1951) using standard method. For the determination of catalase
(CAT), hydrogen peroxide (15 mM) was used as the substrate. The
sample was mixed with buffered substrate (sodium phosphate buf-
fer, pH 7.0, 0.05 M) and the kinetic assay was performed. The
declinedabsorbance at 240nmwasperformed for 60 s and the result
was expressed aslmol of hydrogen peroxide consumed permin per
mgprotein. Superoxide dismutase (SOD) assaywasperformedusing
nitroblue tetrazolium (NBT) as the standard substrate in the pres-
ence of optimum level of riboflavin. Reactionwas initiatedbyadding
crude enzyme sample with the substrate and an increased optical
density was recorded for five min at 470 nm and the results were
expressed as DOD/min/mg protein.

2.6. Larvicidal bioassay of NPs

Mosquito larvicidal activity assay of the green synthesized NPs
was performed as described by WHO (2005)). Larvicidal bioassay
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experiment was carried out at room temperature (27 ± 2 �C).
Twenty five 4th instar mosquito larvae of A. aegypti were intro-
duced into 250 ml of filter sterilized tap water and the photoperiod
was adjusted as 18:6h light and dark cycle. The larvicidal activity
of the silver NPs was determined after incubation of 24 h. NPs were
mixed in aqueous solution and diluted and a control experiment
(aqueous plant extract) was also performed in triplicate analysis.
After every 4 h, mortality of larvae was observed and dead larvae
were removed from the experimental container. The mortality of
larvae was finally corrected as suggested by Abbott (1925).

2.7. Dye reduction properties of green synthesized silver NPs

Methylene blue and 4-nitrophenol were used for dye reduction
experiments. In order to evaluate the activity of NPs on dye reduc-
tion, experiment was performed at various concentrations and the
reduction was characterized by absorbing the decreased coloura-
tion at regular intervals. In the experiments methylene blue and
4-nitrophenol solution (1 � 10�3 M) was incubated with the syn-
thesized silver NPs and incubated for 20, 40 and 60 min. Then,
the decreased colouration was observed and the absorbance of
the sample was recorded.
3. Results and discussion

3.1. Green synthesis of silver NPs

Green synthesis of silver NPs was performed using the leaves
extract of C. collinus. Development of AgNPs from the silver nitrate
solution (1 mM) was clearly visualized by the colour change from
green to yellowish brown in colour. UV–Visible spectroscopic anal-
ysis revealed a major peak at 420 nm (Fig. 1). In aqueous solution,
AgNPs shows a yellowish brown in colour and this colour develop-
ment from excitation of surface plasmon vibrations in the NPs,
mainly metal NPs (Henglein et al., 1993). Plant extract has been
frequently used for the biosynthesis of silver NPs to enhance the
stability. The functional group of metal NPs was analyzed in this
study using FT-IR. The intense bands were observed with standard
values to explore the functional groups. The FTIR spectrum shows
prominent absorption peaks at 3402 cm�1 which corresponds to
OH group H-bonded OH stretch alcohols and OH compound group,
2153 cm�1 corresponds to C@C stretch thiols and thio-substitute
compound. The absorption peaks 1654 cm�1, 1160 cm�1,
Fig. 1. Green synthesis of silver NPs from C. collinus(a) Cleisanthuscollinus plant, (b)
leaves extract, (c) plant extract reduced silver nitrate solution, (d) absorption
spectra of silver NPs.
1063 cm�1, 1722 cm�1 corresponds to Alkenyl C@C stretch alkene
group, Aromatic C-H in plane bend, Aliphatic fluro compound CAF
stretch, Aliphatic chloro compound C-CI stretch (Fig. 2). Haung
et al., (2007) concluded that the availability of proteins as legend
on NPs surface critically enhances its stability. SEM analysis was
performed to analyze the particle size of NPs. The particle size
was uniform and was ranged between 30 and 50 nm (Fig. 3).
3.2. Antimicrobial activity of synthesized NPs

