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lower toxicity than silver ions.

INTRODUCTION

Nanotechnology deals with particles that have sizes in
the range of 1-100 nm. Due to the small size of these particles,
the surface area to volume ratio is high providing them with unique
properties from their bulk equivalents [1]. Nanoparticles and
nanomaterials constitute an active area of research and because
of the tunable physiological properties of nanoparticles, like
melting point, electrical and thermal conductivity, catalytic
activity and light absorption, they have gained prominence in
technological advancements [2]. These nanomaterials show a
possibility to solve the main challenges faced in the areas of
solar energy conversion, biomedical science, water treatment
and catalysis thus there is an increasing demand for nano-
materials. Synthesis of silver nanoparticles (AgNPs) is also
easier which can be conducted at room temperature using
physical, chemical and biological processes. The chemical
methods used to synthesize AgNPs involve the use of reducing
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This work reports the synthesis of silver nanoparticles (AgNPs) using the leaf extract of Annona glabra as a green synthetic route and |
assessment of its photocatalytic property using methelyne blue as a model dye and toxic effect against an aquatic model, Daphnia magna. |
Leaf extract prepared at 100 °C, 1% plant extract, | mM of AgNOs, 3 h incubation time were optimized for the synthesis of AgNPs.
Surface plasmon resonance peak of AgNPs laid around 419 nm. Spherical nanoparticles were in the size ranges 50-80 and 110-195 nm. |
Biomolecules were present as capping agents on AgNPs. AgNPs have cubic face centered lattice structure and the average particle size as |
calculated using Debye-Scherrer formula is 55 nm. Green synthesized AgNPs reduced the absorbance of methelyne blue dye by 89% in |
3 h showing prominent photocatalytic activity. The ECs, of AgNPs was found to be 1.78 = 0.20 mg/L against Daphnia magna showing a |
|
|
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agents and stabilizing agents which subsequently pose a risk
to the environment. For these reasons, green synthesis of AgNPs
is a major area of interest. Among the variety of biological
methods, use of plant extracts is more popular due to ease of
handling and low cost. Various biomolecules present in plant
extracts serve as reducing agents of Ag* and stabilizing agents
of formed AgNPs. Plant leaves are commonly used for nano-
particle synthesis and among the wide range of plants Mangifera
indica and Azadirachta indica have commonly used [3,4].
In this study, we use the leaf extract of Anonna glabra to
fabricate AgNPs following our previous attempt using the same
plant extract [5]. Remarkable properties and behaviour of AgNPs
are the reason behind the intensive use of AgNPs in fields like
electronics, appliances, textile and medical applications. AgNPs
have the ability to absorb visible and UV light due to their surface
plasmon resonance (SPR) and due to intra-band transition
between 4d and 5sp bands [6]. AgNPs can therefore be consi-
dered a catalyst that utilize full solar spectrum. AgNPs with
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smaller sizes have shown to be more efficient in degradation
of the dyes than the larger particles. This is due to the higher
surface area available, which cause faster electron transport to
break bonds in the dyes.

Furthermore, larvicidal toxicity of the A. glabra mediated
AgNPs on dengue vector mosquito larvae is reported recently
[5]. Such applications of nanoparticles can ultimately pose a
threat to aquatic organisms. AgNPs can exert toxic effects in
cellular environment in two ways; by the production of reactive
oxygen species and by release of Ag* ions, which can denature
biomolecules like proteins. Reactive oxygen species, such as
hydrogen peroxide, can cause cell death through direct or
indirect interaction with intracellular macromolecules, such
as DNA, lipids and proteins [7]. The toxic effects of AgNPs
on fish is caused by interaction of Ag* ions with gills inhibiting
basolateral Na*, K*-ATPase activity. This ultimately causes
issues in osmoregulation of fish by inhibiting active Na* and
CI" uptake, due to disruption of this enzyme [8]. AgNPs are
shown to cause genomic damage and instability in Zebrafish
[9]. The toxicity of AgNPs towards three aquatic invertebrates
from different trophic levels have been studied by Lekamge
etal. [10]. The toxicity of AgNPs varies in the order of Daphnia
carinata > Paratya australiensis > Hydra vulgari [10]. Present
study aims at analyzing the photocatalytic activity and the toxic
potential of A. glabra mediated AgNPs against Daphnia magna.
In the previous attempt of biofabrication of AgNPs using
Annona glabra by our research group, AgNPs were synthesized
under ambient temperature and light [5]. In this study, AgNPs
were synthesized under dark conditions to obtain more control
over particle size. Furthermore, stabilization studies of AgNPs
was also conducted in order to enhance their properties.