Antibacterial activity of NPs were performed by using Shigella
sonnei, Pseudomonas aeruginosa, Staphylococcus aureus, Bacillus sub-
tilis and Shigella dysentriae colonies on Meuller Hinton Agar plates
loaded with NPs. NPs were highly active against S. dysentriae,
S. aureus and B. subtilis and the zone of inhibition was 21 ± 1,
20 ± 2, 16 ± 2 mm, respectively (Figs. 4a and 4b). Antibacterial
activity of silver NPs was reported previously. Recently,
Namratha (2013) reported antibacterial efficacy of silver NPs
against various pathogenic bacteria. The synthesized NPs were
highly active against Shigella dysentriae and the zone of inhibition
was 21 mm, whereas 20 mm zone of inhibition was observed
against multi drug resistant Staphylococcus aureus. Siver NPs and
silver ions were well known to have potent antibacterial and anti-
fungal properties (Furno et al., 2004). The antibacterial property of
the synthesized NPs in this study clearly revealed that both Gram
negative and Gram positive bacteria were effectively inhibited by
various degrees. These findings agreed with earlier work reported
by Bindhu and Umadevi (2013), Li et al., (2011) and Kim et al.,
(2007). The synthesized NPs have least activity (9 ± 1 mm) against
Pseudomonas aeruginosa. The Gram’s positive Bacillus subtilis
showed less activity than S. aureus. This result was similar to the
report of Sondi and Salopek-Sondi (Feng et al., 2000). The mecha-
nism of action of Ag-NPs on bactericidal activity was proposed.
Ag-NPs interact with sulfur containing proteins and may attach
to the surface of the bacterial cell membrane, affecting respiration
and permeability functions of the bacterial cell resulting in cell
death (Morones et al., 2005). Ag-NPs interacted with the bacterial
membrane surface and also penetrate the cytoplasm of the bacteria
(Sondi and Salopek-Sondi 2004). It is predicted that nanomaterials
affect the microbes responsible for the respiratory infections (Li
et al., 2011, Klasen 2000). However, Li et al., (2011) reported that
Ag-NPs entered into the cells of bacteria and affected DNA replica-
tion process affect multiplication of bacteria.
3.3. Toxicity of Ag-NPs analysis

Ag-NPs toxicity towards green gram seed was performed and
the final shoot and root length were registered. Germination of
Fig. 2. FT-IR spectrum of green synthesized NPs.



Fig. 3. Scanning electron microscopy image of green synthesized NPs.

Fig. 4a. Antibacterial activity of green synthesized NPs. 20 mg NPs were loaded into
each well and incubated for 24 h and zone of inhibition was obtained. (1) S. aureus,
(2) P. aeruginosa, (3) S. sonnei, (4) B. subtilis and (5) S. dysentriae.

Fig. 4b. Activity of silver NPs against bacterial pathogens. Error bar: standard
deviation.

Fig. 5a. Influence of germination inducing activity of silver NPs. Germination power
was increased at higher NPs concentration. Error bar: standard deviation.

Fig. 5b. Influence of NPs on the growth of shoot at various concentrations. Error
bar: standard deviation.
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seeds was found to be maximum after 24 h and the results were
statistically significant (p < 0.05) which was significantly higher
than control seeds. At 20% NPs concentrations, germination per-
centage was 78 ± 0.2% and it increased as 84 ± 0.12% at 100% treat-
ment (Fig. 5a). Shoot length and root length of green gram
seedlings were higher than controls which were treated with tap
water. The results were depicted in Fig. 5b and Fig. 5c. Generally,
ionic Ag was highly toxic to plants and algae; however, toxic effect
of ionic Ag was not clearly reported in the case of Cucurbita pepo
and Arabidopsis thaliana (Geisler-Lee et al., 2013; Stampoulis,
2009). Also, the interactions of AgNPs and plants critically
improved the release of Ag ion from the AgNPs, thus greatly
enhance the uptake of Ag and enhance AgNPs’ toxicity (Navarro
et al., 2008). In our study, after exposure of plants to silver NPs
showed various changes in the morphology were observed. The
root and shoot length increased than control experiments. The
green synthesized AgNPs did not show any toxicity to the seeds,
however toxicity stress and retarded growth was reported in some
cases previously. To access phototoxicity, analysis of seed
germination, leaf surface area, biomass and growth potential are
commonly used (Tripathi et al., 2017). It was previously demon-
strated that the exposure of NPs could significantly affected root
growth and shoot growth in Spirodela polyrrhiza (Jiang et al.,
2012). In a study Kaveh et al. (2013) recorded decreased biomass
in Arabidopsis when AgNPs was applied at higher concentrations.
Dimkpa et al., (2013) reported decreased roots and shoots length
of wheat and the reduced shoot and root length was due to the
effect of AgNPs. Also, it was previously revealed that AgNPs effec-
tively reduced root fresh weights, shoot fresh weights and root
elongation (Nair and Chung, 2014). In C. pepo, AgNPs (>100 mg/L)



Fig. 5c. Influence of NPs on the growth of root at various concentrations. Error bar:
standard deviation.
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affected reduced biomass and inhibited seed germination
(Stampoulis, 2009). Oxidative stress of the plant was analyzed by
measuring enzyme activity in the root and shoot (Tables 1a and
1b). SOD activity was 0.031 ± 0.001 U/ml after 24 h of treatment
and it increased as 0.074 ± 0.003 U/ml after 72 h. POD activity
was 15.2 ± 0.5 U/ml after 24 h and increased exponentially at
39.2 ± 1.6 U/ml after 72 h. CAT activities of root and shoot were
decreased, however SOD activity was found to be higher than
control plant. Enzyme activity of root and shoot varied based on
Table 1a
Effect of NPs on superoxide dismutase, catalase and peroxidase activity from the shoot of