EXPERIMENTAL

Annona glabra leaves were collected from the locality
of University of Kelaniya. Silver nitrate (m.w. 169.87 g/mol
with >99% assay) and anhydrous methylene blue (m.w. 319.85
g/mol) were purchased from Sigma-Aldrich, USA. Daphnia
magna was collected from a culture center in Kaluthara, Sri
Lanka.

Preparation of plant leaf extract: A. glabra leaf extract
was made by following the method given by Amarasinghe et
al. [5]. Briefly, cleaned chopped fresh leaves (20 g) were heated
with deionized water (100.0 mL) for 1 h. The extraction
temperature was changed (60-100 °C) to obtain the optimum
amount of biomaterials in the extract for the synthesis of NPs.
Supernatant was separated by filtration after cooling the extract
to room temperature. Leaf extract solution was refrigerated
until further use.

Synthesis of AgNPs: The method given by Amarasinghe
etal. [5] was used for the synthesis of AgNPs with slight modi-
fications. In this study, dark conditions were used to slow down
the synthesis rate in order to avoid the aggregation of synthe-
sized AgNPs. A secondary stabilization of synthesized AgNPs
was conducted using Tween-80 solution (1%, 20.0 mL) by
continous stirring for 3 h. The solution was centrifuged at 600
rpm for 20 min and then the pellet was freeze dried to obtain
dry AgNPs.

Characterization

UV-visible spectrometry: Ultrasonicated samples of
AgNPs were scanned between 200 nm to 800 nm at a resolution
of 1 nm at room temperature using Shimadzu UV-Vis spectro-
photometer (UV-1800). Quartz cuvette with 1 cm path length
was used.

Particle size measurements: Particle size was determined
by DLS using the CILAS NANO DS particle size analyzer.

Electron microscopic analysis: TEM analysis was per-
formed using TEM-H9500 microscope with an operating voltage
of 300 kV. A dispersion of nanoparticles (1 mg/mL) was made
in nanopure water and was drop casted 20 pL) onto a carbon
coated copper grid (300 mesh). Samples were dried at room
temperature for 4 h. SEM analysis was performed using STEM-
Hitachi HD2000 microscope with an operating voltage of 200
kV. Samples were treated in the same manner as for TEM
analysis.

Fourier transform infrared (FTIR) analysis: The FTIR
measurement was performed on FTIR spectrometer (Perkin
Elmer, Spectrum two) with the help of attenuated total refle-
ction (ATR) attachment. The spectra were obtained in the range
of 4000-750 cm™.

X-ray diffraction analysis: The X-ray diffraction analysis
was done using Siemens D5000 powder X-ray diffractometer.

Photocatalytic activity: Photocatalytic activity of the
synthesized AgNPs was tested under air atmosphere in the
presence of sunlight using methylene blue dye as described
by Vanaja et al. [11]. Dye solution (1 x 10° M) was mixed
with AgNPs (25 mg/mL, 2.0 mL) and the solution was placed
in the dark for 30 min under continuous stirring to establish
the absorption/desorption equilibrium between the dye and
AgNPs. The solution was then exposed to sunlight with slow
agitation. At 30 min intervals, 4 mL aliquots were collected
and centrifuged at 6000 rpm for 5 min. The supernatant was
analyzed using UV-visible spectrophotometer. The test was
conducted for 3 h. The photocatalytic activities of both bare
and stabilized AgNPs were also assessed using the method
given above.

Toxicity analysis-acute immobilization test with
Daphnia magna: Acute toxicity test for D. magna was cond-
ucted at 27-28 °C according to the OECD guideline 202
(OECD, 2004) [12]. Young daphnids aged less than 24 h (neo-
nates) derived from a healthy stock (i.e. showing no signs of
stress such as high mortality, discoloured animals, efc.) were
used in the toxicity tests. Test solutions of AgNPs with concen-
trations ranging from (0.01-5 mg/L) and Ag* (0.5-2 pug/L) were
used. Sterile plastic containers were used as the test vessels.
Test vessels were filled with 20 mL of dilution water or test
metal solutions. Ratio of air/water volume in the vessels were
identical for test and control groups. Twenty young daphnids,
divided into four groups of five animals each, were used at each
test concentration and for the controls. The test was conducted
using a static system. The test vessels were not aerated during
the test. The neonates were not fed during the test. Test vessels
were covered using a mesh to avoid entry of dust into the test
vessels. Each test vessel was checked for immobilized daphnids
48 h after the beginning of the test. Immobility was evaluated
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by observing the movement of daphnids 15 s after the gentle
agitation of the medium. In addition to immobility, any abnormal
behaviour or appearance also were reported.