Enzyme activity (U/ml)

Enzymes NPs (%) 24 h
SOD 20 0.002 ± 0.001

40 0.023 ± 0.001
60 0.024 ± 0.001
80 0.028 ± 0.002
100 0.031 ± 0.001

CAT 20 0.0129 ± 0.001
40 0.0122 ± 0.002
60 0.0132 ± 0.001
80 0.017 ± 0.001
100 0.013 ± 0.001

POD 20 12.8 ± 0.6
40 13.1 ± 0.7
60 13.4 ± 0.8
80 13.9 ± 0.6
100 15.2 ± 0.5

Table 1b
Effect of NPs on superoxide dismutase, catalase and peroxidase activity from the root of t

Enzyme activity (U/ml)

Enzymes NPs(%) 24 h

sod U/ml 20 0.014 ± 0.001
40 0.016 ± 0.001
60 0.017 ± 0.002
80 0.019 ± 0.001
100 0.022 ± 0.002

CAT U/ml 20 0.012 ± 0.001
40 0.0111 ± 0.001
60 0.01 ± 0.002
80 0.009 ± 0.0004
100 0.008 ± 0.0006

POD U/ml 20 10.1 ± 1.1
40 11.4 ± 1.2
60 11.7 ± 1.4
80 12.3 ± 1.3
100 12.8 ± 1.4
the dosage of AgNPs. The increased activity of SOD and decreased
level of CAT was associated with the inhibition of enzyme
synthesis (Malik and Singh, 1980). Activity of POD increased in
dose dependent AgNPs. In the treated seed, POD activity was
higher than control seed. Peroxidases catalyses dehydrogenation
of various organic compounds such as, amines, phenols etc
(Bashir et al., 2007).

3.4. Larvicidal activity of silver NPs

Silver NPs are mainly considered to be efficient for many biolog-
ical functions and also used as a mosquito control agents. The lar-
vicidal property of green synthesized silver NPs from C. collinus is
described in Table 2. The present finding clearly indicated that
the green synthesized silver NPs showed significant larvicidal
activity on A. aegypti. Mortality rate was significantly increased
in the larvae treated with silver NPs at higher concentrations.
NPs at 1% concentration effectively decreased the survival of larvae
to 15 ± 2.5% after 4 h of exposure, however, 100% mortality of the
total larval population was registered at the same concentration
after 24 h of treatment. The NP at 5% killed about 85 ± 2.5% larvae
after 24 h of exposure. Larvicidal activity was maximum at 5% sil-
ver NPs concentrations. The treated NPs penetrate through the
membrane of mosquito larvae and cause death to the organism.
The green synthesized silver NPs specifically bind with phosphorus
containing compounds such as, DNA or sulphur containing
the plant.

48 h 72 h 96 h
0.029 ± 0.002 0.048 ± 0.001 0.059 ± 0.001
0.031 ± 0.001 0.057 ± 0.002 0.063 ± 0.002
0.033 ± 0.002 0.054 ± 0.001 0.069 ± 0.001
0.034 ± 0.002 0.0057 ± 0.003 0.071 ± 0.003
0.036 ± 0.001 0.061 ± 0.002 0.074 ± 0.003
0.0120 ± 0.002 0.010 ± 0.002 0.008 ± 0.0006
0.014 ± 0.001 0.009 ± 0.0006 0.007 ± 0.0007
0.017 ± 0.001 0.007 ± 0.0005 0.004 ± 0.0004
0.018 ± 0.002 0.004 ± 0.0002 0.005 ± 0.0003
0.011 ± 0.001 0.009 ± 0.0006 0.004 ± 0.0002
18.4 ± 0.9 24.9 ± 1.1 32.1 ± 1.4
22.1 ± 1.1 26.1 ± 1.2 34.8 ± 1.2
25.2 ± 1.2 27.1 ± 1.3 35.1 ± 1.5
26.6 ± 1.1 28.3 ± 1.1 36.9 ± 1.4
27.7 ± 1.2 29.8 ± 1.3 39.2 ± 1.6

he plant.