RESULTS AND DISCUSSION

Formation of AgNPs from Annona glabra leaves were
visually monitored by the colour change of solution from faint
yellow to reddish brown and confirmed by the SPR band
positioned at 417 nm in the UV-visible spectra of AgNPs (Fig.
1a). Moreover, Fig. 1b displays the particle size distribution
of the biosynthesized AgNPs using A. glabra extract. The
nanoparticles are polydispersed, with 50% having a diameter
of less than 191.8 nm.

Effect of extraction temperature of plant extract on
the synthesis of AgNPs: Fig. 2 illustrates the UV-visible absor-
ption spectra and particle size of AgNPs prepared by varying
extraction temperature of the leaf extract, respectively. No
regular pattern is observed in the position of SPR peak with
increasing temperature. For leaf extracts made at 60, 70 and

100 °C, SPR peaks were positioned around the characteristic
range (400-450 nm) of AgNPs. However, a deviation was
observed in the A, of SPR peaks obtained for AgNPs, prepared
with plant extracts made at 80 and 90 °C. Their SPR peak was
positioned below 400 nm (Fig. 2). These AgNPs do not show
the characteristic SPR band of AgNPs. The deviation in A
from the normal value of SPR band of AgNPS, at 80 and 90
°C is also reflected in their DLS measurements (Fig. 2b).
AgNPs formed at 80 and 90 °C have a significantly larger size
than that of others. Hence, this deviation in Am. from the
characteristic value of SPR band of AgNPs can be attributed
to the larger size of nanoparticles formed at higher temperature.
However, contradicting this trend, we obtained the smallest
AgNPs at 100 °C (Table-1). Further studies are needed to explain
the reason for this phenomenon.

A study conducted using Zingiber officinale to investigate
the effect of temperature and other conditions on the extraction
of flavonoids and phenolic compounds (help in formation and
stabilization of AgNPs), has found that higher temperatures
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Fig. 1. UV-visible spectrum showing the SPR band (a) and the size distribution (b) of synthesized AgNPs using 5 mM AgNO; and 10% (v/v)

plant extract
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Fig. 2. SPR bands (a) and the size distribution (b) of synthesized AgNPs using plant extracts prepared at varying temperatures (10% plant

extract, 5 mM AgNO:s solution, 3 h incubation time)
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TABLE-1
POSITION OF THE SPR PEAK AND THE
PARTICLE SIZE AT DIFFERENT EXTRACTION
TEMPERATURES OF THE PLANT EXTRACT

Temperature (°C) A (NI Average particle size (nm)
60 443 269
70 438 206
80 397 508
90 398 451
100 427 191

helped in extraction of higher amounts of flavonoids and
phenolic compounds [13]. Several phytochemicals involved
in the synthesis and stabilization of AgNPs may have been
extracted at 100 °C. According to these results, leaf extracts
prepared at 60, 70 and 100 °C can be used to synthesize AgNPs.
As AgNPs with smaller size is more suitable for different appli-
cations, due to higher surface area to volume ratio, plant extract
prepared at 100 °C was chosen for further studies.

Effect of plant extract concentration: The SPR band of
the UV-visible spectrum of AgNPs was monitored while chan-
ging the concentration of plant extract used (Fig. 3). Absorbance
and the A« of the SPR band increased when the plant extract
was increased from 10% to 20%. The absorbance increased
due to the higher amount of nanoparticles formed at higher
plant concentration whereas the bathochromic shift in A, can
be attributed to the increase in the size of AgNPs formed [4].
The Aumax of the SPR peak for 10% plant extract is positioned
at 445 nm and the average particle size was 206 nm whereas
for 20% solution, it is positioned at 471 nm and the average
particle size was 318 nm (Fig. 3). The SPR peak fades away
and a new peak appears below 400 nm at plant extract concen-
trations = 30% indicating the deviation of AgNPs from the nano
range. Higher amounts of plant extract cause more abrupt nucl-
eation and faster growth while producing small aggregates. This
is evidenced by the DLS measurements showing increasing
particle sizes at higher plant extract concentrations.

Effect of AgNO; concentration: Table-3 illustrates the
effect of varying the concentration of AgNO; on the nanoparticle
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TABLE-2
POSITION OF THE SPR PEAK AND THE PARTICLE SIZE AT
DIFFERENT CONCENTRATIONS OF THE PLANT EXTRACT

Concentration of Average particle
plant extract (%) L) sizi (Em)

10 445 206

20 471 318

30 <400 -

40 <400 -

50 <400 -

synthesis. The SPR band shifts when the AgNOs concentration
is varied (Fig. 4a-b). A redshift of the peaks from 424 nm to
463 nm is observed with increasing AgNOs concentration. The
DLS measurements show a parallel shift towards larger particle
size with increasing AgNO; concentration (Fig. 4b). An increase
in the particle size with the increase of precursor concentration
is due to the agglomeration of formed AgNPs. The SPR peak
intensity increases with increasing AgNOs concentration indic-
ating the formation of higher amount of AgNPs. The smallest
particle size (183 nm) was obtained for AgNPs prepared using
1 mM AgNO:; solution. The SPR band diminished at 20 mM
AgNO; indicating a deviation from nano range. Due to the higher
concentration of the precursor, the rate of formation of AgNPs
could be high, which ultimately cause aggregation of the nano-
particles. This is further evidenced by the sudden increase of
the size of nanoparticles formed at this concentration (Table-3).
In a study, where AgNPs were synthesized using Prunus persica
leaves, varying AgNOj; concentration has increased the absor-
ption of the SPR peak up to 2 mM and then the absorbance

TABLE-3
POSITION OF THE SPR PEAK AND THE PARTICLE
SIZE AT DIFFERENT CONCENTRATIONS OF AgNO,

AgNO; concentration Average particle
£ (M) Ay () s (Em)
1 424 183
5 438 206
10 461 315
20 463 571
100

80

60

40

20

0

200 400 600

Hydrodynamic diameter (nm)

800 1000

Fig. 3. SPR band (a) and size distribution (b) of AgNPs formed at various concentrations of plant extract (5 mM AgNO; solution, 100 °C

extraction temperature, 3 h incubation time)
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Fig. 4. SPR bands (a) and the size distribution (b) of AgNPs synthesized with varying AgNO; concentrations (10% plant extract, 100 °C

extraction temperature, 3 h incubation time)

starts to diminish. The size of AgNPs is also observed to increase
with the increasing concentration of AgNO; [14].

Study of nucleation and growth processes of AgNPs:
According to Fig. 5, the intensity of the SPR peak increases
with increasing incubation period indicating an increasing
number of AgNPs formed. After 7 h, the intensity shows no
obvious increase, indicating the AgNPs synthesis reaction tended
towards the equilibrium.

According to the results, it was concluded that the optimum
conditions to synthesize AgNPs using A. glabra leaf extract
are leaf extraction temperature at 100 °C, 10% plant extract, 1
mM AgNO:; solution and 3 h of incubation. Hence, the AgNPs
synthesized at these conditions were used in further studies.

Morphological studies: The AgNPs synthesized under
optimum conditions were subjected to characterization. The
TEM and SEM images of the synthesized AgNPs are shown
in Fig. 6. Images show that nanoparticles are mostly spherical
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in shape and polydispersed. The average size of the nanoparticles
according to the TEM images varies between 50-85 nm with
lesser quantity of nanoparticles with larger sizes between 110-
195 nm.

FT-IR studies: The leaf extract and the synthesized AgNPs
show similar peaks in their respective spectra. The prominent
peaks were observed for O-H (broad band above 3000 cm™),
C-H (2948 cm™), C=0 (1700 cm™) and C-O (1300-1100 cm™)
stretching of the biomolecules present in the plant extract (Fig.
7). The peak positions of the two spectra indicate the presence
of phenol, alcohol, aldehyde and ketones in the leaf extract
and AgNPs [15-17]. These spectra confirm the dual role of
leaf extract as reducing and stabilizing agent.

X-ray crystallographic analysis: The X-ray diffraction
(XRD) pattern of the synthesized AgNPs (Fig. 8) show peaks
at 37.8° 44.0° 64.3° and 77.4° corresponding to the (1 1 1), (2
00),(220)and (3 1 1) Bragg reflections of cubic face centered
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Fig. 5. Absorption spectra (a) and the change of An. with time (b) of AgNPs in aliquots taken at different time intervals during the course of

synthesis for 23 h
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Fig. 6. Electron microscopic images of biosynthesized AgNPs; (a) TEM image, (b) SEM image
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Fig. 7. FT-IR spectra of plant extract (a) and AgNPs (b)
1600 (111) in TEM analysis could be due to the water absorption on
14004 electrostatic stabilized AgNPs.
Photocatalytic activity: Degradation of methylene blue
1200 88.02° dye was monitored by the change in intensity of the absorption
peak of methylene blue at 665 nm. Degradation of methylene
= 10007 blue dye by AgNPs is shown in Fig. 9. The degradation of
8 methylene blue dye by bare AgNPs almost ceases after 2 h.
z 8007 The percentage degradation at the end of 3 h was 19.19%,
é 600 : while after 1.5 h, the test solution became opaque. The Ag*
- ions released from the AgNPs due to the lower stability of
400+ ' nanoparticles could be forming AgCl or Ag,COs with anions
: in the medium [19]. However, AgNPs stabilized with Tween-
2007 § 80 show 89.34% reduction in absorption after 3 h (Fig. 9b).
| This indicates that Tween-80 stabilization has prolonged the