48 h 72 h 96 h

0.022 ± 0.001 0.031 ± 0.003 0.046 ± 0.003
0.024 ± 0.002 0.033 ± 0.002 0.048 ± 0.002
0.027 ± 0.002 0.038 ± 0.001 0.049 ± 0.001
0.023 ± 0.001 0.042 ± 0.003 0.054 ± 0.004
0.047 ± 0.003 0.054 ± 0.002 0.063 ± 0.005
0.019 ± 0.001 0.024 ± 0.002 0.31 ± 0.002
0.017 ± 0.002 0.021 ± 0.001 0.029 ± 0.001
0.017 ± 0.003 0.019 ± 0.001 0.020 ± 0.001
0.015 ± 0.001 0.017 ± 0.002 0.018 ± 0.001
0.013 ± 0.001 0.014 ± 0.001 0.012 ± 0.002
10.7 ± 1.2 11.2 ± 1.2 15.8 ± 1.3
14.4 ± 1.2 15.8 ± 1.5 19.3 ± 1.5
17.2 ± 1.1 21.3 ± 2.1 24.5 ± 2.1
19.3 ± 1.4 24.6 ± 2.3 26.4 ± 1.6
21.3 ± 2.1 27.1 ± 2.4 29.5 ± 2.2



Fig. 6a. Effect of NPs on the degradation of methylene blue. At 60 min incubation,
colour intensity was less considerably due to degradation of methylene blue.

Fig. 6b. Effect of NPs on the degradation of 4-nitrophenol. At 60 min incubation,
colour intensity was less considerably due to degradation of methylene blue.

Table 2
Survivial of A. aegypt larvae after exposure to various concentrations of Ag NPs.

NPs (%) Mortality (%)

4 h 8 h 12 h 16 h 20 h 24 h

1 15 ± 2.5 17.5 ± 2.5 17.5 ± 2.5 25 ± 2.5 65 ± 5 100 ± 2.5
2 20 ± 2.5 35 ± 2.5 47.5 ± 2.5 52.5 ± 2.5 67.5 ± 1.25 100 ± 2.5
3 20 ± 2.5 42.5 ± 2.5 55 ± 2.5 80 ± 2.5 100 ± 5 100 ± 1.5
4 25 ± 3.5 55 ± 2.5 80 ± 2.5 100 ± 5 100 ± 2.5 100 ± 1.5
5 85 ± 2.5 90 ± 2.5 100 ± 5.0 100 ± 2.5 100 ± 7.5 100 ± 1.6
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proteins, resulting to the denaturation of various enzymes and
organelles (Rai et al., 2009). AgNPs easily permeate into the body
of invertebrates through the exoskeleton and finally penetrate into
the cell of insects and the NPs were bind with DNA, proteins and
other molecules, modifying their structure and hence functional
changes also happened (Benelli 2016). It could be noted that, plant
based green synthesized AgNPs which is highly toxic to various
mosquito larvae and have no or very little effect on other non-
target organisms, including, fishes and other aquatic arthropods
(Subramaniam et al., 2015).

3.5. Dye degrading activity of silver NPs

The present finding revealed marked reduction of methylene
blue by green synthesized silver NPs. The absorbance maximum
was high at 664 nm. After 20 min of treatment, the absorbance
of the dye was considerably reduced at this nanometer and absor-
bance maxima were shifter to higher wavelength. After 20 min the
absorbance was 0.42 at 664 nm and it decreased continuously as
0.31 and 0.16, respectively (Fig. 6a). It was reported that the syn-
thesized metal NPs have potent catalytic properties because of
high surface area to volume ratio and high rate of surface adsorp-
tion (Grogger et al., 2004). AgNPs catalyzed 4-nitrophenol into 4-
aminophenol, which is one of the useful compound and widely
used in dye industries and pharmaceutical industries. Addition
sodium hydroxide involved deprotonation of 4-NP and the genera-
tion of nitrophenolate ion as an intermediate (Christopher et al.,
2011). In this study, the colour of 4-NP decreased considerably
after 60 min of incubation (Fig. 6b). It was previously reported
the fact that silver NPs and the composites of NPs showed good
catalytic property in the process of dye removal and reduction.
During dye degradation process the catalysis was mainly occurs
on the metals surface, hence enhancing the availability of the sur-
face area will critically improve the capacity of the catalyst. Also,
decreasing the particle size of the NPs will generally enhance the
catalytic property; however there is a low size also decreased the
reaction (Pradhan et al., 2002). Generally metal NPs assist the elec-
tron relay and also act as a critical substrate for the reaction of
electron transfer. In the process of electron transfer, the reactants
(dye) are mainly adsorbed on the metal surface and further, the
dye (reactants) gains an electron and further reduced. Hence,
AgNPs generally acts as potential catalyst through electron transfer
mechanism in dye degrading mechanism (Domingos et al., 2009).

4. Conclusion

For sustainable nanotechnology, green chemistry should be
adopted for the synthesis of NPs using various plant sources other
than microbial origin. In recent years, colloid based nanoparticle
synthesis has been well established to control the particle shape,
size, functional properties and uniformity. In this study NPs were
biosynthesized from the leaves of C. collinus in a single step. The
applied strategy proved to be useful and has the potential against
various bacterial pathogens and also larvicidal activity. The biosyn-
thesized AgNPs showed tremendous degradation potential of
methylene blue and 4-nitrophenol. The synthesized NPs showed
less toxic and can be used to treat wastewater from dye industry.
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