— T T T T 1 shelf life of AgNPs thus improving the photocatalytic activity.
30 40 50 60 70 80 . .. . . .
20 (%) This was also visible in the test solution where the solution turned
almost colourless after 3 h without possessing an opacity.

Toxic potential of AgNPs on D. magna: Different concen-

lattice planes. Calculation of the average particle size using  trations of AgNPs and Ag" ion solutions used in this study exerts
the Debye-Scherrer formula gave a value of 55.4 nm which is different degrees of toxic effects on the swimming capabilities
in accordance with the size determined by TEM images. The of D. magna under otherwise identical test conditions. Toxic
particle size obtained with DLS method is higher than the effects of AgNPs are mainly due to the release of Ag" ions from
average particle size obtained from TEM and X-ray diffraction nanosilver. All toxicity-concentration relationships were based
analysis methods. Larger aggregates from the plant extractor ~ 0N th_e measured AgNPs. and Ag-"-concentrations i.n the exposure
AgNP aggregates in the sample could interfere with the DLS media. The percentage immobility of the daphnids were found
measurements. Das e al. [18] reported that the difference in to increase with the increase in tested concentrations of both
particle size distribution in DLS as compared to that observed ~ AgNPs and Ag". After 48 h exposure time, 100% immobility

Fig. 8. X-ray diffraction pattern of AgNPs
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Fig. 9. Degradation of methylene blue by bare (a) and stabilized (b) AgNPs

of daphnids were observed in 2.0, 4.0 and 5.0 mg/L solutions
of Ag* and AgNPs-stabilized and AgNPs-bare, respectively
(Table-4). Both AgNPs and Ag* showed a decrease in mobility
of D. magna with the increased concentrations. Based on the
tolerance distribution modelling of the concentration and
immobility rate relationships, adverse effect concentrations
for 50% immobility percentage (ECs,) for D. magna after 48 h
exposure to AgNPs (bare and stabilized) and Ag*" were estimated.
The ECs, values obtained as 3.96 = 1.1 mg/L and 1.78 = 0.20
mg/L for bare and stabilized AgNPs, respectively. For Ag* ions,
itwas 1.41 + 0.2 ug/L. Hence, it is concluded that the biosynth-
esized AgNPs exert lesser toxicity to D. magna than Ag* ions.
Tween-80 stabilized AgNPs are comparatively more toxic than
the bare AgNPs. Tween-80 bring about a steric stabilization effect
on the bare AgNPs increasing its lifetime in the test solution.
This increases the toxic effects towards the daphnids in the
medium. As the stability of bare AgNPs is low, aggregation
and precipitation of AgNPs occur lowering the bioavailability
of AgNPs in the medium which in turn lowers the ECs, value.

TABLE-4
IMMOBILITY PERCENTAGE OF D. magna AFTER 48 h FOR
BARE AgNPs, STABILIZED AgNPs AND Ag* ION SOLUTION

Concentration Immobility (%)
of Ag'/AgNPs Ag* AgNPs (bare)  AgNPs (stabilized)
0.5 7.5 0 0
1.0 25 0 0
1.5 57.5 0 0
2.0 100* 10° 12.5°
3.0 - 25¢ 72.5°
4.0 - 50¢ 100°
5.0 — 100 100

Values followed by common letter(s) are not significantly different (p
> (0.05) by ANOVA, Dunnett’s test n = 3.
Conclusion

The modified method used in this study yielded AgNPs
within the nanoscale with optimized conditions of 10% plant

extract made by boiling leaves of Annona glabra at 100 °C, 1
mM AgNO; precursor solution and 3 h of incubation. Surface
plasmon resonance peak of the formed AgNPs lies around 419
nm with an average size less than 190 nm. The TEM and SEM
images confirmed that the AgNPs are almost spherical in shape
and according to these images average size varied between
50-85 nm. The synthesized AgNPs showed the photocatalytic
activity against methylene blue dye while more efficient photo-
catalytic properties could be obtained by stabilizing AgNPs
with Tween-80. Moreover, AgNPs exert lesser toxic effects
towards Daphnia magna than silver ions.
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